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This thesis is dedicated, first and foremost, to the Demiurge, the prime algorithm from
whence originate the formulae and schematics of the universe, the apprehension of which
is the highest purpose of our existence. I dedicate this work also to Plato and Aristotle,
and to all those great minds throughout the history of humanity who have advanced our
knowledge of the cosmos to which we belong, and who continue, against all of the
challenges of our present age, to guide us toward the most noble achievement of
governing ourselves in proper accord with the laws of nature.
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Abstract

This thesis aims to resolve the disjunction of ontology and epistemology in Platonist
mathematical philosophy. This disharmony results from the assumption of the non-
spatiotemporal existence of abstract mathematical entities, a principle which fails to
account both for our knowledge of mathematics, and for the operation of mathematical
principles in the tangible universe. In order to address the problem, we will examine the
definition and function of mathematical principles as expressed in Plato’s philosophy,
referring also to Aristotle in order to identify the logical restrictions governing the
Platonist position. Our investigation of the nature and role of mathematical principles
within the Platonist cosmos will lead us to the consideration of the geometric structures
of matter as described in the Timaeus, and of the role of mathematics in the essential
connection of the human intellect to the schematics and algorithms of the natural world.
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Chapter 1: Introduction

As beings defined by our faculty for rational articulation of reality, it belongs to us to
apprehend the code of laws governing the system to which we belong, that we ourselves
might function within the best possible manner within that structure. In seeking to grasp
the truths of the cosmos, our approach to the explanation of the structure and activity of
the universe is to describe it in terms of the rules of mathematics. In what manner,
however, are we to define these mathematical principles? Are they mere constructs of the
human imagination, or do they rather represent a system of regulations belonging
properly to reality? If, moreover, the laws of mathematics constitute operative patterns
within reality, does our use of mathematical principles in the explanation of the cosmos
reflect an essential connection between the human intellect and the structure of the
natural world as a whole? In addressing such questions as these, we advance toward a
greater capacity for inquiry regarding the structure of the cosmos, as well as the proper
place of our species within that system.

We must first, however, address the problems with the thesis that mathematics is
a contrivance of the human imagination. As explained by Shapiro (1997), this position is
asserted by the mathematical philosophy of intuitionism, a branch of the anti-realist
school which rejects the law of excluded middle' (and thus rejects the binary truth or
falsehood of all mathematical statements) on the basis that “These methodological
principles are symptomatic of faith in the transcendental existence of mathematical
objects or the transcendental truth of mathematical statements.”” The intuitionist
argument therefore places our knowledge of the universe, and thus our role within it, in a
particularly vulnerable position. If the mathematical foundations of scientific theories are
trivialized, then it becomes largely impossible for us to construct any meaningful

articulation of the universe.

! Arist. Metaph. TV. 1011b23-24. Aristotle describes in this passage the law of excluded middle by stating
that “No truth can be allowed between two opposite statements, but rather it is necessary to affirm one of
the possibilities and deny the other.” GAL& Py 008& PeTaéd AvTIQAcEDS EVOEYETOL slvar 0VOEY, GAN’
avaykn f| eavor 1j drmopdval v kab’ £vog OTIoDV

* Stewart Shapiro. Philosophy of Mathematics: Structure and Ontology. (New York and Oxford: Oxford
University Press, 1997), 23.



Even without the rejection of the law of excluded middle, the treatment of
mathematical principles as human constructions proves to be problematic in several
regards. It devalues our activity of scientific investigation to a task of imposing our vision
of order upon a world that we perceive as being otherwise chaotic and devoid of rational
structure. This approach places us in the uncomfortable position of mastery over that
which we examine, as opposed to one in which we recognize our place as self-aware
components, or cognizant cogs, within the system to which we belong. It also fails to
account for the natural properties of the human intellect that incline it towards inquiry
into the nature of reality; for it treats mathematics, and by extension, all of science, as
nothing more than a product of the human imagination. In this respect, the anti-realist
position creates an inconsistency within itself; for in attempting to argue that scientific
principles are mere projections of the human mind upon the observed natural world, we
necessarily assume the givenness of human thought; for otherwise we must even treat the
anti-realist position as a mere contrivance of imagination.

We have, furthermore, shown ourselves to be ill-suited for the mastery of the
natural world that would be bestowed upon us by the anti-realist argument, as we have all
too frequently failed to grasp the ineluctable truth of the finite magnitude and multiplicity
which belongs necessarily to tangible objects — a truth which ought to indicate to us that
the laws of mathematics constitute a real governing force within the cosmos, and that it
therefore behooves us to apprehend the laws, such that we may understand their
relevance to us, and use them to properly guide the direction of our existence.

To be sure, however, these arguments against the anti-realist position of mathematical
philosophy are not intended to show that anti-realism is incorrect, but rather that it may
be inadvisable for us to assume that it is correct. Similarly, our consideration of
mathematical realism will not demonstrate that the realist position is correct, but rather
will present a possible explanation for how it might be correct. Throughout the course of
our investigation, any statements that we present as truth are to be understood as such
only within the context of our proposed solution to the disjunction of ontology and
epistemology. It may indeed be impossible for us to determine conclusively which of
these two positions is correct; for as long as the sensible world as we observe it is

assumed to be real, the correctness of either argument is possible; and due to our



confidence in sensible reality over the authority of rational argumentation, there is no
argument that can speak to the truth of sensible reality.

The consideration of mathematical principles as operative within reality is central
to Platonist mathematical philosophy, which, as we shall later observe, may be
considered erroneous in terms of its faithfulness to Plato’s philosophy. As Balaguer
(1998) explains, mathematical Platonism maintains that mathematical objects, including
numbers, “...are non-spatiotemporal and exist independently of us and our mathematical
theorizing...” Balaguer also notes, however, that according to Benacerraf’s argument
from the causal theory of knowledge, or CTK, the truth of mathematical Platonism makes
it impossible for us to attain knowledge of mathematics. CTK maintains that in order for
a particular person to possess knowledge of a certain object or principle, the former and
the latter must be “causally related” to one another “in an appropriate way.” Benacerraf
concludes that if mathematical objects exist outside of the spatiotemporal realm, they are
not causally related to humans, and that if, therefore, mathematical Platonism holds true,
it is impossible for us to possess mathematical knowledge.* To be sure, if mathematical
objects are not causally related to the spatiotemporal realm in any regard, then it follows
that they have no bearing on the structure and motion of tangible entities, and since they
would, in this case, have no relevance to our understanding of mathematics, they would
be utterly without purpose.

It is possible for us to solve this problem, while still maintaining the reality of
mathematical principles, if we are able to explain some manner in which the separation of
mathematical objects from the spatiotemporal world need not preclude their causal

relation to tangible beings. A variation of this solution is proposed by Gddel, who

’ Mark Balaguer. Platonism and Anti-Platonism in Mathematics. (Oxford: Oxford University Press, 1998),
5.

* Balaguer. Platonism and Anti-Platonism in Mathematics. 22. See also Kenneth Dorter. Form and Good in
Plato’s Eleatic Dialogues: The Parmenides, Sophist, Theaetetus, and Statesman. (Berkeley and Los
Angeles: University of California Press, 1994), 39, 41. Op. Cit. Pl. Prm. 133a-c,124b-c.. In the passage
quoted by Dorter, the problem presented is that if the Forms are entirely separate from sensible reality in
their existence, it would be exceedingly difficult to demonstrate that the separate existence of the Forms
does not preclude our knowledge of them. Indeed, one of the arguments against our knowledge of the
Forms is that they are not within us in any respect (Pl. Prm. 134b-c). As we shall observe later, however,
the nature of the presence of the Forms within the human intellect is of critical importance in explaining
our knowledge of them.



suggests that the human intellect attains knowledge of the objects of mathematics by
means of “mathematical intuition.” The problem with Godel’s position, according to
Balaguer, is that it does not account for the assumed lack of causal relation between the
objects of mathematics and the spatiotemporal realm. A possible Platonist counter-
argument, Balaguer explains, is that the intellect is non-spatiotemporal. He rejects this
postulation, however, despite giving little support for doing so, and states that even the
identification of the intellect as non-spatiotemporal does not necessarily imply that the
mind communicates with the objects of mathematics.” There is also, however, no reason
to assume that the separation of an object from the spatiotemporal realm must necessarily
prevent the object from being causally related to the latter. Indeed, it may be the case that
such an unjustified assumption must be put aside in order for a solution to the
ontological-epistemological conflict of mathematical realism to be possible.

We shall consider such a solution through our examination of the true definition
and function of mathematical principles within the philosophical teachings of Plato. Our
inquiry shall draw primarily on the Timaeus, supplemented by other Platonic texts such
as the Republic and the Phaedo. We will also consult Aristotle’s reflections on
mathematics, particularly as set forth in the Metaphysics, in order to interpret Plato with
greater clarity, and to determine the restrictions on the realist position based on
Aristotle’s arguments against perceived errors in Plato’s thought. Proceeding from the
doctrine of an eternal, unchanging model as the origin of all knowledge and existence and
the image of perfection to which all things seek to return, we observe that the principles
of mathematics, from the foundational unit concept, to the relations of geometric
structure, to functions of vast complexity, constitute nothing less than the language of
reality itself. Such laws, as we shall see, are dictated by the requirements defined within
the schematics of the cosmos, while also governing the structure of these schematics.
Amongst themselves, the laws of mathematics must also serve a mutually defining role
towards one another, with rudimentary operations constituting the foundations of

complex operations, which in turn dictate the functionality of rudimentary functions. In

> Balaguer. Platonism and Anti-Platonism in Mathematics. 25-26.0p. Cit. I. Katz. Language and Other
Abstract Objects. (Totowa, New Jersey: Rowman and Littlefield, 1981), 201. Balaguer maintains that the
communication of information between two objects is an activity belonging purely to the physical realm.
On a general note, one of the primary weaknesses in his argument against mathematical Platonism is that it
rests on the assumption of a purely tangible reality.



this regard, the laws of mathematics function as governing principles within the
intelligible, as the intelligible is with respect to the tangible; for in their capacity as the
patterns by which the intelligible is the highest perfection of all existence, they constitute
the foundation by which all order within the intelligible is defined.



Chapter 2: Eidog

2.1 Upholding Non-Contradiction: The Necessary and the Impossible in the
Philosophical Language of Mathematics

In order to discover the precise definition of mathematical principles within Plato’s
philosophy, we must first establish the specifications that define all of the objects of
knowledge, including the principles of mathematics. These rules are as follows: (1) The
Demiurge (the divine craftsman discussed in the Timaeus) is understood to be good, and
the cosmos to be beautiful.® From this requirement, it follows (2) that the cosmos is
constructed according to an eternal principle.” From this rule, it follows, in turn, that (3)
the model that constitutes this eternal principle is entirely unchanging, or “always in the
same way.”” This requirement dictates (4) that the model described can never be in an
incomplete state; and from this law, it follows (5) that within the cosmic model there can
no temporal succession; for the immediate and eternal completion and perfection of the
cosmic model precludes the possibility that it is subject to any process of construction.
All cases of dependency within the model must then be mutual, such that any definitions
contained within the model are completely simultaneous insofar as there is no priority or
posterity in their relation to one another.

It seems also (6) that there must indeed be schematic definitions of some sort
contained within the cosmic model, as Plato characterizes the inquiry occurring in the
Timaeus a consideration of “how the framework of models brought itself to
perfection...” In mentioning a framework of models, Plato may be referring to the model
of the cosmos, or to the sensible cosmos itself (or perhaps to both), yet in any case, it is
reasonable to suggest that the schematic models of which we have spoken are defined
within the great cosmic model; for if the objects of the sensible are models, then each one

must be a model of something. It seems also to be the case (7), according to Plato’s

6 P1. Ti. 29a2-3. €i puév &1 kohdg €0ty 6d¢ O kdopog & T dNUIoVPYOS yadog

"PL. Ti. 29a3-6. &ijhov O¢ TpdG 1O Gidrov EPAemev: £l 8& & NS’ einelv Tvt OEIC, TPOC YeEYOVOC. TavTi 81
caQEg OTL TPOG TO Gid10V: O eV Yap KGAMGTOG TAV YEYOVOT®V, 0 & AploTog TV aitimv

¥ Thomas A. Blackson. Inquiry, Forms, and Substances: Studies in Plato’s Metaphysics and Epistemology .
Philosophical Studies Series 62. (Dordrecht, The Netherlands: Kluwer Academic Publishers, 1995), 133.
Op. Cit. Pl. Ti. 27d5-28a4. del xatd tontd v

° PL. Ti. 28¢5-29al. mpdg mOTEPOV TAV TOPOSELYUATOV 6 TEKTAVOUEVOS AdTOV A pyGleTo
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position, that all knowledge belongs to a single structure; for Socrates states in the
Theaetetus, to which Crombie (1963) directs our attention, that knowledge is ... not
many things, but one.” '° The statement cited by Crombie need not necessarily imply that
all knowledge belongs to a single structure, and may merely indicate that there is only
one definition of knowledge. Crombie appears, however, to interpret the statement as an
indication of the essential unity of all knowledge, as he explains that Socrates is, in this
case, refuting Theaetetus’ assumption of knowledge having some sort of range. In part of
the passage of the Theaetetus that is cited by Crombie, Theaetetus characterizes such
disciplines as geometry, as well as various fields of craftsmanship, as being encompassed
within knowledge, using such terms as “all” and “each” to identify each discipline
individually.'' Socrates responds to Theaetetus by stating that the latter is “asking one
thing to be given as many,” and for a “patchwork” or “quilt” (mowciia) instead of a
“single stretch of fabric” (4mhod).'* The language used by Socrates in this case suggests
not only a unified structure for all knowledge, but a framework that is unified in a simple
manner, insomuch as it is not composed of disparate pieces brought together, but rather is
properly one, with each portion of it being essentially connected to all others.

It also stands to reason (8) that the single system of all knowledge is the cosmic
model according to which the Demiurge constructs the sensible universe, as the
belonging of all knowledge to a single system dictates that this system must contain
knowledge regarding the architecture of the universe at all levels; and as we have
observed before, the sensible cosmos (and presumably, the cosmic model as well, as there
is no clear justification for the cosmos possessing non-accidental qualities absent from
the model on which it is based) constitutes a framework of models, or T@®v
TopadElyLatov O tektovouevog; and as such, it would seem that any non-accidental truth
pertaining to the tangible world ought to originate in the schematic according to which
the tangible world is constructed. From (7) and (8), it follows that the objects of

mathematical knowledge belong to the same foundation as all other objects of

'91. M. Crombie. An Examination of Plato’s Doctrines. Volume II: Plato On Knowledge and Reality.
(London: Routledge and Kegan Paul Ltd.., 1963), 368. Op. Cit. Pl. Tht. 146-7.

11 r v \ \ ~ 3 , Nt~y
Pl. Tht. 146c8-d2. yeopetpio te Kai 6ic voveT ob S1ijAbsc, Kol o GKLTOTOMIKY TE Kai ol TdV EAADV
Inpovpydv téxvor, Tdcai Te Kol kAot ToVTOVY, 0VK GALO TU T ETIGTHUN sivar

12 P1. Tht. 146d3-4. &v aitnBeic moAld iS¢ kod motkila vl dmhod
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knowledge, and that the schematic to which they belong is the eternal model of the
COSMOS.

The belonging of the objects of mathematical knowledge to the same system as
that which contains all intelligible principles seems to contradict the notion of non-
spatiotemporal, independently existing mathematical objects as discussed by Balaguer.'
McLarty (2005) demonstrates, furthermore, that such a concept is in fact foreign to
Plato’s thought concerning mathematical objects. McLarty draws our attention to the fact
that it is Glaucon, one of the participants in the dialogue of the Republic, who suggests
that the objects of geometry are eternal substances.'* Socrates, as McLarty reminds us,
corrects Glaucon’s error by explaining that the objects of mathematics are ‘mere preludes
to the song itself that we must learn.”"”” The immediate result of McLarty’s observation is
that Plato’s position concerning the station of mathematical objects in the ordering of
reality is restored to potential viability in terms of its capacity to harmonize its ontology
with mathematical epistemology. More still is revealed in considering the logical
impossibilities that follow from the characterization of abstract geometric structures as
subsistent entities.

For the purpose of determining what is contrary to the nature and function of
mathematical objects, and thereby attaining a more precise apprehension of their relation
to the sensible world, the guidance of Aristotle is of particular benefit to our task. In
Book M of the Metaphysics, Aristotle dismantles the arguments for the subsistence of
mathematical objects. He identifies two possibilities, or more precisely, impossibilities,
for the subsistence of the objects of mathematics. The first such suggestion is that
numbers, points, lines, planes, and solids are present as distinct entities within sensible
beings. Aristotle indicates the problem with this position by stating,

The argument that these objects are indeed within, and together with, tangible

beings, is fictitious and it has been determined that in these troubled questions that it

3 Seen. 3

' Colin McLarty. ““Mathematical Platonism’ Versus Gathering the Dead: What Socrates teaches Glaucon”,
Philosophia Mathematica(Ill) 13, no. 2 (2005):116. Op. Cit. P1. Rep. 527b.

'> McLarty. ““Mathematical Platonism’ Versus Gathering the Dead: What Socrates teaches Glaucon”, 116.
Op. Cit. P1. Rep. 531d.



is impossible for two solids to be together, and indeed it is also determined from the
same argument that other faculties and nature are within sensible objects and are in
no way separate; thus it has been found that these things are prior, though
concerning these things it is manifestly impossible for them to divide corporeal
objects in any way; for they would be divided by planes, and these would be divided
by lines, which would, in turn, be divided according to points, so if it is impossible

to divide the point, it is likewise impossible to divide the line and so on.'®

In this passage, Aristotle seeks to demonstrate that the objects of geometry, that is to say,
points, lines, planes, and solids, do not exist within sensible beings as a distinct self-
sufficient presence, but rather as components accounting for the structural and functional
attributes of the tangible objects to which they belong. Concerning geometric solids
specifically, Aristotle states that these objects cannot exist as tangible solids distinctly
within sensible beings, since it is assumed to be impossible for two or more tangible solid
objects to occupy the same physical space simultaneously. He indicates that even if the
objects of mathematics exist in sensible beings as an intangible subsistent presence, they
are indivisible based on the indivisibility of the points that comprise them, such that the
tangible objects within which they reside are likewise indivisible. If mathematical objects
cannot be subsistent, either tangibly or intangibly, within sensible entities, then they must
necessarily be present as components of the objects that contain them. If the presence of
mathematical objects within sensible entities is that of components, it then seems to
follow that the objects of mathematics cannot be present within tangible beings in a non-
active manner. That is to say, they may only be present within tangible entities insofar as
they function as the specifications of structure and movement belonging to the object in
question. It is therefore by no means difficult for us to anticipate Aristotle’s specification

that it is impossible to remove mathematical objects from the sensible substance to which

1 Arist. Metaph. XI11. 2. 1076a39-1076b9. 611 puév toivov &v ye 101G aicOntoic advvartov sivan kai dptol
mhoopatiog 6 Adyog, eipntat pév koi 8v Toic Stamoprpacty 811 §Yo fua oteped sivar ddvvatov, ETt 88 kai
611100 avTod Adyou Kol TAG SALG SUVALES Kol PUGELS v Toi 0iobnToic sivan kol pundepioy
KEXMPLOUEVNV: TADTO PEV 0DV Elp1TaL TPOTEPOV, AAAE TPOC TOVTOI PaveEPOV BTl AdUVOTOV Stoupedijvar
o0TIoDV o®dpa: kot Enimedov yap dioupednoetat, Kol T00To KaTd ypapuny Kol abt Kot otiyuiyv, dot &l
TV oTtypnV Siedeiv adbvatov, kol THY Ypaupny, i 8¢ todtv, kai TdAlo

It is worthy of note that the inability of solid objects to simultaneously occupy the same physical space may
be treated as natural adherence to the Law of Non-Contradiction. The understanding of this impossibility as
such presupposes that the fullness or emptiness of the physical space is indeed a binary variable.



they belong.!” Aristotle thus emphasizes what ought already to be self-evident, which is
the fact that while the objects of geometry are present in sensible beings, they constitute
the parameters of structure and movement that properly belong to the entities in which
they are manifest. If these geometrical objects are removed from the beings in which they
are present, the aforesaid entities would therefore cease to adhere to their proper
definition, as they would be entirely amorphous and motionless.

Based on the fact that sensible beings are dependent upon abstract, geometrically
expressed variables for adherence to the specifications belonging to their intelligible
definitions, it is apparent to us that tangible entities must, in some respect, be subordinate
to mathematical objects. Aristotle elaborates on the exact nature of this dependency in his
characterization of the objects of incomplete, indefinite, or undefined magnitudes [dteheg
uéyebog] as being “prior [to sensible objects] with respect to generation [yevéoel puev

18
" From

npOTEPOV], yet posterior [to sensible objects] in substance [tfj ovoiq 6° Votepov].
this explanation, it is possible for us to identify a process in which the objects of
geometry, including numbers, points, lines, planes, and solids, are responsible for
defining the essential characteristics of dimension and activity for specific sensible
beings. Inasmuch as they constitute the quantitative attributes of a tangible entity, the
objects of geometry must be defined prior to sensible beings, though tangible ovsiot and
mathematical objects are nevertheless mutually co-dependent, such that neither may
survive the destruction of the other; for the structural integrity of a sensible being cannot
survive the removal of the parameters of spatial magnitude dictated by its definition; and
since those parameters represent a dependent presence within sensible objects, any
damage to a sensible object will prevent the mathematical objects belonging to it from
remaining intact; and if a sensible being is somehow obliterated completely, the
mathematical objects belonging to it will similarly be destroyed. Since tangible entities

depend upon mathematical objects to maintain their structure, it stands to reason that the

' Arist. Metaph. X111. 2. 1077a13-14.

'8 Arist. Metaph. XII1. 2. 1077a18-20. Aristotle uses the term GreAég péyedog to refer to a magnitude still
in the process of generation that has not yet been incorporated into a tangible entity. He provides no
explanation for this term, although one possible interpretation is that it implies a magnitude that is
incomplete insofar as it has not been fully expressed in substance. It may also be understood as an
undefined magnitude, if specific magnitudes are defined by their activity in substance.

10



objects of mathematics are always functioning for this purpose within the entities to
which they belong, and must therefore constitute a non-idle presence therein.

If one treats geometric objects purely with respect to their priority to sensible
substances, without taking into account the precise nature of their agency in the
generation of tangible beings, then it seems absurd for a superior class of objects to be
contingent while their subordinates are subsistent. In Metaphysics A, Aristotle himself
argues against the notion of that which is relative to some other determining factor being
prior to that which is independent, or “according to itself.”'’ Ironically, however, it is due
to their role as regulators of structure and motion that the objects of geometry are unable
to subsist as an idle presence within sensible beings; in order to abide by the
mathematical laws specifically pertaining to the finite tangible level of existence, they
must be present within aicOntoi as active components.

In characterizing geometric objects, it may be most accurate to say that they are
not independent entities, but are rather patterns that account for the dimensional
specifications according to which sensible beings adhere to the structural properties
belonging to their intelligible definitions. If, however, the function of numbers, points,
lines, planes, and solids at the sensible level is to serve as the “bones” of aicOnroi, as
Aristotle’s argument seems to dictate, one must determine the exact capacity in which
they fulfill this purpose. It is not plausible for the geometric objects present within
sensible beings to occupy this role, since they would perish with the destruction of the
atoOnroi of which they are components. A possible explanation for the true nature and
activity of mathematical objects is that they belong more properly to the intelligible
principles to which sensible beings adhere, and that aicOntoi possess mathematical
objects only by obedience to the eternal schematics that govern them. This postulation is
supported by Pedersen (1974), who identifies geometric structure as a property of Form.?
That is to say, as Pedersen explains, the Form contains the geometric structure that
belongs essentially to the type of sensible object that it governs, along with other

properties such as “gravity and lightness” as well as all characteristics pertaining to

"9 Arist. Metaph.1.9. 990b20-22. 10 1pdg TL 10D K oo

2 Olaf Pedersen. Early Physics and Astronomy: A Historical Introduction, Rev. Ed. (1974, 1993; repr.,
Cambridge: Cambridge University Press, 1996), 29.
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interaction with other types of entities. In the event that the essential geometric structure
of a sensible object is not defined within the Form that governs it, then the only
conceivable explanation for the manner in which sensible beings possess distinct
geometric structure is that their geometric structure originates from themselves. Such a
result would be absurd, as it would dictate that the essential geometric properties of
sensible beings, which are also determining factors for characteristics of movement, have
the same origin as the accidental qualities of sensible beings; and as such there would be
no clear distinction between the structural properties that belong essentially to tangible
entities, and those that are merely accidental qualities. The only other possible solution
would be for the objects of geometry to exist prior to sensible beings and independently
from Forms, though as we shall soon observe, this conclusion also proves to be
unacceptable. As Aristotle indicates in Metaphysics M, the ydpnoig of geometric objects
proves to be untenable, as it results in the following structure,
There are therefore, once again, lines belonging to these planes, prior to which, by
the same argument, there will necessarily be other lines and points, and from these
there will be other prior points for the prior lines, to which nothing else will be prior.
The result is then absurd (for one additional set of solids corresponds to sensible
beings, as well as three sets of planes: those above sensible beings, those in
mathematical solids, and those above the planes in mathematical solids. There will
also be four sets of lines, and five sets of points. To which mathematical objects will
science then pertain? It will not pertain to the planes, lines, and points in the
unchanging solid, for science always treats that which is prior.) The argument is
also the same concerning numbers; for each of the other points there will be different
units, and for each sensible being, subordinate to the intelligible, is thus a type of

mathematical number.”!

2 Arist. Metaph. XII1. 2. 1076b25-37. mév Toivov To0TOV TV Emmédmv Ecovtot ypappai, Gv TpoTepov
Senoet £TEpuC YPALUAS Kol GTUY G tvat 810 TOV odTdV Adyov: Kol ToVTmV T@V £K TOIC TPOTEPAIS YPOUNATC
£Tépag TPOTEPAG GTLYLAG, OV OVKETL TPdTEPON ETEpaL. HTOMAC Te O yiyveton 1 cdpevolc  (cvpPaivet yoap
oTEPEN LEV HoVay G TTapd T aicOntd, Eninedo 6& TpITTO TOPQ TG AicONTE—T4 T€ Tapa Ta aicOnTa Kol Ta
€V T01¢ pabNUOTIKOTG 6TEPEOTC Kol TO Tapa TG £V ToVTOIG—Ypappal 08 tetpaal, otypal 6& mevia&ai: dote
nepl moto ol Emotiipot Ecovtal ai pabnuatikal To0Tmv; 00 Yap On TP TA &V T® OTEPED T AKIVNT®
dninedo kol Ypoppog kai oTrypdc: del yop mepl o mpdtepa 1y dmotAun) O 8 odTOg AdYOC Koi mEpi TMV
apOudV: mop” EKGoTag Yap TAG oTIYOG ETEpol E50vTal Lovadeg, Kod ap” EkaoTo, o Svta, To 0icOnTd, lta
T vonTa, dot’ €oTot yEvn TOV LoBnUaTK®Y aptlOpdv
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In the hierarchy described by Aristotle, the bottom level is that of sensible solids. The
sensible solids are composed of sensible planes, which are, in turn, composed of sensible
lines, which are themselves composed of sensible points. The sensible points, firstly, are
governed by a set of intelligible points. The sensible lines are governed by a set of
intelligible lines, which are, in turn, composed of another set of intelligible points. The
sensible planes adhere to a set of intelligible planes, which are composed of another set of
intelligible points. Presiding over sensible planes is a set of intelligible planes, which are
in turn composed of intelligible lines and points. Finally, the sensible solids would be
governed by intelligible solids, which would, in turn, be composed of intelligible planes,
points, and lines. Altogether, there would be two sets of solids, three sets of planes, four
sets of lines, and five sets of points. The viability of the hierarchy described by Aristotle
would necessitate that all sets of geometric objects adhere equally to the mathematical
laws pertaining to their class. It would be absurd for those numbers, points, lines, planes,
and solids which are posterior to sensible beings, to be mathematically functional if the
objects prior to them are entirely inert, or are less versatile in their functionality. In his
examination of Aristotle’s treatment of mathematical objects, Hussey (1991) posits that
the hierarchy described by Aristotle constitutes an infinite regress.** Hussey’s postulation
indeed proves to be correct upon our examination of the hierarchy in terms of
mathematical functionality. Within this analysis, the first intelligible point must have at
least three dimensional parameters if we are to ascribe any essential mathematical
characteristics to posterior points. This property, as we shall now observe, leads to an
infinite succession of causes and effects.

According to these parameters, each primary point would possess a minimum of
three axis variables, each of which would correspond to one of the dimensions of height,
width, and depth, and possibly others as well. Assuming the existence of even one such
axis, it follows that primary points are defined according to a linear progression, which
constitutes a line prior to primary points. In other words, unless each point is defined
within the context of at least one linear continuum, it is mathematically inoperative, and

thus utterly meaningless. With the presence of two axes, there is also a plane prior to

** Edward Hussey. “Aristotle on Mathematical Objects”, Apeiron: A Journal For Ancient Philosophy and
Science 24, no. 4 (December 1991), 107.
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these points, and with three axes, a solid as well. Since we are not able to identify any
demonstrable limit to the length of these axes, it must be assumed that they are of infinite
length, for any designated endpoint, if it is a real absolute endpoint and not merely
relative to a particular finite geometric structure, would constitute a point possessing only
partial geometric operability; yet we are unable to explain how a point of limited
geometric functionality might be possible, unless we choose to describe it arbitrarily as
such. Thus, since we may assume the axes to be infinite, we are also unable to recognize
a beginning point for any of them, and so it would seem that the axes are infinite in
multiplicity as well as in length. Each axis would then be composed of an infinite number
of points, and there would also be an infinite abundance of lines, planes, and solids. Each
line, furthermore, would be infinitely divisible, for Aristotle indicates in his treatise on
indivisible lines, that if there existed indivisible lines, then not only would it be
impossible to measure any lines, but all lines would be devoid of a midpoint.”* As such,
there would not only be an infinite progression of points according to the unlimited
length of the axes, but an infinite continuum of points as well, since each point
introduced to the structure would include an infinite number of points within the range of
its division. Here we reach an dmopia, for on the one hand, as Aristotle has explained,
there cannot be a minimum interval beyond which intelligible points are indivisible, for
this property would then extend to sensible beings, thereby rendering movement
impossible. If, however, we attempt to resolve this problem by making intelligible lines
and points infinitely divisible, then we must admit to the presence of the infinite
multitude of resulting points, for it would otherwise be necessary to designate the same
limit to division as that which we have only now observed to be impossible. We would
thus find ourselves returned to the conclusion of Zeno, according to which there can be
no real motion,* for in order to progress from one point to another, it would be necessary
to traverse an infinite expanse of numerical values. Based upon this impasse, the
existence of geometric objects as self-subsisting entities, whether within sensible beings

or separate from them, is utterly impossible.

3 Arist. LI IV. 969b34-5. See also Hett, note a, p 426 for the problem of movement in conjunction with
indivisible lines.

** Leigh Atkinson. “Where Do Functions Come from?”, The College Mathematics Journal 33, no. 2
(March 2002), 108.
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Nevertheless, if all knowledge belongs to a single structure, and if that structure is
complete and immutable, then each dimension must adhere to a code of unchanged,
universally applicable laws and formulae. Concerning the relation of these patterns and
specifications to the particular objects that they govern, Hussey directs our attention to
Aristotle’s characterization of mathematical objects as ‘representative objects,” such that
“...they possess just those properties which (i) are shared by all (actual or possible)
individual members of the class that they represent, and (ii) are representative properties,
i.e., belong to individuals qua members of that class.”* Although this definition is
sufficient for the classification of mathematical objects according to rudimentary genera,
a certain amount of elaboration is necessary in order to explain geometric structures with
respect to their essential properties and their relation to the cosmic model. One might
envision, for instance, a universal model of geometric lines, such that all individual lines
are constructed in accordance with the essential attributes of that model, although this
model would not necessarily account for all origins that dictate the length of a line. That
is to say, the principle governing the lines that constitute spatial magnitudes will not
necessarily apply under all circumstances to those lines that are representative of
trigonometric ratios such as sine or cosine values, or to those lines corresponding to any
geometrically expressible non-spatiotemporal value.

To be sure, all principles pertaining to lines, whether they are spatial magnitudes
or some other property, are defined at the level of the intelligible. They are differentiated
by the manner in which operations translate into the characteristics of sensible beings.
We might also suggest that there is some distinction between the geometric objects
representing the structural characteristics of sensible ovciat, and those representing the
patterns of motion that are proper to the same. For instance, the arcs that constitute the
path of motion of a rock as it skips across a lake might be treated from a purely
geometrical standpoint, in which case the only formulae that would have bearing upon
the size and structure of the arcs would be those belonging specifically to the laws of
geometric magnitude and proportion. If these arcs of motion are considered within their
natural context, however, they must be functions of several other factors, such as the

weight and shape of the stone, and the force and trajectory with which the rock is thrown.

* Hussey. “Aristotle on Mathematical Objects”, 118.

15



This example also serves to illustrate the distinction between geometric structures
considered as such in an abstract sense and geometric structures examined according to
the formulae by which they occur in the natural world. As we shall observe at later
points within our inquiry, this differentiation will prove to be of vital importance in
explaining the epistemological and teleological importance of mathematical knowledge.
Based upon the distinctions that we have just considered regarding the intelligible
articulation of geometric structures, it would likely be most accurate to describe
mathematical objects not as specific instances of universal abstract models, but as
instances of functions by which the parameters of structure and movement for sensible

substances are calculated in accordance with their intelligible definition.

2.2 Dimension, Angle, Structure, and Motion: The Foundations of
Mathematics and the True Nature of Numbers

Concerning these primary functions™, it seems that they cannot be prior to ap1Opog, for
the principles of magnitude and multiplicity are contained within them. Here, we may
therefore observe the true nature of dp10poi, their operations, and the manner of their
succession, that is to say, whether they always exist and operate simultaneously with one
another, or whether instead they represent a progression from the simple to the
composite. In order to articulate in their entirety the agency of épBpoi within the
structure and operation of the cosmos, we shall look to the principles of number theory
that have been credited to the Pythagoreans, for although we face considerable difficulty
in identifying them conclusively with their supposed contributions of mathematics, their
observations regarding the properties of dp1Bpoi may provide us with more profound

insight into the intellectual foundations of Plato’s mathematical thought.

%% To give but a few examples, we might count the arithmetic addition and subtraction operations among
the most basic of the primary functions. We might also include those of multiplication and division, though
whether we ought to consider these latter functions to be as simple as addition and subtraction is a question
of the essential nature of mechanical processes implied within multiplication and division. We might, for
instance, interpret multiplication as Zle x, such that the multiplication of the two factors x and y is
equivalent to the summation of x over a number of iterations equal to y. Similarly, we might describe the
division operation as x — (X2} y), or the summation of the divisor y over a number of iterations one fewer
than the dividend x, subtracted from x. In this case, the definitions of multiplication and division would
both be dependent upon that of addition, while that of division would also depend upon the definition of
subtraction, and possibly that of multiplication as well. In this case, the definitions of multiplication and
division would be more complex than those of addition and subtraction, and thus would not be counted
among the most basic primary functions. See also Atkinson . “Where Do Functions Come from?”, 111-112
which traces the earliest instances of the modern representation of mathematical functions to Galileo’s
studies of motion, as well as the principles of analytic geometry first described by Descartes and Fermat.
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These teachings, furthermore, may represent our best hope for tracing the mathematical
philosophy of Plato to its origins, for a multitude of sources Ancient and contemporary
suggest connections between Plato and the first Pythagorean order. Plato is widely
regarded to have received some of his teachings under the instruction of the
Pythagoreans. In the Metaphysics, Aristotle notes that Plato’s principle of participation in
Forms is almost identical to the Pythagorean concept of imitation of numbers, differing
only in terminology.”” While Socrates’ correction of Glaucon’s mistake in the Republic
may cast a measure of doubt on Aristotle’s remark,”® Irwin (1992), furthermore,
recognizes the mathematical teachings of the Pythagoreans among the myriad of sources
which appear to serve as the foundations of Plato’s philosophy.29 In order to avoid the
errors of treating mathematical objects as executive causes when they are better
understood as schematic attributes, it will be necessary to take into account Aristotle’s
arguments against the separation of the objects of mathematics from Form and sensible
substance. Throughout our inquiry, we will thereby seek to develop a possible
explanation for the operation of mathematical principles as schematic specifications for
intelligible paradigms and their expression within sensible reality.

In the investigation of dp1Buoti as the defining principles of Form and the
regulating factors for adherence to Form on the tier of the sensible, we arrive at the
examination of numbers as the root of all dimensions. For this purpose, it would be
absurd to presume that only abstract quantitative values that are not assigned to any
multiplicity or magnitude are counted among dpBpoi, and as Ridgeway (1896) suggests,
the concept of dp1Budc was understood by the Pythagoreans to encompass not only
arithmetic values but all objects of mathematics. Ridgeway relates as examples such

principles as those of énimedot ap1Opoi, which he interprets as ‘superficial numbers,” and

T Arist. Metaph. 1. 6. 987b11-13. tiv 8¢ pébekwv totvopo povov petéPodev: oi pév yap Mouboydpetot
HpAoet Td dvia Qooiv eivor TV apdudv, IIAdtmv 8& uebééel, tobvopo petafoimy

2 See n. 14, 15.

¥ T. H. Irwin, “Plato: The intellectual background,” in The Cambridge Companion to Plato, ed. Richard
Kraut. (Cambridge: Cambridge University Press, 1992; 22nd printing 2010), 51. Op. Cit. On Pythagorean
mathematics and metaphysics, see D. J. Furley, The Greek Cosmologists, vol. 1 (Cambridge, 1987), 57-60;
C. H. Kahn, “Pythagorean Philosophy Before Plato,” in The Presocratics, ed. Alexander P. D. Mourelatos
(Garden City, N.Y., 1974), CHAP 6. On the importance of mathematics see Grg. 507¢6-508a8; Rep. 522¢-
525c. On astronomy and cosmology see esp. G. Vlastos, Plato’s Universe (Seattle, 1975).
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otepeot apdpoi, which he identifies as ‘solid numbers.”** These geometrical number
concepts are discussed in detail by Nicomachus of Gerasa, a Platonist Neo-Pythagorean
of the second century AD*', regarded by Tamblichus as a “true Pythagorean.”* In his
Introduction to Arithmetic, Nichomachus discusses geometric numbers as follows:
A point is the foundation of a dimension, though it is not a dimension, and a
dimension is itself the foundation of a line, though not a line itself, while a line is the
foundation of a plane, yet is not a plane itself, and is also the foundation of the
second dimension, though it is not itself the second dimension. It is then reasonable
that the plane is the foundation of the solid, though not a solid itself, and the
foundation of the third dimension, though it is not itself the third dimension.
Similarly, among numbers, the unit is the foundation of every number, as the line is
one according to a unit of progression, while the linear number is the foundation of a
planar number, as a subsequent dimension is the foundation of a surface in the
manner of a plane, while the planar number is the foundation of a solid number, as is

the third dimension from the origin towards the depth of such a structure;*”

In this consideration of figured numbers, Nichomachus’ concept for the solid number is
that of a tetrahedron through the emanation of three lines from a single point of origin.

Tubbs (2009), references this solid as a geometric representation of 4 as the principle of

% William Ridgeway. “What Led Pythagoras to the Doctrine That the World Was Built of Numbers?”, The
Classical Review 10, no. 2 (March 1896): 92. Ridgeway gives the Pythagoreans little credit for
mathematical sophistication. In particular, he is of the position that the Pythagoreans regarded the world to
be composed of geometric solids, in contrast to the modern position. Ridgeway draws this conclusion from
the notion of sensible objects as “imitations of numbers,” and from the classification of numbers according
to geometric properties, which he interprets as a difficulty on the part of both Plato and of Pythagoras
before him in separating numbers from geometric figures on a conceptual level. It be the case however, that
the principle of geometric numbers does not reflect any type of difficulty. He fails, however, to give
suitable attention to Aristotle’s account of the scientific methodology of mathematics, in which Aristotle
describes the approach of mathematicians as one in which they treat physical magnitudes as separate from
the sensible characteristics associated with them. (D. W .K. Modrak, “Aristotle on the Difference between
Mathematics and Physics and First Philosophy,” Nature Knowledge and Virtue: Essays in memory of Joan
Kung Apeiron: A Journal for Ancient Philosophy and Science 22, no. 4 (December 1989), 122. Op. Cit.
Arist. Metaph. 1077b27-31; cf. 193b24-6.).

3! Leonid Zhmud. Pythagoras and the Early Pythagoreans. (Oxford: Oxford University Press, 2012), 6.

32 Dominic J. O’Meara. Pythagoras Revived: Mathematics and Philosophy in Late Antiquity. (Oxford:
Oxford University Press, 1989; reprint 2002), 15.

» Nicom. 4r. ii. 7. 1-3, ed. Hoche 86. 9-87. 6. Translation partly after Thomas (2006)
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three-dimensional structure. He describes 1, 2, and 3 as the principles of point,
dimension, and plane respectively, and explains that the Pythagorean doctrine according
to which 10 is associated with the divine, is a function of 10 being the sum of the
dimensional root numbers 1, 2, 3, and 4, and therefore representative of completion and
perfection.’® These numbers would then function as dimensional principles, accounting
for the axes of spatial magnitude necessary for the construction of three-dimensional
objects.

Rather than treating these numbers as causes, however, it would be more accurate
to treat them as pre-requisite operations that must be active within reality in order to
define the structure of space and time. That is to say, the intelligible operations of
dimensional apBpoil must be active in order for the existence of sensible beings to be
possible. If these dimensional principles belong to the cosmic model (which seems
almost certain, given the need for their ubiquitous operation at the sensible level, and, as
we shall observe later, the pre-determined need for three-dimensional structure), then it
follows, according to (5), that the order of their generation must be simultaneous and
instantaneous. The unit principle, the most basic of the dimensional principles, seems the
most likely to be correctly identified with the origin of this generation, for as explained
by Hersh (1997), citing Boyer and Merzbach (1991), ‘one’ was held by the Pythagoreans
to be “the generator of numbers, and the number of reason.”® We might interpret this
precept as indicating that the intelligible mathematical 1, treated geometrically as the
point principle, has contained within it (according to (5), in which we determined the
impossibility of sequential succession at the level of the intelligible) the principles of all
other numerical values and mathematical operations. This possibility is merely
conjecture, however, since we cannot be certain that our interpretation is consistent with
the connotation intended by the Pythagoreans. As indicated by Nikulin (2002), the

teachings of the Pythagoreans treat oneness as an “active limiting principle” and the dyad

3 Robert Tubbs. What Is A Number?. (Baltimore: The John Hopkins University Press, 2009), 12.

33 Reuben Hersh. What is Mathematics, Really?. (Oxford: Oxford University Press, 1997), 93. Op. Cit. C.
Boyer. 4 History of Mathematics, 2nd ed., revised by Uta C. Merzbach. (New York: Willey, 1991), 53.
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as a “passive limited principle.”*® Based on this explanation, along with the identification
of the point with the unit, we may say that the first activity of the geometric point marks
the beginning of its function as the foundation of all dimensions that follow.

Compounding this observation with Nicomachus’ identification of the point as the
foundation of the dimension, which, in turn, is distinguished from the line as the
foundation of the latter, it follows that the second point, which limits the line is also the
foundation of another dimension, which is the foundation of the plane. The limit of the
plane dimension constitutes the foundation of the third dimension, the limitations of
which produces a solid structure. At the intelligible level, these dimensions and
limitations ought to be understood not as segments of a sequential process, but rather as
an immediate and simultaneous activity; for unless the emanation of the dimension from
the point begins at an arbitrary instant, prior to which the point remains completely idle
insofar as it is mathematically inoperative, we must assume that the emanation of the
dimension belongs to the geometric point operation immediately such that it is fully
realized and in no regard potential. In other words, according to (4), which states that the
cosmic model must be immediately and eternally complete, it is necessarily the case that
the principle of the mathematical unit-point as defined at the intelligible level must
always be fully mathematically operative. Also, with respect to the mathematical points
that may be isolated by human intellect through abstraction from sensible beings, it is
possible to conceive of an infinite range of angular directions for any dimension
originating from such a point. Since we understand the characteristics of the abstracted
point according to the mathematical principles of space, angle, and finitude as they are
operative within the sensible object from which the point is abstracted, we may say that
according to these laws, the point operation must allow for infinite directions of linear
dimensional progression.

Nicomachus, explains, moreover, that the dimension, although the foundation of
the line, is not the line itself. Since the line is associated with the geometric 2, it may be

identified with the recognition of a second point, delineating a finite portion of an

3% Dmitri Nikulin. Matter, Imagination, and Geometry:Ontology, natural philosophy and mathematics in
Plotinus, Proclus and Descartes. Ashgate New Critical Thinking in Philosophy. (Aldershot: Ashgate
Publishing Ltd., 2002), 26. Cp. Kallikratidos, 103.11 Thesleff; lamblichus. Theolog. Arithm. 7,19; 9,6;
Pythagoras. Heir. log. 164.24 Thesleff; Anon. Alexandri 234.18-20 Thesleff. On the role and dialectic of
hen and aoristos dyas see: Hosle 1984, 459 sqq.
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ostensibly infinite dimension. Thus do we observe one of the ways in which the one
might serve as an active limiting operation to the passive dyad. It would, however, be
absurd to assume that the dimension remains indivisible prior to a particular moment for
the occurrence of the line, so we must assume that the unit of progression according to
which the line is defined, is immediately present upon the dimensional continuum. It may
therefore be inferred that the activity of the line begins simultaneously with that of the
point. Since the line, as Nicomachus indicates, is the foundation of both the plane and of
the second dimension, the activity of the second dimension ought to then occur
immediately and simultaneously with the operation of the initial point; for in the
definition of a finite geometric structure among an infinite multitude of possible
dimensions, the second dimension must emanate from the point that designates the limit
of the line, and as in the case of the initial point, the emanation must be immediate, for it
would otherwise be potential and occur at an arbitrary moment. The activity of the plane
would therefore begin in the same instant, as would that of the third dimension and the
solid, and thus the activity of all dimensional operations would begin at the same
ontological moment.

Within this infinite network of intelligibly active dimensions, made unequivocally
actual through their participation in the ordering of sensible beings, the importance of the
unit as a mathematical principle is immediately apparent. This special significance is, as
one might expect, a function of the unit being understood as the origin from which
numbers derive. As Tubbs (2009) states, this position was held by Pythagoras, who,
furthermore, did not regard 1 as a number for exactly this reason.’” In Book A of the
Metaphysics, Aristotle seems to ascribe similar significance to the unit, stating 1 to be
“the foundation of number qua number.”*® As indicated, however, by Apostle (1952), the

unit itself is understood to be indivisible,”” and Apostle additionally attributes this

37 Tubbs. What is a Number? 12.
¥ Arist. Metaph. X. 1. 1052b.23-24 810 10 &v apBpod apyi 1 aptdpdc

% Hippocrates George Apostle. Aristotle’s Philosophy of Mathematics. (Chicago: The University of
Chicago Press, 1952), 84. Op. Cit. Arist. Metaph. V. 6. 1016b17-25, X. 1. 1052b15-24, X. 6. 1056b32-34.
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apprehension to Plato as well as the Pythagoreans.*’ As is now easily apparent to us, the
indivisibility of the unit is indefensible in the face of the incommensurability of the
diagonal of a square with it sides, along with the applicability of the Pythagorean theorem
to a right isosceles triangle. In the case of both the square and the right isosceles triangle,
the length of the diagonal will be equal to the length of one of the sides multiplied by 2.
Thus, if the unit is understood to be indivisible, the value \/2, by means of the fact that it
is a non-integer real number, will be impossible. If, furthermore, we assume that there is
some minimum fraction, such that the divisibility of all numbers is finite, then it must
still follow that V2 is impossible; for \/2, as an irrational number that contains an infinite
multiplicity of non-repeating decimal places, must allow for infinitely minute base-10
divisions of the unit value, including tenths, hundredths, thousandths, ten-thousandths,
and so on. As Tubbs (2009) explains, the discovery of the incommensurability of the
diagonal of the square with its sides resulted in the refutation of the Pythagorean
commensurability assumption, according to which the ratio of the lengths of two line
segments would always be expressible as a ratio of two positive whole numbers. He
states also, however, that following this observation, the Greeks did not accommodate
irrational values to the study of arithmetic, but rather removed numbers from their
approach to geometry, though he cites no source to substantiate this claim.*'

Wedberg (1955) states, by contrast, that incommensurable proportions were merely
confined to the study of geometry.** More significantly, however, he suggests that Plato’s
view of ideal units is reminiscent of geometric points as understood by the
Pythagoreans.*”’ In all these cases, it is in accordance with the single, undivided (though

perhaps not entirely indivisible) units.

* Hippocrates George Apostle. Aristotle’s Philosophy of Mathematics. 84. Op. Cit Arist. Metaph. 1001a9-
12, X. 1-2. 1053b9-15.

' Tubbs. What is a Number?. 19-22.

2 Anders Wedberg. Plato’s Philosophy of Mathematics. (Stockholm: Almqvist and Wiksell, 1955), 24. Op.
Cit. Arist. 4 Po. 76b9.

* Wedberg. Plato’s Philosophy of Mathematics. 25. Op. Cit. Cf. 76. In the earlier instance, Wedberg
interprets ideal units according to Plato as being indivisible. This understanding is based upon Aristotle’s
distinction of points and lines, according to which both are stated to be entirely indivisible (Op. Cit. Arist.
Metaph. 1016b29-31.). It is more appropriate, however, if they are indivisible, to treat them as being so in a
certain qualified sense rather than absolutely; for the assumption that they are indivisible in the absolute
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If indeed magnitudes and multiplicities were to be measured by some means other
than that of a consistent unit, then we would be at a loss to determine a method that
would be viable for such a purpose. If the unit is merely assigned a value other than 1,
then all other multiplicities will be different absolutely, yet will remain functionally
identical relative to the new value of the unit. In other words, even if a number other than
1 is chosen to represent the base unit, the value of the unit and the relative values of all
numbers in proportion to that unit must remain the same if any mathematically
meaningful statement is to be made. If no consistent value is assumed for the unit of
multiplicity and magnitude, then the principles of mathematics as they are currently
understood are overturned, since two instances of what is supposedly the same
multiplicity or magnitude may differ from one another due to disparities in the units that
comprise them. Since it seems that the consistent unit must then be the principle
according to which all multiplicities and magnitudes are determined, it ought to be the
case that, in accordance with our observations concerning the ordering of geometric
principles, the activity of numbers does not occur by succession, but rather belongs to the
same ontological moment; for otherwise, the full extent of mathematical principles would
not be immediately realized with the activity of the mathematical unit, and the
mathematical unit would lack full functionality prior to the activity of multiplicity, and
the prior would thus be affected by the posterior. Thus would all mathematical principles
be realized in the first geometric point, and therefore in the first mathematical unit.
Having determined that the unit/point principle belongs to the same ontological moment
as operations that follow from it, it follows, according to (5) that the principles of the
circle and angle must be similarly simultaneous in their ordering.

In Metaphysics H, Aristotle describes the circle to be oyfjua éninedov.* One

possible interpretation of this term is that of a “foundational figure,” since it is discussed

sense would contradict Aristotle’s demonstration of the non-existence of indivisible lines (Op. Cit. 11), as
well as his premise for the necessary divisibility of sensible ovciat, which is itself a supporting argument
for the non-subsistence of geometric objects within tangible beings. The term used by Aristotle in
Metaphysics Book V is undaufj dwmpetov which Wedberg interprets to mean “in no way divisible,”
although this expression might be interpreted as meaning, “in no way divided,” such that division of the
unit is possible, though it is only potential. Given, however, the necessary mathematical and physical
divisibility of tangible entities, this expression would be more correctly interpreted to mean, “in no way
divided,” such that division of the unit is possible, yet unnecessary.

* Arist. Metaph. VIIL. 6. 1045a35.
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as a simile to Aristotle’s characterization of matter as the essential aspect of objects
perceptible through the senses. This interpretation also seems to be supported by
Aristotle’s remark in Metaphysics Z stating that unlike the definition of the syllable, in
which all of its elements are specified, the definition of the circle does not include the
partitions of the circle.* The term oyfina £ninedov might also refer to a planar figure,
which would indeed be compatible with a two-dimensional circle. Apostle states that
although the circle is often defined according to the straight line, that is, by the
equidistance of all lines emanating from the centre of the circle to the circumference, it is
more correct to understand the circle and the straight line as being “simultaneous by

46
nature.”

This statement may be interpreted as indicating that principles of structure and
proportion governing the circle and those governing the straight line are interdependent.
Indeed, since we have demonstrated that the operations of the line and the plane ought to
be similarly simultaneous, it seems to follow that the principles governing angles as
defined in the ratios and divisions of the circle are necessary for the full functionality of
the dimensional operations, just as the dimensional principles are necessary for the
definition of the circle.

In the Timaeus, it appears at first glance as though the circle is to be understood as
posterior to the principles of dimension. Through observation of Timaeus’ account,
however, it is possible to recognize the addition of the circle and the sphere to the World-
Soul according to a pre-determined objective, as he states that the Demiurge rounded off
the structure of the World-Soul into a circle for the purpose of producing a sphere, based
on the fact that it is the “most perfect of all shapes and having the greatest likeness

himself.”*’

Our observation of the circular structure of the cosmos as intelligibly pre-
determined is confirmed by Runia (1986) in his analysis of the reading of the Timaeus by

Philo of Alexandria, in which he draws attention to the necessity of the cosmos being

* Arist. Metaph. VIL. 9. 1034b. 1od p&v yap k0kAov 6 Adyoc ovk Exel TOV TV TUUETOV, 6 88 TiiC
ovALaBiig Exel TOV T®V oToLyEi®V

4 Apostle. Aristotle’s Philosophy of Mathematics.116. Arist. 92b19-22, 1407b26-28, 14b33-15al, 142b7-
10.

Y PL. Ti. 33b6. navTov TEAEGTATOV OLOIOTATOV TE ODTO E0VTH CYNUATOV
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constructed according to an eternal model in order to be kdAAoTog, the most beautiful of
all things coming into being.*® Thus, although the process described by Timaeus appears
to be sequential, the model according to which it is carried out is already complete, and
therefore it seems that the dimensional operations and the principles of circular geometry
are intelligibly and ontologically simultaneous.

The intelligible and ontological simultaneity of the circular and dimensional
principles, as required by (5) is also demonstrable by examining the operational
connections of mathematical principles. We will use the sine and cosine functions for the
purpose of familiarity, even though these functions were unknown to Pythagoras, Plato,
and Aristotle.*” We are, in fact, able to observe this simultaneity within a single
trigonometric identity, according to which, as Van Brumemelen (2013) explains, for any
two acute angles o and B, sin(a + 8) = sina cos 8 + cos a sin 8.°° This identity alone
suggests that some articulation of the cosine function is contained within the definition of
the sine function. Both of these principles are contained within the Pythagorean Theorem,
as well as within the laws of circular geometry. Within a right triangle, for instance, the
sine of each acute angle is equal to the ratio of the side opposite to the angle to the
hypotenuse of the triangle, while the cosine is equal to the ratio of the adjacent line to the
hypotenuse. On a right triangle for which the hypotenuse vy is assigned the value of 1, and

for which there is a certain angle a, the value of the hypotenuse may be expressed as

\/ (sin @)? + (cos a)?. These identities translate into the unit circle, that is, a circle in
which a value of 1 is assigned to the radius, and the angle in question is treated as a
fraction of the circle, that is to say, it is equal to x/360 where x is equal to the measure of
the angle in degrees. It is crucial to note that trigonometric ratios such as the sine and
cosine belong essentially to the proportional properties of the circle by means of the
divisibility of the circle into angles; and based on the immediate completion and absence

of sequential succession characterizing the definition of mathematical principles within

* David T. Runia. Philo of Alexandria and the Timaeus of Plato. (Leiden: E.J. Brill, 1986), 113. Op. Cit.
PL Ti. 28c5-29b1.

* Glen van Brummelen. The Mathematics of the Heavens and Earth: The Early History of Astronomy.
(Princeton: Princeton University Press, 2009), 95-96.

> Glen van Brummelen. Heavenly Mathematics: The Forgotten Art of Spherical Trigonometry. (Princeton
and Oxford: Princeton University Press, 2013), 10.
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the cosmic model, it would also be the case that all formulae and identities pertaining to
angles are immediately defined alongside those belonging to the circle. The circle, it
would seem, must therefore be defined alongside the dimensional principle of the plane,
which, according to Nicomachus of Gerasa, is defined within 2 as a dimensional root
number. Owing, once again, to the completeness and absence of sequential succession
within the intelligible, the value of 2 must in turn be defined within the dimensional root
number 1, and thus all principles pertaining to circular geometry and trigonometry ought

to be defined within 1 as the first number and unit principle.

2.3 Functions and Forms: Determining the Proper Place of Mathematical
Principles in the Universe Described by Plato

Though the guidance of Aristotle and the Pythagoreans is invaluable for determining the
activity of mathematical laws and operations, it is not sufficient for the execution of this
task. In treating mathematics according to the Pythagorean doctrine alone, there is the
risk of regressing to the notion of numbers as the primary causes of existence, perhaps in
part due to the inclination of the Pythagoreans to treat the symbolic identities of numbers
as schematically defined mandates for the inclusion of certain properties in the
construction of the cosmos; for instance, as Horky (2013) explains, citing Aristotle,
certain “so-called Pythagoreans” based the addition of the Counter-Earth to their
planetary model on the basis that 10, being the number associated with perfection, was
also assumed to be the correct number of heavenly spheres.’’ The explanation attributed
to the Pythagoreans for what they perceived as the structure of the cosmos therefore
leaves a great deal to be desired. While it treats numbers as rational patterns for the
ordering of the cosmos, it does not, at least in this instance, give any indication of the
logical structure to which numbers belong. Additionally, the approach described by
Aristotle in the passage cited by Horky does not include any explanation for the precise
manner in which mathematical principles are translated into the structure of the sensible

world.

3! Phillip Sidney Horky. Plato and Pythagoreanism. (Oxford: Oxford University Press, 2013), 23. Op. Cit.
Arist. Metaph. 1. 5. 985b23-986b21. Translation after M. Schofield. “Pythagoreanism: Emerging from the
Presocratic Fog (Metaphysics A 5)”, In Aristotle’s Metaphysics Alpha: Symposium Aristotelicum. ed. C.
Steel. (Oxford: Oxford University Press, 2012).
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Plato’s approach, however, places mathematical principles into a larger
teleological context within the cosmic model, allowing dimensional root numbers to be
unified within a single structure (for as we shall later observe, Aristotle finds it to be
impossible for ideal numbers to exist as discrete objects, and refutes the presence of such
a concept within Plato’s thought). Plato does not dispense with the dimensional root
numbers, rather presenting a more comprehensive explanation of their nature, according
to which they are defined within principles pertaining to more than geometric structure
alone. As Mugler (1948) explains, the definitions of the four elements account for the
dimensional root numbers, with fire and earth accounting for the two “extremes,” that is,
the point-1 and the solid-4 respectively, while air and water account for the line-2 and the
plane-3.7? This approach, as stated by Mugler, is derived from the Pythagorean doctrine,
as he states that the Demiurge’s plan is “inspired by the ancient dream of the

. . . 53
Pythagoreans to explain the universe according to number...”

It might, furthermore, be
observed, that the dimensional principles seem to translate into certain aspects of Plato’s
epistemology, as the description of the various levels of mathematical knowledge in the
Republic might be said to correspond, to a certain extent, to the dimensional principles.
This education begins with simple arithmetic calculation, which is stated to be “refined
and useful for many things that we desire.”* Alone, however, it is insufficient for the
examination of visible and tangible corporeal objects.”> Geometry is therefore necessary

1’56

as well,” yet as we have observed previously from Socrates’ correction of Glaucon’s

error regarding the nature of geometric objects, geometry alone is not sufficient to

32 Charles Mugler. Platon et la Recherche Mathématique de son Epoque. (Strasbourg and Zurich: Editions
P. H. Heitz, 1948), 82. Op. Cit P1. Ti. 32b5-7. “...le Démiurge établit entre ces deux éléments extréme deux
autres éléments comme moyens, 1’air et I’eau, de manicre que le rapport de feu a 1’air soit égal a celui de
I’air a I’eau, et ce dernier égal au rapport de 1’eau a la terre...”

> Mugler. Platon et la Recherche Mathématique de son Epoque. 82. ...dans ce plan inspiré par le vieux
réve des Pythagoriciens d’expliquer I’univers par le nombre...”

¥ PL. R. VIL. 525d1-2. d¢ kopyov 0Tt kai molhoyij xpictpov AUiv mpdg & Bovddueda
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articulate the principles of mathematics in terms of their ontological context.>’
Astronomy is thus required as well,” and we may regard each of these mathematical
sciences as a parallel to one of the dimensional principles; for since, first of all, arithmetic
calculation involves operations involving numbers belonging to an ordered continuum, it
may be associated with the linear dimension. Geometry, despite its consideration of
three-dimensional figures, may be likened more closely to the planar dimension, since it
is inclined to treat visible shapes diagrammatically, as representations derived from
nature, rather than as objects within nature. It is, then, the treatment of the planetary
orbits as they are in nature which identifies astronomy as a higher science than geometry,
and since astronomy builds upon calculation and geometry and adds the element of
motion, it may be considered the most complete of the mathematical sciences and may
therefore be associated with the solid dimension.

The concept of ideal numbers, that is to say, numbers as intelligible principles
pertaining to certain specific mathematical values and operation, is treated more overtly
in the Phaedo, for which Wedberg refers to Socrates’ explanation that each specific
instance of a certain multiplicity adheres to a particular intelligible mathematical
principle, with 2, for example, being an instance of an eternal model of duality.59 Within
the Phaedo, Cebes, one of the Pythagoreans with whom Socrates converses as he awaits
his execution, interprets Socrates’ position thus,

And that you should say to be great that which you do not know except by each
particular instance manifesting according to participation in the idea of being for
each thing that participates, and you hold the cause of two to be none other than that
of participation in duality, and that it is necessary for two to be a participation in

such a thing, and that it is necessary for one to be a participation in singularity, and

37 See n. 14, 15.
¥ P1. R. VIL 527d1.

> Wedberg. Plato’s Philosophy of Mathematics. 77. Op. Cit. Cf. 135.
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that there are separations and applications of these, and there are compositions of

others if you allow them to separate...*

A literal interpretation of this passage would suggest that for each positive integer value,
there exists an intelligible prototype to which all specific instances of that value must
adhere. Moravcsik (1992) understands the passage in this way, stating that according to
the Phaedo, numbers are indeed to be understood as Forms such that they are objects of
knowledge, “and of which other entities can participate in ways to be explicated.”" In
this reading of the Phaedo, it appears counterintuitive that specific multiplicities and
magnitudes should adhere to a principle that is only the model of the corresponding value
rather than following a single schematic governing all mathematical laws and functions.
If we assume each magnitude and multiplicity to participate in a distinctive model
according to its value, then it is clear that each specific multiplicity is more versatile in its
mathematical functionality than the model in which it participates; for if each ideal
number is to remain distinct, it cannot be added, subtracted, divided, multiplied, or
combined in any other sort of operation with another ideal number to produce any other
value, whether ideal or specific. If another ideal number is produced from such an
operation, then that ideal number will in that instance be an effect of those ideal numbers
that were the operands, while in another operation, it may be effects of those numbers if
such an operation constitutes an opposite process. For example, an ideal number that is
the sum of two other ideal numbers might also produce any one of the same values that
functions as operands in the operation of addition. The succession of causes and effects
among mathematical principles would be tangled, except in the case that all ideal
numbers are assumed to be ontologically simultaneous, an explanation similar to the
structure that has previously been proposed.®® Aristotle suggests, moreover, that ideal

numbers of the type that we presently examine, are entirely absent from Plato’s thought,

%P1, Phd. 101¢2-9. kai péya v Bodng 6t 0dk oloba dAkog Tmg EkacTtov Yryvopevov fi petacydv Tig idiag
ovoiog £kGeTov 00 av HETAGYT], Kai &V ToVTOIC 0K Exelg AANV TvéL aitiav ToD §00 yevécOar AL’ fj TV Thc
dvad0g peTdoyeoty, Koi OV ToVTOV peTaoyelv Td péEALOVTa dvo Eoecbat, Kal povadog O v uEAAN Ev
gogoBat, T0¢ 8¢ oyioelg TavTog Kol Tpocbicelc Kai Tag GALOG TOC TolanTog Kopuyeiag Emng Gv yaipsw,
napeig amokpivacHot

%1 Julius Moravesik. Plato and Platonism. (Cambridge, Mass: Blackwell, 1992), 63.

62 See pages 12-15.
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stating in the Nicomachean Ethics that the Platonists of Plato’s lifetime rejected the
possibility of succession among Ideas, and therefore refuted the existence of ideal
numbers.” Thus, a possible alternative interpretation of the ideal numbers discussed in
the Phaedo is that they are to be understood not as models for entities, but rather as
intelligible instructions according to which actions occur on the level of specific beings.
Prior (1983) proposes such an interpretation, stating that there is an alternate connotation
for the term mapdderypa, which, although it may be defined as “example,” or “instance,”
may also be understood as “pattern.” He regards this connotation as the most appropriate
in referring to the Forms associated with predicated characteristics. For this sense of the
term he cites Protagoras 326c8, in which life according to laws is likened to behaviour
according to a certain pattern.**

Gerson (2004) presents a similar argument, using the examples of the terms
“like,” and “similar,” and explaining that these are not “well-formed or perspicuous
metaphysical concepts, and that the Forms are best understood as “natures” rather than as
“really distinct entities.”®> The understanding of Forms in this respect appears to contain
the implication not of mere templates, but rather of schematics that contain not only
specifications of structure for sensible beings, but also of pre-programmed patterns of
activity according to the definition of the entity in question. If these patterns of activity
are indeed to be understood as patterns and not as arbitrary motions free from prediction
according to natural reason, then it seems that they ought to follow a series of regulations
that must necessarily be included within their natures, and must therefore be prior to
those things that are termed as Forms. Such a dependency would suggest that prior to the

Forms to which sensible beings adhere, there ought to be at least one other class of

8 Arist. EN. 1. 6. 1096a17-19. oi &7 kopicavteg thv 86Eav tadtv ovK Emoiovy idEag &v oig 0 TPOTEPOV Kai
Votepov Eleyov, d10mep 0VOE TOV ApBUdY idéav Kateokevalov

% William J. Prior. “The Concept of Iapddetyua in Plato’s Theory of Forms”, Apeiron: A Journal For
Ancient Philosophy and Science 17, no. 1 (June 1983), 36. Op. Cit. Webster’s Seventh New Collegiate
Dictionary (Springfield, G.C. Merriam Co., 1972) p.610, The American Heritage Dictionary of the English
Language (Boston, Houghton Mifflin co., 1978), p.950, Liddell, Scott, and Jones, 4 Greek-English Lexicon
(Oxford, clarendon, 1940), p.1307, P1. Prt. 326¢8.

5 Lloyd P. Gerson. “Plato on Identity, Sameness, and Difference”, The Review of Metaphysics 58, no. 2
(Dec., 2004), 305, 329.
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intelligibles which constitute the principles of structure and activity regulating the
generation and motion of sensible beings.

The concept of a system comprised of two classes of intelligible principles has
been subject to consideration in contemporary scholarship, with one example having been
proposed by Thesleff (1999). Thesleff distinguishes the more general category of Forms
as referring to the entirety of the objects of knowledge, including the schematics of
sensible beings, as well as the intelligible principles pertaining to intangible concepts.®
He indicates, however, that Ideas are to be understood as a particular subset of Forms,
particularly those which may be termed ‘Value Forms,” of which he gives such examples
as ‘good,” ‘fine,” ‘strong,’, and ‘healthy,” which are distinguished as abstract concepts
that constitute attributes rather than schematics governing sensible entities..”” Thesleff
also includes ideal numbers, such as those of the povég and dvdg mentioned in the
Phaedo, among the class of intelligible principles to be understood as Ideas.®® If Ideas
constitute a proper subset of Forms in reality as well as in abstraction, then they ought to
belong to the same ontological moment as all other Forms, since it would be absurd for
them to either be prior to a genus to which they belong, or to be posterior to those Forms
that are dependent upon them for their essential characteristics. In order for Thesleff’s
theory to adhere to (5), that is, to avoid sequential succession, the activity of all Forms
therefore ought to be recognized as simultaneous and interdependent, so that those Forms
outside of the subset of Ideas are anticipated in the conception of Ideas. There is no
reason to assume, however, that the distinction posited by Thesleff necessarily represents
a real dichotomy at the intelligible level.

In conjunction with our consideration of ideal numbers, we must consider
additionally the generation and functionality of the dimensional principles of geometry as

they are articulated by Plato. This task will lead to the examination of the Timaeus,

% Holger Thesleff. “Studies in Plato’s Two-Level Model”, (Commentationes Humanarum Litterarum 113),
Societas Scientiarum Fennica, Helsinki: 1999, in Platonic Patterns: A Collection of Studies, ed. Holger
Thesleff. (Athens, Las Vegas, and Zurich: Parmenides Publishing, 2009), 439.

87 Thesleff. “Studies in Plato’s Two-Level Model”, 441. Op. Cit. Santas 1983, Dorter 1994.

% Thesleff. “Studies in Plato’s Two-Level Model”, 447. Op. Cit. P1. Phaedo. 101b.
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wherein the eponymous philosopher describes thus the initial activity of these laws

through the work of the Demiurge,
It needed to be exactly corporeal, visible, and tangible, so he separated fire, and yet
even then it was not visible, nor was it tangible without any solid, and it was not
solid without earth; so did the god, being the first of all things, make the corporeal
by mixing together earth and fire. It was impossible for the first and the second to be
combined beautifully with a third being separate; for it was necessary that in the
centre there be some connection binding both of these together. And so to bind it, he,
the most beautiful, made it so that in binding it would be supremely one, which
brought to completion the most beautiful mathematical proportion. For whenever the
middle is raised by either third numbers or powers, so that it goes first toward the
same side, and then towards the far end, and then back again, and the end point
towards the middle, and the middle towards the first end, and the middle and the
beginning and the end becoming such that the end point and the beginning both go
towards the middle, so it follows that on all sides out of necessity, that each will
become one with all others. So if a plane, not having any depth, must become the
body of all, the same thing then rises up from the centre, such that it is bound in the
same way, and its solid nature will therefore then be manifest, the solids will never
be one, for two centres always fit together, and between fire and earth the god placed
water and air, and towards one another in such a way that it was possible for to bring
that calculation upward towards completion, with fire adjacent to air, air adjacent to
water, and as with air adjacent to water, water adjacent to earth, he bound and
combined the universe to be visible and tangible. And through these ways, and the
number of four units, and out of such things he begat the body of the cosmos through
a harmony of proportion and he held love for these things, such that they would be

bound towards him alone, inseparable by one another except to be bound by him.”
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At the beginning of this passage, Plato indicates a predetermined need for the existence
of tangible, stereometric entities. This requirement agrees with the suggestion that
intelligible definition of the point ought to account immediately for all basic dimensional
levels leading up to the sterometric level and perhaps even beyond it. The simultaneous
definition and distinction of all dimension levels might explain the designation of 10 as
the perfect number as opposed to 4, which, according to the Pythagorean doctrine, is
considered representative of perfection; for 10, as the summation of all representative
numbers associated with the dimensional levels implies a model that accounts for all
dimensional levels, both together and as considered distinctly. Within this particular
passage, Plato appears to equate each of the elements with one of the dimensional levels,
suggesting that even beyond the significance of elemental solids (which we shall examine
later), each of the elements can be regarded as what might be called a rational symbol,
such that it serves, in a sense, as a metaphor for one of the four basic dimensional levels,
except that in this instance, the symbolic connection is not merely incidental, but rather
constitutes a real relation that is defined intelligibly.

One of the distinctions readily apparent in Plato’s account of geometric
dimensional principles is the recurring theme of predetermined perfection and of the
objective of optimizing the beauty of the structure that is described. We observe also that
the process described occurs with the purpose of allowing for the existence of solid
objects on the tangible level. Mohr (2005), in interpreting the Timaeus, argues that the
primary bodies, the elements of earth, air, fire, and water, are to be understood as
“geometrical particles” even in the initial chaotic state of existence. The Demiurge, Mohr
states, does not impose intelligible properties upon these elements, but rather regulates

them with respect to proportion, such that they adhere to the intelligible patterns that are
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already proper to them. In this argument, Mohr specifies that the Demiurge is bringing
these elements into accord with paradigmatic Forms.”” Mohr’s argument appears to agree
with the manner in which the Demiurge activates the principle of stereometric structure
within the World-Soul, for Timaeus describes this process as one that involves the
separation of the primary corporeal elements into their four distinct structures, and the
cyclical connection of the elements. The language used by Plato to describe this action
therefore suggests that the primary corporeal structures possess certain immediate
intelligible characteristics, or that the elements described at the earlier portion of the text
are to be understood as patterns added to the World-Soul by the Demiurge to function as
schematics of structure and motion to which tangible matter must adhere. In either case,
we will doubtless observe that matter is subordinated to mathematical principles in

preparation for the generation of specific sensible ovciaut.

" Richard D. Mohr. God and Forms in Plato. (USA: Parmenides Publishing, 2005; Originally published as
The Platonic Cosmology. Leiden: E.J. Brill, 1985) 111-112. Op. Cit. PL. Ti. 53¢ ff., 55d7, 53a7-c3, 69b4,
cf. uétpov, 68b6.
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Chapter 3: "Y\n

3.1 Clarifying Confused Mass: Geometry, Physics, and the Nature of Matter
The relation of motion to matter, and therefore the essential nature of matter, is closely
connected with the significance of necessity as a factor in the construction of the
universe. In the account of the cosmogony as set forth in the Timaeus, the Demiurge is
stated on several occasions to construct the cosmos &£ Gvéykng, or “from necessity.”’"
Vlastos (1941) describes necessity, or dvdyxn, as “the “secondary” cause, which is

72 As an irrational force, necessity

“necessary,” irrational, fortuitous, and disorderly.
must, in some regard, be at odds with the rational governance of the cosmic model, yet in
a different sense, it must collaborate with reason. Timaeus indicates, for instance, that
even after the application of precise geometric structure to matter, the difference in
movement speed on the part of the elemental solids based on size, with the solids
possessing the smallest sides being the most agile, is a function of necessity.” Since
necessity continues to hold sway over matter even after its ordering, it is clear that the
Demiurge has not removed necessity from the cosmos; rather, it would seem that matter
has been patterned so as to take advantage of the natural inclinations of necessity for the
purpose of directing matter to conform to intelligible paradigmatic specifications. From
this relation between reason and necessity, it would follow that the paradigms that govern
the sensible cosmos must account for the operations of necessity, and that the role of
matter in the construction of the universe is defined within the intelligible.

The greatest difficulty that we will encounter in addressing the intelligibility of
matter is the characteristic of movement and flux according to which it is defined. The
conflict that we seek to address is between the impermanence associated with matter, and
the geometric properties ascribed to them by Plato. Our task is to explain the nature of
matter in terms of its role in the operation of intelligible mathematical principles as
expressed in the Forms, on the level of sensible beings. Part of this inquiry will involve

the consideration of whether the geometric structures of matter are particles in
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themselves, or whether they are patterns of motion followed by simple base particles of a
different sort. In addressing this question, we will also determine whether, in explaining
matter from a mathematical standpoint, we are stating what matter is, or rather, how
matter behaves.

For this purpose, we will chiefly examine the account of the elements as given in
the Timaeus, considered in conjunction with Ancient criticisms, particularly those of
Aristotle, as well as the responses of contemporary scholars, so as to give a
mathematically robust explanation of the structure and activity of tangible matter. The
intricacy of the geometric theory of matter appears somewhat ironic given Plato’s
rejection of sensible entities as objects, a position which, as explained by Lloyd (1968),
has been interpreted as an ‘anti-empirical bias’ according to which Plato’s ontology has
been criticised as anti-scientific by certain scientists of the last century.’* Lloyd opposes
this argument, however, and explains that Plato, along with Pythagoras, has also been
considered to “stand nearer to modern physical science than does Aristotle.”” This
suggestion appears to be at least somewhat correct with regard to Aristotle’s own
argument concerning matter. As stated by Byrne (2001), Aristotle maintains that the
mathematical sciences do not examine matter, and argues that they are more precise for
this reason.’® Similar to Plato, however, Aristotle is observed to hold the four elements of
earth, air, fire and water to be primary bodies;’’ yet since Aristotle’s position rejects the
mathematical analysis of the primary bodies, it would seem that his position concerning
matter is somewhat more rudimentary than that which is presented by Plato. It may
therefore be argued that he fails to acknowledge the need for a complete articulation of
mathematical principles to turn its inquiry towards the distinguishing properties of matter

as defined by their precise characteristics of structure and movement.
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L. Heath, Aristarchus of Samos (Oxford, 1913) 138-9, commenting on Republic 529a-530b.
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The need for these distinctions is indicated in Aristotle’s treatise On Generation
and Corruption, for Aristotle states therein that fire and earth are inclined to move toward
the “limits” of space whereas earth and water move towards the “centre.””® The ascription
of limits and a centre to the space in question would imply finite magnitude, and would
indicate that this space is subject to mathematical measurement. With regard, moreover,
to the nature of motion, Aristotle explains in the Physics that motion is classified among
those things that are understood to be continuous, and that place, void, and time are
among those conditions that are considered to be necessary in order for motion to occur.”
It would seem that any meaningful examination of time and place would require some
sort of mathematical expression. As far as void is concerned, assuming that it is an
enclosed space relative to two or more solid surfaces and not absolute void (a
consideration that we shall address at a later point), then it stands to reason that any
questions pertaining to the magnitude of such a space would belong to geometric
analysis. Aristotle must then acknowledge that any attempt to articulate the nature of
motion in an entirely non-mathematical manner would be incomplete and imprecise. The
problem presented, therefore, by Aristotle’s position, is not that the ontological
significance of mathematical principles is refuted, but rather that the manner in which the
human mind understands mathematical principles may be insufficient for the task of
treating them ontologically.

As explained by Lear (1982), Aristotle’s assertion that mathematicians examine
non-spatiotemporal objects of thought is not regarded by commentators as a sufficient
epistemological solution to the ontological problems associated with the conventional

interpretation of Plato.*® Lear makes specific reference to a passage of the Physics in

7 Arist. GC. 11 3. 330b31-33. trans. Harold H. Joachim. in The Basic Works of Aristotle. ed. Richard
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which Aristotle states that the mathematician separates mathematical objects from
sensible beings in thought due to the fact that they are then “separable from motion
(kinesis).” If the mathematician does not treat the objects of physics with respect to
motion, then we are at a loss to explain how it is possible to construct an ontologically
relevant Adyog of mathematics; for Aristotle’s argument against separate Forms in
Metaphysics B is supported in part by the absurdity of the notion that the object of
astronomical science is a separate sky which remains unmoving while movement occurs
in the sensible sky.*' The critical aspect of Aristotle’s premise is that the Form cannot be
bereft of any essential characteristic that is present in the objects that participate in it, thus
dictating that if movement belongs properly to a certain sensible being, that movement is
also defined within the paradigm to which that being adheres.

Consequently, if the mathematical sciences treat magnitudes as separate from
movement, then not only are they unable to produce complete apprehension of
intelligible paradigms, but they would also likely fail to account for the laws of
mathematics specifically pertaining to spatial motion and change. The analysis of motion
and change is of critical importance in the capacity of mathematical science to articulate
the structure and activity of the cosmos, and thus, to advance toward the consideration of
the principles of mathematics in terms of their operation within reality. The inclusion of
motion within mathematical investigation is a defining characteristic of astronomy, which
Plato indicates in the Republic to be of a higher tier of inquiry than arithmetic and
geometry in terms of its capacity “...to lead us toward the most beautiful things and to

9982

possess those that are most accurate...””” While astronomy includes the principles of both

geometry and arithmetic, it also adds the element of motion to its analysis, as well as

these substances of their necessary application to matter, it is necessary that the parameters under which
these deviations occur are represented on the level of the intelligible. According to Aristotle, however,
mathematicians examine only the geometrically perfected abstractions of sensible beings. As such, the
epistemological inadequacy of abstraction might be said to at least partially be characterized by its inability
to account for variation and deviation in the structure and activity of sensible beings.
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language pertaining specifically to objects residing in tangible space. Since geometry and
arithmetic fall short of this measure of accuracy, they would also be insufficient for
explaining with full precision the subordination of matter to Form. Thus, it would appear
that, contrary to Aristotle’s position, the mathematical sciences are in fact less precise if
they do not examine sensible matter, for they consequently fail at the task of articulating
the role of geometric principles in imparting Form to matter.

Plato, however, undertakes this task in the Timaeus wherein the eponymous
philosopher relates an account of the geometric structures ascribed to each of the
elements. Though this account is not necessarily without error, and though Timaeus
himself states that it is merely likely, it provides us with a potentially viable foundation
on which to develop Adyog of the mathematical properties of matter that agrees with the
principles of first philosophy and the ontological simultaneity of mathematical functions.
Our inquiry shall therefore concentrate on the mutable nature of matter in connection
with the theory of elemental solids as detailed in the Timaeus. This flux is partly
explained by Gill (1987), who draws our attention to one of Plato’s characterizations of
matter in the Timaeus. In this instance it is appropriate to refer to fire and water not as

“this,” but rather as “what is such.”

This description suggests that the elemental
properties of matter are not to be understood as non-predicated objects, but rather as
states that may be ascribed to tangible matter which would be otherwise indescribable. It
seems then to follow that this definition should belong to the geometric patterns of the
elements. The foundations of these elemental solids are from triangular structures, which
Timaeus describes thus,
So he made two triangular solids for fire and for the other elements, the isosceles and
the scalene. Those which were once indistinct in character were now distinguished.
For he differentiated the four classes of the elements, not being correctly visible,
from one another in order to encompass all of nature; for from the triangles of which
we have proposed four classes, three of them have sides which are not all equal to

one another, while the fourth alone comes together from the isosceles triangle. It is

thus not possible for the smallest triangles to be broken into smaller triangles, nor for

% Mary Louise Gill. “Matter and Flux in Plato’s Timaeus”, Phronesis 34 (October 1986), 34-35. Op. Cit.
PL. Ti. 49¢7-50a4.
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the largest to be combined into larger triangles, and the same is true of the other
three types of triangles; for they would all be produced from one of the triangles that
had been broken loose, and from the larger ones, many smaller triangles would
follow, receiving their proper structures from them, until the smaller triangles are
scattered into many other triangles, such that a single number having come into
being from one great multitude produces one different form. I have explained how
these transform into one another; in this way each shape would come into being, and
would be considered to follow from these numbers being combined. Thus would the
first shape originate, and the smallest component, an element of this, would have a
hypotenuse that is double the length; a pair of these triangles are added together
according to the diagonal, and three triangles of the type produced are joined at the
centre along their short sides and diagonals, such that one equilateral triangle comes

. . . . 84
into being from those which are six in number.

The rules governing the triangles that constitute the foundation of the elemental solids
seem to disrupt the mathematical integrity of this theory, for Timaeus states that they
cannot be divided beyond their smallest size, nor can they be combined beyond their
largest size. This restriction leads to the same problems described by Aristotle concerning
indivisible lines,* for if the triangles are indivisible at their smallest size, then it stands to
reason that the lines of which they are comprised are similarly indivisible, and are

therefore mathematically inoperable. Indeed, given the impossibility of spatiotemporal
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motion which Aristotle demonstrates to follow from the indivisibility of lines and points,
it seems quite clear to us at this point that the possibility of movement within tangible
space presupposes the infinite divisibility of all finite magnitudes.

It is therefore impossible for the indivisibility of the stoichiometric triangles at
their smallest size to imply indivisibility in the mathematical sense. Lloyd (1952)
suggests, however, that there are two senses in which division may be understood. He
indicates that Plato acknowledged the infinite divisibility of magnitudes on the level of
abstract mathematics, but distinguished this system from the ‘philosophical’ mathematics
discussed in the Republic and the Philebus.*® In the Republic, Glaucon uses this
differentiation in order to argue against the identification of sensible beings with the
objects of knowledge, making reference to those who hold these entities to be indivisible
mathematically on the basis that they are essentially indivisible.®’ In the Philebus,
Socrates speaks of those things which are “unequal units” insofar as they are entities
belonging to a particular genus or to a designated group. He states that within this group,
the smallest objects are also the largest, yet explains that this rule does not apply to the
“pnovada povadoc,” or the unit as unit, such that abstract values are infinitely divisible
according to their definition, whereas tangible ovciot are essentially largest and smallest
in terms of their divisibility.* Regardless of whether or not the stoichiometric triangles
are to be understood as particles, it is readily evident that their indivisibility cannot be
mathematical; for if they are particles, then their mathematical indivisibility would
translate into the sides of the triangles, such that they would be subject to the limitations

associated with indivisible lines. If, however, they are not particles, but are rather
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patterns, then the problem that results from their mathematical indivisibility is greater
still, for these paths of motion will be non-traversable as a result.

In both of these cases, it would be impossible to determine any proportional
relation between the side lengths of an isosceles stoichiometric triangle and those of the
scalene, thus prohibiting the assembly of the elemental solids, which Timaeus thus
describes,

Combining four equilateral triangles at three conjoined planar angles he made a
single solid angle, coming from the collinear joining of the planar angles; and thus
he assembled the first solid among those four that are the most perfect, scattered
throughout the entire orbit, toward equal proportion and uniformity. The second he
made out of these triangles, which were assembled to be from eight equilateral
triangles, and so completed a single solid angle from four planes; and coming into
being from these the second body thus attained perfection. When third was made
from twice sixty of these put together with twelve solid angles, based on five planar
equilateral triangles arranged adjacently around the centre, he also put together
twenty sides from equilateral triangles. It was necessary to create a solid other than
these elements, and so from arranging four isosceles triangles around a central point,
he completed a square; six such shapes were combined to produce eight solid angles,
from each being put together on three straight planes; and the structure of the

assembled body became a cube, having six square sides."

It would seem that the construction of the elemental solids also includes the application

of their visible properties, as Timaeus states that the Demiurge “commanded the solids to
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be painted in diverse colours.”” It is possible that these colours refer to the various types
of minerals and other types of chemicals associated with the various types of elements,
for Plato associates with gold the properties of water in terms of the manner in which it is
poured and hardened into a particular shape through the use of some sort of mould. Such
would imply that the visual and chemical properties are defined in the calculations of the
elemental structures rather than being imparted directly to the particles themselves; and
as we will recall, Plato suggests that even without the calculation of the solids, the
distinction of the elements is already given according to their order in proximity to one
another.”’ The language that Plato uses to describe the application of geometric structure
to the elements suggests, as follows, that they are assigned to the elements as fully

calculated patterns,

To earth he gave the shape of a cube; for among the four types of elements earth is
unmoving, and among the moulded bodies it is necessary that the one that becomes
earth have sides that are entirely unmovable; a side that is constructed according to
the foundations of the triangles described will be unmovable according to the nature
of equal sides in conjunction with the unequal, and from each equilateral triangle the
square was built according to proportion, and from the motionless whole it began
movement out of necessity. We therefore maintain that we ought to assign this as the
most likely theory for earth, and of those remaining we assign to water the slightly
moving shape, the greatly moving shape to fire, and the middling shape to air; and
the smallest shape belongs to fire, the largest belongs to water, and the medium
shape belongs to air; and the sharpest belongs to fire, the second sharpest belongs to
air, and the least sharp belongs to water. And so in order to understand all of these,
one must thereby understand the small, as each one of each type is not seen by us on
account of its smallness, but we perceive the entirety of all such things assembled;
and furthermore, from the mathematical proportions pertaining to quantity and

movement and the other potentialities everywhere, we consider the god, to whom
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nature, out of necessity, having been commanded, readily complied, to assemble
these by proportion according to him for all of the elements through precisions of the

completed solids.”

Considering Plato’s earlier characterization of the different types of primary matter as
“what is such,” it is reasonable to suggest that the geometric structures ascribed to the
elements are not to be understood as corporeal shapes in the most literal sense, but rather
as patterns of movement defined by the necessary properties of each element. This
position is further supported by Timaeus’ account of the manner in which completely
formulated geometric patterns are imparted to matter that is delineated in type according
to its relative position.

As to the specific character of these patterns, they may be interpreted as spatial
patterns, or as geometric number patterns associated with the activity of the elements, yet
to understand them as corporeal entities in the same sense as composite sensible objects
would suggest a measure of permanence contrary to Plato’s earlier characterization of
matter. Mortley (1967) nevertheless refers to the elemental solids as particles, yet still
recognizes within them a quality that remains compatible with them if they are
recognized as patterns of movement, and proves in that case to be of far greater
importance; that is, the properties by which they are distinguished in sensory observation

are not “secondary qualities,” but are rather a function of the shape of the solids.”” This
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characterization is certainly appropriate to spatial or abstract patterns of motion, for it
seems absurd to suggest that the non-accidental effects of these patterns would be a
function of a secondary non-intelligible affectation.

They may alternatively be regarded as calculated patterns to be applied to the
elemental mass that the Demiurge is stated to separate into its components at an earlier
portion of the Timaeus.”® This interpretation seems self-evident given the language of
Timaeus’s account, according to which the Demiurge appears to assign the appropriate
elemental solids to elements that have already been distinguished from one another.
According to the Matrix hypothesis examined by Ostenfeld (1982), these solids are
understood as belonging to a “universal Matrix.” Ostenfeld presents the Matrix
hypothesis as a possible interpretation of the Receptacle concept, inasmuch as the
elemental solids are imprinted into the Matrix, within which their size and shape translate
into properties of weight and speed. Ostenfeld expresses this type of receptacle as
something of a mould, and describes it as a Matrix according to Plato’s reference to the
éxpayeiov, which is stated to be “shaped by the things pressed into it.””> The elemental
solids, as well as the tangible entities constructed from them, would therefore constitute
patterns imprinted within an otherwise indistinct mass.

Ostenfeld identifies the elemental solids as atoms, and states that their tangible
properties are partly a function of their belonging to the Matrix. He explains also that the
primary characteristics of cosmic matter (i.e. ordered matter) are those of shape, size, and
location, with attributes such as weight, motion, sharpness, and hardness being derived.

Ostenfeld thereby determines that the elemental solids are not to be understood as fully

% See n. 69.
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geometric or corporeal, but rather as intermediate with respect to these classes. He
describes the universal Matrix, furthermore, as being full on the basis that Plato refutes
the presence of void within the universe described in the Timaeus. Ostenfeld specifies
also that the solids alone do not constitute atoms, but are only understood as such in
conjunction with the Matrix, such that they might be understood as imprints upon the
Matrix. He also significantly identifies the geometric characteristics as kinematic, lending
credence to the identification of the elemental solids as patterns of motion.”® According to
Ostenfeld’s observation, the absence of void in the cosmogony as described in the
Timaeus appears to be unqualified, though Keyt (1961) indicates that in Aristotle’s
analysis, the principle of void, or kévov, is present in Plato’s Adyog of the natural world.
Keyt explains that place and void may be understood in several different senses. One of
the proposed conceptions of place, which, according to Keyt, Aristotle associates with
Plato, is that of d1dotnud 11, which refers to an extension between “the boundaries of the
vessel,” or 0 mépata tod dyysiov. This extension is understood to be a constantly present
distance in addition to the distance defined by the movement of a sensible object.
Aristotle also refutes the existence of such an extension, on the basis that it would
constitute a subject to which magnitude would be ascribed, thus demonstrating absolute

emptiness to be impossible.”’

% Ostenfeld. Form, Matter, and Mind. 125-7. Concerning the sharpness of the atoms, Ostenfeld refers to
Timaeus 61d-e. In this passage, Timaeus explains that the apparent heat of fire atoms is due to their
sharpness, a characterization which might be seen to suggest that the atoms are in fact corporeal. The term
used to imply sharpness, 6£0, may also be understood to imply swiftness, which in this case may be
appropriate to suggest faster motion on the part of fire atoms in contrast to surrounding atoms which move
at a slower speed. Ostenfeld references Plato’s refutation of void at Timaeus 52¢ and 58a. At the former of
these two passages, it is suggested that the presence of space between the elemental layers would prevent
their movement. In this passage it is also indicated that the elements should not be equidistant from one
another, nor should they be balanced in stasis, for they would consequently be incapable of balanced
movement.

°7 David Keyt. “Aristotle on Plato’s Receptacle”, The American Journal of Philology 82, no. 3 (July 1961),
291. Aristotle discusses void in Physics at 214al3 (Trans. R.P. Hardie and R.K. Gaye.). One of the
interpretations of void, as he explains, is that it is an entirely empty space entirely devoid of any corporeal
substance. One of the arguments that has developed from this interpretation is that “void is the matter of the
body,” a position which Aristotle rejects on the basis that it appears to imply the existence of non-
predicated matter. The compatibility of the rejection of non-predicated matter with the refutation of
absolute void appears to require a model similar to that which is described in the Timaeus with respect to
matter; for if the physical space surrounding solid objects does not constitute absolute void, then it must
follow that this space is entirely filled with matter of some sort. If there may be no predicated matter, then
this matter must be structured according to a precise pattern, such as the shape that Timaeus ascribes to air.
In identifying place with the “boundaries of the vessel” at Physics 212al3, Aristotle expresses the vessel as
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Since the boundaries of the vessel do not constitute the limits of the receptacle
itself (which we shall soon consider in further detail), but rather the limits of specific
sensible objects, the identification of unoccupied space with absolute void will present
difficulties regardless of whether Ostenfeld’s Matrix principle is understood to be a
correct explanation of the physics of the Timaeus. If we reject Ostenfeld’s Matrix, then
the elemental solids must be fully corporeal, as they would not, consequently, be unified
in a geometric network. In both cases, the characterization of unoccupied physical space
as absolute void bereft of all matter would render certain natural phenomena inexplicable.
We would, for instance be unable to account for the fact that a flame, which ought to be
identified with the fire element, is extinguished upon being enclosed on all sides; for if
the space surrounding the flame prior to its enclosure is absolute void, then it should add
nothing to the flame, such that there is no functional difference between the space within
the enclosure and the space outside of the enclosure. Such, however, is not the case, and
it therefore seems that unoccupied space cannot accurately be regarded as absolute void.

Within Ostenfeld’s Matrix, the presence of absolute void would imply that there
are areas of interruption within the Matrix, such that it is not perfectly continuous, even
(assuming that it is finite) within its designated boundaries. In this instance, the void
would render atoms unable to function properly within the Matrix; for the void would be
such that they would be unable to traverse it. Ostenfeld indicates that atoms as described
in the physics of the Timaeus are not truly corporeal, and that their tangible properties are
characterized by the manner in which their geometric structure behaves within the

context of the Matrix.”® If, therefore, unoccupied space is to be identified as absolute

a sensible object rather than as a limit to the receptacle itself. He explains the dtdotnud T at Physics 211b7-
8 to be an extension between the boundaries of a corporeal object, and argues that the space between the
boundaries does not exist independently beyond the displacement of the corporeal object in question
(211b13-17), since there would otherwise be an infinite multitude of places within the same physical space
according to the infinite number of possible arrangements for the objects occupying the space (211b19-26).
Keyt interprets Aristotle as attributing the principle of didotnpd Tt to Plato based on the remarks of the
former at Physics 209b11, at which Aristotle explains that Plato identified matter with space. Aristotle
regards Plato’s position as a function of the fact that place is contained by the boundaries of the corporeal
object, and is therefore understood to constitute matter (209b5-10). The only circumstance, however, under
which this characterization of space would imply absolute void, would be that in which the matter detailed
in the Timaeus is understood to be non-predicated in such a manner as to be non-existent altogether. The
identification of matter with space otherwise suggests a perspective on matter similar to the Matrix
discussed by Ostenfeld.

% See n. 96.
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void, then sensible entities will be incapable of movement; for the motion of tangible
objects is contingent upon physical properties such as weight and hardness, which are
properties of a sensible object’s interaction with the Universal Matrix, such that they are
not inherent characteristics of the atoms comprising the entity. Atoms would
consequently be capable of moving only within insular matrices defined by the
boundaries, and sensible ovciot would be unable to carry out the activities proper to the
paradigms to which they must adhere.

It is self-evident to us that the geometric patterns ascribed to the elements are
necessitated by the paradigms according to which sensible ovciou are constructed. Since
the universe is understood to be produced according to necessity as determined by an
eternal model within which the intelligible principles for sensible beings must be defined
according to their properties of structure and movement, it must therefore also contain the
parameters of their material composition. In Mueller’s treatment of the theory of matter
discussed in the Timaeus (2005), he explains that matter, identified with the receptacle, is
understood by Plato to be devoid of any inherent shape, but instead “receives the likeness
of the eternal forms although in itself it has no particular character.”® This explication of
matter indicates that the ordering of the elements according to the stoichiometric solids
implies an application of Form to the previously amorphous mass, not only insofar as it is
subordinated to mathematical principles, but also inasmuch as the ordering of matter
according to these patterns anticipates the paradigms of sensible ovciat. Broadie (2012)
provides a further indication of the nature of the ordering of pre-cosmic matter,
explaining that the elements initially moved in a random, disorderly manner.'® The

ordering to the elements would then seem to imply the reconfiguration of their

% Tan Mueller. “Mathematics and the Divine in Plato”, in Mathematics and the Divine: A Historical Study,
ed. L. Bergmans and T. Koetsier (Amsterdam: Elsevier, 2005), 108.

"% Sarah Broadie. Nature and Divinity in Plato’s Timaeus. (Cambridge: Cambridge University Press,
2012), 182. Op. Cit. PI. Ti. 48a5-7; cf.30a2-6. In the earlier of these passages, the Demiurge is described as
having arrayed the elements into Ta£1g, a term which may also identified with the combat formation of
soldiers (Liddell and Scott, 1996), suggesting the imposition of order upon the elements implies bringing
them into a structured pattern of motion. In the later passage, Timaeus describes the elements as the
“wandering cause,” a term possibly intended to emphasize the connection of the principles that will
ultimately govern their movement with the mathematical laws that guide the heavenly spheres, since these
are also termed as “wanderers.” (P1. 7i. 38¢6.)
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movements according to a precise pattern, an interpretation further emphasized by Plato’s
identification of their ordering with a term used to describe military formations,'®' which
may also be a reference to the importance of mathematical knowledge in military strategy
as detailed in the Republic.'”* We may thus identify two different juxtapositions of
motion and passivity; for under pre-cosmic conditions we observe that matter moves in a
random and incoherent fashion, and therefore remains indolent inasmuch as it is unable to
become anything or otherwise serve any purpose; while cosmic matter is in motion
inasmuch as it fulfills the task adhering to the parameters of intelligible paradigms, yet is
also at rest insofar as it has settled into regular patterns and abandoned its previously
unstable disposition.

In addressing the connection between the role of matter as a Receptacle and its
geometric properties, Broadie states that the Receptacle is considered to be that in which
the event of becoming occurs,'”® as opposed to an alteration transpiring merely within the
spatial position of the object in question, an explanation which Broadie characterizes as
nearer to the Aristotelian position. She states that under this representation, the elements
are not to be understood as objects unto themselves, but rather as qualities predicated of
sensible entities. Quite significantly, moreover, geometric properties such as triangular

104
1

shape are classified in this manner as well. ™ This characterization would be applicable

101 See n. 100.

1921, R. VII. 527d2-6. £pot yodv, &pn: 10 yap mepi Gpog avmcemotspmg axsw K(xl pnvmv Kol EVIDLTAY 0V
pévov yewpyig 008¢ voutidig TpootKel, GAAL Kai oTpotnyig ovy fTTov. NG &1, v & &y, 811 Eotkag
5&310T1 TOVG TOAAOVG, 1) SOKTG AypNnoTa LabuaTe TPOsTATTEWY

19 Broadie. Nature and Divinity in Plato’s Timaeus. 188. Op. Cit. P1. Ti. 49¢7-8. In this passage, the use of
the term mepupepopevov suggests not only containment, by also movement around the shape of the object
being contained.

1% Broadie. Nature and Divinity in Plato’s Timaeus. 188-9. Op. Cit. P1. Ti. 50a6, b2, cf. ¢3. In the second
of these passage, the shapes such as triangles are stated not to be ¢ 6vta, but rather to be t 6 to10 Htov,
while in c3 it is stated that “an imprint is made upon all nature (ékpoyeiov yop pooet mavti keitar).” This
description is consistent with Ostenfeld’s Matrix theory, suggesting the Universal Matrix as a suitable
explanation for the application of intelligible paradigms to matter. If the characterization of geometric
shapes as predicated qualities rather than as discrete objects is assumed to be correct, it would appear to be
compatible with the Matrix argument presented by Ostenfeld. It seems, furthermore, to be consistent with
the definition of the objects of mathematics not as specific numbers or geometric entities, but rather as
functions, formulae, and relational laws. The difficulty with this definition, as Broadie indicates, is that
Plato does not provide any viable argument to support it. The lack of substantiation for this position may
simply be a function of the fact that the cosmogony described in the Timaeus is considered to be probable
but not certain. A possible alternative explanation is that the function of matter as a vessel for movement
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to the elemental solids as well, and is consistent with Ostenfeld’s specification that the
elemental solids are not tangible in themselves.'” The concept of shape as a predicated
property is also of significance in establishing the relation between the elemental solids
and the models according to which their structure is determined; for in identifying the
four elements as 10 towodtov,'® Plato gives credence to the characterization of the
elemental solids not as stable, self-subsistent entities, but rather as calculated patterns of
motion, to which the otherwise indescribable particles of matter must adhere. Broadie
specifies, however, that identification of the elements as predicated qualities is not
explicitly stated in the geometric description of matter. She indicates, however, that the
geometric account of the elements is necessary in order to provide an articulation of the
types of motion associated with the elements, as such an explanation is absent from the
Receptacle account.'’” These representations of matter, taken together, provide clear
indication that the Receptacle must be prepared before it is able to receive intelligible
paradigms, and this preparation is defined by the ordering of the elements according to
proportion.'® Since the specifications of this ordering are dictated by the properties
defined in the Forms, it may be easily inferred that the stoichiometric properties of
sensible ovoiot must be defined within the paradigms to which these entities adhere. It
may be said also that these paradigms must include the laws of stoichiometry in order to

fully account for the properties of movement belonging to tangible beings.

and change is assumed to be self-evident; for if the movement of sensible beings are considered to be
dictated by the paradigms to which the entities in question adhere, it would be absurd for specific
alterations and motions to occur within the paradigms, assuming that they are regarded as the objects of
knowledge.

105 See n. 94.
196 See n. 83.

' Broadie. Nature and Divinity in Plato’s Timaeus. 195. Op. Cit. P1. Ti. 55d8-56b3. According to this
account, it is evident that among the mobile solids, those of greater mobility possess fewer vertices. One
possible explanation for this rule is that the solids represent geometric numbers rather than spatial particles,
with each vertex representing a dependent variable, and each triangle signifying a relation of height, width,
and depth. This theory will be considered further in section 2.2 in relation to the possible association of
elemental solids with vector geometry.

"% Broadie. Nature and Divinity in Plato’s Timaeus. 191. Cit P1. Ti. 69b2-c7.
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We have previously determined that the paradigms of sensible beings are
dependent upon ontologically operative mathematical formulae and functions for their
properties of structure and motion. This necessity is demonstrated with particular clarity
through the parameters of movement and alteration as specified within the Forms; for we
are at a loss to explain the mobility and mutability of sensible oOoiou, except through
consideration of these properties at the quantum level. Though the stoichiometric model
set forth is presented as speculation, and is crude in comparison with present-day
knowledge of motion at the atomic and subatomic level, it represents a significant attempt
to explain distinctions among the essential characteristics of motion as they belong to
tangible objects. It also reflects awareness of the importance of the relative properties of
objects in motion; for in the absence of such relations, there is great difficulty in
explaining such phenomena as the difference in water displaced by two distinct objects of
identical spatial dimensions. In addressing the functions and formulae of motion as
distinct properties, we shall examine two possible explanations for the precise

functionality of the elemental solids as principles of motion.

3.2 Solid Vectors and Dimensional Relations: Two Theories Concerning the
Structure and Motion of Matter

In our consideration of matter within the Platonist cosmic system, the identification of
matter as 10 Towbtov, or “what is such,”'” appears to preclude the identification of the
elemental solids as self-subsistent, fully tangible structures. As Timaeus elaborates on the
patterns of motion associated with these solids, he distinguishes them from earth, air, fire,
and water, but treats them rather as qualities, such that a certain material may be
considered hydromorphic, geomorphic, pyromorphic, or acromorphic, a characterization
that he relates as follows,
From all of these we have thus introduced what is most likely. Earth packed together
is pulled apart by fire, if it should experience the sharpness of fire, and it will be
disassembled in the sharpness of fire, air, and water, and as far as the parts of earth
are pushed together in some place, they will be drawn back together toward one

another to become earth — for they cannot, under any circumstances come together

109 See n. 83.
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into another shape — and water is divided under fire and under air, which allows it to
become one assembled solid of fire and two of air; The two pieces of air are formed
from a single disassembled solid [of water] if solids of fire are produced.
Contrariwise, whenever fire is encompassed by air, water, and earth, with few
among many, being moved in orbits, being attacked and defeated it breaks apart, two
solids of fire into one combined shape of air; and from air having been overpowered
and broken apart as well as two and a half water solids a single whole shape will be
joined together. Thus we ought to have inferred these things once again, as whenever
there is containment of other elements in fire there will be some type of angle
beneath it, and it would be cut along the sides by the sharpness, while coming
together according to the nature of each, it will cease to be cut; for each type will be
one and the same to it, and it will not be possible for it to produce any change, and it
will not be similarly affected through containment by these solids — until it sets one
that is stronger against one that is of lesser resilience, it will not cease in being
unbound. And once again whenever the smaller solids are encompassed by the many
larger solids, the smaller solids, having been broken apart, will be quenched, and
aiming to come together toward the prevailing form they will cease to be quenched,
and air will take shape out of fire, and water out of air; and if it moves against
combinations of other types, it will not stop them from coming apart, or until they
have either been entirely driven and released so that they fly according to their innate
dispositions, or have been overpowered, one of many will become the same as the
most powerful, so that it remains together with that solid. And furthermore,
according to these effects, they exchange places entirely; for he [the god] separated
the multitude of genera according to the movement given to them, the differences
between them, and the commonalities between them, and they were carried by

shock, toward the place for each one, to which they ought to adapt.'"
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Upon initial examination, the ascription of planar angles''' and sharpness to the
elemental solids appears, in spite of our previous observations, to carry indications of
fully tangible and self-subsisting solid structures. As we have noted before, however, the
identification of matter as 10 TotodtoV, such that its structures are more accurately
understood as states rather than as entities, precludes this interpretation of the elemental
solids. A further problem that results from the interpretation of the elemental solids as
fully tangible and subsistent shapes is that which results from the inclusion of planar
angles among their components; for if each elemental solid constitutes a stable, tangible
assembly, then the elemental solids will consequently be hollow. As we have observed
before, the empty space that would be thereby contained by the planes comprising the
solids could not be absolute void, as the presence of this type of unoccupied space on the
level of matter is indicated in the Timaeus to render movement impossible.''* While the
containment of absolute void within the solids may not pose this problem if the solids
remain static, Plato explains that the triangular planes comprising each solid disassemble
and reconstitute themselves into the structures of various elemental solids, and therefore
we are at a loss to explain the interplay of the solids and the void; for it must remain the
case that the solids cannot be situated in an insular fashion surrounded by void, since, as
explained before, they would be incapable of motion.

They would thus be adjacent to one another, and since they would contain
absolute void, the spatial regions occupied by each solid would be mutually exclusive of

one another. In this scenario there would not be available space to allow the solids to
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1 See n. 89.

12 See n. 97.
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reconfigure themselves, and thus it would be impossible for them to encompass absolute
void. The only other viable alternative is for the solids to contain some measure of
another element, and as in the previous circumstance, it would be impossible for the
spaces occupied by the elements to be mutually exclusive of one another; for otherwise,
each solid is filled with smaller solids, which would in turn be filled with smaller solids
themselves, and the same would be true of each set of contained solids, such that the
elemental solids would be nested within one another in an infinitely recursive pattern,
thus resulting in an instance of infinite regress, which is ontologically impossible. It
would therefore appear that the only viable alternative is a system in which the elemental
solids are not only capable of sharing spatial regions with one another, but are also
connected in a vast geometric network.

Within this network, the absence of the void is a critical factor in allowing
compatibility of the mutability of matter with the articulation of a geometric principle to
explain its behaviour. Without absolute void, we may reasonably assume that the
elemental solids do not move as particles within unoccupied space, and that their
constituent triangular planes therefore need not be regarded as subsistent and fully
tangible entities, and therefore do not present a contradiction to the flux of matter. There
appears to be little possibility of identifying the same extent of compatibility between
flux and structure in the geometric theory of matter that has been attributed to the Pre-
Socratic Democritus. Democritus’ system, as described by Aaronson (2013), consists of
atoms of variable size, weight, and shape moving constantly within the void according to

mathematical laws.'"?

This system, however, is by no means without error, as indicated
by Seide (1981), who cites Plutarch in his identification of vactdg as a potential problem
in the functionality of Democritus’ geometric atomism.''* Seide notes that there is a

possibility of vactdg being interpreted as absolute indivisibility (absolute Unteilbarkeit)

'3 Scott Aaronson. Quantum Computing Since Democritus. (Cambridge: Cambridge University Press,
2013), 1.

114 Reinhard Seide. “Zum Problem des Geometrische Atomismus bei Demokrit”, Hermes 109, Bd., H. 3
(1981), 265-6.“Nur wenige Fragmente sind es, auf die wir uns bie der Untersuchung dieser Probleme
stlitzen konnen, in erster Linie das in Plutarchs Schrift »De communibus notitiis adversus Stoicos«
Uberlieferte iiber Demokrits Versuch der Berechnung des Kegelvolumens und die dabei aufgetretenen
Schwierigkeiten (Teil II dieser Arbeit). Soddann die Schrift mepi dAoywV ypoppudy kai vactdv (Uber
irrationale Linien und Kontinuum - D. L. 9, 47).”
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and states that there must be a way of ensuring infinite divisibility.''> While he explains
that no such certainty is indicated by Democritus directly,'' he observes that Aristotle
defines the concept of vaotoc or “Kontinuum” in the Physics as unity,''” and considers it
to be similarly unlikely for the term ddwaipetog to imply absolute indivisibility according
to Parmenides’ position.''® Atomists such as Democritus and Leucippus, as he explains,
employed the Eleatic approach to the “foundations and permanence of true existence,”'"”
and that according to this approach, atoms are understood to be indivisible qua
ontological unity rather than in the absolute sense.'*’ In particular, it would be impossible
for the atoms described in the Timaeus to be mathematically indivisible, as they would
consequently be unable to function as patterns of motion; for if they were mathematically
indivisible, it would follow that the linear pathways of the solids possessed no

. . 121
midpoints.

As Hett (1936) indicates in the commentary accompanying Aristotle’s
discussion of indivisible lines, the absence of midpoints on the linear pathways of the
solids would dictate that any traversal of the pathways would have to occur without
passing through any intermediate point, a manner of movement which would be

. . 122
impossible.

'3 Seide. “Zum Problem des Geometrischen Atomismus bei Demokrit”, 266-7. «...welche die Méglichkeit
unendlicher Teilbarkeit geometrischer GroBen sichern soll, gegen die Demokriteer (Anpokpitetot) gerichtet
sie.”

"% Ibid., 267. “Damit ist aber doch iiber Demokrits Standpunte selbst nichts gesagt;”

"7 1bid., 268. “Aristoteles beseichnet dort das Kontinuum al seines (- also in Gegensatz zu seiner
Behauptung in der Physik -)...”

'"¥ Ibid. “Ebensowenig wie bei Parmenides kann dwaipetog hier die absolute Unteilbarkeit bedeuten.”

"9 1bid., 269. “So iibernahmen die Atomisten zwar die eleatische Grundposition der Unverinderlichkeit des
wahrhaft Seienden...”

2% Ibid. “Dieses Atom hat nun s@mtliche Eigenschaften des parmenideischen 6v: es ist £i¢ (d. H. Jedes
Atom ist ein in sich geschlossenes Ganzes), adiaipetog und cvveyne.”

121 See n. 23.

122 Arist. LI, in Aristotle Minor Works. Loeb Classical Library 307. ed. and trans. W. S. Hett. (Cambridge,
Massachusetts and London, England: Harvard University Press), 1936), 426.
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These solids are, however, vaguely defined in terms of their activity as patterns of
motion, and therefore allow for a multitude of possible explanations concerning their
functionality. The first of the two theories to be treated in our investigation is that the
elemental solids represent triangular number structures in accordance with the principles
of triangular numbers described by Nicomachus of Gerasa. In the Introduction to
Arithmetic, Nicomachus expresses two models for the principles of triangular numbers,
and the first, which he identifies as the Pythagorean model, is explained thus,

The Pythagorean approach is based on odd numbers; for it places a given odd
number that is less than the others at the edge and taking the square from that
number, and subtracting 1 from the result of this operation, places half of this value
as the larger edge; while adding one to the result of this operation produces the
hypotenuse; for instance, 3 is squared to become 9, from which 1 is then subtracted
to produce 8, which is then divided in half to produce 4 and thus a right triangle is

discovered with side lengths of 3, 4, and 5.1

The same triangle may also be produced through a similar method, which Nicomachus
describes as the Platonic approach, and details as follows,

The Platonic approach proceeds from even numbers; for it takes a given even
number and places it as the length of the first side, and then, dividing it by 2, and
then squaring the half and adding 1 to the square it produces the hypotenuse, while
subtracting 1 from the square produces the other edge. For example, it might take 4,
and divide it in half and square it, once again producing 4. In subtracting 1 it
produces 3, and then adding 1 it produces 5, and so it has the same triangle, which
has been completed according to a different method. Thus is assembled the same

triangle from sides of 5, 3, and 412

The triangles described in these passages each constitute one half of an isosceles triangle,
yet in order for it to be a potentially viable formula for the triangles constituting the
elemental solids of air, water, and fire, it must be capable of producing a scalene right

triangle equivalent to precisely half of an equilateral triangle. The larger of the two acute

12 Procl. In Eucl. 1. ed. Friedlein 428. 7-429. 8. Translated partly after Thomas (2006).

12 Procl. In Eucl. 1. ed. Friedlein 428. 7-429. 8. Translated partly after Thomas (2006).
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angles in this triangle must therefore have a measurement of 60°, and the length of the
smallest edge must be exactly equal to half of the length of the hypotenuse. The length of
the middle side must be equal to precisely (V3)/2, or approximately 0.8660,'> of the
hypotenuse. Since V3 constitutes an irrational value, it cannot be divided or multiplied by
an integer to produce a rational number, and thus if the value of the hypotenuse is an
integer, then the value of the length of the middle edge cannot be a rational number
according to the same unit of measurement. The two formulae for triangular numbers
described by Nicomachus are therefore not suitable for the purpose of producing a
complete explanation of the construction of the elemental solids; for though they may be
used in the construction of the isosceles triangles that comprise earth solids, they are not
applicable for the other types of elemental solids.

Another, perhaps more viable triangular number theory for the elemental solids
would be to treat each of the right triangles comprising the solids as a triple tuple which
consists of a value corresponding to each of the x, y, and z axes, such that these are
variables corresponding to a location in three-dimensions space, and are predicated of the
most basic unit of matter (about which no determinate statement may be made, except for
its role as that which is moved according to cosmic patterns), henceforth termed as a
prime particle. Each solid would signify a relation of these prime particles, with each
relation consisting of a number of prime particles equal to the number of right triangles
comprising the solid, such that a fire solid is comprised of 8 prime particles, with 16 for
an air solid, 40 for a water solid, and 48 for an earth solid. The solids would be unable to
function properly if the variables corresponded to the edges of the triangles, as their
values would then remain constant, and they would therefore be incapable of movement.
The variables must then correspond to the vertices of the right triangle, such that each
vertex shared by two triangles constitutes an instance of a spatial variable that is equal for
two different prime particles; the edges of the triangles, meanwhile, would signify the
proportion of values to one another. The distances, furthermore, might reasonably be

measured according to the size of a prime particle, if they are assumed to be of the same

125 H. A. Elliot, K. D. Fryer, J. C. Gardner, and Norman J. Hill. Vectors, Matrices, and Algebraic
Structures. (Canada: Holt, Rinehart and Winston of Canada, Limited, 1972), 421.
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size.'?® Throughout the movement of the prime particles, the variable proportions would
remain, as would the equalities of the spatial variables between particles. The
disintegration and reintegration of particles might be explained by possible disruptions in
proportion based on proximity to other solids, since absolute void is absent from the
cosmos described in the Timaeus. There is, however, little evidence for this theory apart
from its apparent functional plausibility, as the Timaeus provides no conclusive
indication of its correctness, beyond its possible accuracy according to the negative
statements which may be made about matter based on identity as a state rather than an
entity.

The second theory is that the elemental solids are correctly interpreted as
assemblies of geometric vectors that represent the patterns of movement followed by the
most basic units of matter. There is difficulty in determining with certainty whether a
formal concept of vectors is present among the mathematical knowledge of the Classical
world. In translating Physics 111 202b17-20, Gaye and Hardie (1941) suggest at least a
rudimentary understanding of vector mathematics on the part of Aristotle, as the passage
in question as interpreted by Gaye and Hardie speaks of two vectors traversing the same
distance, AB and BA, and acknowledges that they are not equal to one another.'?’ The
term used by Aristotle in the Greek text of the Physics to refer to vectors is 10
StiotacBat,'*® a use of language that suggests a geometric variable that simultaneously
represents an activity of motion. In this respect, we might identify each line that
comprises the elemental solids as a vector, such that each solid is an interconnection of
vectors arranged end to end according to the geometric pattern of each element. In order

for the dismantling and reconstitution of solids to occur, as in the previous theory, it

126 1t is reasonable to suggest that the primary particles in a cosmic context should be identical in size,
firstly in accordance with the ordering of the elements according to proportion, and also based on the fact
that particles of varying sizes moving within the same geometric relation might prevent the inertia
necessary for the movement of matter according to the dynamics of the elemental solids.

127 Arist. Ph. I11. 3. 202b17-20. trans. R. K. Gaye and R. P. Hardie. in The Basic Works of Aristotle, ed.
Richard McKeon. Modern Paperback Library Edition. (New York: The Modern Library, 2001), 257.

128 Arist. Ph. TI1. 202b19. Aristotle’s use of a verbal noun to signify distance and separation (Liddell and
Scott. Greek-English Lexicon, 428.) also gives a possible indication as to Aristotle’s affirmative position
concerning the objects of mathematics, suggesting that he regards them as actions inasmuch as they
constitute executions of the formulae from which they are derived. Aristotle’s use of language will be
examined further in discussing the epistemology of mathematics.
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seems likely to be the case that each solid also implies a relation of several prime
particles, for there would otherwise be some difficulty in explaining the divergence of
solids according to which a solid of water may be broken into solids of air and fire. In
order for the solids to be broken and reconstituted according to their differing mass and
sharpness, it is necessary for the vector system of each solid to be capable of motion
among other such systems, and as in the previous theory, the disassembly and reassembly
of solids may be said to occur when a sharp solid disrupts the patterns of a dull solid and
forces the prime particles that comprise it to adopt different trajectories.

The movement of elemental solids therefore demands the execution of certain
operations upon the vectors belonging to elemental solids, such that they are altered in
angle though not in length. This type of operation proves to be problematic for the
representation of the dynamics of elemental solids within the context of Plato’s ontology;
for Marsden and Tromba (2012) explain that the principles associated with vectors were
fully formalized in modern mathematical scholarship under William Rowan Hamilton,
who provided a complete definition for vectors following their initial identification by
Newton in the Principia.'*® Thus, while the vector theory of solids may be demonstrable
as an explanation, it would require the admission of principles inappropriate to the
context of mathematical knowledge in the Classical world. The triangular number theory
therefore seems a more plausible characterization for elemental solids, not only because it
1s more compatible with the mathematic principles of Platonic thought, but also through
its apparently greater departure from the identification of the elemental solids as static
structures. If it is assumed to be correct, this theory is particularly representative of the
identification of mathematical functions and relations with geometric structures

according to intelligible patterns.

3.3 Organized Chaos and Necessary Evil: Explaining the Mathematical
Origins of Accidents, Privation, and Chance

In considering the mathematical operation of matter in Plato’s ontology, we must account
for the imperfections that are manifest on the level of tangible entities. Although the

objects of sensation, as Aristotle explains, do not constitute perfect representations of

129 Jerrold E. Marsden and Anthony Tromba. Vector Calculus. Sixth ed. (New York: W. H. Freeman and
Company, 1976, 1981, 1988, 1996, 2003, 2012), xxii.
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geometric abstracts, >’ the accidental variations that occur at a sensible level, since they
are confined to the spatiotemporal liminations of the corporeal realm, must still be
restricted by mathematical parameters. It may, furthermore, be the case that if the
elemental solids were restricted in such a way as to adhere seamlessly to the structural
parameters of intelligible paradigms, they would lack the capacity to carry out the
patterns of motion defined within the paradigms. Mason (2006) explains that according to
Plato’s ontology, objects on the level of aicOnoig function according to necessity, which,
when ungoverned by a rational pattern, acts in a disorderly manner, but which is also

BT Given the

capable of being exploited by intellect for the purpose of cosmic structure.
requirement, however, that sensible entities must differ in their activity in accordance
with specific conditions, it seems to follow that sensible objects are necessarily capable
of acting in a manner different from that which is suitable to the circumstance in
question; for in order for sensible objects to act in accordance with a rational pattern, it
stands to reason that their behaviour must be dictated by the parameters of specific
scenarios, and that the actions of which they are capable, as well as the conditions under
which these actions are to be performed, are defined on the level of paradigm.

Thus, in order for sensible beings to correctly follow the paradigm to which they
adhere, they must retain their capacity to act contrariwise to intellect; for if, in each
possible scenario, they are incapable of acting in a manner contrary to intellect, then not
only are their capabilities mutable, but they are also strictly limited in their instantiation
of paradigm, as at any given moment, they will possess only a fraction of the capabilities
represented on the level of paradigm.

Consequently, if sensible beings are incapable of acting in a manner contrary to
their perfection as it is defined paradigmatically, then their nature must alter in a manner
appropriate to a specific circumstance, which presents difficulty in ascribing to them a
precise identity. They will, moreover, be ironically unable to attain perfection, inasmuch

as perfection implies complete adherence to paradigm, as they will be possessed of only a

1% See n 80.

131 Andrew S. Mason. “Plato on Necessity and Chaos”, Philosophical Studies: An International Journal for
Philosophy in the Analytic Tradition 127, no. 2, Selected Papers from the American Philosophical
Association, Pacific Division, 2004 Meeting (January 2006), 284.
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fraction of the functions defined as proper to them on the level of the intelligible. The
necessity that we have described may be explained as follows:

Let T represent the set of all tangible objects.

Let Arepresent the set of all actions that may occur on the tangible level.

Let C(a) indicate that a certain action a is permitted by the scenario in question.
Let P(o, a) indicate that the object o is capable of the action a in the given scenario.
Vt|t € T let A, represent the set of all actions included in the paradigm of t.
Vt(teT - Va(a€ A—- ((a—- A; NC(a)) = P(t,a))))

The final statement indicates that for all tangible objects, it is the case that for all actions
possible at the tangible level, assuming that a certain action belongs to the paradigm of a
particular tangible object, and that the given action is possible in the scenario in question,
it then follows that the object is capable of that action under the stated conditions. Unless
all actions possible within these parameters are in accord with intellect, it must be that
some such functions are either irrelevant or contrary to the requirements of reason. Since
it is on the level of matter that disorderly motion is understood to occur, it seems to
follow that the possibility of irrational variance must also extend to qualities in addition
to actions. From the multitude of possible variations and deviations in the structure and
activity of sensible ovciot, we might find ourselves led toward the consideration of a
potentially infinite multitude of alternate permutations for the universe. The Timaeus
nonetheless refutes the notion of a plurality or infinite multitude of k6cpot when Timaeus
addresses the question, “Is it correct to say that there is one firmament, or rather that there

are many and infinite firmaments?”'**

He determines that there must be one firmament
only, stating, “There will be one firmament, if it is to be constructed according to
paradigm; for that which encompasses all cannot in any way be posterior to something
else; for it is contradictory [to say] that there must be an alternate image of each thing,
that they should not be part of one another, and it is not correct to claim that they are

likenesses of each other and that they encompass one another.”'** Timaeus indicates in

132 P1. Ti. 31a2-3. ndtepov oDV OpBAC Eva 00pavOV TPOGEPTKALEY, T TOAAODG Kol dmeipovg Aéyey v
opHotepov;

1

33 PL. Ti. 31a4- 8 TO YOp TEPLEYOV TAVTO OTOGO, vonw C{da ped’ tépov devtepov ovK Gv mot’ €in: ToAy
Yap v Etepov elvor 10 Tept ketva déot {Pov, 00 uépog dv eltnv dkeivem, kol oKk v ETt ketvoty GAL
gketve @ meptEyovtt 168 v dpmpotwpévov Aéyotto dpbotepov
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this passage that if there exists a plurality or infinite multiplicity of tangible universes,
these universes will encompass one another, and will be defined according to one
another. This relation might be interpreted as indicating that alternate permutations of the
sensible universe would be differentiated from one another intelligibly, such that
variations in structure and activity would occur not only in accordance with paradigm,
but also on the basis of the particulars of each permutation.

According to the system described in the Timaeus, the existence of multiple
permutations of each specific tangible entity is also unnecessary; for if the sensible
cosmos is to be understood to be constructed according to such a model as to conform to
the avooyio kdAota,* it would be superfluous to construct multiple versions of the
same instantiation of a particular paradigm entirely for the purpose of accounting for non-
essential variations and deviations on the part of sensible beings. To be precise, it would
be extraneous for privations and deviations to be distinctly defined if they are determined
as violations of the specifications belonging to paradigm. The absence of this
rendundancy from Plato’s thought is compatible with the argument presented by
Meldrum (1950), which rejects the concept of a distinct principle pertaining particularly
to evil, and thereby supports the identification of evil as deviation from the paradigmatic
specifications of the cosmic model. Meldrum attacks Cornford’s position, which
maintains that evil originates on the level of the intelligible. Cornford’s thesis is based
partially on his interpretation of the Timaeus in conjunction with the Laws and the
Phaedrus, according to which yoyn is to be understood as the dpyn Kkwvnoewg, or the
origin of motion. Meldrum, however, refutes this argument on the identification of the
irrational force of necessity as the source of evil within Plato’s ontology.'>

Within his counter-position, Meldrum also notes that the connotation of kivnoic
presented within the Timaeus differs from that of the Laws, as the former treats kivnoig as

spatial motion which is included within yéveoig, whereas the Laws indicates that yéveoig

34 p1. Ti. 31¢3-4.

135 M. Meldrum. “Plato and the APXH KAKQN”, The Journal of Hellenic Studies 70 (1950), 60. Op. Cit.
Pl. Ti. 52d.
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belongs to kivnoic.*® If kivnotg is to be similarly interpreted within both texts, then the
definition of yéveoig must differ in each case, with one possible distinction being the
identification of yéveoig with construction from pre-cosmic matter in the 7Timaeus, and
with generation as confined to tangible being in the Laws.

This differentiation appears to be confirmed in Laws X, in which kivnoig is stated
by one of the speakers, Athenaeus, to be capable of moving other objects but incapable of
self-motion,"*” and to be responsible for moving these objects “toward union, separation,

generation, and destruction.”**

The absence of self-motion on the part of the type of
kivnoic discussed in the Laws suggests that it signifies non-intelligent motion, such that it
requires guidance by an external agent to function in an orderly manner. It is possible that
this agent is to be identified as yoyn, which is stated at an earlier passage of Laws X to be
prior to @Oo1c, in opposition to the position of the Physicists according to which elements
such as fire and air are considered to be primary causes,'*’ and is stated by Athenacus’
companion Cleinias to be the dpyn kwvnoewg in such a way as to distinguish it from the
cause of motion.'*” Since oy in this context is differentiated from the primary cause of
existence, we may presume that Cleinias speaks not of the Demiurge, but perhaps of the
World-Soul. The distinction between yvyn and the Demiurge is, however, not the
relevant differentiation in this case, for neither yvyn nor the Demiurge is the source of

disorderly motion. As we have determined before, matter is stated in the Timaeus to have

. . . . . 141 . .
moved in a random and unruly manner prior to the imposition of order, ™ which requires

136 Meldrum. “Plato and the APXH KAKQN”, 60. Concerning the disparate connotations of yéveoig and
kivnoig, see Meldrum, n. 8, also with reference to P1. Prm. 155e-156b and Cornford, Plato and
Parmenides, 197. See also Meldrum, n. 10, which makes reference to the identification of 10 copotoeldés,
or corporeal being as the origin of necessity, citing P1. 7i. 46e. For the exact description of Cornford’s
identification of yuyn as the apyn xwvésemg, see Meldrum, Op. Cit. 13, in reference to Cornford, Plato’s
Cosmology. 205.

B7P1. Lg. X. 894b8-9. "Ectw Toivuv 1 pv £tepa Suvapévn Kive v kiviolg, Eavtiv 88 advvato doa

B8 P1. Lg. X. 894b10-11. katd te cuykpiosic &v e drokpioeoty abéog te koi 1@ &vovtio Kol yevéceot Kai
@Bopaig

139 p1. Lg. X. 892¢2-5. oy Povhoviar Aéyew yéveotv T mepl 0 mpdTas £l 8¢ poviceTal yoym TpdTOV,
oV TP 0VIE AMp, YV & &v TPMTOIC YeyEVIUEVT], OXESOV OpBdTOTO AdyorT’ 8 sivan Stapepdving gpvost

40p1. Lg. X. 896b2-3. obk, dhAd ikavdTato SE8cUCTAL WoyT) TV TAVTOV TPESPLTATN, YEVOUEVT YE GpXT
KIVGEMG

141 See n. 100.
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the agency of the Demiurge as well as the operation of yvym. Thus, since disorderly
motion belongs to the realm of necessity, and is brought into precisely determined
patterns through intellect, it follows that potential variations in structure and motion do
not require definition through alternative permutations of the same tangible instantiation
of paradigm, since these variations ought to require no definition except in comparison to
the patterns belonging to paradigm. More significantly, however, the continued presence
of disorderly motion following the ordering of matter leads us to the consideration of the
manner in which these movements may be altered by the imposition of order while
remaining erratic.

We may suggest by inference that the disorderly motion that persists following
the introduction of structure to the universe constitutes a type of movement on the part of
the elemental solids that is within the capacity characterized by their structure yet
contrary to the actions dictated by paradigm. It would seem that in the strictest sense, the
chaotic movements of elemental solids occur without the direction of intellect, while in
another respect, they are subordinate to intellect in an indirect manner insofar as their
potential range is contingent upon variables such as size and density, acting in
conjunction with mathematical laws defined according intellect. The position presented
by Clegg (1976) appears to agree with this understanding of disorderly motion, as he
states that while the type of movement originating with soul is “teleologically directed,”
or guided toward a purpose defined by intellect, he identifies the type of motion
belonging to matter as being derived from such characteristics as texture and weight.'*
Derived motion represents an instance in which mathematical laws, particularly those that
pertain by definition to tangible entities and matter, may come into conflict with the
teleological objectives determined according to intellect; for although these laws and
variables are required for the structure and motion of sensible beings, they are also
operative in the disposition of cosmic matter, which would seem to be capable of
functioning at cross-purposes with paradigm.

In this regard, even disorderly motion on the part of cosmic matter adheres to

intelligible principles on the basis of the patterns imparted to it by the Demiurge, and in

2 Jerry S. Clegg. “Plato’s Vision of Chaos”, The Classics Quarterly, New Series 26, no. 1 (1976), 53.
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doing so is capable of violating the specifications defined on the level of paradigm. Mohr
(1981) argues, however, that the account of disorderly motion presented in Plato’s
Statesman maintains that movement of that type is not guided by intellect in any manner,
whether direct or indirect. Mohr identifies and attacks four arguments in favour of
intellect as a cause of disorderly movement, but the position most relevant to our current
investigation is that which treats disorderly motion as an “inadvertent but inevitable”
result of the agency of the World-Soul. As he explains, however, this argument requires
that the mechanical model described in Statesman 270a6-8 be interpreted as the efficient
cause of the reverse circuit of the universe rather than merely an explanation for its
duration."” According to this passage it is evident that even through necessity, without
the agency of the Demiurge or of yuyn, the reverse circuit functions according to
mathematical specifications, for even in reversed movement, it is propelled in kota
Kkapdv, or in accordance with proportion.'**

The most likely explanation for this phenomenon seems to be that there are two
degrees of mathematical order at work on the level of sensible entities in Plato’s
ontology. The first of these degrees constitutes direct adherence to mathematical laws on
the part of matter in a manner that does not necessarily conform to the teleological
specifications defined on the level of paradigm. The second implies compliance with
mathematical principles according to teleological objectives as defined according to
paradigm. As explained by Miller (2003), the first degree of mathematical order, which
we would identify with necessity, is considered by certain scholars, such as Archer-Hind,
to encompass the laws governing the physical cosmos.'** Miller appears to concur with

this position, as she considers it probable for necessity as it is discussed in the Timaeus to

3 Richard D. Mohr. “Disorderly Motion in Plato’s “Statesman” ”, Phoenix 35, no. 3 (Autumn 1981), 201.
Op. Cit. P1. Plt. 270a6-8; Harold Cherniss. Aristotle’s Criticism of Plato and the Academy 1 (Baltimore
1944) 444-450; rev. of A.-J. Festugiere, La Révélation d’Hermes Trismégiste 2: Le Dieu cosmique in
Gnomon 22 (1950) 207-210; “The Sources of Evil according to Plato” ProcPhilSoc. 98 (1954) 23-30,
reprinted in G. Vlastos, ed., Plato2 (Garden City, N.Y. 1971) 244-258 (on the Statesman myth in particular
see nn. 21, 44); and Leonardo Taran, “The Creation Myth in Plato’s Timaeus, in J.P. Anton and G.L.
Kustas, eds., Essays in Ancient Greek Philosophy (Albany, N.Y. 1971) 386-388.

144 p1. PIt. 270a6.

' Dana Miller. The Third Kind in Plato’s Timaeus. Hypoknemata 145. (Géttingen, Germany:
Vandenhoeck & Ruprecht, 2003), 63.
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belong to the “auxiliary causes,” citing Timaeus 46e1-2."*® In this passage Plato makes
reference to objects that come into being according to necessity as a secondary cause,'*’
continuing from his explanation that necessity “follows the love of intellect and
knowledge from the intelligible nature of the first cause.”'* It is reasonable to suggest,
based on Plato’s discussion of the manner in which the Demiurge orders the motion of

matter, 149

that disorderly motion within the context of cosmic reality represents an
adherence of matter to its initial ordering in a manner that is simultaneously contrary to
the teleological specifications of paradigm. This deviation is evidently necessary, for in
its absence, matter would only be capable of moving in response to direct control by
vodg. The physical cosmos would then fall short of the best model, as sensible beings
would then be entirely incapable of self-motion; for in the absence of necessity, reason
would be the only cause of motion among tangible objects, and as such, sensible beings
would remain immobile without direct compulsion by the Demiurge. If however,
necessity is operative in tangible entities, then the agency of reason does not impart
motion to these beings, but rather directs their irrational kinetic inclinations toward their
teleological objective as defined in the cosmic model.

Necessity therefore proves to be especially significant for living sensible beings,
as it is crucial in accounting for the connection between their intellectual faculties and
their physical actions. Without necessity, there would be no principle of motion operative
at the tangible level apart from rational sovereignty of the Demiurge, and thus living
entities, being incapable of moving by their own accord, would functionally be little more
than marionettes guided by a rational control external to themselves. This scenario would

pose a particular problem for the human intellect, for Plato explains in the Timaeus that it

14 Miller. The Third Kind in Plato’s Timaeus. 67. Op. Cit. P1. Ti. 46e1-2.; Cf. Easterling 1967, 28: “In fact
volg and @vdykn appear not as two opposing forces in direct confrontation; rather they form a partnership
(though the cooperation between them is limited) in which vodg is the senior and more important partner.”

TP Ti. 46e1-2. Erepa 8¢ KoTd AVAYKNG KIVOOVTOV Yiyvovtat, Seutépag

8 P1. Ti. 46d7-e1. 1OV 88 vob Kol EMGTAUNG EPACTV GvayKN TG THiG ERPpovoc PHcEMC aitiog TphTag
HETASIDKELY

149 See n. 100.

66



is necessity that guides us to turn our minds toward the pursuit of knowledge.'*® Thus, the
same force that is responsible for chaos, chance, and error is necessary for sensible beings
to strive toward the schematics of their perfection, and for us to pursue justice through

knowledge of ourselves within the context of the universe.

BOP1. Ti. 46d7-e1. tov 8& vod kai EMGTAUNG EPACTAY AVAYKN TAG TS ERPPOVOC PHGEMS aiTiag TphTOC
HETAODKEY
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Chapter 4: 'Emotiun

4.1 The Schematics of Thought: On the Principles of Geometry and Number
Theory as the Foundations of Knowledge

The functionality of mathematical principles within the cosmos described by Plato may
be further articulated through examination of Plato’s thought regarding both the manner
in which mathematical principles are known by the human intellect, as well as the
importance of mathematical knowledge in the entirety of wisdom. Plato’s position
according to the 7Timaeus and the Meno suggests that the formulae and paradigms of
mathematics are already present within the human intellect. According to the account
presented in the Timaeus, these laws and functions might be said to belong to the model
of the cosmos that is stated to constitute the human intellect, varying in its accuracy
according to the degree of wisdom that the mind has attained. Timaeus discusses the
perfection of intellect through mathematical inquiry as follows,
Now, morning, night, and months were observed, and the cycles of these periods,
equinoxes, and solstices of this produced number and the measurement of time, and
gave us the investigation of the entirety of nature. From these we developed the
division of philosophy, from which the greatest good did not come, nor was it
present when it was presented to the mortal kind by the gods. I say that this is the
highest good of sensible things, but of what other, lesser goods should we sing
praises, as the philosopher should not be so blind that he sings laments and dirges?
But from this it must be said that such is, with respect to ourselves, beyond those
other causes, and it has been determined that god granted us sight so that, gazing
upon the orbits of the heavens through our minds, we might guide the orbital paths
by way of reason, innate to all beings, learning thoroughly and calculating according
adherence to the nature of precision, imitating in all respects the unchanging nature

of gods, and stabilize the wandering patterns within ourselves."'

1P Ti. 47a4-c6. viv 8 fuépa te kod VOE dpbeiom pijvéc Te kai dviowtdy mepiodot kai ionuepion kai
Tpomal pepnydvnvtot pev apudv, xpdvov 8¢ Evvoray mepi te Thg T0d Tavtog evcems {ftnow £docav: €&
OV émopiodpco prAocoeiog Yévog, ob pueilov ayaddv obt’ fABsv obte HiEet TOTE TG BvTd Yével SopnOiv
&K Osidv. Léyw O ToDTO OPUATOV PEYIGTOV dyaddov: TaALa 8¢ doa ATt Ti v DUVOTHEY, OV 6 1R
PILO60POC TVEA®OEIC 0dVPOUEVOS GV BpnvoT patnv; dALG TovToL Agyéchm mop  MHudv b ént tadta
aitio, Beov MUV dvevpeiv dwpnoachal te Sy, tva Tag v 00pav@ oD vod KaTdOVTEG TEPLOGOVG
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The most plausible explanation for this structure appears to be that the human intellect
consists of a model of the entire cosmos, the completeness and accuracy of which is the
measure of our knowledge. If it is understood thus, such a model would encompass not
only the orbits of the planets, but all intelligible principles governing the structure and
activity of the sensible cosmos. In the second book of his commentary on the Timaeus,
Proclus lends credence to this characterization of the intellect by arguing for the essential
connection of all intelligible principles, such that they are present in one another.'> A
similar principle of connection is suggested in the explanation of collection and division
as these concepts are discussed in the Philebus and in the Phaedrus (which we shall
consider at a later point in relation to dialectic). Collection is understood as the gathering
of objects of various kinds into a single class according to an essential common property,
while division involves the delineation of different subtypes within collections according
to essential points of distinction.'> If these processes are carried out correctly, then we
ought to articulate the classifications that are defined at the level of the intelligible, for
instance, those of plants and animals, and the various subordinate classifications
belonging to them.

Since there can be no sequential succession of causes and effects at the intelligible
level, it follows that just as each classification contains within it all those definitions
belonging to it, each definition contains within it the classification to which it belongs;
each species is connected, indirectly through the genus to which it belongs, to all other
species belonging to that genus, and thus it seems that if collection and division are
performed properly, we may observe the manner in which Proclus’ position on the
relation of Forms is, to a certain degree, consistent with that of Plato. If such unity
belongs essentially to intelligible principles, it then stands to reason that their complete
apprehension by human intellect requires that they be understood in the context of the

paradigmatic system to which they belong, and thus, that knowledge of the objects of

TETAPAYUEVOC, EKUAOOVTEG OE Kol AOYIGU®Y KoTd UGV 0pBOTNTOG LETOCYOVTES, LHOVUEVOL TAG TOD 00D
Tavtog dnlaveig oboag, Tag &v NIV TETAAVNUEVOG KoTaoTnoaipeda

132 procl. In Ti. 430.30-431.5. In Proclus, Commentary on Plato’s Timaeus Volume II. Ed. and Trans.
David T. Runia and Michael Share. (Cambridge: Cambridge University Press, 2008), 317.

153 See n. 182.
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science may only reach its full perfection through the articulation of all paradigms within
a single intelligible model.

It would be absurd for the paradigm of the planetary orbits to be absent from this
model, so it seems to follow that the orbits stated to belong to the soul are contained
within an approximation of the unchanging model of the cosmos. Strange (1999), citing

»15% and in this

Timaeus 30b, explains that the intellect serves to “mediate soul and body,

passage, such mediation is described thus,
So by calculation he devised then a task so that the things belonging to the sensible
would not, according to nature, be unintelligent, since they would possess
completely the entirety of the good, yet it was impossible for them to possess
intellect apart from soul. And through calculation and intellect within soul, he
contrived the entire unification of soul within a corporeal vessel, thereby bringing
his work to perfection so that it would be most beautiful and best according to

nature. 153

This passage clearly indicates that yoyr is nothing less than that by which sensible
entities are capable of acting in accordance with the intelligible. It must then, it would
seem, be within yvyn that our faculties of knowledge reside. At any rate, the role of
mathematical understanding in the ordering of human yoyn suggests that such principles

belong inherently, in some respects, to the structure of our intellect.'*

13 Steven Strange, “The Double Explanation in the Timaeus”, in Plato 1: Metaphysics and Epistemology.
Volume 1. Oxford Readings in Philosophy. Ed. Gail Fine. (Oxford: Oxford University Press, 1999), 402.
Op. Cit. P1. Ti. 30b.

133 P1. Ti. 30b1-6. hoyioGpevog 0OV NOpIoKeY £k TOV Katd VGV dpatdy 0vdEY GvonTov Tod voiv &XovTog
Shov Bhov kdAMov Ececai ToTe Epyov, voiv & o xwpic Yoyfic advvatov mapaysvécOal T, d1d 81 TOV
AOYIGLOV TOVOE VOOV UEV &V YUY, YOyNV 0’ €V CMUOTL GLVIOTOG TO AV GUVETEKTAIVETO, OTTMG OTL
KGAAIGTOV €11 KOTO UGV GPIOTOV TE EPYOV GMEPYAGUEVOG

136 Stephen Menn. “Aristotle and Plato on God as Nous and as the Good”, The Review of Metaphysics 45,
no. 3 (March 1992), 546, 556-7. Op. Cit. P1. Phlb. 28c6-8, 30c9-10, Ti. 30a2-c1, 30b3, 46d5-6 Sph. 249a4-
8. In this article, Menn shows a distinction between the divine vobc, which, as he explains, is described in
Philebus 28c6-8 as “the king for us of heaven and earth,” and which he identifies as “the Demiurge of the
Timaeus,” and instantiated vodg, whose operation at the sensible level requires Yv1]. As Menn states in
reference to Philebus 30c9-10, Timaeus 30b3, and Sophist 249a4-8, “...Plato says that nous cannot come-
to-be or be present in anything without soul...” Menn clarifies this dependency by stating that this
requirement does not preclude the independent existence of the divine vodg, nor does it imply that
instantiated vodg is the same as yoyn. As Menn informs us, this relation rather implies that “nothing except
a soul can participate in sophia or nous. Instantiated vodg, it seems, must therefore be contained within
oy insofar as it constitutes an activity of the latter, and yet must also contain the image of yoyn as it is
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This interpretation is further supported by the geometric experiment of the Meno,
whereby Socrates demonstrates, using a young slave boy as his subject, the argument for
the attainment of knowledge through recollection. Following his demonstration, Socrates
speaks thus with his eponymous companion Meno regarding the observed method of
apprehension,

‘...Is this how he was taught everything? For if it is correct in any way to say that he

knows these things, they would otherwise come into being and develop within the

household.’

‘But I know for a fact that no one has taught them to him.’

‘And yet he has these postulations, does he not?’

‘It would certainly seem so, Socrates.’

‘If, therefore, the truth of things is, for us, always within the soul, and the soul is
immortal, is it not then necessary that in knowing you do not chance upon
assumptions — for this does not constitute recollection of such things — but that you
attempt to seek and remember?’

“You seem to speak correctly, Socrates, though I am not sure.”"’

apprehended by vodg. Although the divine vodg contains the perfect image of yoyn according to which
yoyn is instantiated, it must also belong to the vodc to have its instantiation contained within yoyn in order
to be present within sensible entities.
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Plato thereby indicates clearly that the principles of mathematics constitute an intrinsic
component of Yoy, an attribute that is also readily evident in the description of yuyn
presented in the Timaeus.

Taken in conjunction with Timaeus’ account, the argument in the Meno suggests
that not only are mathematical laws, formulae and definitions inherent to yvoyr|, but they
are also the foundations of its essential architecture. In this regard, the attainment of
mathematical understanding also advances us toward a greater measure of self-
knowledge. Since, as Socrates explains to Meno, the truth of existing things, or the truth
of existences, with respect us,"*® is always within yoyn, we furthermore cannot but
assume that the paradigms of the cosmos are contained, in some respect, within the
human intellect. Scott (1995) appears to concur with this interpretation of knowledge
through recollection, but understands the universal principles contained within yoyn to be

separate entities beyond particulars. 159

While these universals may be considered to be
separate in a qualified sense insofar as they are distinct from the particulars that adhere to
them, the suggestion that they are unequivocally separate seems incompatible with the
operation of yuyn as the intelligible activity of paradigm within the realm of the

160

sensible. ™ If, moreover, all intelligible principles are contained within one another, as

Proclus suggests, '

then through their accordance with the specifications of the paradigm
by which they are governed, specific entities must also account for their essential relation
to all other objects. Based upon our observations of the natural world, for example, the
fact, that certain animals require particular types of plants for sustenance, and more
generally, the overall interdependence of various species toward one another within an a
particular ecosystem, it seems that Proclus’ position is correct; for unless the connections
that bind that natural world together are purely accidental, they must also be represented

within the intelligible. There is also some indication in the Sophist that Plato might hold a

8P|, Men. 86b1. 7| éAibeta NIV TV dviov

19 Dominic Scott. “Platonic Recollection”, in Plato 1: Metaphysics and Epistemology. Volume 1. Oxford
Readings in Philosophy. (Oxford: Oxford University Press, 1999), 95.

190 See n.136.

161 See n. 152.
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position similar to that of Proclus. Additionally, as we shall observe later (see n. 177), the
processes of collection and division as discussed in the Philebus and the Phaedrus enable
the articulations of the essential connections between distinct paradigms according to the
properties held in common between them. At any rate, it seems to follow that since
knowledge of the paradigms is contained within yoyn, the structure of which consists of
mathematical parameters, mathematical knowledge ought to have special significance as
the foundation for the full articulation of the intelligible.

In addition to the direct conclusion of Socrates’ mathematical demonstration,
which shows that geometric truths are contained within yoyn and are apprehended
through recollection, the original objective of the Meno is also of crucial significance to
our inquiry. Socrates and Meno initially seek to determine the manner in which dpetn is
acquired.'® If apetr is apprehended through recollection, then its definition must be
contained already within yuyr. Thus, if the excellence implied by dpetr| is defined within
the Good (for otherwise we are at a loss to explain how it is to be measured), it then
follows that knowledge of the Good is to be understood as inherently present within

(133

yoyn. As Santas (1980) explains, the Good is described in the Republic as “‘the cause’ of

truth and knowledge’,”'®* and that even mathematical understanding, according to the
position expressed by Socrates, is considered to be uncertain and “hypothetical” without
apprehension of the Good, and that full apprehension of mathematics requires that we
then turn our knowledge of the Good upon the level of hypothesis.'®* To be sure, while
apprehension of mathematical principles is indicated to be necessary for our attainment of
the Good, it is not sufficient for this purpose. As indicated in Socrates’ criticism of the

methods commonly employed by geometers, it is possible to articulate mathematical

principles entirely in themselves, without reference to their activity in nature, but in

162 p1. Men. 70al-2.

1% Gerasimos Santas. “The Form of the Good in Plato’s Republic”, in Plato 1: Metaphysics and
Epistemology. Volume 1. Oxford Readings in Philosophy. (Oxford: Oxford University Press, 1999), 247.
Op. Cit. Op. Cit. PL. R. VI. 509a-b.

1% Santas. “The Form of the Good in Plato’s Republic”, 247. Op. Cit. P1. R.VIL. 509b-511e. We do not
assume, however, that apprehension of mathematical principles must necessarily lead to ascension toward
the Good. In Plato’s argument against the traditional approach to geometry, which we shall examine
shortly, Socrates notes that mathematicians treat the principles of arithmetic and geometry purely with
respect to themselves without considering them in the ontological and epistemological context.
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taking this approach, one fails to produce a complete articulation of these laws and
formulae.

Based on Socrates’ argument, it is plausible that there are two main elements to the
hypothetical understanding of mathematical principles. The first aspect is that prior to
apprehension of the Good, we are able to understand mathematical laws, formulae, and
functions with respect to themselves, but are incapable of recognizing their activity
within reality. The second element is that prior to apprehension of mathematical truths as
belonging to the Good, we are only able to articulate them as observed facts, and are not
yet capable of demonstrating by rational means that they must necessarily be true, and, by
consequence, are unable to explain their significance in the context of mathematical
systems as a whole. In the passage cited by Santas concerning hypothetical and precise
knowledge of mathematics, the two levels of knowledge are differentiated as follows,

‘Insofar as this is the case, the soul is forced to investigate from hypothesis, deriving

not from the origin, but from the result, which is something different — since that

which is based on the origin is non-hypothetical — going from hypothesis and
without the thing upon which the likenesses are based, and through these carries out

pursuit of the models themselves.’

‘And therefore geometers furnish themselves with visible shapes and produce
articulations of these, not of the objects of thought, but each according to itself
alone, producing articulations of the square itself and the diameter itself, but does
not draw the shape of the thing itself, and they shape and draw the same things, and
of these there are shadows and images in the water, and indeed, consulting these
images, they seek to observe the shapes alone and not the objects of thought beyond
them.’

“You speak truthfully,” he said.
‘They claim that the shape is the thing known, and that the soul, in seeking it, is
compelled to consult hypotheses, not beginning from first principles, and so it is

unable to move beyond hypotheses, and will consult the images themselves as copies
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of the first principles for each thing as visible objects of thought worthy of

reverence.’'®

In this passage, Socrates describes the error of geometers as their inclination to regard
abstract geometric figures as the sources of mathematical first principles, when in fact
these shapes are mere explanatory illustrations that serve to facilitate the articulation of
the principles that they instantiate. In identifying these diagrams with paradigms,
geometers remove the principles of mathematics from their context within reality, and
thus do not examine them in a way that advances their apprehension of the true objects of

knowledge.

Nevertheless, the argument of the divided line indicates that this imperfect
understanding of mathematical concepts is necessary in order for the human intellect to
progress to the realm of the intelligible. Based on this requirement, it is reasonable to
presume that the laws and formulae belonging to geometry and the other mathematical
sciences must be apprehended with respect to themselves before it is possible to articulate
their operations in the context of the cosmos.

According to Smith (1981), the abstract objects of geometric investigation are
most commonly identified with the third segment of the Divided Line which represents
dwdvoua, since these objects are understood to constitute perceptible representations of

intelligible models, which he describes as “visible images of Forms, and the Forms
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imaged.”'® The problem, however, in identifying geometric abstracts with the objects of
duavota, as Smith explains, is that according to the structure of the divided line, the
objects of didvola and vonoig must belong to the intelligible, whereas the models through
which geometers articulate the laws and formulae of figures and spatial proportions are
visible. Smith presents the arguments of several scholars concerning the exact nature of
the objects of diavota, one of whom, J. Adam, states that the objects of d1dvoia represent
perfect intelligible models of the perceptible structures examined by geometers. While
this position, as Smith indicates, agrees with Aristotle’s interpretation of Plato, it fails to
properly address the necessary distinction between the objects of didvoia and those of
vonoig, since the perfection of the objects of 616vora would, in Adam’s argument,
suggest, rather incorrectly, that they are functionally identical to the Forms, which belong
to vonoic. Smith also describes the argument presented by D. Gallop, according to whom
the objects of diévola are most accurately understood as Adyot of the objects of vonoig, a
position which, as Smith indicates, does not contain the same problem as that which is
proposed by Adam.'®” The Adyot proposed in Gallop’s theory must, however, articulate
the objects of vonoic in a strictly qualified sense, according to Plato’s characterization of
the mathematical knowledge of geometers as hypothetical;'®® for it seems to be the case
that the apprehension of geometric principles on the level of didvoua, if it is correct in its
explanation of the objects of vonoig, cannot begin from these uppermost intelligibles, but
rather must approach them through accurate abstraction from sensible models which
instantiate the first principles examined in the hypotheses at the level of vonoic.

We might further argue that it is not sufficient for the Adyotr posited by Gallop to
simply constitute accurately abstracted inferences concerning the objects of vonoig; for

based on Socrates’ description of the practice of geometry in the Republic,'®® we may

1% Nicholas D. Smith. “The Objects of “Dianoia” in Plato’s Divided Line”, Apeiron: A Journal for Ancient
Philosophy and Science 15, no. 2 (December 1981), 129. Op. Cit. P1. R. VI. 510b, 510d-e, 511a; 510c-
511d.

'7 Smith. “The Objects of “Dianoia in Plato’s Divided Line”, 130-131. Op. Cit. PL. R. VI. 509d; J. Adam.
The Republic of Plato. (Cambridge: Cambridge University Press, 1902).; David Gallop. “Image and Reality
in Plato’s Republic”, Archiv fiir Geschichte der Philosophie (1965), pp. 113-131.

1% See n. 165.

' See n. 165.
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infer that it is possible for geometers to draw correct conclusions based on abstraction
from sensible models, while nonetheless failing to develop any explanation concerning
the ontological operation of the laws and formulae abstracted. We may therefore
postulate that the objects of diGvoia are to be identified not only with accurate
observationally derived explanations, but specifically with accurate abstractions leading
to correct conclusions regarding the operations of the cosmos as defined on the level of
paradigm. This interpretation of didvota appears particularly likely based on the fact that
in the description cited by Smith,'” the primary division in the divided line is stated, as
follows, to be the division of the sensible and intelligible,

‘So therefore, we partition the divided line into unequal parts, cutting, in turn, each

part according to the same ratio, into the classifications of the sensible and the

intelligible, and the things that are clear and ambiguous to you will be next to one

another, while among the sensible, the second partition belongs to images — [ am

saying that the images are prior to the shadows, with the shadows afterwards being

as reflections in the water, with the light and the flat surface coming together such

that this is the entirety, if you understand my meaning.’

‘Indeed I do understand it.’

“You must then, it would seem, place the other such segment, for the entirety of all

living things in addition to ourselves, as well as the entire class of things planted and

crafted.’

‘I am placing it,” he said.

‘Would you say,’ I said, ‘that to separate what is true from what is not, as the

opinion from the known, we would thus separate the thing itself from its likeness?’

‘Certainly,’ he said, ‘and very much so.’

‘It seems then that the portion pertaining to knowing must be divided as well.”'"!

70 See n. 166.
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Since the structure of the Divided Line places the illusory likenesses of actual sensible
objects within the lowest tier of apprehension, we may infer that only accurate
mathematical conclusions derived from perceptible models ought to be counted among
the objects of d1dvoia; for it would seem that incorrect conclusions should be regarded as
false perceptions of the same class as shadows. In order, however, for the objects of
owavoua to lead the intellect toward apprehension of the intelligible principles at the level
of vonoug, it is not sufficient for us to consider them only with respect to themselves, lest
we fail to account for their operation in complete reality. Mohr (1981) uses Plato’s theory
of recollection to explain the operation of the third level of the Divided Line. He suggests
that the images according to which geometers develop hypotheses are “images of the
Ideas in the seat of the consciousness,” and that connection of hypotheses on the part of
the scientist is a function of the recovery of pre-existing connections as defined within
woyn according to the origin of such connections within the intelligible.' ™

Given the special significance for yoyn attributed to mathematical knowledge in
the Timaeus, it would seem that hypotheses pertaining to geometry and number theory
are not only subject to the connections that occur by means of recollection, but are

instrumental in facilitating them. Mohr suggests that the progression from didvoia to
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For an explanation of the mathematical error within the structure of the Divided Line, see Robert S.
Brumbaugh. “Plato’s Divided Line”, The Review of the Metaphysics 5, no. 4 (June 1953), 530, where
Brumbaugh indicates that the ratio ascribed to the divided line is not possible, for if a line is partitioned
according to a certain ratio m/n, and both sections are, in turn, divided according to the same ratio, the
entire structure will not adhere to the same ratio consistently, as the two middle sections of the line will be
of equal length. Brumbaugh suggests, however, (p532-3, Op. Cit. PL. R. IX. 580d2, VII. 525b, X. 602,
534d5, Plt. 257a.) that Plato’s apparent miscalculation in the construction of the Divided Line is conscious
and intentional, and is meant to serve as a warning regarding the dangers of accepting a completely literal
interpretation of visible mathematical models.

1”2 Richard Mohr. “The Divided Line and the Doctrine of Recollection In Plato”, Apeiron:A Journal for
Ancient Philosophy and Science 18, no. 1 (June 1984), 37-8. Op. Cit. P1. R.VI. 510c; Pl. R.VI. 510c, 500c2-
4 “teTaypéva ... KOGU® TavTa Kol katd Adyov Exovta”, S08b, 509b.
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vonoig in the Divided Line is enabled not only by hypotheses, but occurs also in the
observation of sensible entities which function as “paradigms (rtapadeiypota) in the
study of Ideas (529d7-8).”' " It would therefore appear as though the process that occurs
in the ascent from S1dvota to vonoig is a direction of the connections produced through
hypothesis downward toward sensible entities treated as paradigms, after which a similar
return may occur from the level of vonoig to the lower tiers of the Divided Line. In this
manner, it would seem, the model of the cosmos innately present within yoyn, as detailed
in the Timaeus, attains closer adherence to the intelligible paradigm according to which it
is defined. Benson (2010) explains that the first stage of the process associated with the
dianoetic level of the Divided Line, the proof stage, begins with the development of a
hypothesis in an attempt to determine the answer to a particular question. This stage is
followed by the confirmation of the hypothesis, in which case, as Benson states, “one
seeks to confirm the truth of the hypothesis, [2a] first by identifying a further hypothesis
from which the original hypothesis can be derived and showing how this derivation goes
until one reaches “something adequate,” and then [2b] by testing the consequences of the

174 .
174 Benson’s explanation appears

hypotheses to see whether they agree with one another.
compatible with Mohr’s argument, and taking both positions in conjunction with one
another we may posit that the connection and demonstration of hypotheses as described
by Benson, assuming compatible conclusions follow from the truth of the hypotheses in
question, constitute the recovery of paradigmatic connections within the consciousness as
presented by Mobhr.

Beyond the account related in the Timaeus concerning the repair of the orbits of

yoyn, there is strong evidence in the Republic that the apprehension of geometry and

number theory is of special significance in the process of the recovery of connections

' Mohr. “The Divided Line and the Doctrine of Recollection in Plato”, 39. Op. Cit. P1. R.VI. 511a, 510d5-
8; Pl. Phd. 103b5, 8, 5; P1. Phdr. 266a2-3; P1. Phlb. 64al-2. Mohr’s characterization of sensible entities as
“paradigms” must be interpreted in a qualified sense, since the unqualified use of the term would refer to
paradigms as defined in the intelligible. It would be more accurate to describe tangible objects as referential
examples which are instrumental in the testing of hypotheses, although they are not the final objects of
knowledge toward which this verification is directed.

'™ Hugh H. Benson. “Plato’s Philosophical Method in the Republic”, in Plato’s ‘Republic’, ed. Mark L.

McPherran. (Cambridge: Cambridge University Press, 2010), 191. Op. Cit. Bailey 2006, p. 102; Benson,
2003; Benson, 2006.

79



within the intellect. Socrates gives clear indication that mathematical knowledge
represents the foundation of the processes through which we attain apprehension of
reality, explaining as follows the correlation between mathematical skill and mastery of
all scholarly disciplines,
‘Why? You have also said before that just as those who are skilled by nature in
calculation are said to similarly excel in all sciences, while those who are slow, when
they are educated and given to practice, and are not helped by another, will they not,

just like those who are keen, become more capable in all respects?”'”

It thus appears to be the case that in Plato’s position, the mathematical sciences constitute
the language of rational articulation within intellect, and that the principles of these
sciences are therefore not merely recollected, but also aid in the process of recollection.
The recollection of mathematical principles, and therefore the reconfiguration of the
orbits of yuyn, must then, it seems, constitute a reconnection of the logical structures that
are innately present within intellect. Plato thus indicates that the principles of
mathematics constitute nothing less than the foundation of all knowledge, for although
they do not account for a full articulation of reality in themselves, they nonetheless
function as the thread by which the fabric of the intelligible is fully unified within the
activity of reason. In examining the process through which our mathematical knowledge
develops, we therefore advance not only the measure of our self-knowledge, but also our

apprehension of the logical ordering of existence.

4.2 The Language of Truth and Being: Explaining the Nature of
Mathematical Laws and Formulae through the Methods and Results of
Human Knowing

Through our observations of the structure of the Divided Line, as well as Plato’s Doctrine
of Recollection, it is shown quite clearly to us that our apprehension of the full reality of
mathematical laws and formulae occurs in the articulation of their operation as the
patterns of precision within the intelligible, and the activity of the intelligible within the

realm of the sensible. On a general level, there can be little doubt that the logical pattern
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of mathematical demonstration also belongs essentially to the conditionally structured
laws governing the activity of the cosmos. Mueller (1992) explains the procedure of
mathematical demonstration through diorismos, whereby one seeks to prove a certain
hypothesis P “by searching for propositions that imply P, propositions that imply those,
and so on until one reaches propositions already established;”!"® This method of inference
is virtually identical to that which is described by Benson,'”” and in those instances in
which the process of demonstration ultimately leads to a necessary truth belonging to the
structure of reality, it is reasonable to suggest that the intelligible succession of conditions
and results connecting the axiom to the demonstrated hypothesis ought to be identical to
the stepwise pattern of proof carried out by the scientist. This procedure of inquiry would
then coincide with that which is described by Mohr, whereby the images of essential
logical connections belonging to the objects of knowledge are restored within yoyn as
part of the process of recollection.!” Cherniss, furthermore, whom Mueller cites in
reference to the method of inference through diorismos, describes a process of reasoning
in which the proposition to be investigated is assumed to be true, with all consequences
of its truth being considered, until the succession of results leads to one that is known

with certainty to be either true or false.'”

If this process of inference may be said to lead
to true knowledge pertaining to the objects of science as defined within the intelligible,
then it must follow that, assuming the hypothesis in question is demonstrated to be true,
the logical progression by which it is proven must be identical with the intelligible order
of conditions and results according to which this proposition is true according to the
relations belonging essentially to paradigms; for if the rational structures of reality are
defined within yoyn, then any accurate inference made concerning the objects of

knowledge, assuming, at least, that it is true in a non-trivial sense, constitutes a parallel

7% Jan Mueller. “Mathematical Method, Philosophical Truth”, in The Cambridge Companion to Plato, ed.
Richard Kraut. (New York: Cambridge University Press, 1992, 22nd reprint 2010), 175. Op. Cit. Harold
Cherniss, “Plato as Mathematician,” Review of Metaphysics 4 (1951): 395-426, reprinted in Harold
Cherniss. Selected Papers, ed. Leonardo Taran (Leiden, 1977).

"7 See n. 174.

'8 See n. 172.

'" Harold Cherniss. “Plato as Mathematician”, The Review of Metaphysics 4, no. 3 (March 1951), 414.
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with the essential logical structures governing the definitions and relations that guide the
activities of the universe.

It is indeed difficult, if not impossible, for us to explain the manner in which the
essential unifying connections of the cosmos are knowable, unless correct, non-trivial
relations according to inference on the part of human intellect also constitute real
relations on the level of paradigm. Within the positions of both Plato and Plotinus, Martin
(1982) likens the process of dialectical reasoning to the mathematical structure of formal
logic. Martin cites Taylor (1926), who describes the dialectic discussed in the Republic as
“reduction of mathematics to rigorous deduction from expressly formulated logical
premises,” as well as Plotinus, according to whom the human intellect “is nourished on
the proposition of logic, is skilled in following discussions, works by reasonings,
examines links of demonstration, and comes to know the world of Being also by the steps

- 180
of logical process...”

This passage, as Martin interprets it, suggests the process of
proof from proposition is one in which paths of reasoning pertaining to reality, that is to
say, the “links of demonstration,” are not produced, but are rather revealed; at any rate, if
the results from this process constitute knowledge rather than simply accurate opinion,
then the logical connections that are apprehended must, it seems, be essential relations
within paradigm rather than mere constructs of the human imagination. It ought to be
noted that Martin appears to be misquoting Plotinus, who, in the passage in question,
explores the definition of evil rather than discussing dialectic. In his remarks of dialectic
in L. 3. 4, however, Plotinus states,
What is dialectic, and what must it give to the things that are prior? It is the faculty
for expressing the articulation of each thing, as well as distinguishing each thing
from the others, as well as their points of commonality; it is within them, and is that
by which each thing is whatever it is, and by which such things may be said to exist

or not to exist, being apart from existence.'™'

'8 R. M. Martin. “On Logical Structure and the Plotinic Cosmos”, in The Structure of Being: A
Neoplatonic Approach, ed. R. Blaine Harris. Studies in Neoplatonism: Ancient and Modern Volume I'V.
(Albany: State University of New York Press, 1982), 11, 12. Op. Cit. A. E. Taylor, Plato, The Man and His
Work (London: Methuen, 1963, first published in 1926), p. 293; Plot. I. 8. 1.

81 plot. I. 3. 4. 1-6.
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According to Plotinus, dialectic is therefore not simply the articulation of definitions and
connections on the part of the human intellect, but does in fact constitute the logical
structure of sameness, likeness, difference and multiplicity.'®* Since dialectic belongs to a
higher tier of the Divided Line than that of hypothesis, its pattern of reasoning would
necessarily treat the definitions and relations contained within paradigm as unified and
simultaneous; for, as Nikulin explains, the discursive method of reasoning belonging to
dibvoa “cannot embrace the whole of thinking in the structure of all-unity,” and that
“discursive thinking always presupposes a fundamental duality of indemonstrable first

principles (e.g., axioms) and formal rules of deduction...”'®

182 Crombie. An Examination of Plato’s Doctrines. Volume II: Plato On Knowledge and Reality. 368-74.
The articulation of the essential connections belonging to various intelligible paradigms may also be
identified with the principle of collection and division as discussed in the Philebus and the Phaedrus. As
explained by Crombie, the concept of collection, or sunagigé, is associated with two definitions. The
definition presented in the Philebus seems to treat collection as “giving a selection of specimens chosen to
illustrate the range over which the kind extends.” The other definition, detailed in the Phaedrus, implies the
unification of disparate genera into a single class according to an essential common property. Crombie
states that in the passage cited , P1. Phlb. 25d5-9, Socrates states that although he and Protarchos have
collected the apeiron, that is, the indefinite or the unlimited, or, to be sure, that which belongs to the
apeiron (tnv 100 dneipov), they have failed (or rather simply not yet succeeded), at collecting that which
belongs to the peras, or the limited (trv t0d neparogidodg). In this passage, Socrates then proceeds to state
that the latter type of collection should also be possible (GAL" icmg kol VOV Tavtov dpdoet). Crombie
comments that the giving of specimens seems a less likely definition for collection, given that it does not
appear sufficient for the role of collection alongside division within dialectic. The specimen-focused
definition of collection does indeed appear to be weaker insofar as it defines genera based upon the specific
species that comprise them, rather than according to the essential characteristics that would identify a
certain species as a member of the genus in question. Crombie paraphrases the later definition from P1.
Phdr. 249b6 as ““to unify in thought what is presented in manifold sense-experiences”.” In, Pl. Phdr. 249b-
¢, Plato states, “It is necessary for a human to unify that which is discussed according to image, going from
many sensible things towards grasping one thing by reasoning...” &l yép 8vOpwmov cuviévan Kot 100G
Aeydpevov, €k ToM@VY 10V aicBnoemv &ig &v Aoyloud cvvarpovpevov The principle of division, or
diairesis, as Crombie indicates, is understood as the precise partitioning of collections according to
essential distinctions between those things that belong to them. This division, Crombie states, must occur

13373 59 9

at a joint”,” an expression presented in Pl. Phdr. 265¢ as “xat’ dpOpa.” Thus, rather than dividing a
collection haphazardly and in an uncalculated fashion, the correct method of division differentiates the
various members of the collection by isolating them from the defining common property of the collection.
Through division, one might also identify other collections, and identify the properties of each member of
the initial collection which necessitate its possession of the common characteristic defining this collection.
The processes of collection and division do not restrict our classification of species to genera alone, for we
might also suggest connections between various species according to similar adherence to a specific
mathematical principle. We must also recognize that dialectic is itself subject to collection and division
through its partition into two processes, which are unified as the highest level of inquiry. In this regard, the
activity of dialectic is also directed toward itself.

'S Nikulin. Matter, Imagination and Geometry, 151.
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These rules of deduction must therefore, in reality, be unified with the first principles
that connect them on the hypothetical level, such that, while the succession from premise
to conclusion occurs in a stepwise manner within diévoua, it must be simultaneous and
instantaneous at the level of vonoic. Nikulin cites the Theaetetus in describing the
discursive process of reasoning,'** and in the passage in question, the exchange between
Socrates and Theaetetus proceeds as follows,

‘Whatever is different according to your observation is different in that respect and

not as belonging to thought.’

‘Indeed.’

‘So whenever thought does such a thing, is it not also necessary for it to consider

both that which is identical to it and that which is different?’

‘It is necessarily so; for both types of things are shares of the whole.’

‘Most beautiful. Do you judge me to know?’

‘What am [ judging?’

‘We are considering the principle by which the soul passes through itself if it

perceives things. For it seems to me as thought contemplation is nothing other than

discussion, enquiring about itself and separating from itself, both affirming and
denying. Whenever it enquires, whether it progresses at the slowest or the swiftest
speed, and whenever it affirms something without question, we observe it in the

1
same way. *'®

'8 Nikulin. Matter, Imagination and Geometry, 150-151. Op. Cit. P1. Tht. 189d-190a, R. VII. 533e-534c,
cf. Sph. 260e, 263d-e, Arist. Metaph. 1025b 3sqq.; de An. 431a 1 sqq.

'3 PL. Tht. 189d7-190a4.
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If the object being treated hypothetically is understood to be part of the same intelligible
system, as Socrates and Theaetetus agree, then it cannot be sufficient to articulate such an
object in a stepwise manner; for each stage in the process of diévoua is, in reality,
simultaneously predefined with all others according to the Good, and to each stage
belongs a distinct system of rational connections for which we do not properly account in
using this progression to answer a single question alone. The same must be true of
mathematical questions treated in this manner, such that on the level of the intelligible,
the logic governing the procession of premises and conclusions is not only entirely
simultaneous and unified, but that this procession is unified by virtue of an overall
structure that is circular rather than linear; for the beginning of this structure must also be
its end in regard to the objectives that determine the functionality of mathematical laws
and formulae. We cannot, furthermore, treat any mathematical hypothesis within its full
ontological context without also giving comprehensive consideration to each stage of the
process by which it is affirmed or refuted. The differentiation between the inferences of
dudvota and those of voroig therefore suggests that the entirety of mathematical
principles must belong to a single, ontologically simultaneous system, the precise
structure of which is determined by the unified intelligible model of the entire cosmos.
For the articulation of the true objects of science, it is therefore not sufficient to
treat observations of number and shape purely with respect to themselves; they must, on
the contrary, be examined in regard to the manner in which they are unchanging, as well
as that in which they are constantly in motion inasmuch as they are at work constantly as
a universal pattern of life and motion. It therefore comes as no surprise to us that Plato
regards some mathematical sciences superior to others in terms of the extent to which

they are able to articulate reality, and that he therefore holds astronomy at the highest tier
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of the mathematical sciences, and the last to be taught within the mathematical education
doctrine of the Callipolis, which Socrates explains as follows,

‘I was in a hurry then,’ I said, ‘to treat things which must be taken slowly. For
following the inquiry concerning the dimension of depth, which we considered
laughable, proceeding past geometry, I spoke of astronomy, which pertains to
motion according to depth.’

‘You are correct,” he said.

‘We must therefore place astronomy as the fourth science,’ I said, as though the
beginning was otherwise incomplete, lest the polis neglect it.’

“That is likely. And it seems to me, Socrates, that before you scorned the notion of
astronomy as something worthy to be pursued, whereas now you heap praise upon it.
For to me it seems entirely to be something visible which leads the soul toward that
which is beyond sight and away from the things within it.’

‘It is so,’ I said, ‘except for the matter of the visible, for it does not seem so to me.’
‘But how?’ he said.

‘As these things lead the soul towards philosophy, they cause it to see downwards.’
‘How do you mean?’ he said.

“You do not seem low-minded to me,’ I said, ‘toward that which is the science of
things beyond sight; for you are daring, and if one observes by lifting their head
towards the things embroidered on the ceiling, such would not lead them towards the
intelligible but towards the visible; but you hold them to be equally beautiful,” I said
kindly. >'%
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Since Socrates holds astronomy to be a science pertaining to motion according to depth,
it would seem that while geometry pertains to the principles of dimension only with
respect to themselves, astronomy examines these principles as active within the cosmos.
In order for astronomy to be relevant to philosophy, it cannot truly pertain specifically to
the visible heavenly objects themselves, for it has already been established, as Glaucon
notes in the same passage, that astronomy cannot be the highest of the mathematical
sciences if it only treats the firmament as it is perceptible by sensory faculties. It would
also appear that astronomy cannot simply examine the general geometric laws pertaining
to the observed patterns of movement of the planets, but must also consider the
mathematical laws pertaining, by definition, to the properties according to which the
planets follow the observed patterns of orbit. The former of these postulations, that is,
that astronomy must not, in the strictest sense, examine the planets themselves, is
confirmed when Socrates clarifies the proper approach to the science, stating,
‘It is necessary in this respect,’ I said. ‘While it falls short of many truths to hold the
fabric in the sky as the most beautiful and precise of all things, since it belongs to the
sensible, the speed and slowness of these things are among the numbers pertaining to
truth and within the true patterns pertaining to activity, these are moved by one
another and move those things that are within them, and the things that are
apprehended by articulation and contemplation, you will not see. Do you think so?’

‘Not at all,” he said.'®’

In this passage, our later postulation, which states that astronomy must examine

mathematical principles specifically dedicated to the motion of tangible objects in
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relation to one another, is shown to be correct. As noted previously, this manner of
inquiry does not study the planets in themselves specifically, but rather considers the
pattern of their motion as a model for the totality of mathematical activity within the
cosmos, taking into account the laws pertaining to mass, speed, and relative distance, as

188 the

well as accounting for the essential connection by which, according to Proclus,
paradigms to which tangible entities adhere are contained within one another by way of
essential connection. Indeed, part of the explanation for the identification of astronomy as
the highest of the mathematical sciences is that it articulates the essential connection of
numbers, points, lines planes, and solids.

Within the paradigmatic laws dedicated to the architecture of the heavens, the
four basic dimension levels of geometry are expressed according to their proper
possession of one another, such that the point contains the definition of the line, plane,
and solid, and each of the other dimensional levels is defined within the others. 189 At the
pre-dialectical level, however, the study of astronomy ought to be considered to belong to
dtdvola rather than to vonoig; for it has not yet abandoned its need for the examination of
sensible models, albeit natural, active models, for its approach toward intelligible laws
and functions. As Socrates explains to Glaucon, the apprehension of the intelligible on
the philosophical level leads to a downward examination of tangible beings,"* such that
specific objects are not known through themselves, but rather are completely articulated
according to the intelligible models that govern them. Hopkins (2011) notes that
according to the consideration of the Platonic and Neoplatonic division of the
mathematical sciences by Klein (1934), astronomy is categorized among both geometry

and arithmetic, which are themselves classified among the sciences pertaining to the

188 See n. 152.

"% We might even suggest that the relation of the geometric dimensional levels is a parallel to the structure
of the Divided Line itself. Each of the four tiers of the Divided Line is comparable to one of the geometric
dimensional levels insofar each tier beyond the lowest constitutes a development upon those that precede it.
The comparison is particularly apt if the Divided Line constitutes a pattern of apprehension which is
defined among the objects of knowledge; for in that case, all levels of the Divided Line are defined at the
highest level of the Divided Line, such that in attaining the measure of apprehension that constitutes true
knowledge, we come to contemplate the process of our own thinking.

190 See n. 186.
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mathematical objects of thought, with the other mathematical sciences, including those of
calculation or logistic, geodetics, music, optics, and mechanics.

This division, according to Klein, “goes back to Plato.”'*" Arithmetic and
geometry thus ought to be recognized among those mathematical sciences which diverge
to the least extent from the true objects of knowledge. Astronomy, being a union of both
geometry and arithmetic which treats the principles of both sciences within the context of
nature, approaches, out of all fields of inquiry belonging to the tier of didvota, the nearest
to the mathematical algorithmic paradigms of existence as they are at the level of the
intelligible and as images within yoyr. While it therefore seems to be the case that
astronomy represents the study of mathematical principles in a manner that closely
approaches the nature of their ontological origin, it nevertheless requires the prior
apprehension of these laws and formulae in respect to themselves. Such is indicated by
Klein (1968) in his explanation of the distinction between the arithmetic and logistic
sciences. He refers initially to the Gorgias, wherein Plato characterizes arithmetic as it
pertains particularly to the study of ““the even and the odd,” and elaborates by citing the
Theaetetus, according to which arithmetic is that by which “...one is oneself master of
the sciences of number, and is able as a teacher to pass them on to another.””'**
Concerning the distinction of logistic from arithmetic, Klein refers to the Gorgias and the
Charmides, both of which present similar definitions for logistic; for the former states

(1113

that logistic ““...studies the even and the odd with respect to the multitude which they
[the single even and odd] make both with themselves and with each other.”” The latter
definition likewise states that logistic treats the even and the odd in terms of ““what

multitude they make with themselves and with one another.””'”> Based upon Plato’s

I Burt C. Hopkins. The Origin of the Logic of Symbolic Mathematics: Edmund Husserl and Jacob Klein.
(Bloomington and Indianapolis: Indiana University Press, 2011), 154, 155.

%2 Jacob Klein. Greek Mathematical Thought and the Origins of Algebra. Trans. Eva Brann. (Dover
edition: New York: Dover Publications Inc., 1992; Massachusetts Institute of Technology edition:
Cambridge: The M.L.T Press, 1968) 17, 19. Op. Cit. Pl. Grg. 451a-c, Tht. 198a-b. Originally published as
“Die griechische Logistik und die Entstehung der Algebra”, in Quellen und Studien zur Geschichte der
Mathematik, Astronomie und Physik, Abteilung B: Studien, Vol. 3, fasc. 1 (Berlin, 1934), pp. 18-105 (Part
I); fasc. 2 (1936), pp. 122-235 (Part II).

193 Klein. Greek Mathematical Thought and the Origin of Algebra. 17. Op. Cit. P1. Grg. 451a-c, Chrm.
165e-166a-b.
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characterization of arithmetic of the foundation of all human knowledge concerning
number, Klein also suggests that the former is also distinguished based on its dependence

194 . . . .
% This relation comes as no surprise to us, for it stands to reason that

upon the latter.
through apprehension of the universal laws concerning mathematical operations, one
would attain greater aptitude in the activity of calculation as it pertains to all manner of
tasks.

It is similarly reasonable to suggest, however, that the relation between the
mathematical sciences belonging to vonoig and those of diévoua is such that those of one
level are capable of complementing those of the other in either direction; for just as one
who is well-versed in both arithmetic and geometry will be more likely to excel in
mechanics, so too is it possible that accurate observations made from the correct
application of geometry and arithmetic may lead to the development of hypotheses the
investigation of which may further advance one’s apprehension of both sciences. This
postulation is supported by the passage in the Timaeus in which Plato confirms the
importance of proficiency in logistic (Aoyiopdc) for the proper configuration of the image
of the World-Soul."”> We may therefore reasonably infer that when the intellect hones its
aptitude in logistic, it also improves its apprehension of the universal principles
constituting both arithmetic and geometry, and thereby further increases its capability in

logistic, mechanics, and the other mathematical sciences belonging to Siévoro.'”

9 Klein. Greek Mathematical Thought and the Origin of Algebra. 19. Op. Cit. P1. Tht. 198a-b, Cf. Ion.
537e: ...6T1 mévte siciv 00TOL 01 SAKTLAOL. .. Tf] AVTH TEXVN YIYVOGKOUEY Tfi Ap1OUMTIKT. .. - «...that these
fingers amount to five...we know by this same arithmetical art....”

195 p1, Ti. 47¢2.

1% Michael McCloskey. “Cognitive Mechanisms in Numerical Processing: Evidence from Acquired
Dyscalcula”, In Numerical Cognition, ed. Stanislas Dehaene. A Cognition Special Issue. (Previous edition:
Amsterdam: Elsevier Science Publishers, B. V.; Current edition: Cambridge, Massachusetts and Oxford,
United Kingdom: Blackwell Publishers, 1993), 113 (See Figure 1, McCloskey et al. (1985)), 115.
Originally published as McCloskey, M., 1992. Cognitive mechanisms in numerical processing: evidence
from acquired dyscalcula. Cognition, 44: 107-157. . Somewhat curiously, though perhaps accidentally,
McCloskey notes a similar relation of the arithmetical faculties to the process of calculation based on an
observation of acquired dyscalculia. He determines, in particular, that the activity of calculation is
subordinate to the arithmetical cognition, and in the model that he examines, the cognitive mechanism
pertaining to arithmetic processes the operation symbol(s) of the equation in question (for which
McCloskey gives the example of the multiplication sign), for which the calculation mechanism then carries
out the relevant procedure. This model thus suggests that the capacity to identify the definition of a
particular mathematical operation belongs to the arithmetical mechanism. Thus, in order to perform the
operation in question, the intellect must possess arithmetical apprehension of the definition of that
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It appears, furthermore, as though music ought to be of similar importance
among the mathematical sciences belonging to 61évoia in terms of its role in the
perfection of the image of the World-Soul within yoyr|. He states that the orbits of the
soul are ordered according to ratio in a manner akin to that of musical sound,'®’ an
ordering which Kytzler (1959) interprets as a system of categorically organized ratios. He
identifies the ordering of the World-Soul as a structure of different operations delineated
in a stepwise manner in increasing order.'”® In particular, he identifies the delineations as
number-rows (Zahlenreihen), which consist of various ordering of notes corresponding to
certain mathematical ratios, with the unit being associated with e””"."*” This interpretation
of the structure of the World-Soul, if the ratios contained therein are able to account,
either directly or indirectly, for all possible integer ratios, would also agree with the
notion of all numerical values being ontologically simultaneous with the unit value. This
position is, in turn, compatible with the ontological simultaneity of all mathematical

principles within the World-Soul.

4.3 'Emotiun and Téyvn: Understanding the Laws of Nature and Translating
them into the Ordering of Human Activity

Within the ordering of human life toward the Good on the political and individual level,
the apprehension of mathematical principles, both in themselves and in their cosmic
operations, ought to enable precise articulation of the systems of the natural world to a
measure that we are able to emulate them. As we have previously observed, there appear
to be parallels between the ordering of the elements described in the 7Timaeus and the

precise organization of human activity within the political community. We have noted,

operation; for otherwise, although the calculation mechanism may possess the functional processes
necessary to perform the operation, it will be uncertain of which processes it ought to use, and of the order
in which it ought to use them, and will therefore be unable to construct a suitable algorithm to solve the
equation.

TP, Ti. 47¢6-d1. Moyog te yap &n adtd TodTaL TETOKTOL, THV peyiotny ovpBarldpevog eig avtd poipav,
860V T o LOVGIKTG POV

18 Bernhard Kytzler. “Die Weltseele und musikalische Raum”, Hermes 87. Bd., H. 4 (December 1959),
393. “Dieser metaphysischen Komposition der Weltseele folgt die im letzten Satz angekiidigte neue
Eiteilung, eine Einteilung in Zahlen, die in drei sich stufenweise ergéinzenden Operationen vorgenommen
wird Note: e”"” corresponds to musical notation conventions used by Kytzler.”

199 Kytzler. “Die Weltseele und musikalische Raum”, 393, 406.
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for instance, Socrates’ example of the practical use for mathematics in the ordering of
military formations.*”" It therefore appears to be the case that the role of mathematical
principles in the ordering of human activity may be identified on two levels. The higher,
and perhaps, to a certain extent, less direct, of these levels is that by which mathematical
knowledge leads to apprehension of the Good by means of the perfection of the image of
the Good within youyn. The lower, yet perhaps more direct of these two tiers constitutes
the role of mathematical knowledge in the ordering of human activity towards it highest
possible degree of excellence. Plato illustrates in the Republic the manner in which
mathematical principles are required for the correct execution of the multitude of
practical tasks necessary for the livelihood of the polis through his explanation of the
need for the mathematical science of astronomy, which is stated thus,

‘But why? Should we place astronomy third among these? That does not seem

correct.’

‘It seems so to me,’ he said, for it is necessary for the accurate perception of hours,

months, and yearly cycles, not only for farming and sailing, but also just as much so

for military strategy.’*'

Since the mathematical analysis of the motion of heavenly objects is understood to be of
vital importance to necessities of agrarian, nautical, and military pursuits, it then stands to
reason that skill in calculation of this sort is similarly crucial for the leaders of the
political community, that they may order the livelihood of society to function in unison
with the cycles of the natural world.

The governance of society according to the laws of proportion is, furthermore,
necessary in order to ensure that the polis is able to maintain the resources needed for
their survival. In a warning that proves to be frighteningly prescient, Plato speaks in an

earlier passage of the Republic about the plight of the luxurious society, which, as a

20 See n. 102.
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consequence of its excesses, suffers from ill health, and is plagued with resource
shortages that drive it into armed conflict with its neighbours, as explained thus,
‘Will we not, furthermore, be in need of physicians, since we will need to be treated
for eating so much more than before?’
‘Certainly.’
‘And we will need more space as well, since that would suit a growing city, for it will
be beyond the capacity of a small area of land. Do we not agree?’
‘As you say,’ he said.
‘Then more space must therefore be claimed, if we are to distribute and plow a
suitable amount of land, and if, furthermore, so that there should be some for each of
us, and if each person has surpassed their need for the sake of infinite wealth,
exceeding the boundaries of necessity?’
‘It will be quite necessary, Socrates,” he said.’
‘We would have to make war after that, Glaucon. How could it be otherwise?’
‘It is as you say,’ he said.
‘And it is not necessary for us to say, whether war would be responsible for good or
ill, but this alone, that we have already witnessed the waging of war, from which
great ill befalls the polis, the individual, and the general public, whenever war

occurs.”*”
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We may therefore characterize the failure of the luxurious city most accurately as a
fundamentally mathematical error; for the desire for infinite wealth on the part of its
citizens is indicative of their inability to apprehend the arithmetic and geometric finitude
of the realm of the sensible.

The just city may then be classified as a precise proportional structure, which itself
belongs to a grand system of proportions encompassing the entirety of the natural world.
This explanation is one possible interpretation for the association of justice with ratio by
several philosophers, including Plato, Archytas, and lamblicus. This concept is detailed
by Ausland (2006) who states that according to Plato’s position, rational, spirited, and
appetitive portions of yoyn are likened to first, fourth, and octave portions of the concord
respectively, while [amblichus identifies justice with the mean of 9, which is equal to
5.2 Perhaps the most likely explanation behind the use of ratios as symbolic concepts
for justice, is that relations of that type may be said to represent a certain dynamic of
governance and exchange within the political community. This interpretation is readily
apparent in lamblichus’ argument, part of which, as Ausland tells us, is the fact that 5 is
the “middle number” between 1 and 9, with the numbers before it having “less than is
fitting, and the numbers following it having “more than is fitting.” This value, according
to lamblichus, is also “fitting to each in accordance with the ratio of equality” based on
the fact that it is equivalent to one ninth of the sumof 1 +2+3+4+5+6+7+8+9.
JTamblichus also likens this summation to a balance scale, with elements on either side of
the mean being equal in terms of excess and deficiency, such that 1, for instance, is of
equal deficiency from 5 to the amount by which 9 is in excess of 5.°** Leaving aside all
considerations of this mean in terms of its numerological significance, we may regard its

association with justice as a “thought symbol,” such that it implies a universal abstract

Kol pnd&v 1€ o Aéyopey, fv 8 &yd, pit &l T kody pAT &l dyaddv 6 modepog épydletal, ALY ToGoDTOV
povov, 6Tt TOAELOV AV YEVESLY NUPNKOUEY, €5 OV HdAoTa Tolg TOAecty Kol idig kol dSnpocig Kok yiyvetar,
dtav ylyvnrol.

% Hayden. W. Ausland. “The Mathematics of Justice”, in Reading Plato In Antiquity, eds. Harold Tarrant
and Dirk Baltzly. (London: Gerald Duckworth & Co., Ltd., 2006), 112, 113-114. Op. Cit. P1. R. IV. 373d.;
Tamb. In Nicom. 18.2-21., Theol. Arithm. 37.10ff.

24 Ausland. “The Mathematics of Justice”, 113-114. Op. Cit. Op. Cit. P1. R. IV. 373d.; lamb. In Nicom.
18.2-21., Theol. Arithm. 37.10ff.
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representation for a pattern of activity that occurs within the natural world, and which
must be emulated within socio-political systems. It is analogous to several examples of
balance within the dynamics of human activity, such as impartiality in legal disputes, and
moderate use of natural resources in a manner that is carefully calculated in order to
ensure that consumption does not outpace renewal.

If these “justice ratios™ are, as we have suggested, to be understood as thought
symbols, then it seems, if they are pure and underived representations of the intelligible
principle of justice, then the object of knowledge pertaining to justice is also a
mathematical relation of some sort. This postulation receives credence from Plato’s
characterization of the just soul, which, as Ausland explains, is thus described by Plato as
a musical harmony,

‘And that which I said is true, as it seems, that justice does not belong to what is

external to us, but is rather internal, and thus in truth concerns itself and those things

belonging to it, and does not allow everything outside itself within it, nor does the
class of objects within the soul allow them to interfere with one another, but,
bringing the household into being, which is originated and ordered from it, and,
becoming loved by the household, and fitting together on three levels, as three
boundaries of harmony joined in a non-contrived manner, the lowest, the highest,
and the middle, and if there should be any other between them, all of these are bound
together, with one coming entirely out of many, self-controlled and harmonized, so
that it is active only if it governs the acquisition of property, bodily health, matters of
the state, around its own image, leading in all these things and being called the just
and beautiful approach, and one preserves this habit and hones it to perfection only
when one engages in attention to justice and in science, and leaves aside all unjust

behaviour, along with ignorance and incorrect opinion.”*"’
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This passage suggests that the image of justice within yoyn is to be understood as a
pattern of proportion comprised of three levels, within which the rational element
presides over the emotional and appetitive elements, and not only holds these lower
elements in proper proportion to itself, but also maintains within them the proper balance
on non-rational influences.

Since this entire structure ought to be defined within the intelligible, the entire
hierarchy may be likened to the Divided Line, with three levels instantiated below the tier
of paradigm, while they are defined and known according to the intelligible principle in
which they are all fully articulated. We may say with certainty that this proportional
structure must be contained within the cosmic model, as justice must be governed
according to such a pattern as defined within the intelligible; for we have already
determined, as stated in the Meno, that knowledge pertaining to reality must be innately
present within us,”*® and that the Good is the origin of knowledge,**” and have thereby
concluded that the image of the Good is present within the human intellect according to
the intelligible. In order for the paradigm of justice to govern the entirety of the cosmos,
it is reasonable to suggest that it must be an intricate operation consisting of a vast
multitude of interconnected ratios, along with several regulatory formulae. If it is to have
sovereignty over all objects of the sensible world, then all of the paradigms to which
tangible entities adhere must contain not only the portion of the “justice algorithm™ that
pertains directly to their own definition, but the entire formula for their correct pattern of
activity in conjunction with all other sensible beings.

Thus, through recollection of the image of justice contained within the human
intellect, we are able to attain knowledge of the proper functionality of all entities within
the structure of the cosmos. It is likely for this reason that, as Burnyeat (2000) explains,
Plato treats harmonics as a particularly important realm of mathematical science.
Burnyeat explains that Plato’s position, in contrast to the doctrine associated with

Pythagoras, emphasized the examination of harmonious ratios at an abstract level for the
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purpose of attaining apprehension of beauty and goodness, and refuted the notion of the
concord of numbers being a function of the pleasantness of the sounds associated with

them.**

We may thus assume that the pleasantness of the sounds produced by concordant
notes is in fact a result of the mathematical concord to which they adhere, as opposed to
its cause.

Since, as we have determined, the image of justice, and of harmony as well, must
be present within the human consciousness in order for us to apprehend justice and
harmony within the intelligible, it stands to reason that concordant sounds are
experienced pleasantly by us according to the intelligible image of harmony and justice
as it is contained within yvoyr|. As Tubbs explains, the ratio of harmonious sounds
according to Pythagoras’ supposed observations is always a ratio of two integers,”” a
description that is consistent with the Euclidean definitions, which, as Burnyeat explains,
included not only double, triple, and quadrupal ratios, but also epimoric ratios, which are
expressed as n + 1:n for a certain number n.?' As Brumbaugh explains, however, Plato
cautions us against the interpretation of mathematical examples in an overly literal
manner.”'" It might therefore be more accurate to interpret concordant numbers not as
actual representations of goodness and beauty, but rather as examples of the operations
that imitate the abstract pattern pertaining to the universal activity of justice.

The various classifications of ratio discussed by Burnyeat would nonetheless be
necessary for the intricate intelligible structure of justice accounting for the entire
cosmos. This system would likely be a closed network of ratio relations, with each
paradigm being connected, either directly or indirectly to all others according to a
delicate mathematical balance. On the level of sensible ovciau, this type of operation may

be most clearly represented through population dynamics of animals and plants within the

natural world, as well as the daily life of the citizens of a political community. Szpiro

% M. F. Burnyeat. “Plato on Why Mathematics is Good for the Soul”, in Mathematics and Necessity, ed.
Timothy Smiley. Proceedings of the British Academy 103. (Oxford: Oxford University Press, 2000), 47.

29 Tubbs. What is a Number?. 2.
219 Byurnyeat. “Plato on Why Mathematics is Good for the Soul”, 47-8. Op. Cit. Euc. VII. 37.
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(2010) supports this interpretation in describing the mathematical structure which Plato
identifies in the Laws as the best proportion for the governance of a city. He states the
ideal population of the city to be 50,000, with a total of 5,040 households. This number,
as Szpiro explains, is stated by the Athenian stranger (assumed to be either Socrates or
Plato) to be a “convenient number,” which, as Szpiro suggests, is based on the fact that it
has 59 divisors in total, including the first 10 positive integers, which makes it suitable
for the proportional division of labour and wealth.*'* This aspect of Plato’s definition of a
just city is consistent with our earlier hypotheses for the role of mathematical principles
in the activity of statecraft. The requirement for such precise calculation in the ordering
and preservation of the political community receives sufficient clarification in the
Republic, wherein Plato indicates that one of the primary concerns of rulers must be the
task of ensuring that a city’s consumption of resources does not outpace the natural
cycles by which these resources are able to replenish themselves;*" a just ruler must
therefore hold the appetites of the populace in check, and ensure that the multiplicity of
the population does not grow to such an extent that necessities of its livelihood exceed
the capacity of the natural world; for in such eventualities, as Socrates explains, armed
conflict with neighbouring cities will ensue, and the city that initiates this conflict in
order to sate its growing hunger will either fall to the might of its enemies, or, having
claimed all available resources through conflict, will ultimately exhaust them and perish
through starvation.

A just ruler must therefore have precise apprehension of proportion, as well as an
accurate understanding of the cyclical patterns of renewal that are operative within the
natural world. It is of equal importance for the ruler to remain constantly aware of the
mathematical limitations of the sensible world as defined by its stereometric construction,
so as to distinguish these limitations from the potentially infinite cycles of renewal by
which nature is able to restore that of which it has been deprived. A philosophical ruler
must therefore not only possess the aptitude to make accurate calculations, but must be

habituated toward mathematical analysis to such an extent as to ensure constant vigilance

12 George G. Szpiro. Numbers Rule: The Vexing Mathematics of Democracy, from Plato to the Present.
(Oxford and Princeton: Princeton University Press, 2010), 5.
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regarding the proportional ordering of the city. The structure of Magnesia, the political
community described in the Laws, suggests an example of the specifications that must be
calculated in order to address the concerns set forth in the Republic. Saunders (1992)
argues that the socio-political structure detailed in the later dialogues, such as the Laws
and the Statesman, is continuous from the program introduced in the Republic. In both
texts, there is a strong emphasis on the importance of division, which he interprets as an
indication of Plato’s prevailing adherence to the theory of the Forms. The significance of
this study, as identified by Saunders in examining the Statesmen, is the apprehension of
the intelligible patterns governing the divisions that occur among sensible entities.?'*
Within the task of governance, a science of this sort would furnish the principles
according to which the distinct elements of the natural world are able to carry out activity
that is proper to their intelligible definition by functioning in cooperative harmony. The
ruler is thereby able to structure the political community in a manner that not only
emulates the patterns of division governing nature, but also participates in the patterns on
which it is based, such that it does not damage or diminish them in any way, but is rather
unified seamlessly with them. In this respect, the work of the ruler is comparable to the
division of the elements by the Demiurge as described in the Timaeus. It is, furthermore,
possible for us to identify both the penultimate and uppermost principles of the Divided
Line within the mathematical ordering of the city; for at the rank of the hypothetical, we
observe the direct application of mathematical proportion to the structure and activity of
the political community; simultaneously, at the tier of the intelligible, we may recognize
the governance of the city in harmony with the natural world in accordance with our
apprehension of the essential relations between tangible beings as defined within

paradigm.

% Trevor J. Saunders. “Plato’s Later Political Thought”, in The Cambridge Companion To Plato, ed.
Richard Kraut. (New York: Cambridge University Press, 1992, 22nd reprint 2010), 468. Op. Cit. P1. P/z.
866d7ff, 867b3, 861b, 932¢ff (cited by Saunders in note 28), cf. R. F. Stanley, An Introduction to Plato’s
Laws, (Oxford, 1983) 136, on 630e-631a; V. Brochard, “Les Lois de Platon et la théorie des Idées,” in
Etudes de philosophie ancienne et de philosophie moderne, ed. V. Delbos (Paris, 1926), 151-68, Guthrie,
History of Greek Philosophy, 5:378-81, Stalley, Introduction to Plato’s Laws, 133-6, Pl. Lg. 967e,
Saunders, ‘“Notes on the Laws of Plato,” Bulletin of the Institute of Classical Studies, supp 28 [London,
1972], n. 10; P1. Pol. 262aff, 285a-b, cf. Phdr. 265e, Sauders, note 28.
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The mathematical ordering of the political community by means of proportion, in
accordance with the dictates of the intelligible, has the effect of prolonging the survival
of the city, such that if is ruled at such a level of excellence indefinitely, it might
conceivably flourish throughout the existence of the universe. In the Timaeus, Plato
explains that the supreme beauty of the cosmos requires that it be constructed according
to an eternal principle.?"” If the cosmos is supremely beautiful in accordance with the
eternity of the model to which it adheres, then it stands to reason that a civilization which,
through sustainable governance informed by precise calculation, remains eternally
prosperous and wise, is therefore supremely beautiful through its likeness to the model of
the cosmos. Thus, through study of the orbits of the World-Soul as mandated in the

*1% the human intellect becomes better suited to the task of leadership, for not

Timaeus,
only does it thereby avail itself of the faculties of calculation necessary for the proper
ordering of the state, but is also guided by the essential structures of relation in nature as
defined intelligibly, and by the model of perfection toward which this ordering must be
directed. The just city must therefore have its highest measure of excellence articulated in
its foundation, just as the perfection of the entire cosmos is defined from its inception

according to the schematic by which it is governed.
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Chapter 5: Té\og

5.1 Beginning at the End: The Mathematical Definition of Teleological
Objectives within Intelligible Principles

Plato’s description of the intelligible model of the universe indicates that this schematic
represents the predefined completion and perfection of the entirety of existence. That is to
say, the objectives towards which all entities strive may be correctly identified with the
specifications according to which they originate. This predetermined completion may be
inferred from Timaeus’ explanation that “if the cosmos is beautiful and the Demiurge
good, then he conceived of it according to an eternal image.”*'” While the eternity of this
image necessarily implies that it is imperishable, it also appears that the model cannot be
subject to change in any respect; for, as Blackson states, the intelligible Forms that
Socrates describes to Cebes in the Phaedo are unchangeable.?'® If the models belonging
to this paradigm are entirely unchanging and eternal, then it is impossible for them to be
brought to completion from an unfinished state, so they must be instantly and eternally
complete and perfect.

The mathematical laws and formulae governing structure and motion within the
sensible world must therefore be fully defined according to the specifications of a
complete reality. The entire system must be ordered in such a way that just as the
predetermined structure of the cosmos dictates the operation of mathematical principles,
these same principles condition the structure and activity of the Forms governing sensible
beings. As explained by Proclus, each Form is also contained within all others according
to its relation to them.*"? Gonzalez (2002) does not identify this particular type of
connection in his examination of Plato’s dialogues, though he explains that “If the forms

are universals, then their communion with each other would necessarily be radically
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unlike their communion with their exemplifications.””** A type of connection similar to
that which is described by Proclus seems, however, to follow from the principles of
collection and division presented in the Phaedrus and the Philebus.**' Collection and
division are defined, respectively, as the grouping of various types of objects according to
common essential properties, and the delineation of classifications of objects according to
distinguishing traits. These processes reveal a variety of classifications among various
types of beings, some of which may in fact be essential classifications, such as that of
animals, which might, in turn, be divided into vertebrates and invertebrates, those with
lungs and those with gills, and so on. Each type, it seems, must relate back to the
classifications to which it essentially belongs, based on the characteristics which
designate it as a member of that classification. Thus, just as each classification contains
those types of objects that belong to that classification, so too does each type of object
contain the definitions for those classifications to which it belongs. It would therefore, by
extension, contain the definitions of all other types of objects belonging to the same
classification. Based, furthermore, on the absence of sequential succession within the
cosmic model according to (5), it follows that since there is no succession between larger
classifications and the subtypes that comprise them, the relation between all
classifications and the types contained within them is one of reciprocal definition.
Additionally, based on (6), according to which the cosmic model is understood as a

7222 it seems that it would be absurd for these classifications and

“framework of models,
the relations binding them to be separate from the cosmic model.

It is therefore evident to us, according to both the plurality of paradigms at the level
of the intelligible and the need for the ontologically immediate full operation of number,
that the unit value must also be completely operational, such that it is able to account for
all multiplicities and divisions of itself. This requirement, as Thesleff indicates, is

addressed in the Eleatic dialogues, through Plato’s treatment of the problem of plurality

220 Erancisco J. Gonzalez. “Plato’s Dialectic of Forms™, in Plato’s Forms: Varieties of Interpretation, ed.
William A. Welton. (Lanham, Maryland: Lexington Books, 2002), 45.
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within the singular entirety of the One.*** The passages cited by Thesleff consider not
only the problem of multiplicity within the One, but also the manner of relation that
defines the connection between the Forms. In the earlier of these passages, Socrates
draws attention to the problem of plurality and otherness within the unity of beings, as
follows,
He told us that Socrates, having listened, tried once more to understand the first
hypothesis of the initial argument, and once he was certain of it, he said, ‘How can
you say such a thing, Zeno? If many things exist, then what you suggest would be
impossible if many things existed, since some things would need to be identical to
one another, while others would need to be different from one another; for things
that are different from one another obviously cannot be identical, just as things that
are identical cannot be different from one another. Have I understood you correctly?’
‘You have,’ said Zeno.
‘If it is impossible for different things to be identical to each other and identical
things to be different from each other, would it not then be impossible for many
things to exist? For if there are many things, they would be unable to coexist. Is this
what your arguments are meant to indicate, that, if many things did not exist, they
would not be in conflict with each other? Considering the way in which you urge us
to accept these proofs as you present them, you seem rather confident that they will
produce the results that you expect, that is, that there cannot be a multitude of things.

Is that what you are saying, or have I misunderstood you?’***

22 Thesleff. “Studies in Plato’s Two-Level Model,” 458. Cit. cf. Jatakari, 1990, for Thesleff’s identification
of young Socrates with Plato, P1. Prm. 127d-e, 128e, 129a-b, €2, 130al.
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The presence of all Forms within one another, as suggested by Proclus, and the
classification-based connection system coinciding with collection and division, are both
possible resolutions for the unity-multiplicity discrepancy encompassing the entirety of
the intelligible. As is readily evident to us, full operability of mathematics within a
unified structure of existence requires its compatibility with multiplicity; for absence of
succession within the intelligible dictates that the unit principle must itself be capable of
accounting for the unit value as the basis for all other values as well as all possible
fractions of itself, and must also be able to account for inequality, lest all mathematical
operations be impossible.

The inclusion of some principle of multiplicity within the intelligible is perhaps
necessary for the operation of the fractions and products of the unit value in both a direct
and indirect capacity; for, according to (7), which states that all knowledge belongs to a

22 then within that structure, there must be a law of some sort to account

single structure,
for the variety of operations that are bound together as part of such a system. The
multiplicity of paradigms would thus be crucial not only for the diversity and multiplicity
of sensible objects, but also for the plurality of laws and formulae pertaining to the
activity of number. Any viable theory concerning the structure of the intelligible must
therefore account for the plurality not only of the paradigms directly governing tangible
entities, but also for the paradigms pertaining to relation, proportion, and other
algorithmic principles. Thesleff**® draws our attention to Socrates’ response to the
apparent problem in Zeno’s argument, and in the cited passage, the solution proceeds as
follows,
‘But I accept it,” said Socrates, ‘and I suppose that it holds as you say.” And then he
said to me, ‘surely you hold that the Form should be distinct from its likeness, and
likewise, that the same should be the case for its opposite, which is different; and
with two of these things, being two in number, do you agree that we hold me, you,
and all other such things to share in the Many? Would you say also that those things

possessing likeness become similar to that which they resemble according to that

22 Qee . 10.
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particular thing, and unlike that from which they differ also according to that thing,
such that either one becomes as such towards the other? And if all things of either
type have opposites, and if it belongs to both of these things to partake of both
similarities and differences, such a thing would be surprising? For if the same thing
which proves to be similar to something else then differs from that thing, or if
something different from it should become similar to it, I said that I would consider
such a thing amazing; and if either of the things participating in one of these
principles appeared to be affected, it would not seem at all strange to me, Zeno, nor
would it seem strange if a particular one were therefore to participate altogether in
the One, or if many things participate in the multitude. If that which is one proves to
be many, and if the Many likewise proves to be one, I will also be surprised at

that.”??’

If certain objects are called similar or different from one another according to that to
which they are compared, and are understood also to participate in similarity and in
difference, then there must be an essential relation of some sort between all objects at the
level of the intelligible; for if two specific entities differ from one another in a manner
that is not accidental, then surely the comparison must be essential and intelligible, since
any proper comparison must be made according to paradigm as opposed to a sensible,
particular object. This essential comparison is undoubtedly necessary for the proper
operation of mathematical principles, for it would otherwise be impossible, both within
the Good and within human apprehension of the Good, to account for the equalities and
inequalities belonging to the foundation of mathematical reasoning; for without some
principle for determining identity and distinction, it is impossible to formulate any

definitive mathematical statement. Within this passage, Socrates does not allude to any
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system of interconnection analogous to that which is presented by Proclus, although, as
stated before, we may observe a similar sort of structure based on the manner in which
processes of collection and division reveal logical connections between paradigms.
Within this structure, even paradigms that are not contained directly within one another
might be contained indirectly accorded to a nested hierarchy. Alternatively, they may be
bound by some other type of rational connection, such as the overlap of common
essential properties across a variety of disparate classifications, by belonging to the same
type of ecosystem as defined by their essential position in the natural world, or even by
necessarily similar use of a common mathematical principle.

The fact that Socrates does not initially account for such a system may be a
function of the relatively rudimentary level of philosophical development by which he is
characterized in the Parmenides. As explained by Dorter (1994), Parmenides suggests
that due to Socrates’ youth, his philosophical wisdom has not yet reached its greatest
extent (P1. Prm. 131e.); for Socrates is unable to explain the reality of the multiplicity of
entities, since these entities must, by consequence, be simultaneously similar and
dissimilar. Socrates, as Dorter notes, finds similarity and dissimilarity impossible to
reconcile, and thus overlooks the fact that two objects that are governed by the same
Form must be simultaneously similar and dissimilar simply by means of their common
classification in conjunction with their individual distinction.*® Socrates is also in error
in his apparent identification of the One and the Many with two different intelligible
principles; for such distinction dictates that the One must already allow for multiplicity in
order to contain multiple intelligible definitions, in which case a definition pertaining
specifically to multiplicity would be superfluous. That is to say, if the One and the Many
were distinct and disparate principles, the existence of the Many would necessitate that
the One also function as a principle of multiplicity in order to allow for a principle other
than itself; yet if the One also accounts for multiplicity, the existence of the Many as a

distinct principle is unnecessary.

22 Kenneth Dorter. Form and Good in Plato’s Eleatic Dialogues: The Parmenides, Sophist, Theactetus,
and Statesman. (Berkeley, Los Angeles, and London: University of California Press, 1994), 23, 24. Op.
Cit. P1. Prm. 127¢, 129¢, 131e, R. E. Allen, Plato’s Parmenides (Oxford: Blackwell, 1983), 78.
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The argument that Socrates rejects in this instance is likely the more accurate, as
it suggests that the One and the Many are in fact the same principle. That is to say, the
singular structure constituting all of reality also accounts for multiplicity, both as the
mathematical unit principle, and as the structure in which all paradigms reside. As we
have previously observed, the model according to which the Demiurge constructs the
cosmos in the Timaeus is understood to be unchanging,”” thus dictating that all principles
belonging to it must belong to it immediately and eternally, such that there is no need or
possibility for anything to be added to it. The unit value, as we have already established,
would therefore be fully operative mathematically, such that all possible divisions and
multiplicities of the unit would be intelligibly realized from the outset. Plato addresses
this property at a slightly later point in the Parmenides, suggesting, as follows, that the
unity of being implies the belonging of the arithmetical concepts of 2 and 3 to the same
singular structure,

‘And therefore if both the One and the Other exist, should I then say that they both
belong to one another?’

‘Yes.’

‘And if they have been described correctly, will they both be the same in that regard,
and not two?’

‘Both cannot be true.’

‘And if they are two, is there some device by which each of these is not itself one?’
“There is no such device.’

‘In that case, each of these things combined together are a pair, and each of them is
one.

‘So it is said.’

‘And if each of these things is one, does combining one with these things not
produce three altogether?’

‘Yes.’

‘Would three not be odd and two even?’

‘How could it be otherwise?’

229
See n. &.
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‘And at any rate, is it not necessary for two to be a pair of things, and for three to be
a triple of things, if it happens to be the case that two is the double of one and three

is the triple of one?’**°

This passage might be interpreted as an indication that numerical values beyond the unit
value do not require that there exist a distinct intelligible principle pertaining to each
specific value beyond the unit value. It suggests that each such value is in fact derived
directly from the unit value, and thus the participation of specific instances of values
higher than 1 in Forms that are specific to the value in question, appears to be
unnecessary; for if each numerical value greater than 1 is derived from the unit value,
then the unit value is the intelligible principle for all numerical values, such that any
principle pertaining to a specific value other than 1 would be redundant. At any rate, in
order for the unit value to be fully, immediately capable of mathematical operations, it
must be infinitely divisible, and in order to be infinitely divisible, it must have
multiplicity as a proper attribute in order for 1 as an integer value to be divided into
fractions.

The full articulation of the One with respect to its mathematical operation, due to

its immediate intelligible completeness, must also be considered in the context of the

230 Y an., o N N e
PL. Prm. 143c8-e2. kol éav ovcia te Kai Etepov T £1epov te Kol &v, kal obTo mavtaydg &¢ EKAOTOVL
apoo Aéym;

vad.
o\ N o b} ~ 7 ki ¥ o by ) N 3. 7 \ 7
® 3" v dpem 0pddg Tpocayopedncbov, apa 010V e GUP® HEV aDT® Elval, 000 O un;

oy 016V 1. ® & &v 8O0 fToV, £6TL TIC P avi) Ty ovy EkdTepov avToiy &v etvar; oddepia. TovTmV dpa
énsinep oVuvdvo Exoota cvpPoaivel stvar, kai &v Gv £in ExooTov.

patveTat.

€1 8¢ &v EkaoTtov anT®dV £0TL, GLVTEDEVTOG £VOG OTOLOVODY NTVIoDV culuyig oV Tpia yiyveTal Td TAVTO;

vad.

Tpia 8¢ o meptTTa KOl 000 GpTia;

nHG S ov;

i 8&; dvoiv dvrow odk Gvaykn sivan kai Sic, kal TPV Svimv Tpic, simep VIapyel T® Te §V0 TO Sic &v Kod T®

Tpia 10 Tpig &v;

108



paradox that is ascribed to the One in the Parmenides. This paradox is described by
Dorter in his account of the first hypothesis that follows from the assumption that there is
a One such that this One constitutes the entirety of existence. This hypothesis states that
since the One cannot be comprised of parts, and cannot be many, it must be dneipov, or
indefinite. According to this hypothesis, however, it is also impossible for the One to be
subject to definition, for it cannot even be the same as itself due to the fact that such a
designation, as Dorter observes, would imply multiplicity.”' In Parmenides 139b-c, Plato
specifies that even if the One is considered to be the same as itself, such would imply that
it must be different from something else, which necessitates multiplicity.232 If the One is
treated in the capacity of the single structure of all mathematical principles, then it must,
at least in a certain sense, be regarded as indefinite; for it is the intelligible definition not
only of the unit, but of all multiplicity, from the infinitely minute to the infinitely vast.
The definition of multiplicity accounts not only for the distinction within myriad
operations, rules, and formulae contained within the grand structure, but also for the
correct functionality of these operations. The paradigms governing all types of entities
within the cosmos must also belong to the One, and just as these paradigms are subject to
mathematical rules and functions, they also constitute the objectives towards which these
rules and functions are formulated.

Thus, since the principles simultaneously define one another, it would not be
accurate to say that they follow a linear pattern of succession; rather, the pattern to which
they adhere might, as we have noted before, be better described as a closed network of
paradigms wherein each is essentially connected to all others, such that the entirety of all
is within each; or, at the very least, all paradigms are bound together directly or
indirectly, with some being contained within one another, while others are bound together
by a variety of other types of rational connections. To be sure, this structure may
correspond more closely to the model that coincides with collection and division as
discussed in the Philebus and the Phaedrus. Proclus, moreover, explains in his

commentary on the Parmenides that being must simultaneously be one and many, and

31 Dorter. Form and Good in Plato’s Eleatic Dialogues: The Parmenides, Sophist, Theaetetus, and

Statesman. 54-5. Cit. Pl. Prm. 137¢c-d, 139b-¢, 141e.

22 p1, Prm. 139b5-c2.
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that “every monad has a plurality correlative with it, and every plurality is comprehended
under some appropriate monad.”*** Proclus, it would appear, is indicating that every
monad (i.e. every instance of a single discrete object), at least in respect to its
mathematical properties, has the essential characteristic of being multiplied into an
infinite number of pluralities of itself, and that every multiplicity, whether it is a
multiplicity of specific objects or an abstract arithmetic multiplicity, represents a plurality
of the type of monad in question. In stating that “every plurality is comprehended under
some appropriate monad,” Proclus’ intended interpretation may be twofold; for in
addition to explaining that each multiplicity is defined by a specific monad of the type in
question, he might also be indicating that every specific plurality is governed by the
universal paradigm of the monad, which, it would seem, represents one aspect of the
activity of the ontological One, that is to say, the One in the capacity of the totality of
existence, as opposed to the mathematical unit principle.

The ontological One must thus be distinguished from a mere mathematical
monad, of which infinitely large multiplicities are possible, and which is divisible into
infinitely miniscule fractions of itself. The ontological One, in contrast, cannot be
understood in a purely mathematical sense, and therefore cannot be multiplied into a
plurality of instances in the same sense as a purely mathematical monad, though it may
be considered to be a multiplicity in a certain qualified sense; for Proclus states in his
commentary on the Alcibiades, to which Dillon and Morrow make reference, that “As we
have said elsewhere about the dialogues, each one must possess what the whole cosmos
possesses...”*** This plurality of the One within itself is a possible resolution for the
problem of the first hypothesis, according to which the One is indefinite, and therefore
indivisible and unable to admit of multiplicity within itself. The plurality of the One must
be within the One, as the multiplicity of the One outside of itself would be untenable; for

in such a case it would still be necessary for all such realities to belong to a single

233 Procl. In Prm. 620. In Proclus’ Commentary on Plato’s Parmenides. ed. and trans. John M. Dillon and
Glenn R. Morrow. (Princeton, New Jersey: Princeton University Press, 1987), 21.

34 procl. In Ale.10.3ff. In Proclus’ Commentary on Plato’s Parmenides. ed. and trans. John M. Dillon and
Glenn. (Princeton, New Jersey: Princeton University Press, 1987), 3. Cf. Procl. In Ti. 430.30-431.5. In
Proclus, Commentary on Plato’s Timaeus Volume II. Ed. and Trans. David T. Runia and Michael Share.
(Cambridge: Cambridge University Press, 2008), 317.
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structure of being, and the multiplicity of all such realties would necessarily account for
the intelligible principle of plurality. In this scenario, there would be, at best, no
functional difference between the existence of multiple realities and that of a single
reality alone. The multitude of realities would thus represent a system containing
unnecessary redundancies, which would add nothing to the solution to the question of the
manner in which the One might account for multiplicity. The multiplicity of the
ontological One must therefore be a plurality of instances of the One within itself.

The structure of this intelligible first plurality also accounts for the indivisibility
of the ontological One; for since each Form must be related, either directly or indirectly,
and either through containment or some other type of rational connection, to all others,
each tangible entity therefore also participates, however imperfectly, in the entirety of the
One. For the One to be divisible in the unequivocal sense would also imply that the One
is composite, since as Sayre (1983) indicates, the characterization of a certain object
according to a whole or parts implies composition, a quality which is contrary to the
accurate articulation of the Forms.*> If the One is understood to be composite, then it
follows that each of the individual Forms must exist prior to their integration into a single
cosmic model. Such a result would be absurd; for if each of the Forms is already
connected in some respect to all others, as Proclus argues, and as the explanations of
collection and division suggest, then the singular structure of the intelligible is already
predefined within its parts, such that the essential connections by which the Forms are
inextricably bound together are already in place. In this scenario, if the One is stated to be
composed, then it is impossible to explain how it might be considered as such, since the
Forms are already complete in their connections to one another.

Thus, if the One is understood to be composed, it must be assumed that prior to
the integration of the Forms into the One, they would not contain within them the
singular structure of the intelligible. We may thus rule out the possibility of the
composite one; for both the assembly of the Forms into a composite One, and the

addition of the totality of the intelligible to the Forms are contrary to the definition of the

33 Kenneth M. Sayre. Plato’s Late Ontology: A Riddle Resolved. (Princeton, New Jersey: Princeton
University Press, 1983), 23. Cit. Pl. Prm. 131a5, 137¢7-d1, Sph. 245a1-2, Tht. 205a4-5, Phd. 78c6, R. V.
476a6-9.
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Forms, for they violate the specification in the Timaeus that the intelligible must be
“always in the same way.”>>® Thus, to state that each sensible entity participates in a
specific Form does not imply that it participates in a particular part of the One, but rather
that it participates, albeit imperfectly, in the One altogether. Such adherence occurs in
several senses simultaneously; for each specific tangible being is not only numerically
one, but must also be in accord with the entirety of the One through the essential
connections of the paradigm to which it adheres.

The paradigm that governs the entity in question must, in turn, obey the
mathematical rules that dictate the patterns of the structure and activity proper to it, even
as it also partakes in the activity of defining them; for if the model of the cosmos is to be
entirely unchanging, as Plato has indicated to be the case, then it must be immediately
complete, such that the paradigms that constitute the objectives of mathematical
principles must dictate the parameters of these laws and formulae even as they depend
upon these same rules for their own essential characteristics. Through these aspects of
their adherence to the intelligible model of the cosmos, sensible beings, though they
cannot be called fully identical to the One, nonetheless belong to it and may be likened to
it. It is in this respect that, as Dorter explains, “The One must be both other than other (by

definition) and the same as the others...”*’

It stands to reason that only by their
simultaneous difference and sameness with respect to the One are specific entities
capable of being properly distinct from one another within the One. It is therefore in this
respect also that mathematical operations are possible, for the One must account for
numerical equality and inequality. The structure of the One is therefore such that the
same principle that allows for distinction amongst the paradigms belonging to the
intelligible is also that which is the foundation of the laws and formulae governing the
specifications of shape and movement defined within these paradigms; and though its
definition is not solely confined to that of the mathematical unit, it represents the first

instance of any object to be numerically one. This first instance of the unit value

simultaneously encompasses the entire multiplicity of all entities, and thus the Many

26 Qee . 8.

27 Dorter. Form and Good in Plato’s Eleatic Dialogues: The Parmenides, Sophist, Theaetetus, and
Statesman. 56. Cit. P1. Prm. 145e-147b
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belongs essentially to the One, and those things counted among the Many, in that they are
different from the One while being within it, must strive for the One as the pattern from
whence they originate. Since it is therefore both the point of origin and the final point of
convergence, the One is therefore, as Dorter interprets from the first and second
hypotheses, both a limit as well as unlimited.”*® It is a limit insofar as it represents the
highest extent of excellence for all of existence, and is the source of the parameters of
order within the cosmos; yet it is simultaneously unlimited inasmuch as it is the

foundation of infinite mathematical multiplicity and magnitude.

5.2 The Undying Draftsman: Mathematical Truth in the Intellect of the
Demiurge, and Its Relation to Knowledge in the Human Mind

The plurality that abides within the One is defined not only in the multiplicity of
paradigms within the intelligible, but also in the instantiation of the eternal model of the
cosmos on the level of the tangible. Plato explains in the Timaeus that it belongs to the
Demiurge to desire other things to be like himself, based on the fact that he is good, and
therefore cannot be jealous.” Since the process by which the Demiurge makes other
things to be like himself is that by which he constructs the sensible cosmos according to
its intelligible model, it must follow that this model not only belongs properly to the
Demiurge, but also that the model is the Demiurge. In the Timaeus, one of the two types
of causes described by Plato, is that by which entities are “made distinct out of thought,
and each time, bring random chance to completion.””* Since the process by which the

Demiurge constructs the sensible cosmos is stated to involve the proportional ordering of

3% Dorter. Form and Good in Plato’s Eleatic Dialogues: The Parmenides, Sophist, Theaetetus, and
Statesman. 60. Cit. Pl. Phlb. 23¢-25b, Sph. 246a-c. Dorter states that the understanding of the One as a
limit relates to its definition as “beyond divisibility.” This explanation might imply that, despite being the
origin to the unit principle that constitutes the foundation of mathematical operations, or perhaps because of
its significance in this capacity, the One cannot be subject to the mathematical principles belonging to it in
the same manner as a tangible, spatially limited object; for within the intelligible, the laws of mathematics
and the paradigms governing the sensible are dependent upon one another in a reciprocal manner, as
opposed to the somewhat passive subservience of the tangible to these laws. Dorter notes that this
differentiation is an anticipation of the discourse concerning the distinction between the limit and the
unlimited in Philebus 23¢-25b and Sophist 246a-c.
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the elements,”*' it must follow that the type of construction is that of primary ordering out
of indistinct chaos, as opposed to the other type of creation, which comes not only from

242 For the Demiurge to construct the

intellect but also from “beautiful and good things.
cosmos in a derived manner such as this rather than that of the primary ordering out of
chaos would suggest that the intelligible model of the cosmos is outside of the Demiurge.
Such a manner of construction indicates that the thing which is created is made in
imitation of a model which is outside of the craftsman; yet since the construction of the
sensible cosmos according to the model described in the Timaeus is characterized by the
Demiurge’s will to make his work to be like himself, it must follow that the intelligible
model is indeed the Demiurge. The separation of the Demiurge from the cosmic model
would, moreover, contravene the requirement stated in the Timaeus according to which
the cosmic model is not subject to potency;>* for if the cosmic model is separate from
that which communicates it to matter in the construction of the sensible cosmos, then it
requires an external agent to carry out this task, and is thus subject to potency; yet the
cosmic model cannot be subject to potency, and thus it cannot be separate from the
Demiurge.

We may therefore easily infer that the model containing the mathematical
foundations of the cosmos must also actively perform calculations according to these
formulae, and given that the model wills all things to be like itself, it must share with the
sensible world the laws and formulae contained within it, and order them in such a way
as to allow them to function in a continuously active manner as the patterns of structure
and motion within reality. Livio (2009) appears to concur with this interpretation of the
Demiurge as described by Plato, as he states that “...for him, the mathematical character
of the world is simply a consequence of the fact that “God always geometrizes.”*** The

type of geometric activity in which the Demiurge is constantly engaged certainly cannot

**!'See n. 88, 91, 108.
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be of the same sort of which Socrates finds mortal geometers to be guilty;*** for the
Demiurge’s apprehension of geometry pertains directly to the objects of knowledge, as
opposed to the method attributed to mortal geometers, according to which contrived
diagrams are mistakenly regarded as the sources of mathematical knowledge. Not only
does the Demiurge’s geometric apprehension therefore attain the Good unfailingly, but it
also does so without the need for any type of sensible intermediary. It differs also from
the manner in which the human intellect grasps at the intelligible; for the apprehension of
mathematical principles on the part of the Demiurge begins and reaches its completion at
the level of vomoig.

The human intellect, though it always contains the image of the intelligible, does
not immediately possess it in a perfect manner, and so the mind must restore its
apprehension of the objects of knowledge to a completed state. Socrates, as we have
previously observed, demonstrates in the Meno that this restoration occurs within the
human mind by means of recollection, whereby through inquiry, that which is already
within us is made accessible to our faculty of articulation.**® We have noted also that the
process of this recollection seems to imply the re-assembly of the structure of the cosmos
within the human intellect, since Plato makes reference in the Timaeus to the “wandering
patterns,” or memAavnuévar, within the soul, stating that we must stabilize these patterns
in order for them to attain greater likeness to those of the Demiurge.**” The special
significance of mathematical knowledge is, furthermore, indicated by Plato’s
specification that the stabilization of the memlavnuévar occurs through the development

of skill in the activity of calculation.**®

It may therefore be said that mathematical
knowledge fulfills a crucial constructive function in the ordering of the rational
framework of the objects of knowledge, both at the level of the intelligible and as

apprehended by mortal faculties.

5 See n. 165.
6 See n. 157
T PL. Ti. 47¢2-3. ppodpevot g Tod 0od Taviag dmhavels oBoag

8 Seen. 151.

115



Plato lends further credence to this postulation in the Republic by indicating that
those who excel naturally in mathematics display similar aptitude in all areas of scholarly
inquiry, while even those whose aptitude for mathematics is initially weak become more
adept in other disciplines by honing their mathematical ability.*** Taken in conjunction
with Plato’s explanation of the role of calculation, or Aoyioudg, in the reconfiguration of
the orbits of the human vy, it seems to follow that the role of mathematics in the
attainment of knowledge is that of refining and ordering the image of the cosmos within
the human intellect. The identification of the human yvyr is demonstrated in Timaeus’
account of the construction of the mortal soul by the lesser gods begotten by the
Demiurge, in which he states,

...emulating their own creator, they borrowed as many portions of fire, earth, water,
and air from the cosmos as would be given again, and assembling those that had
been taken into a single structure, they did not bind the loose pieces together as
though with fetters, but rather they fused them into one structure by the smallest
pieces using invisible bolts, completing all of them each one by one, they bound the

orbits of the immortal soul into an ebbing and flowing body.**’

There are therefore several possible explanations for the process of re-aligning the orbits
of the soul through mathematical inquiry. We may suggest, as has been previously stated,
that the attainment of excellence in the activity of calculation enables us to perfect the
image of the cosmos within our minds in accordance with that of the Demiurge, an
interpretation which, as we shall soon observe, may be, to some extent, compatible with
the other explanations.

We might, for instance, posit that the alignment of the orbits of the soul implies
the departure from false belief and the stabilization of correct belief toward true
knowledge. As Fine (2003) explains, the superiority of knowledge to true belief,

according to Plato, is a function of its connection to an aitias logismos, interpreted by

2 Qee n. 175.
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Fine to signify an “explanatory account,” which, as Plato indicates, is constructed by
means of recollection.”®! True belief might then be described as accidental, such that, if it
is identified with the orbits of the soul, it might be likened to a motion whose speed and
direction are only correct by chance, and might therefore be diverted from its appropriate
path by some external influence which misleads the mind toward false belief. The
movement associated with true knowledge, however, would imply a correct pattern of
movement that is formulaically defined in such a way that it is not prone to being
distorted in its trajectory by the influence of misconceptions.

As with the previous theory, mathematical knowledge functions in this case as the
rational foundation by which truth is possessed in a non-accidental capacity. Similarly to
the previously stated postulation, Aoyiopdg is instrumental in furnishing the foundations
of the essential rational connections between the images of the Forms belonging to the
human intellect; or rather it illuminates those connections that are already present, but
have hitherto been unavailable to the faculties of articulation. We must also note that in
the passage cited by Fine, Meno 98a, the turn of phrase used by Socrates does not
explicitly indicate an explanatory account as Fine suggests; for Socrates rather states that

99252

“something must bind the causes themselves to reasoning.”””” This interpretation

nevertheless largely agrees with Fine’s explanation, providing the same argument

»! Gail Fine. “Inquiry in the Meno”, in Plato on Knowledge and Forms: Selected Essays. ed. Gail Fine.
(Oxford: Clarendon Press, 2003), 58. At citation 19 (p 50) of this article, Fine explains that regardless of
whether Meno 98a is interpreted to indicate that knowledge constitutes “justified true belief,” it is certain
that “Plato offers only one definition for knowledge.” Beginning in the previous passage, Socrates tells
Meno, “For true beliefs, which ought to remain for some time, accomplish beauty and all necessary and
good things; yet they do not wish to remain for a great deal of time, but rather they flee from the human
soul, and so they are not of much value, until something should bind the causes themselves to reasoning.”
(P1. Men. 97¢-98a.) According to this passage, the interpretation of Plato’s definition of knowledge as
“justified true belief” appears to be largely correct, though perhaps not sufficient. It might rather be said
that such true belief is not simply justified, but also bound to the rational structure of the intellect, such that
we do not merely accept them as truth on the basis of trust, but rather are able to explain the scientific
causes behind them through independent inference. They are not only reliably anchored against influences
that might otherwise push them astray, but are also capable of guiding our inquiry along further paths
toward apprehension of reality. In citation 26 (p. 55), Fine also considers Plato’s identification of the
construction of the explanatory account with recollection (P1. Men. 98a), and specifies that some
explanatory accounts, such as that by which one might know the way to Larissa, need not necessarily occur
through recollection. This observation is significant for the distinction between essential scientific
knowledge and awareness of those propositions whose truth or falsehood is relative to opinion or
convention.
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regarding the differentiation of knowledge from true belief. It serves to demonstrate,
moreover, the significance of Aoyiouog as a connective and constructive activity that is
instrumental in binding scientific laws and paradigms together within the human intellect.
It is also worthy of our consideration to note that Aoyiopdg carries the connotations both
of reasoning and of calculation.” It may be used in a seemingly non-mathematical
capacity to imply the activity of reasoning in a more general sense; yet the previously
stated significance of calculation as it pertains to the analysis of the motions of the
heavenly spheres, and, in turn to the stabilising of the orbits of yvyn may point to a
simultaneous dual meaning of Aoyiouog in the contexts of the Meno and the Timaeus,
such that Aoywopog as it is discussed in Plato’s thought identifies the activity of reasoning
as a type of mathematical calculation.

Regardless of whether Plato understands all inference as an unequivocally
mathematical activity, his identification of mathematics with the foundation of the
activity of reason is largely unmistakable, considering both the importance of calculation
in the ordering of the orbits of the human soul, and the role of mathematical reasoning in
the attainment of knowledge in all scholarly disciplines.** It seems also to be the case
that mathematical knowledge does not necessarily, in itself, propel the soul toward the
Good, for Plato, as we have noted before, takes issue with the tendency of the
mathematicians of his time, to treat abstract geometric structures as the objects of
thought.”>> Shapiro (1997) elaborates on the implications of this error, explaining that
later geometers, including Euclid, use language that suggests construction and motion in
discussing abstract geometric objects, and thereby make the mistake of attributing these
characteristics to those things which, according to Plato, ought to be regarded as “eternal
and unchanging.”**® A further problem with the approach against which Plato argues, is

that those things being treated as the objects of science are human contrivances as

3 Liddell and Scott. Greek-English Lexicon with a Revised Supplement..1056.
¥ Seen. 175.
3 See n. 165.

236 Stewart Shapiro. Philosophy of Mathematics: Structure and Ontology. (New York: Oxford University
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opposed to models belonging to the intelligible. To be sure, they are constructs of the
human mind derived from the principles belonging to paradigms. The accurate
construction of these contrived models would, furthermore, require correct apprehension
of the laws of geometry as defined within the intelligible, and as such they prove to be
unreliable; for since their accuracy is contingent upon the correct apprehension of
geometric paradigms on the part of the geometer, one whose comprehension of geometry
at the level of the intelligible is poor will be inclined to produce flawed diagrams; and
since these diagrams are flawed, the inferences made from them will be similarly
erroneous; and moreover, any student of geometry, regardless of innate talent, might be
led to incorrect conclusions as a result of false premises if there are errors in the diagrams
produced by their instructor.

Patterson (2007) states that according to Plato’s position, the representation of
intelligible principles by sensible means is admissible, and perhaps even necessary, for
“the discovery and proof of geometrically interesting theorems...” He clarifies, however,
that the geometer must account for the ontological and epistemological context of the
theory being represented diagrammatically.”>’ That is to say, the geometer must
acknowledge, and, where necessary, specify to others, that the visual model is merely an
articulation of a principle which cannot itself be perceived by means of sensory faculties.
The geometer must also take into account the relation of the logical structure of the proof
in question to the essential characteristics of the relevant principles, along with their
context within the intelligible as it is considered altogether. It is therefore quite evident to
us that although mathematical knowledge is necessary for the ascension of the soul
towards the Good, it is nevertheless not sufficient; for rather than treating mathematical
logic in a purely abstract manner, a philosophical mathematician must examine it in a
dialectical manner, so as to consider the orbits of the World-Soul as specified in the
Timaeus.

The approach of the philosophical mathematician is differentiated from the non-
philosophical study of mathematics by several characteristics. Firstly and perhaps most

importantly, the philosophical mathematician always recognizes that the stepwise

27 Richard Patterson. “Diagrams, Dialectic, and Mathematical Foundations in Plato”, Apeiron: A Journal
for Ancient Philosophy and Science 40, no. 1 (March 2007), 2.
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formulation of inferences is merely the attainment of eternal, ontologically simultaneous
truths. Philosophical mathematics also does not assume diagrammatic representations of
geometric principles to be true sources of knowledge, but rather recognizes them as
derivations of human apprehension of mathematical laws. Accordingly, the philosophical
mathematician does not place undue faith in diagrammatic representations, but rather
seeks to verify the accuracy of the reasoning on which the diagrams are based, and
considers, more generally, the activity of our mathematical reasoning in the construction
of diagrammatic images. Philosophical mathematics also cannot restrict itself in the scope
of its inquiry; that is to say, upon the confirmation or refutation of a particular theorem, it
must then consider the implications of that conclusion within a larger scientific context,
considering what other truths must follow from what has been determined, not only at a
purely mathematical level, but also, where applicable, in terms of their significance for
physical reality. As we shall soon observe, the full significance of mathematical inquiry
in the movement of the soul towards the Good is dependent upon the structural relation of
soul to intellect according to the model presented by Plato, and therefore upon the exact
explanation of all that is implied in the alignment of the orbits of the human soul in such
a way as to attain likeness to those of the Demiurge.

Within this model, Plato does not appear to equate intellect precisely with yoyr,
but rather suggests that the former belongs to the latter. The account presented in the
Timaeus states that the Demiurge imbued the corporeal structure of the cosmos with yoym
“by means of calculation and intellect in soul.”>*® This passage appears to draw not only a
distinction between vodg and yoyr, but between vod¢ and Aoyiopdg. It particularly
suggests that vod¢ and Aoyiopog are contained within yoym. This interpretation appears to
agree with that which is presented by Mohr (1982), who aims to demonstrate that the
Demiurge, as pure reason, does not constitute yoyr|, but rather vodg independent of yoyn.
Mohr contends that, contrary to the argument presented by Cherniss, vob¢ need only be
within yoyn in those instances in which it is contained within an entity that does not, in

itself, constitute pure reason.”>> According to Mohr’s argument, it would seem that yoyn
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% Richard D. Mohr. “The Relation of Reason to Soul”, in The Platonic Cosmology. ed. Richard D. Mobhr.
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is to be understood as the means by which vodg bound within a corporeal vessel is able to
communicate reason to that which contains it. This function is confirmed in 7imaeus 43a-
b, in which Plato states that the soul “carried life and was carried by it,” and that it

»260 plato also indicates that yuyn contains the

“moved the whole of the living thing.
emotional and possibly appetitive characteristics of the human consciousness, for he
states that in constructing the human soul, the lesser gods created by the Demiurge added
these characteristics in the following manner,
“...secondly mixed in pleasure, pain, and love, and following these they also added
fear and courage, and added others besides, with as many opposites; and if mortals

are strong, they will live according to justice and prevail over injustice.”*’

Based upon this passage, we may observe, firstly, that action in accordance with justice
requires dominion of the rational aspect of the soul over its more chaotic elements, and
secondly, that the various characteristics of emotion contained within the soul, as pairs of
opposites, constitute extremes between which the intellect must guide the soul toward a
just balance.

The second observation agrees with an element of mathematical precision in the
apprehension of justice, for each set of opposites might be seen as a range between which
the intellect must calculate, in a certain sense, the noblest mean value between the two
extremes. The concept of acting in a just manner by way of control, and thereby
prevailing over injustice, is compatible with the explanation of the just soul as set forth in
the Phaedo as well as the Republic. In the former of these texts, O’Connell (1997) notes a
dualistic relation between the human soul and the corporeal vessel in which it is
contained. This relation, as O’Connell states, is one of “ethical antagonism,” within
which the influences of the body and the soul are at cross-purposes with one another, for

while the soul strives for wisdom, the body diverts the consciousness with appetitive

Criticism of Plato and the Academy 1. Baltimore: John Hopkins Press, 1944. Cit. P1. Sph. 248¢6-249d4,
after Fowler.
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temptations and potentially misleading sense experiences.”* It may not be by mere
chance that in this relation, we are able to perceive a comparable distinction to that of the
corporeal and intelligible on a larger cosmic level. Such a postulation, however, would be
more compatible with the structure of the human soul as described in the Republic.
Brennan (2012) suggests that the spirited portion of the tripartite structure of the soul
fulfills a similar purpose for humans to that of the World-Soul within the cosmos as a
whole, inasmuch as it functions as an intermediary between the intelligible and the
corporeal, communicating with both and enabling the former to govern the latter.*®® The
only plausible explanation for this interaction is that the rational soul must communicate
its apprehension of the intelligible to the spirit; and it stands to reason that the more
closely the rational soul approaches to the greatest possible extent of its perfection, the
greater the similarity will be between the intelligible as it is apprehended within the
human intellect and the intelligible as it truly is according to the Demiurge.

We must also consider Plato’s account of the construction of the human soul by
the lesser gods, in which he states that they emulated the work of the Demiurge.*** We
have also observed that the soul is described as possessing orbits, the perfection of which
brings them to emulate those of the Demiurge, and that a clear distinction is drawn
between intellect and soul. Thus, if the human soul is fashioned in the image of the
World-Soul, and the perfection of the human intellect is the articulation of the intelligible
according to the structure of the eternal cosmic model, then it would appear that the
structure of the intellect within the soul reflects the duality of the cosmos, with the
intellect as a parallel to the cosmic model.

Since vod¢ and Aoyiopodg are instrumental in the task of yoyn being imbued into a
corporeal structure, it would seem that part of the significance of Aoyiopuoc in the

alignment of the orbits of the soul is the task of understanding the divergence of the soul

%62 Robert J. O’Connell, S.J. Plato on the Human Paradox. (New York: Fordham University Press: 1997),
114-115. Cit. PL. Phd. 68b-81b.

263 Tad Brennan. “The Nature of the Spirited Part of the Soul and its Object”, in Plato and the Divided Self.
Eds. Rachael Barney, Tad Brennan, and Charles Brittain. (Cambridge: Cambridge University Press, 2012),
123, Cit. P1. 7i. 31c.
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from its perfected state through its entry into a tangible vessel; for Plato explains in the
Timaeus the result of the binding of the soul into a corporeal structure, describing this
aspect of the imbuement of body with soul as follows,
These things, pressed together in a stream were not strong, and did not hold their
ground, and so they carried life, and were carried by it, and moved the whole of the
living thing, falling randomly and irrationally into disarray, and had six types of
motion altogether; for it moved back and forth between the right and the left, and

. . . . . . )
mindlessly downward in all directions, wandering toward six areas.”®’

Since, as we have previously noted, it appears to us as though the soul is structured
according to a duality that emulates that of the intelligible and the sensible, we may draw
several important conclusions regarding what it means for the soul to behave according to
the Good. We must state, firstly, that since this duality is merely an instantiation of the
overall structure of the cosmic model and the World-Soul, it is given to imperfection. As
a result, it may happen that the intellect either does not hold dominion over the spirited
and appetitive aspects of the soul, or, if it does govern the lower realms of the soul, but
has not attained sufficient apprehension of the intelligible, it will not be able to
communicate the perfection of the cosmic model to the lower soul in such a manner that

the latter emulates the structure and motion of the World-Soul.

In our earlier consideration of the connection between intelligible mathematical
principles and epistemology, we posited the connection between human mathematical
knowledge and justice to be such that through precise understanding of the principles of
mathematics as they are operative in the natural world, we are able to determine the
manner in which we ought to behave as components of that system. This observation
appears to be expressed by Gadamer (1978), who suggests that the interplay of the
rational and appetitive portions of the soul is “subordinated to the root principle of mass

99266

and measure...””” We have also suggested that the role of these laws in the governance of
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a political community would be to ensure that it would attain the greatest possible extent
of ape by allowing it to function in such a manner as to survive eternally in the manner
of the cosmic model. Planinc (1991) argues, however, that the use of the city as a parallel
to the human soul is not meant to be interpreted literally, and even rejects the notion that
the definition of justice presented in the Republic constitutes an explanation of political
justice.” Even if we assume Planinc’s argument to be correct, his position does little to
diminish the clear relation of mathematical apprehension of natural laws on the part of
the intellect, to action in accordance with objectives belonging to justice as defined
within the intelligible. Indeed, the reasoning given by Socrates and his companions for
the use of the structure of a city as a parallel for the individual human soul is that, as
Planinc explains, Socrates “...would first describe justice in a bigger thing, a city, in
order that justice in a smaller thing, a soul, might be seen more easily afterwards...”*®
While the image of the city described in the Republic may be intended only as a parallel
to illustrate more easily the definition of justice on the level of soul, it nevertheless
proves particularly effective in explaining the manner in which the intellectual properties
of the just soul translate into the behaviour of the individual in the context of both the

political community and the natural world as a whole.

Mathematical knowledge, as we have previously noted, informs just existence
based on awareness of the finitude of tangible substance, as well as a comprehensive
understanding of the cycles governing the functionality of nature. As such, the just person
will be wise enough to eschew the excesses of the luxurious city,269 whose inhabitants,
through their folly, face eventual death, whether by starvation or by violent conflict with
their neighbours. When a political community is governed by those with correct
apprehension of the activity of nature as governed by temporal cycles,””° and of the

finitude and perishability of sensible substance, it has the capacity to be regulated in such

%67 zdravko Planinc. Plato’s Political Philosophy: Prudence in the Republic and in the Laws. (Columbia
and London: University of Missouri Press, 1991), 53.
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269 See n. 202.
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a way that its use of natural resources does not outpace the cycles according to which
they are replenished. In the Laws, Plato appears to give more precise consideration to the
manner in which such knowledge might be applied to the task of statecraft. The city of
Magnesia, as noted before, is structured so that it has a population of 50, 000, with a total
of 5,040 households, with the latter of the two numbers being considered particularly
suitable for the division of wealth and labour due to the fact that it has 59 divisors,

including the first 10 positive integers.”!

If there is a measure of continuity between the
Republic and the Laws, Magnesia may similarly represent, albeit in a possibly more
literal capacity, a parallel for the structure of the just soul. Planinc does indeed identify
such a connection based on the comparison of the Nocturnal Council to the human

272 In the passage in question, Plato speaks of “...merging the image of the intellect

voug.
in the head with the community...”*” In this case, it may be that the direction of Plato’s
inquiry in the Laws is, to a certain extent, the opposite of that which occurs in the
Republic; for in the Republic, the city was used as a model for the examination of justice
within the soul, whereas in the Laws, the seat of reason, seemingly already established, is
characterized as the cornerstone for the governance of the city. It would also appear to be
the case that the Laws connects the relation of astronomy to the soul as discussed in the
Timaeus with the principles of statecraft presented in the Republic. As Planinc explains, it
is through the studies of arithmetic, geometry, and astronomy that the citizens of
Magnesia are able to raise their souls toward the divine. Through the studies of geometry
and astronomy, they also come to understand the manner in which the growth of their city

27 Thus the work of the Nocturnal Council becomes akin to

follows a circular pattern.
that of the Demiurge; for their leadership has the effect of raising the citizens of
Magnesia towards the Good, while ordering them in a manner that might be likened to

the Demiurge’s ordering of matter towards a cosmic state.

7 Seen. 212.

272 Planinc. Plato’s Political Philosophy: Prudence in the Republic and in the Laws. 215. Cit. P1. Lg. XII
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The role of mathematics in the tasks of statecraft and military leadership, and the
possible parallel of these orderings to that of the cosmos, are consistent with the
significance of mathematical knowledge as described in the Republic. In the Republic,
Plato notes that geometric principles ought to be implemented in military strategy, stating
their use in “...charging toward enemy encampments and other objectives, gathering and
extending armies, assembling encampments, and formations of movement in
encampments and in battle...”*”> As we have previously observed, Plato’s language in
describing the ordering of matter toward a cosmic state suggests a parallel between the
structured gathering of atoms and the direction of military formations,”’® and may thus
imply the application of mathematical principles in the regulation of human activity in
accordance with natural principles. Plato demonstrates, furthermore, that astronomy is
similarly significant in the governance of the political community, given that it proves
invaluable in “...having effective observation of hours and the anniversaries of months,

»2"7 The application

not only for farming and navigation, but also for military strategy...
of astronomy to such purposes as these would imply the ordering of the political
community in consonance with the heavenly orbits, and according to the Timaeus, it is in
this manner as well that the individual soul ought to be ordered.?”® Thus, when the
activity of the polis is conducted according to the heavenly orbits, the perfection of the

individual soul may be translated into that of the entire political community.

5.3 Construction and Optimization: Investigating the Function of Geometric
Matter in the Activity of Form and the Ascent of Sensible Being Toward its

Perfection
As we have observed previously in examining the Timaeus, the Demiurge, being entirely

good and without jealousy, wills all other things to be like himself. As Plato explains,
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potency, or dHvaypug, as with jealousy, does not belong to the Demiurge.*” The Demiurge
also explains to the lesser gods, whom he has placed within the sensible heavens, that the
universe is incomplete without the generation of mortal entities.**® It therefore stands to
reason that all things willed by the Demiurge must be carried out. On this basis, it is clear
that since it belongs essentially to the paradigms governing sensible entities to be
instantiated on the level of matter, it stands to reason that the atomic specifications of
sensible beings must, in some regard, be defined on the level of Form.

From this observation it is readily evident that the elemental solids as they are
described in the Timaeus must be defined in some respect within the model of the
cosmos. Just as Form must be brought to its completion through application to matter, it
has been suggested that it belongs essentially to matter to be subordinated to Form. As
Kutash (2011) explains, such a position is presented by Proclus, who maintains that
“matter is not simply a passive hupokeimenon, a recipient of Form prior to its activation,
but an active component and even opponent of Form.”**! Assuming that Proclus’ position
1s correct, we must infer that matter must indeed be defined on the level of the
intelligible, and that, as we have considered earlier,”®* the mathematical operability of
matter requires that it allow for the possibility of conflicting with the Good. We are
therefore faced with a strange paradox, for since matter must allow for all mathematical
variations that are possible given the properties of its movement, it must also allow for
deviations which are contrary to the schematics of the intelligible. We consider here the
interplay of reason and necessity, and the manner in which the former essentially
mandates this interaction.

In our previous consideration of mathematical principles in relation to Plato’s
explanation of matter, we postulated that the most likely theory for the correct definition

of the elemental solids was that each of the triangles constitutes a triple tuple related to a
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three-dimensional coordinate system. According to this theory, each of the initial right
triangles comprising the solids, which, in number, would be 8 for pyromorphic solids, 16
for aeromorphic solids, 40 for hydromorphic solids, and 48 for geomorphic solids, would
represent a mathematical gathering of prime particles (i.e. a particle of matter about
which no definitive statement may be made, save that it is the most basic unit of matter).
Each vertex of each triangle would then represent one of the variables for the x, y, and z
as the spatial location of a single particle. Some of the vertices of the right triangles
comprising these solids will be shared between triangles, thereby implying axes of spatial
alignment between two particles. These alignments of triangles would constitute clusters
of prime particles moving together with one another in formation.

Under this system, the various measures of speed and sharpness>*” attributed to
the solids would be defined according to the number of interdependent triple variable
tuples corresponding to the spatial locations of the particles contained within the cluster.
For instance, tetrahedral fire solids would contain only eight prime particles moving in
formation according to the relations in distance defined by the differences in value
between the x, y, and z variables corresponding to the location of each particle belonging
to the solid. As such, whenever one particle of a pyromorphic cluster is propelled in a
certain direction, there will be very few other particles that are required to “catch up”
with the particle set in motion. The agility of a pyromorphic cluster is also a result of the
fact that fewer particles are required to make course corrections in the event that one of
the particles should have the direction of its movement altered. The larger particle
clusters, being more ponderous in their movement due to the greater number of particles
which must move in formation, will not have strong resistance against the smaller, more
agile clusters, and will thus be easily dispersed by them. As we noted earlier, Ostenfeld’s
interpretation of the elemental solids appears to be compatible with this postulation, as he
suggests that the solids are neither fully geometric nor fully tangible, but rather
intermediate between both classes in some respect.”** Friedldnder’s explanation of matter

according to Plato’s description of the elemental solids also appears to support the

283 See n. 110.
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identification of the elemental solids as patterns of motion followed by prime particles,
for he describes matter as being “something like “space” and at the same time something
like “stuff”...” Immediately before this description, he also states that matter can only be
defined when it is in a certain state, providing the examples of stones and clouds.?
Friedldnder’s characterization of matter as comprehensible in its various states rather than
according to the prime particles themselves seems to lend further support to the notion of
the elemental solids constituting patterns of motion as opposed to fully corporeal
structures. His simultaneous characterization of matter as space and stuff is also
compatible with Plato’s rejection of the principle of void within his atomic theory,**
since it accommodates the resulting requirement for elemental particles to be capable of
passing through one another.

Proclus presents a similar position as well, referring to triangles as “ideas of
natural science,” and stating that the three types of triangles, equilateral, scalene, and
isosceles, constitute a principle of unified plurality among things that are “in every way
divided and changeable...”” Proclus’ treatment of the elemental solids may add a
second simultaneous level to the operation of mathematical principles in sensible being.
In addition to constituting patterns pertaining directly to the motion of particles within
cosmic matter, the triangular structure may be a thought-symbol to signify unification of
multiplicity.

Concerning the position of chance and accident in the approach of sensible beings
toward the Good, the predetermined requirement for intelligible paradigms to be
expressed at the level of the sensible requires the possibility for tangible objects to
deviate from their perfection as that perfection is defined in the intelligible. The main
defining element within this type of order is the interaction of intellect with necessity.

Friedlander explains necessity as one of the two causes that are operative in the natural

*% Paul Friedlander. Plato: An Introduction. Volume 1. Bollingen Series LIX. trans. Hans Meyerhoff.
(New York: Bollingen Foundation, Inc., 1958), 250. Cit. Gaston Milhaud, Les Philosophes géométres de la
Grece (Paris, 1934), p. 293. Originally published in German as Platon: Seiswahrheit und
Lebenswirklichkeit. 2nd ed. (Berlin: W. de Gruyter & Co., Berlin, 1954), 250.
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world, though it is only a “concomitant or accessory cause.”*™ From this description it
would seem that necessity constitutes a force that must be subordinated to intellect in
order for the construction of the cosmos to occur, though it may not be possible to bring
necessity into total compliance with the intelligible. Necessity must remain active in at
least some regard, a truth which is evident to us not only through the tendency of the
sensible world towards imperfection, but also, as De Vogel (1986) demonstrates, based
on the requirement for “the receptacle — as it were, the nurse — of all Becoming...””® As
De Vogel notes, reason does not appear to suppress necessity altogether. Indeed it seems,
based upon De Vogel’s observations, that to suppress reason altogether would be
impossible, for sensible beings, upon being constructed would then be incapable of
motion, and thus unable to act according to the specifications by which they are defined
within the intelligible.

Based on the need for movement, the crucial interaction of necessity with intellect
may be partly, if not entirely, defined by transition and the operation of time. Based on
Timaeus 49a-50a, Cornford (1971) confirms our previous postulation that the elemental
solids should not be regarded as permanent, self-subsistent entities, but rather as

. 290
impermanent states.

We are at a loss to explain how this mutability is possible without
the inclusion of a temporal variable. Time, as Cornford explains, is stated in the Timaeus
to be governed by the movements of the heavenly spheres, and is understood as a

“moving likeness of eternity...”*"!

The problem that must be addressed in this case is that
of the infinite mathematical divisibility of time that might make all motion and activity

impossible. This concern is raised by Mills and Strang (1974), wherein Strang identifies a
significant difficulty of defining the relation between time and motion; for it seems that if
a sensible being is constantly in flux, then nothing definitive may be said about it; yet if it

at any point it is not in motion, then it may be altogether impossible for it to move at all;

88 Friedlander. Plato: An Introduction. 248.
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for if motion occurs over time, which is divided into an indivisible minimum unit, then
based on our prior observations of Aristotle’s treatise concerning indivisible lines, an
object that stops moving altogether will be unable to resume its motion.”** For this
problem, one solution might be to suggest two different levels of motion for the object in
question. One of these levels would constitute the particular motion or change occurring,
while the other would be equated with the rate at which motion occurs, an essential
property which would itself be in constant flux. As such, we are able to observe, with
respect to motion and time, a multi-layered interaction of the limit and the unlimited; for
the One, to which all being belongs, constitutes the limit insofar as it is the first point of
origin for all things; yet by means of its eternity, it is also, in a certain regard, unlimited.
Time thus constitutes a limitation of eternity, yet it is, in turn, infinitely divisible and
continues indefinitely. It must, however, admit to limited divisions of itself in order for
specific events to be possible, and yet in order to allow for these divisions, it must impose
a limit on the stasis of the object by including constant flux in its rate of change. Such is
necessary in order for sensible beings to approach the perfection of their nature as defined
within the Good. This system, must, in itself, be defined within the intelligible, and so it
must be that the One defines the Many, and that the Many ultimately returns to the One.
In this system, the Many is articulated within the One in three respects, or rather
in four, if we count the duality of articulations to be a real articulation of multiplicity. The
first of these articulations is that of the One as the mathematical unit principle, within
which all multiplicities, fractions, and other operations must be immediately defined. The
second is that of the multiplicity of paradigms defined within the intelligible, and the
third is that of the application of those paradigms to matter for the construction of
sensible substances, as mandated by the cosmic model’s desire for all things to be like it.
The first two articulations are mutually defining of one another, since the essential
structures and activities defined within the paradigms are governed by the same
mathematical principles that they themselves mandate, and it is according to the need for
these principles that they are defined as they are within the unit principle. These two

articulations are, in turn, defined by the requirement for the application of paradigm to

22 K W. Mills and Colin Strang. “Plato and the Instant”, Proceedings of the Aristotelian Society,
Supplementary Volumes 48 (1974), 65-7, 75. Cit. Pl. Prm. 183b4-5, 152b-c, 180b2-3, Arist. Phys. 187al-3,
cf. LI. 968a18-23.
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matter, and they are similarly responsible for governing the manner in which paradigm is
communicated to matter. The need for these three articulations of multiplicity might be
recognized as an articulation of multiplicity as well, and just as the requirement for the
inclusion of the other three articulations would necessitate an articulation encompassing
all of them, the fourth articulation would enable and define the other three articulations.
All of these articulations might be likened to certain dimensional principles. The first
might be associated with both the point and line principles, since it accounts for both the
single mathematical unit and the multiplicity of the same. The second might be likened to
the plane principle, since it contains the schematics that must be brought to completion at
the tangible level, while the third would be connected with the solid principle, since it
accounts for the application of paradigm to matter. The fourth articulation as the sum of

the others, might then constitute the symbolic 10 in its representation of perfection.
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Chapter 6: Conclusion
From the role of mathematical principles as specifications of structure, relation, and
motion as defined within the eternal model of the cosmos, it follows that the activity of
these laws as a single system is one of self-motion. This self-motion expresses itself both
within the structure of the cosmic model, as well as in the patterns of relation and
dependency belonging to the definitions of mathematical principles. First of all, based
upon the unchanging nature of the cosmic model, according to which it is, as Timaeus
notes, “always in the same way,” it follows that the model can never be in an incomplete
state, but rather is always fully perfected. Timaeus also states that the Demiurge, whom
we have previously identified with the cosmic model, “is not at all subject to potency.”
That is to say, nothing belongs to the cosmic model which must be brought to its final
objective by an external agent. There is therefore, within this model, no chronological
succession of cause and effect such as we would observe on a spatiotemporal level. All
processes of generation and alteration that would occur in a sequential manner among
tangible objects are represented simultaneously (inasmuch as the fact that intelligible
paradigms are non-temporal dictates that there can be no chronological distinction
between them), such that the final objectives of these processes define the initial phases,
as well as all other stages leading up to their completion. The definition of physical
causes and effects within the intelligible therefore translates into self-motion by means of
the fact that it constitutes a pattern of succession that is circular rather than linear; for at
the level of the cosmic model, the final results of all processes in nature (for instance, the
adult stages in the life cycles of insects) constitute the causes of the initial steps, which, in
turn, proceed towards the final objectives.

The same must also then be true of the processes of rational demonstration
belonging to the articulation of scientific truth. At the level of the intelligible, the
conclusion of any proof, whether a strictly mathematical proof or one pertaining to some

consideration within physical science, must define the same premises from which it
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follows, such that all steps in the demonstration are contained, in order yet also
simultaneously, within the truth that is determined from them. In the cosmic model, such
demonstrations thereby represent a logical structure that may be described as truth
articulating itself. The imperfection of the mode of inference employed by the human
intellect is therefore a function of its sequential structure, as well as its inclination to
concentrate on a single specific question. Our method of mathematical demonstration, for
instance, might be considered to be something of a dissection of the theorem that we are
attempting to prove or disprove, since it treats all supporting or refuting arguments
individually. Even as we use this method, we must nevertheless recognize that all of these
arguments are contained within the conclusion of the hypothesis that they aim to verify.
Additionally, in order to grasp the full significance of a tested hypothesis, both in terms
of the conclusion itself and the process followed in reaching it, we must consider such a
theorem within the larger context of the intelligible framework of reality. We ought to
explore, for instance, the ramifications of the proof or disproof of certain mathematical
theorems for the physical sciences. Questions of this sort would, in turn, require an
examination of the extent to which those laws which are expressible purely in the
language of mathematics, are instrumental in defining the structure and activity of the
natural world. Particularly worthy of our inquiry is the relation between mathematical
possibility and physical possibility, with respect to both the manner in which the former
governs that latter, and the way in which mathematical possibility surpasses the
limitations of physical reality.

Within the model of the cosmos, the principles of mathematics must follow the
same circular pattern of connection as all intelligible paradigms, both within the system
of mathematics and in relation to the objects of knowledge pertaining to tangible entities.
We have observed, for instance, that as it is defined within an eternal, unchanging model,
the unit principle must constitute the definition for all degrees of multiplicity and
magnitude. Magnitude, in this case, must act alongside multiplicity and must be
inseparable from it, such that all arithmetic values are also geometrically functional. The
unit principle therefore contains the definition of the geometric point, which contains the
definition of all lines, planes, and solids, as well as an infinite multiplicity of dimensional

axes. There can be no complete definition of points, lines, planes, and solids without that
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of the circle, for the laws that govern angles, which are articulated within the principles
belonging to the circle, are necessary for the full operation of all geometric structures. All
rules and concepts following from the definitions of points, lines, planes, solids, angles,
and circles, must be defined along with them, since the model of the cosmos is
unchanging and does not admit of potentiality, and thus no principle belonging to it can
ever be in an incomplete state. The circular relation of mathematical principles ought to
be a function of their connection to those paradigms pertaining specifically to the natural
world; for these paradigms are responsible for dictating the same mathematical functions
that are required to govern their essential specifications. These mathematical functions
are dependent upon rudimentary laws and operations, the structure and activity of which
is, conversely, defined according to the teleological objectives of the same functions of
which they constitute the foundations. The overall structure is such that the paradigms
governing tangible beings dictate the specifications of the same mathematical functions
that constitute their foundations, while the relation of these functions to their foundational
operations follows a similar circular structure. Thus, within the grand order of the
cosmos, the laws of mathematics hold an exalted position as the articulations of the
precision of the Good; for it is these specifications that act both as the foundations of

reason within nature, and the measures of perfection to which all nature seeks to return.
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