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Abstract

This thesis examines the nature and purpose of the Greek sciences dpiOuntikn, Aoyiotikn and
yveouetpio. in the texts of Plato. The statements of some other ancient authors are also
mentioned, and the relevant modern research is consulted. apiOuog is at any instance, as Klein
has already noted, ‘a definite number of definite objects’. In Plato’s philosophical apiBuntiky,
apOuog seems to always consist of ‘the odd and even’, or it is the ‘multitude of the
povadwv/units’, just as in Euclid. Many of the key concepts of Plato’s mathematics appear to
have a hierarchical order, or a duality (perhaps later called ‘Tpomodicuog’ process, progression).
Plato seems to employ a peculiar ‘oracular/religious vocabulary’ which is only recognized in
the original Greek sources. There is an obvious form of ‘spirituality’ in the entire philosophy of
Plato’s mathematics. The source of the mathematical concepts, and of the ‘Forms’, is from a
god (Prometheus?). The concept of the soul’s purification and ‘cotpia’ (salvation) is probably
one of the ultimate purposes of Plato’s mathematics, along with the aim of reaching the ‘Good’
and ‘Being’. apiBuntikn, Aoywotikny and yeopetpio draw the soul towards ‘Truth’ (“mpog
aAnbsiav”), and this is one of their purposes and an oft-mentioned theme by Plato. It is
concluded that Plato’s mathematics is in its broadest extent an all-encompassing study of the

very things (t@®v dvtwv) of nature and existence, in the background of a spiritual philosophy.

Keywords: ‘Plato’s philosophy of mathematics’, ‘apiOuntikry’, ‘Aoyotiky)’, ‘“yempetpio’, ‘oracular
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“11 10 coQMOTUTOV; APIOUOS”.

(One of the Pythagorean axobouata, in: lamblichus, Vita Pythagorae 82)

“mavTov o £veka TOOT®V 0VK APETEOV TO Hadnua, GAA" ol GPLoTOoL TAG PVGELG TULOEVTEOL £V ODTH.”

(Plato, Res Publica, VII: 526¢)

“In fact this question, of what we [the moderns] mean by number, is a greater stumbling-block than either the
interpretation of Plato’s dialogues, or the analysis of Aristotle’s account of Plato’s philosophy. [...] even if I did

supply an account it would be of no use, since it would be no more than one view among many.” (P. Pritchard,
1995, 36)

“Therefore it cannot be emphasized too strongly that research into the history of ancient mathematics is
impossible without a very careful and thorough investigation of its language. It should not be forgotten that
mathematical thought and language were still very closely linked at that time. The mathematical symbols which
we all rely on nowadays, could express practically nothing, they did not even exist, so words had to be used.
Furthermore these words, even the ones which later acquired special mathematical meanings, were drawn mostly
from everyday language or from the language of philosophy. So the characteristics of ancient mathematical
thought, which sometimes provide a marked contrast to later ideas about mathematics, are only accessible to us
through language.” (A. Szabo, 1978, 24)
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1. Introduction

1.1. Ancient and modern mathematics

1.1.1. Ancient Greek mathematics

This thesis seeks to gain more knowledge on Plato’s views of the philosophy behind
mathematics. Specifically, apOuntucry (arithmetic), Aoywotikn (logistiké)! and yeopetpio
(geometry) have the main attention since they are closest to our modern understanding of

mathematics.

Greek mathematics has been called the basis of modern science, and one of its greatest
contributions was the deductive method itself.? It is rather evident that the Platonists had quite a
different view from us today of what mathematics is concerned with. apiOuntiki was a section of
mathematics dealing with the — sometimes metaphysical — principles and properties of numbers,
and not only with the actual calculation which they rather seemed to refer to as Aoystiki. These
sciences were considered so crucial that Plato classified them as some of the most important
subjects in the education of his ‘philosophical elect’, the guardians.* Aoyiotucyy has hardly been
transmitted to our age, although it is considered that some of the Greek calculation techniques
were similar to our own.> While the art of calculating was also important in the training of the
mathematician, it is rather clear that for Plato our modern sense of algebraic calculation was not
similar nor as important as the peculiar notions of the nature of apOuntucy and yeopetpia.® It is
therefore of highest interest to the zealous student of ancient mathematics — and to the student of
modern mathematics — to gain deeper insight into the actual roots of this science. Considering
that mathematics still is the foundation of all modern science, it would evidently be valuable to
consider its ancient Greek roots, which are also the roots of all later Western science. A famous
example of the importance of mathematics in Platonic philosophy is the alleged inscription which
was said to stand over the entrance to Plato’s Academy: “AT'EQMETPHTOX MHAEIX

L1 will either transliterate the noun loywotikr| as ‘logistike> or simply use the Greek word.
ZR. Netz (2012).

3 U. Rehmann, ‘Arithmetic’ (2020).

4 Pl. Resp. VII, 525-526.

5 ¢ Arithmetic’, Encyclopedia of Mathematics (2020).

® See the subsection 5.1.1.



EIZITQ”; “Let no one who is ‘ungeometrical’ enter”.” The architect Vitruvius also designated the
most erudite men as those who “efficiuntur mathematici”; “are accomplished/completed as
mathematicians”. Vitruvius wrote that those who have become thoroughly skilled in all the
important sciences (“‘geometriam, astrologiam, musicen ceterasque disciplinas™) reach the ranks
of the few geniuses such as Aristarchus of Samos, the Pythagoreans Philolaus and Archytas,
Apollonius of Perga, and Archimedes.2 We should note here how Vitruvius emphasizes that the
mathematicians are those who have reached the highest pinnacle of learning and become
“completed” or ‘perfected’ in their learning. This may also be an echo of the previous and similar
Pythagorean hierarchical order of “listeners; mathematicians; natural philosophers”.® It is
important to mention that mathematics (or the general concept of ‘pabfuata’, ‘lessons’) as a
science comprised several subjects for the ancients (e.g. astronomy, music and harmonics),
including for Plato, which today are considered separate ones.® For space and time limitations,
this thesis will only focus on the concepts of apiOuntikn, Aoyotiknr, and yeopetpio. This
naturally also entails the consideration of what ap10uog really meant for our ancient authors, and
a discussion on the mathematical notion of Aoyiopdg in Aoyiotikny. Plato’s works are important

because of the obvious influence of Platonism in all later Western thought.!

What must be acknowledged from the outset is the difficult nature of the subject. Not only might
there be disagreements and different viewpoints among the ancient philosophers (and a
development in Plato’s own concepts of mathematics), but the question of what mathematics
actually is, and what the nature of addition or division of ‘ones’ is, has been expressed as an
unclarity already by a skeptical Socrates in the Phaedo.'? Furthermore, there is need of primarily

a literal reading and lucid analysis of the Greek primary sources.*®* Wedberg, for instance, only

" The earliest reference for this supposed inscription is a scholium on a manuscript of Aelius Aristides from the fourth

century A.D. See Fowler’s discussion (1999, p. 199-204) on the debate of whether this was inscribed already during Plato’s

time or not, and for the ambiguities of translating ‘ATEQMETPHTOZX’. The scholium reads: “There had been inscribed at

the front of the school of Plato. ‘Let no one who is not a geometer enter’. [That is] in place of ‘unfair’ or ‘unjust’: for

geometry pursues fairness and justice.” D. H. Fowler (1999), 202:n9.

8 Vitr. De arch. 1.1.17.

® See the subsection 5.1.1.

10 1bid.

L Cf. the famous statement by the philosopher Whitehead: “The safest general characterization of the European

philosophical tradition is that it consists of a series of footnotes to Plato. | do not mean the systematic scheme of thought

which scholars have doubtfully extracted from his writings. I allude to the wealth of general ideas scattered through them”

(A.N. Whitehead, 1990, 39).

2P|, Phd. 96e-97b.

13 See the subsection 3.1.3. E.g.: “A translation can be ‘accurate on the whole’ and still give rise to a completely wrong
2



consulted English translations and Pritchard focuses a lot on modern researchers’ opinions and
tries to refute them, and his aim is partly to place Greek mathematics in its historical context.'*
Both are useful aims, but not for conclusively finding out what Plato really wrote, which is the
aim of this thesis. Pritchard especially is valuable for this thesis since he has noticed the many
discrepancies of scholarly theories on Plato’s philosophy of mathematics, and Pritchard has done
a great work in clarifying these misunderstandings and explaining Plato’s thought quite
concisely.*® 1 will follow the refreshing practice of Pritchard'® and either keep the noun ‘ap1Opoc’
as it stands, almost as a technical term, or transliterate it as simply ‘arithmos’. This IS necessary
in order to distinguish this ancient concept from our modern notion of ‘number’ as in the positive
integers or any other number theories. The reasons for this will be stated and motivated in the
chapter 4. Previous Research’.!” Pritchard’s insistence on this should not however be taken too
far, since Plato himself obviously mentioned some of the first ten ‘positive integers’ in some of
his passages on mathematics.!® Also, Pritchard isn’t so clear in all his assessments either, as we
shall see. The relation of ‘pnovag’ and ‘gv’ with apiOpog will also be considered. The method
employed is the usual linguistic and philological analysis, common in philology and in classics.
Generally speaking, a hermeneutic Part-to-Whole dialectic is the methodical framework for the
present thesis. A detailed philological analysis is imperative for understanding the source texts,
this will be discussed in chapter ‘3. Method and materials’. ‘Spirituality’ and similar
philosophical concepts are imbued in most of Plato’s dialogues. ‘Mathematics as a means for

salvation’ especially seems to be a central theme in Plato’s mathematical philosophy.

ap1Buog seems to be, generally, a thing (anything?) that can be measured or counted and grouped
into several apiBuoi. It becomes an abstract idea, because it goes beyond what we today
recognize as number, i.e. as in the integers 1-10. For this peculiarity, the Greeks (and others
among the ancients) may have taken inspiration from nature itself by witnessing magnitudes and

lines in trees or grass for instance and the dots and geometrical figures among the stars and

interpretation of the text.” A. Szab6 (1978), 17.
14 See chapter 3.
15 See chapter 3 and subsection 4.1.2.
16 P, Pritchard, (1995), 15.
17 See also the next subsection 1.1.2.
B E.g.: “10 £v 1¢ kai T& V0 KOl TO Tpia Swyryvaokew-” (Pl. Resp. VII, 522¢); “odkodv, 1 §° &, 10 déKa TOV 6KTG dvoiv
mheio givar, koi S1o tadTy TV aitiov vmepBaiiev, opoio av Aéyewv, GAAL pf mAf0et kod S1i to mAfOog;” (P1. Phd. 101b).
Bold emphasis is mine. Cf. also PI. Epin. 990e-991b. See the subsection 5.3.1.
3



constellations.!® In Plato’s Timaeus 47a—c we are informed that eyesight has given man great
benefits, such as the ability to see the all the astronomical phenomena (stars, planets, equinoxes,
solstices) and thereby the notion of time was invented, and even number itself (ap1Oudc) and
philosophy.?® According to Chaeremon the Stoic, in Porphyrius’ De Abstinentia, geometry
originated with the Egyptian priest-initiates of rigorous asceticism.?! The same priests who, like
the Chaldean astrologers of Babylon, would also investigate the heavens for any signs from the
gods (astronomy/astrology).?? The seemingly Greek disregard of the higher and more complex
order of the positive integers, especially the manipulation of number & la modern mathematics
(e.g. fractions, irrationals, infinite series of numbers, infinitesimal calculus, etc.), may have its
foundation in the Pythagorean and Platonic philosophical concept of the Limit and Unlimited.
The Pythagorean opposites of “Limit and Unlimited, Odd and Even, One and Multitude [...]
Male and Female [...] Light and Darkness, Good and Evil” etc., clearly identify the ‘simple’
(Limit, One, Male) with ‘Good’ and the ‘complex (Unlimited, Multitude, Female) with ‘Evil’,
although this should probably not be taken literally.?®> Now the ‘dyad’, also, was specifically
identified by Aristotle with ‘not-being’ while Plato identifies ‘being’ (or ‘essence’, ovoia) as one
of the aims for practising mathematics.?* Although both polarities of Limit and Unlimited, Finite
and Infinite were needed for harmony to reign, the concept of ‘Infinity’ still is obviously
identified with the Unlimited, the Indefinite, the Darkness, Evil, Female, all of which were in
need of their opposites (Limit, Good, Male) for proper functioning. This Unlimitedness and
Infinity, which in modern conception is considered as awe-inspiring in e.g. fractions, in irrational
numbers, or in the indefinite expansion of the Universe, was then, probably, for the Greek

philosophical mathematician not the ultimate and desirable form of ‘Goodness’. Thus, fractions

19 Cf. PI. Tht. 198c where ap19p6c seems to be something in itself but also derived from external things: [Zokpdng.] “f obv
0 T0100T0G Ap1BpoT dv TOTE TL 1 AOTOG TPOG AHTOV avTd §j dAlo TL TOV EE® doa Exer aprOnév;”. Bold emphasis is mine.

20 See the subsection 5.1.1.

21 Porph. Abst. 4.8.

22 Cf. Maziarz & Greenwood (1968), 71: “If the Greeks were prompted to turn to experience for the basic notions of science
and treatment of special mathematical problems, we could also find empirical traces even in the abstract postulates of
their systems. For example, the Euclidian axioms may be considered as general expressions of practical experiments
with objects representing integers or with simple cases of mensuration. Yet, in spite of the interest and value of the
empirical tradition in Greek mathematics, which made itself felt in subsequent developments, the main characteristic of the
Greek mind is its deliberate use of mental operations in systematizing knowledge.” Bold emphasis is mine. Astronomy and
astrology were often considered to be the same science during most of antiquity.

28 “grepol 8& THV oOTAY TOVTOV TAG GPYAC SéKo AEYousty sival TOC KOTA cvoTol(iav Asyouévac, TEPAg Kol dmeipoy,
mEPLTTOV Kol dpTiov, &v koi wAfj0og, 080V Kl aproTepldv, dppev Kol Ofjiv, fpepotv Kol Kivovpevoy, €000 Kol
Kopumorov, @AG Kol 6KOTOG, dyadov Kai Kokdv, TeETpdywvov kai étepounkeg:”. Arist. Met. |. 986a. Bold emphasis is
mine.

24 Arist. Phys. 192a:6 & PI. Resp. VII, 523a.



or mathematical irrationality were probably not held in very high regard, or as being worthy of a

very detailed study, for the philosophical mathematician.

Nonetheless, the general idea of apiOudc might have been simpler than we imagine it to be.
Greek arithmetic and geometry primarily had visible things and shapes that were manipulated in
the propositions and theorems. Plato later makes the important distinction that mathematics for
the philosophers were only dealing with concepts of the mind, not physical and visible things.?®

The visible apiOuoi thus became images, or mere shadows, of the true intellectual apiOpoi.

We already see then that our modern concept of ‘number’ differs greatly from the ancient Greek

concept of apBpog.

1.1.2. Modern number theory and the vast difference from the Greek ‘ap®pég’

On the ideas of post-renaissance number theory, we find an interesting characteristic of algebra
which, as Pritchard states, shows that algebra neither presents to our imagination the ‘things’
under their mathematical concepts nor does it even intend such things. Rather, algebra simply
works with symbols for the things “which stand for the property itself”.26 Commenting on the
French 16" century mathematician Franciscus Vieta’s algebraic procedure, the scholar Jakob

Klein wrote:

While every arithmos intends immediately the things or the units themselves
whose number it happens to be, his letter sign intends directly the general
character of being a number which belongs to every possible number, [...] The
letter sign designates the intentional object of a ‘second intention’ (intentio
secunda), namely of a concept which itself directly intends another concept and

not a being.?’

25 “4

Resp

%p,
27 J.

1L Tepl ToOTOV [ApOudv] Aéyovoty dv Stovondfjvor pdvov Eyympsel, dAlmg & oddaudg petoyspilesdan Suvatov” Pl
. VII, 526a. See the subsection 5.2.1.

Pritchard (1995), 41-42.

Klein (1992), 174. Also cited by P. Pritchard (1995), 42. Cursive style is Klein’s. Klein continued just after this

sentence (174): “Furthermore — and this is the truly decisive turn — this general character of number or, what amounts to the
same thing, this ‘general number’ in all its indeterminateness, that is, in its merely possible determinateness, is accorded a

certa

in independence which permits it to be the subject of ‘calculational” operations.”

5



The modern notion of ‘number’ thus became a symbol for ‘intentio secunda’; that is, a symbol of
a concept of a concept; a symbol of a second order concept.?® Furthermore, the faculty of
imagination has apparently been seen by some today as a “liability for the mathematician”.?® This
is contrary to the concepts of the ancient and medieval mathematicians. Nicholas Oresme (14" c.
A.D.), one of the most influential philosophers and mathematicians of the Middle Ages,
considered his geometrical shapes and illustrations as imaginations. During the Middle Ages,

geometry was closely correlated with imagination.*® Pritchard explains:

In the Republic, we find mathematical thinking distinguished from dialectic in
the way that looking at images differs from looking at their originals;
mathematicians are said to be ‘dreaming of reality’ (533c¢). [...]. The ability to
imagine solid figures in motion was an essential talent for Archytas, in his
construction of the two mean proportionals, and for Eudoxus in his
construction of the motions of the planets. They and all their contemporary
mathematicians indeed had the ability to reason about abstract objects; but the
kind of abstraction involved meant that their ability to imagine these
abstractions was as important as their grasp of logic. On the other hand the
thinking of the philosopher does not involve abstract objects of this kind, nor

anything which can be imagined.3!

The imaginative faculty thus provided the Greek mathematicians with a creativity that arguably

can be said to be lacking in modern mathematicians.*

On ‘abstraction’, Bochner wrote that “the Greeks, for all their cleverness, were not able, or not
yet able, to make abstractions which were more than idealizations from immediate actuality and

‘external reality’ [...]. They did not make second abstractions from abstractions [...] and such

28 Klein claims that Vieta “became the true founder of modern mathematics” after continuing and altering the technique of
Diophantus which together with Indian sources was crucial in forming the Arabic algebra (J. Klein, 1992, 4-5).

29 P, Pritchard (1995), 43.

30 P, Pritchard (1995), 43-44.

3L P, Pritchard (1995), 45.

32 Cf. Pritchard (1995), 46: “[...] the modern ‘symbolic’ mathematics, which does indeed contrive to subsume even logic
itself as part of its subject matter, and by this token has some claim to being the highest knowledge, does not fit Kant’s
philosophy, while the ancient mathematics of ‘direct’ or ‘imaginative’ abstraction, properly subordinate to dialectic or logic,
is the only mathematics to which Kant’s theory properly applies.”



abstractions of higher order as were made were operationally unproductive”.®®* Bochner further
argues that the modern notion of ‘abstract’ was unfamiliar to the ancient Greek philosopher.®*
One may ask, what exactly is this ‘abstraction’?®® And why are ‘abstractions’ of a second or
perhaps even third or fourth order needed? One may wonder, if the basic definition of number
itself has not been explained, if modern number theory and mathematics in general really is
nothing more than ‘a workable model’, and not something which claims a basis in predictive
reality, how can it be claimed that our mathematical science today is far more advanced than the
ancient one? Are we instead to claim that our technological advancements prove our superiority,
since modern mathematics is mainly applied in technology? Where is the evidence that the
ancients were not capable of similar although not identical feats? Actually, we have the
testimonies of Archimedes’ engineering ‘miracles’, or the Pyramid of Giza itself which still
stands before us as an architectural enigma. We must remind ourselves that the Antikythera
Mechanism (ca. 2" ¢. B.C. — 1% ¢. A.D), for instance, still hasn’t even been replicated in its
original detail let alone fully understood, and that its sophisticated gearwork would not appear

again in engineering until at least a thousand years after.*

Finally, although this is a modern academic thesis, it must be acknowledged that the
‘Neoplatonists’, who considered themselves as the expounders of Plato’s writings (and not any
‘neo’ group), already wrote several commentaries on Plato’s texts.®” Although they may have
differed with Plato’s extant texts, we cannot be certain that Plato’s ‘unwritten doctrines’ were not
commonly divulged amongst themselves.® Some of the most correct elucidators and
commentators of Plato may therefore actually be the ‘Neoplatonists’, or Aristotle of course.
Many scholars have tried to distance Plato both from the earlier Pythagoreans®® and from the later

Neoplatonists.*® Such a strong focus on narrowing down Plato’s teachings to himself becomes

33 As cited by P. Pritchard (1995), 58:n23.
3 As cited by P. Pritchard (1995), 58:n23.
3 Perhaps, Bochner again, as cited by Pritchard (1995), 59:n26: “[...] the Greek employment of letters in lieu of numerals,
propositions, and syllogisms falls within the general area of mathematical abstraction [...] but it is not, or not yet, the kind
of abstraction which constitutes the essence of the mathematics of today.”

36 M. Edmunds & P. Morgan, (2000), 17.

37 E.g. Neoplatonic commentaries on Grg. and Chrm. in: J. Klein (1992), 7.

3 See Arist. Ph. 1V, 209b:11-17 for his mention of Plato’s “unwritten teaching”.
% M. A. Sutton (2019), 44-46.

40 Proclus’ in Euc. would be highly relevant as a comparison, or for understanding the Greek mathematical development
chronologically, since it deals directly with the philosophy of mathematics and it was written during late antiquity at the end
of the almost one millennium old Platonic tradition, around the closing of Plato’s Academy. Thus, it not only stands as a

7



ridiculous in my opinion, since it is often forgotten by our modern and competent experts that we
only possess mere fragments of all ancient Greek, Latin and even Eastern texts that were
available to the ancients. More importantly, when it comes to the actual teachings of the
Pythagoreans, unless this is also denied by our scholars for whatever reasons, it was commonly
alleged during antiquity that the Pythagoreans were very secretive of their doctrines.** The
Roman astrologer Julius Firmicus Maternus (4" c. A.D.) seems to claim the same for Plato.* It
cannot then be denied that Plato may have been significantly influenced by Pythagorean
sources.*® More importantly, the fact that Plato altered or enhanced some of his views upon the
relationship between mathematics and knowledge** (amongst other concepts) — when comparing
his earlier and later works — almost nullifies any insistence on completely distancing Plato from
his philosophical successors, such as the ‘Middle-Platonists’ or ‘Neoplatonists’. On the general
development of Greek mathematical thought, it is also reasonable to suppose that some notions
(e.g. on geometry or the difference between logistike and arithmetic) may have changed after
Plato’s time, since he informs us in the Res Publica that Greek geometry of solids (‘stercometry’)

scarcely even existed during his lifetime.*®

witness to most previous Platonic mathematical philosophy, but Proclus also explicitly expounds most of these previous
doctrines. lamblichus’ Comm.Math. is also relevant since it similarly deals with mathematics and its philosophy. For the
purpose of fulfilling the aim and research questions of this thesis, | will not analyze these works to any greater extent, the
focus must remain on Plato’s texts.
4l Vide: lambl. VP 75. The philosophy of the ‘Hearers’, the “diodopota”, were to be guarded carefully as “Osia Soypata”
(VP 82); see also: M. A. Sutton (2019), 46.
42 Firm. Mat., Matheseos Libri VIII, VII.1.
43 Plato was even accused by some during ancient times for plagiarizing Epicharmus (Diog. Laert. Vitae Philosophorum
3.9.), so it stands as rather evident that he made use of earlier teachings. See also the subsection on ‘yewpetpia’ for a
discussion about all of this.
44 “These general views about mathematics, as expressed in the seventh book of the Republic, do not represent Plato’s final
thought on the relation between mathematics and true knowledge” E. A. Maziarz & T. Greenwood (1968), 97.
4 PI. Resp. VII, 528b-c.
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4 T, L. Heath (1921), ix.

“Greece and her foundations are
Built below the tide of war,
Based on the crystalline sea
Of thought and its eternity.”

(Thomas Little Heath)*



2. Aim and research questions

The aim of this thesis is to elucidate what the ancient Greek sciences apiOunrikn, Aoyiotikr and
veouetpio. were and what their purpose was, according to Plato. The aim is not a detailed
explanation of all concepts relating to these sciences, but rather a general overview. The focus is

on Plato’s philosophical rather than technical concepts of mathematics.

1. What are Plato’s philosophical concepts of the nature and purpose of mathematics?

2. What is the purpose and nature of dapOuntikr (arithmetic), Aoywotikr (logistiké) and
yeouetpio (geometry) according to Plato?

3. What are the concepts relating to ‘spirituality’ in Plato’s dialogues?

4. How can other ancient authors (e.g. Aristotle, Euclid, or Proclus) assist us in understanding

Plato’s concepts?

10



3. Method and materials

3.1. Hermeneutic analysis of primary sources
3.1.1. Hermeneutics

All translations, unless otherwise noted, are mine. This thesis is a project within the philology
and the philosophy of Greek mathematics. The focus is the passages of Plato’s texts which deal
with apiBuntikn, Aoyotikn, and yeouetpio. There will be a short mention on other subjects
connected to these three, such as petpntikn or dwdextikn, but these cannot be dwelled upon
since the focus must be on answering the research questions. A short discussion and exposition of
the kind of mathematics (and pabnuata in general) requisite for Plato’s guardians is given by
Socrates in the Res Publica VII 522-528. Other texts that mention our three subjects are the
Philebus, Charmides, Phaedo, Gorgias, Protagoras, Theaetetus, Timaeus, Leges, and
Epinomis.*” These are therefore considered in this thesis. Plato’s mathematical philosophy in the
Philebus probably “leads to his final views on forms and numbers.”*® | may not have covered
every single instance where dpiOuntikn, Aoyotikn, and yeopetpia, or apBuoc for that matter, is
mentioned by Plato. 1 am rather confident though, that the most relevant passages in Plato are
considered in this thesis, for the fulfillment of the aim and research questions. This textual
collation and analysis are the qualitative parts of the method: a combination of primary sources

(the ancient texts) and secondary sources (modern research).

The concepts of mathematics are read and interpreted in the original Greek, using any
philological and linguistic analysis required. In all of this, secondary literature is consulted both
as an aid to the concepts and for any relevant linguistic analysis of the texts. This thesis is
inductively trying to find and systematize the ideas of the authors with a hermeneutic analysis of
a Part-to-Whole dialectic. The texts are the focus and collecting and considering the relevant
concepts in all the texts (the parts) will contribute to the formulation of a general view of the
concepts themselves (the whole). The broader whole picture will then be a collation from Plato’s

extant texts and also of any other sources by ancient authors who could possibly explicate further

47 And in Cra. 432 but very briefly. In Phdr. 274c it is the Egyptian god Thoth who has invented mathematics, astronomy,
and writing. In Hp. mi. 367 Socrates discusses the possibility of true and false mathematics. The Prm. has a lengthy
discussion on the ‘“The Forms’.
4 Maziarz & Greenwood (1968), 117.
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Plato’s notions. The latter sources will not have any precedence over the former and they will not
be given any greater focus since it is not often clear what was actually Plato’s teachings and what
was only attributed to Plato by others. Neither do issues of time and space allow us to dwell upon

these other authors.

This broader picture must not necessarily be a conclusion, perhaps it does not aim to “establish
generalizability;”, but, “rather, it is to improve the researcher’s interpretive vision”.*°
Furthermore, as mentioned in Pollio et al., the hermeneutic approach in describing meaning
should lead as much as possible to the elimination of the researcher’s subjective predispositions
so that the content of the texts may stand for itself, giving other analysts the possibility of
arriving at similar interpretations. Yet, this is evidently a quite utopian demand, since the scientist
cannot be removed entirely out of the research.>® This entire analysis and interpretation is of
course wholly reliant upon the ability and work of the researcher himself, as most academic work
is. The Finnish linguist Esa Itkonen has addressed such a type of linguistic research, calling it
“intuition” as a form of “conventionalized empathy”, and classified it into three general steps:
introspection, empathy and intuition.®® Itkonen explains that: “1. I introspectively know [...] ‘Y’
by X. 2. I emphatically know that also others [...] meant ‘Y’ by X. 3. I intuitively know that X
means ‘Y’ [...]”.%2 Itkonen further notes that the one who practices “empathy” in his research is
“making the same hermeneutic effort as any historian who, in Collingwood’s (1946) words, is

‘rethinking people’s thoughts’ [...]”.>

49 R.H. Pollio et al. (2006), 51.
50 R. H. Pollio et. al. (2006), 37-38.
5L E. Itkonen (2008), 26-27.
52 E. Itkonen, (2008), 26.
53 E. Itkonen, (2008), 30.
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3.1.2. ‘Spirituality’ as a concept in Plato’s dialogues

We will furthermore see how Plato’s mathematics is concerned with ‘spiritual’ concepts. The

sense of ‘spiritual’ I gather from e.g. the entry in the OED:

Spiritual, adj. & n.
Relating to or concerned with the human spirit or soul, esp. considered from a

religious or moral standpoint.>

That Plato’s mathematics is concerned with the human soul from a religious or moral standpoint
will become evident in my analysis. The entry for ‘spirituality’ in the Britannica Academic is

equally helpful:

Spirituality, the quality or state of being spiritual or of being attached to or
concerned with religious questions and values broadly conceived. The term is
also frequently used in a non- (or even anti-) religious sense to designate a
preoccupation with or capacity for understanding fundamental moral,
existential, or metaphysical questions, especially regarding the nature of the
self (or soul, or person), the meaning of life, the nature of mind or

consciousness, and the possibility of immortality.>®

“Religions questions” and “moral, existential, or metaphysical questions” concerned with the
soul, life, mind and immortality are already general themes that exist in almost every Platonic
dialogue. It will be quite evident how themes such as ‘the purification of the soul’, ‘God’,
‘understanding’, ‘The Good’ and other similar concepts are central to Plato’s philosophy of
mathematics. One interesting key concept, which can only be pointed out clearly by reading the

Greek source texts, is the use of the verbs ypdoupat, mapakarém and poavtevouar in passages

% “Spiritual’, OED (2023).
%5 “Spirituality’, Britannica Academic (2024).
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dealing with mathematics.®® ypdopor could possibly have connotations of ‘consulting [a
science]’, since its meaning is not only ‘to use’ but ‘to consult an oracle/god’. mapaxaiéwm could
apart from ‘to summon’ also mean ‘to invoke [the gods]’, and pavtevouar (‘to divine, prophesy’
or ‘to consult an oracle, seek divinations’) is used by Socrates within these very discussions.
Central themes like ‘the one and many, limit and unlimited’ or ‘Being’ are by Socrates said to

have been gifts from the Gods, perhaps from a Promethean hero.*’

This is not only interesting with Socrates’ ‘divine voice’ in mind, but the entire framework of
Plato’s mathematics is given a sort of ‘oracular vocabulary’ or ‘oracular/religious’ semantics.
There are even extant stories of the oracle at Delphi admonishing the Greeks for their neglect of

mathematics.>®

As for Plato’s use of the noun cwtnpia (‘deliverance, preservation’ or as later ‘salvation’) and the
verb o®lw (‘to save’), it seems to be a central idea in his dialogues. Stephen Menn has also

recently drawn attention to the concept of compia in the dialogues. Menn concluded that:

[...] in a significant number of the passages where Plato speaks of a cwtp or
ocompia or ey we can see that he is exploiting religious connotations of these
terms, and competing with more traditional religious saviors and practices of
salvation, or with earlier philosophers who were also drawing on those same
religious connotations. And to this extent we can describe Plato’s concerns in

these passages as religious.>®

Menn points out however, that this is not used in an eschatological sense. Plato is not concerned

with the end of the world, but with saving/salvation in the present world.%°

Plato also seems to clearly relate ap1Opog with the soul when Socrates states that: “apOuntikoc

YOp OV TeEAé®G GALO Tt TAVTAG APBLOLG EmicTaTal; TAVIOV Yap ApOudV gloy adTd &v TH woyl

% See especially subsection 5.3.1. for all of this.
5 “Bedv pév eig avOpdmovg ddoic, e ye katapaivetal &uoi, ToOEv &k Oedv Eppipn S1d Tvog Ipopndémg Gua pavotdtm Tvi
wopl: kal ol pev modaol, Kpeittoveg UMV kal £yyvtépm Oe®dv oikoDvieg, Tadty eNuUNV Tapédooay, M¢ €€ Evog eV Kol
TOAMDY vtV TdV dsi Aeyopévov stvat, Tépag 8¢ kol ansipiav &v avtoic cvpeutov &xdvrov.” Pl. Phil. 16¢c—d.
% Theo Sm. Theonis Smyrnaei philosophi Platonici expositio rerum mathematicarum ad legendum Platonem utilium, ii.
Also discussed in E. A. Maziarz & T. Greenwood (1968), 80.
%95, Menn (2013), 192.
€0 S, Menn (2013), 192.
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émotijpar.”® “Doesn’t a master arithmetician know all épOpoi? For the knowledge of all

apOpoti reside within him, as knowledge in the soul.”

The clear possibility of Plato’s mathematics being ‘spiritual’ also brings it closer to later

Neoplatonism.®?

3.1.3. Textual problems of translation in philology that need special attention

Translating any ancient language is a task that must not be taken lightly. The flexible syntax of
the classical languages often makes such a translation subject to several interpretations. When
dealing with philosophical subjects, it is self-evident that this is the case. This has been explained
by Kurt Lampe in his article on translating Greek philosophical texts. The ‘illocutionary force’ of
a sentence is often equipped with a ‘speakers’ intentions’. On ‘sentence meaning’, a word such as
‘cultivating’ could mean that a person cultivates his personal attributes, if he is the ‘cultivator’,
but it would not mean that he is a herb or a tree that cultivates itself.®® The context of each
sentence is therefore important to examine. Some philosophers may have used similar words in
different meanings, without specifying it for different reasons (their audience might already have
been conversant with their particular connotations). Also, the fact that Greek and Latin were
languages that were in use for over 2500 years makes it obvious that they were subject to several
different changes and developments in syntax, morphology, semantics, phonetics, etc. during this
large time period. This has been studied thoroughly by modern scholars and needs no further

explanation at this moment.

The Hungarian philologist Arpad Szab6 discussed the issues of the interpretative methodology of
texts in his seminal work from 1978%. He commended the work of van der Waerden® but was
critical of his and many other scholars’ reliance upon translations only. After a detailed study of a

passage in Plato’s Theaetetus (147c-148b) dealing with the technical term ’60Ovapug’ in which

61 PI. Tht. 198b.

62 <«

[...] it must be stressed that Neoplatonism is predominately spiritual in nature.” P. Remes (2008), 9.

% K. Lampe (2013), 138.
64 A. Szab6 (1978), 15-17.
6 B. L. Van der Waerden (1956).
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Szab0 found that it should rather be translated as “square” than “power”, he concluded that “A
translation can be ‘accurate on the whole’ and still give rise to a completely wrong interpretation
of the text.”® This is a very important reason for my insistence in this thesis on firstly translating
and interpreting the primary sources before consulting any secondhand interpretations. Szabd
further notes: “So it should be emphasized that as far as the history of mathematics is concerned,
translations of the source materials are frequently unreliable, even when they are philologically
excellent.”®” Now certainly, there is always the problematic element of the primary sources being
obscure or simply hard to interpret (e.g. Pritchard’s quote on the front page on interpreting Plato
or Aristotle). It should be evident to all though, that any difficulties arising from secondhand
interpretations confusing the meaning of the original texts is significantly lessened by focusing
primarily on the primary sources. That is not to say that interpretations by scholars are not
helpful, the opposite is true, but as long as these scholars have prioritized the original sources
before their own ideas of those sources.

Since theories and opinions are slightly varied among modern scholars on what Plato envisioned
apiuntikn and Aoywotikn to be, we will mainly focus on a proper translation of the primary
sources so that the interpretation may be as neutral as possible. Plato’s actual opinion on the
ontology of mathematics — especially whether he posited mathematics as intermediate between
sensibles and intelligibles as Proclus and lamblichus did — is a question which has been much

debated by scholars. We will discuss this in the next chapter.

6 A, Szabo (1978), 17.
67 A. Szab6 (1978), 18.; cf. also: “I am convinced that the significance of many important facts about science in antiquity
simply cannot be appreciated either historically or mathematically without using the philological precision | have attempted
here.” (1978), 23.
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4. Previous research

4.1. Greek mathematics and its philosophy

4.1.1. The history of Greek mathematics

This thesis focuses on Plato’s philosophical concepts of mathematics and not the technical
aspects of it. We will however briefly mention the most important scholarly works on the

practical mathematics of the Greeks.5®

The following short summary on the modern research of the history of Greek mathematics is
based on Reviel Netz’ outline. Thomas Little Heath wrote several works on the history of Greek
mathematics and translated several texts of important Greek mathematicians into English. Johan
Ludvig Heiberg was a philologist whose research still stands out as imperative in Greek science.
Otto Eduard Neugebauer was a mathematician and historian who explicated the practice of
ancient mathematics. Later during the 20th century, the mathematician and scholar Wilbur

Richard Knorr further elucidated the history and practice of ancient mathematics.5°

T. L. Heath’s A History of Greek Mathematics is indispensable for understanding the practice of
Greek Mathematics. Although James Gow and Gino Loria before him published similar works on
the history of Greek mathematics, Heath incorporated all later and newer findings (e.g.
Archimedes’ palimpsest) and arranged his two volumes according to mathematical subjects, and
within each problem he arranged the exposition chronologically.”® Although 1 have consulted
Heath’s work, I have used it sparingly, since its focus is on the technical aspect of Greek
mathematics while my thesis aims at understanding its philosophy. On the singular achievements
of the Greeks in mathematics, Heath wrote: “For the mathematician the important consideration
is that the foundations of mathematics and a great portion of its content are Greek. The Greeks
laid down the first principles, invented the methods ab initio, and fixed the terminology.

Mathematics in short is a Greek science, whatever new developments modern analysis has

88 See the bibliography for full citations of the works mentioned here.
% R. Netz (2012).
0T, L. Heath, (1921), vi-vii.
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brought or may bring.”"!

Knorr’s The Evolution of the Euclidean Elements: A Study of the Theory of Incommensurable
Magnitudes and Its Significance for Early Greek Geometry was perhaps his most important work
during his unfortunately short life. Here Knorr focused on the development of
incommensurability from pre-Euclidean times up until Euclid. In Knorr’s The Ancient Tradition
of Geometric Problems, the attention is on the ‘analysis’ method of Greek mathematics where
solutions to problems were often reduced to others already solved. Knorr goes through e.g. the
Geometers of Plato’s Academy, the mathematicians during Euclid, Archimedes and his
successors, Apollonius and others, focusing mostly on the ‘three classical problems’: the
duplication of the cube, the quadrature of the circle, and trisecting the angle. Knorr states in the
preface: “the present effort is conceived as an explanatory essay, intended to reveal the
opportunities which the evidence available to us provides for an interpretation of the ancient
field.”’? Stating that the three classical problems were considered impossible to solve by the

Greek mathematicians is argued to be an anachronism.

The scholar Reviel Netz wrote an important work called The Shaping of Deduction in Greek
Mathematics: A Study in Cognitive History. In this book, Netz examines the practices of Greek
mathematics, the method of deduction which had such widespread influence in western science,
and a general overview of the history of science. The focus however is mostly on Euclid,
Archimedes and Apollonius. In another very recent work of Netz, A New History of Greek
Mathematics, we are given a general overview of the history of Greek mathematics. Netz’ choice
of title ‘A New History...” seems rather odd in a sense, since this implies that Netz is giving new
information (and what exactly?) on a topic that has been rather thoroughly researched already. I

haven’t perused this work fully, but the reviews seem mixed as of yet.”

T, L. Heath (1921), v.; cf T. L. Heath (1921), 1: “Not only are the range and the sum of what the Greek mathematicians
actually accomplished wonderful in themselves; it is necessary to bear in mind that this mass of original work was done in
an almost incredibly short space of time, and in spite of the comparative inadequacy (as it would seem to us) of the only
methods at their disposal, namely those of pure geometry, supplemented, where necessary, by the ordinary arithmetical
operations.”

2\W. R. Knorr (1986), vii.

3 See e.g J. Timney (2023) & V. Blasj6 (2022). V. Blasjo (2022): “Reviel Netz’s New History of Greek Mathematics
contains a number of factual errors, both mathematical and historical. Netz is dismissive of traditional scholarship in the
field, but in some ways represents a step backwards with respect to that tradition. I argue against Netz’s dismissal of many
anecdotal historical testimonies as fabrications, and his ‘ludic proof” theory.” If Professor Blasjo is correct, it is beyond my
comprehension how this work was even allowed to be released, while there are other works out there (e.g. Maziarz &
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Serafina Cuomo’s Ancient mathematics in the book series ‘Sciences of antiquity’ is an extensive
and accessible history of Greek mathematics with a survey of the extant evidence and its
content.”* An interesting part of mathematics which Cuomo discusses is the relation between
mathematics and politics, in Aristotle especially, and the mathematical notions of number

attributed to money and economy.

4.1.2. The philosophy of Greek mathematics

Many books and articles have been written on the history, practice and philosophy of ancient
Greek mathematics. Not all are relevant for this thesis, and | may have overlooked to mention
some.”® However, the following short survey should cover the most important research which is

in line with the aim of this thesis.

Plato (5th-4th c. B.C) stands evidently as an overshadowing figure above most later
philosophers. Before Plato, Pythagoras (6th c. B.C.) and the Presocratics had their mathematical
concepts, though no extensive works by them have survived (except for the later Neo-
Pythagoreans). Not until Euclid (4th-3rd c. B.C.) do we find a substantially large work on the
mathematical theorems and propositions that is still extant, although evidently it was based on
almost all previous research in Greek mathematics.’® Apart from Plato, the philosophy behind
Greek mathematics has some other explanatory texts still extant, written by the later
Neoplatonists (ca. 3rd—6th c¢. A.D.). lamblichus (ca. 3rd c. A.D.) wrote several works on
Pythagorean philosophy and mathematics (e.g. On General Mathematical Science). Proclus (ca.
6th c. A.D.) wrote A commentary on the first book of Euclid’s Elements and much else

noteworthy (e.g. The Elements of Theology, commentaries on Plato, and on Aristotle).

Although he may be considered outdated and perhaps even biased in many of his views (since he
was an outspoken platonic philosopher), Thomas Taylor’s (1758-1835) translations,

commentaries, and dissertations still have academic merit worthy of regard. Taylor was probably

Greenwood, 1968) that are neglected or even scorned by researchers. The gap of knowledge seems to widen even further
for ancient Greek mathematics.
43, Cuomo (2001).
S E.g. R. S. Brumbaugh (1954); G. Schneider (2012); P. Couderc & L. Séchan (1949).
6 R. Netz (2012).
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the first to translate the complete works of Plato and Aristotle into English,”” certainly a
remarkable and outstanding feat considering the state of Aristotle’s texts and the elaborate prose
of Plato. Glenn R. Morrow cites Taylor’s works as being indispensable in his translation of
Proclus’ In primum Euclidis librum commentarius.’® Taylor was accused of being ignorant in the
Greek language, yet this is actually unsubstantiated, as the English librarian William Axon
maintained.”® And if Taylor would today be accused of having his work coloured and disfigured
by his own beliefs, what scholar today can claim to be completely free from personal inclinations
and bias in his academic work? How can we possibly even know for sure that some researchers
are not adamant about conducting research in their own way and reaching conclusions that suit
their own beliefs and biases? Surely, isn’t research in all fields of science and the humanities
riddled with all kinds of theories, the higher up we reach the ladder of academic research?
Admittedly, though, Taylor’s work may have had greater influence among scholars if he had
been more objective and neutral in his commentaries. I have consulted Taylor’s translations
mainly as general reading, especially for the later Neoplatonists Proclus and lamblichus. It is no

more than fair to his merit though, that he is at least mentioned in a modern academic work.

The focus of this thesis is the writings of Plato, but a short mention will be made on the content
of Aristotle’s extant texts, who after all was one of Plato’s close pupils and of course became
vastly influential later on. In Aristotle’s Metaphysics, mainly book I and XIII-XIV, we find his
exposition and critique of Plato’s (and others”) mathematical philosophy. The scholar Anders
Wedberg has already examined Aristotle’s account of Plato’s mathematics, which his essay
Plato’s Philosophy of Mathematics is largely focused on, although he partly examined Plato’s
texts also.8° Wedberg posits “five groups of theories about the nature of mathematics” that are
either Plato’s own or ascribed to Plato by Aristotle. These are worthy of direct quotation, since
they have a bearing upon our research questions:

" “THOMAS TAYLOR, The English Platonist, 1758 — 1835 (The Prometheus Trust).

8 “The contributions of this indefatigable Platonist are so numerous and important that it is almost an act of impiety to
presume to replace this early product of his industry with a new translation.” G. R. Morrow (1970), xliv.

7 “The sneers at his command of Greek are evidently absurd, for surely no man’s mind was ever more thoroughly suffused
with the very essence of Neo-Platonism. Whatever failure he may have made in unessential details would be more than
compensated by the fidelity with which his sympathetic mind reproduced the spirit of the Pythagorean philosophers with
whom he dwelt — apart from the noise and turmoil of the age in which he had been cast. His books remain a mighty
monument of disinterested devotion to philosophic study. They were produced without regard to, and hopeless of, profit.”
W. E. A. Axon (1890), 14.

8 A, Wedberg (1955), 9-10.
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I. Theories which locate the objects of mathematics within a presupposed

division of the universe;

I1. Theories concerned with the (non-temporal) generation, within the realm of
Ideas, of the so-called Ideal Numbers;

I11. The theory that all Ideas are numbers;

IV. Those theories which deal with the explanation of the sensible world in

terms of space and mathematical notions;

V. Views concerning the methodology of mathematics.8!

Wedberg did not focus on groups I1-1V at all, probably since they required a longer analysis, and
since group | has the most conspicuous statements in the sources, as Wedberg says.®? In this
thesis the focus is upon apiBuntikn, Aoyiotiky, and yeouetpio, but the five groups of theories
may all be touched upon in connection to these three subjects.

In this thesis, I mention Plato’s ‘analogy of the undivided line’ in the Res Publica VI. We will see
how here, and probably elsewhere, Plato seems to mention the ‘mathematical intermediates’, and
| believe that he does. This classification — Plato’s supposition of mathematical intermediate
objects between the intelligible and sensible entities — has been much debated among scholars.
Wedberg seems to think that there are grounds for this in Plato’s dialogues, and clearly of course
in Aristotle’s Metaphysics, but that the final verdict remains unanswered [on book VI of the Res
Publica]:

81 A, Wedberg (1955), 9-10.
8 A, Wedberg (1955), 10.
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No doubt Plato’s language here is obscure: in part it lends itself to an
interpretation of the Aristotelian type, and in part it seems to contradict such
interpretation. It may fairly be concluded that Plato had not quite made up his
mind on the question whether or not there exists a class of ideal mathematical
objects distinct from the mathematical Ideas: that he, so to speak, hesitated

between the two opposite alternatives.®

On Plato’s general philosophy of mathematics, Wedberg noted that “the most complete
statements are those in the Republic and the Philebus, but even they would remain exceedingly
enigmatic unless compared with statements in other dialogues”.®* Furthermore, Aristotle
probably tells us that mathematics became more important in Plato’s later life than during his
early years.®® The discrepancies between Aristotle’s account and the extant writings of Plato have
also been noted by several modern scholars.® This, of course, partly goes back to the differences
between Plato’s Academy and Aristotle’s Peripatetics. This phenomenon is too lengthy and
disputed to dwell upon at the moment. What should be mentioned though, is Aristotle’s reference
to Plato’s ‘unwritten teaching’.8” This gives us a simple response to many of the ‘discrepancies’

between Plato’s dialogues and Aristotle’s account on Plato’s philosophy.

A ‘fallacy’ of Wedberg may be argued thus: he does not discuss the original Greek sources at all.
Wedberg mentions in the preface how he used the Loeb translations and sometimes made slight
changes in them.®® Further on, Wedberg admits that “the present essay is written from the point
of view of a philosopher, not a philologian. In what concerns the philological interpretation of the
texts I have had to rely largely on authorities”.®® A harsh but perhaps not unjustified reviewer
would hence be cautious with any conclusions drawn by Wedberg. Indeed, he may be right in his
logical assessments, but without any proper insight into the original language as it stands in the

extant texts, he has no right to draw any definite conclusions (and he does not claim to do so

8 A. Wedberg (1955), 14.
8 A. Wedberg (1955), 15.
8 Arist. Met. 1078b:9-12, in: A. Wedberg (1955), 18.
8 A, Wedberg (1955) 12.; A. Szab6 (1978), 229 on Avristotle: “Yet the statements which he makes about axiomatics are
often arbitrary and historically inaccurate; hence they need to be treated with some caution. [...] seem almost to be products
of his own imagination.”
87 Arist. Physics 1V, 209b:11-17.
8 A. Wedberg (1955), 5-6.
8 A. Wedberg (1955), 19.
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either).® Wedberg could, for instance, not have known whether his reading of a passage in
Plato’s works may have had other possible translations than those already provided, since he did
not consult the original Greek texts by himself. Wedberg could neither have known whether
Plato’s language was ambiguous or clearer in some passages. These are only a few of the many
problems faced by researchers who only consult translations, since translations must always

remain interpretations of original works.

Jakob Klein’s Greek Mathematical Thought and the Origin of Algebra is a pivotal work that
often has been cited since its original publication in German, between 1934-1936.% Klein sought
to investigate the origin of the formal mathematical language of the ancient Greek authors.
Although Klein focuses partly on the concepts that this thesis deals with (e.g. apOuntikn and
Aoyiotikn), his ultimate aim was to understand the relationship between this original formal
language and modern “mathematical physics today”.?? He therefore surveys also the Latin
writings of e.g. the French mathematician Vieta and the philosopher Descartes. Moreover, Klein
does not go into a thoroughly detailed linguistic examination of Plato’s explicit passages on
apuntikn, Aoyotikny and yeoupetpio, as this thesis does. Klein’s book has been diligently
consulted by both Fowler and Pritchard, whose works we will describe below. On the question of
what the concept ‘apOpog’ pertains to and how Klein translated it in German, the English
translator of Klein’s book, Eva Brann, wrote: “[...] (dp16udc) is rendered in the German text as
Anzahl: ‘a number of [things],” to distinguish it from our modern Zahl: ‘number.’ [...] Anzahl,
like Zahl, has been rendered simply as ‘number,” although it is a chief object of this study to show
that Greek ‘arithmos’ and modern ‘number’ do not mean the same thing, that they differ in their
intentionality, for the former intends things, i.e., a number of them, while the latter intends a
concept, i.e., that of quantity”.®® According to Klein, it can be proven that “arithmos never means
anything other than ‘a definite number of definite objects’.®* We will see how this definition of
apOuog as a general concept in the Greek language seems highly plausible, although the Greek

philosophical concepts of apiOudg are a bit more elaborate and obscure. It seems to me as if Klein

% See: A. Wedberg (1955) 19-20. “[...] a juster title would be: ‘Perhaps Plato’s philosophy of mathematics’”.
9 J, Klein (1934-1936).
92 J, Klein (1992), 4.
93 J. Klein (1992), vii, translator’s note (Eva Brann), cursive emphasis is Brann’s.
% J. Klein (1992), 7.
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is in favor of the Neoplatonic definitions (in Gorgias and Charmides)® of arithmetic and logistic
where arithmetic “is concerned with the ‘kinds’ (€i61) of numbers” and the logistic “with their
‘material” (6An)”,% for he states that: “Greek arithmetic is therefore originally nothing but the
theory of the eide of numbers, while in the art of ‘calculating’, and therefore in theoretical
logistic as well, these counted collections are considered only with reference to their ‘material’,
their hyle, that is, with reference to the units as such. The possibility of theoretical logistic is

therefore totally dependent on the mode of being which the pure units are conceived to have.”%’

Professor Edward A. Maziarz’ and Professor Thomas Greenwood’s Greek Mathematical
Philosophy®® has very curiously been neglected by Szabo, Fowler, Pritchard, Cuomo, White and
basically every other scholar on Greek mathematics (!). As it looks now, the book is out of print
(was it so from early on?) and Klein’s Greek Mathematical Thought has gained all the attention
(both were released 1968, in English editions). Are these some of the main reasons for the
neglect? Maziarz’ and Greenwood’s book is a well-written and comprehensive survey of the
interaction between Greek mathematics and philosophy from its earliest beginnings with the Pre-
Socratics and Pythagoreans, through Plato and Aristotle, up until Euclid. | have consulted this
book for a general overview of Greek mathematics, and | have applied its research and
conclusions in some places in my thesis. As it seems to me, after perusing and consulting it, their
splendid work is one of the landmarks in modern scholarship of both the practice and philosophy
of ancient Greek mathematics. This will become clearer in my analysis. It is high time that their

work receives the recognition which it very strangely has been denied.

The problem of whether Plato posited ‘Mathematical Ideas’ as intermediates between the ‘ldeas’
themselves and the sensible world is a still debated question, and one which Wedberg
investigated. He claims that Aristotle thought s0.%° In connection to this, and verily on the nature
of ‘Number’ itself, a quite simple and succinct explanation has been offered by a great
philosopher and mystic of the 20" century. Perhaps this homeschooled scholar® should not be

cited in an academic work as this, but since | will not be using any of his theories more than

% He does not specify exactly which Neoplatonic authors, perhaps since he only mentions them by way of introduction.
% J. Klein (1992), 7.

7], Klein (1992), 7-8.

% E. A. Maziarz & T. Greenwood (1968).

% A. Wedberg (1955), 11.

100 And a genius to say the least, if I'm allowed to be subjective for a short moment.
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mentioning them here, | cannot see how this would work against our search for knowledge.
Manly Palmer Hall claims in one of his many lectures that the Pythagorean doctrine made two
general differences: Numeration and Number. “Numeration is number in principio. Numeration
is a concept of number, but not number itself.”1%* We have the ‘Number’ three in three doves, for
instance, and we have the concept of number three (i.e. ‘Numeration’) in the fact that three
entities come together and form one group consisting of three. This example can be extended to

basically anything that can be added in a ‘common group’.1%

Arpad Szab6 has already been shortly mentioned. Szabd’s work'® dealt mainly with the early
history of the deductive method in Greek mathematics; he claims that it was actually derived
from the school of the Eleatic philosophy. In connection to this he examined the discovery of
linear incommensurability, the concept of duvauig as “square”, and the history of Euclid’s theory
of proportions. We will see that for our purpose, apart from his invaluable comments and
insistence on philological analysis, he has some important statements on Greek arithmetic and
geometry.% Furthermore, Szab6 argued that by linguistic analysis “it can be shown that all the
technical terms of the geometrical theory of proportions have their origins in music.” The terms
‘ratio” as Adyog and ‘sameness of ratio’ as avaoyia, for instance, entered into geometry only

after they were discovered in music, according to Szabd, and his finding was only possible by

101 M. P. Hall, Seminar Series - The Pythagorean Theory of Number.
102 of A, Szabo (1978), 306: “It is relatively easy to maintain that numbers are ideal entities which have no bodies. Any
given number (23, for example) is readily seen to be an abstraction once it has been distinguished from the objects which it
counts. A higher level of abstraction is reached when properties (or sets) of numbers are considered instead of individual
ones.”; cf. E. A. Maziarz & T. Greenwood (1968), 128-129: “As regards the function of duplication, it can be rightly
assigned to the dyad rather than to the auto-dyad. Plato could not confuse the 2 in itself with the dyad. The expendable and
contractile nature of the latter cannot be identified with the changeless and absolute character of the former without
obliterating one of the most remarkable Platonic intuitions and introducing confusion into a theory otherwise relatively
clear. [n23: This confusion of the dyad with 2 may account for some of Aristotle’s criticisms of the Platonic conceptions].
The distinction between the auto-dyad and the dyad becomes more significant if the first is identified with twoness and the
second with twiceness. [n24: J. Cook Wilson, ‘On the Platonist Doctrine,” Classical Review, 18 (1904), 247-260.]. If
twoness is the actual essence of the mathematical number 2, twiceness is the ability of any mathematical number to proceed
from itself to another number and to be integrated into measures and formulas. Hence, twiceness is neither a limit, nor a
measure, nor a magnitude, nor a quantitative determinant of any kind. By its agency and its various functions (greater, less,
doubling, halving), as well as by its combination with the one, twiceness produces all the real numbers.”; cf., also, Plotinus’
statements on everything participating in ‘The One’, sharing in ‘The One’ according to their own degree (Plotinus,
Enneades, VI, 9 [9], 1).
103 A Szab6 (1978).
104 E.g.: “My claim is that the construction of mathematics as a deductive system came about because of certain problems
encountered in geometry. It is true that Eleatic doctrine can be applied more easily to arithmetic than to geometry and that
the Greeks therefore regarded arithmetic as the superior science; however, this ranking was only a theoretical one. Euclid’s
mathematics is predominantly geometrical in character; even his arithmetic takes a geometrical form. This should not
surprise us in view of the fact that the problems which caused mathematicians to break with Eleatic philosophy came
principally from geometry and the outcome of this break was a theoretical foundation for geometry.” A. Szabo, (1978), 317.
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linguistic analysis. It is thus proven that the discoveries in music of the Pythagoreans were so
essential to Greek mathematics that coining phrases like ‘to Pythagoreanize’'®® could almost be
dispensed with, since the Pythagoreans really seem to be the fundamentum of all later Greek

mathematics.19®

Paul Pritchard’s Plato’s Philosophy of Mathematics*®" is valuable and relevant in many ways, but
unclear and hasty in some concerns. The conclusion of his 170-pages book is only ca. one page.
Here he does not mention his key arguments for all his opinions and conclusions found
throughout the work. What | have found most valuable in his book is that he insists on separating
our modern mathematical notions of the positive integers from the ancient Greek idea of
‘arithmos’, and that he has pointed out and often corrected the confusions and inconsistencies of
modern scholars on the Greek concept of ‘arithmos’. Here follows some examples of the
unclarities noted by Pritchard in the scholarly literature. In one passage of Euripides,'%®
Wilamowitz wrote that “apiBudg means ‘calculation’, whereas as Pritchard wrote, dotpov
apduog could only mean “an arithmos of Stars” i.e. “constellation”. Bond, even more
confusingly, maintained that the aggregate (constellation) “may be considered as the sum or
proportion (&pOudc) of its units”.1% Also, Pritchard says: “We must be careful to distinguish the
relation between an arithmos and the units which constitute it, from the relation between a
number (a universal) and a set of which it is the number.”*'° On this, Pritchard wrote that Annas
has confused these relations when she states that: “once more it seems that numbers are not being
distinguished carefully enough from numbered groups.”''! Annas claims that both Plato and
Aristotle have confused ‘numbers’ with ‘numbered groups’, but Pritchard argues rather that

neither of them are referring to ‘numbers’, but rather to ‘arithmoi’: “they speak only of arithmoi

105 Coined by Michael J. White, see below.
106 See the section 5.4. for a discussion on the similarities between Pythagoras’ purported doctrines and Plato’s.
107 P, Pritchard (1995).
108 i TS v TOVC TE KAKOVG GV
yv@dvor Koi Tovg dyadode,
icov 61’ év vepéhatow &-
oTpwv vavtag apduog télet. (Eur. HF 665-668).
109 p, Pritchard (1995), 29-30.
110 p, Pritchard (1995), 17.
111 «“plato takes it as obvious that a number is a number of something; the plain man’s number is a number of shoes, so the
philosopher’s number must be a number of pure units. Once more it seems that numbers are not being distinguished
carefully enough from numbered groups.” As cited by P. Pritchard (1995), 17.
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— which might reasonably be called ‘numbered groups’.”'?

Tardn (and others before him), also, rather hastily assumed Plato’s Ideas of arithmoi in the
Phaedo 101b—c to be the ‘natural numbers’, or as he wrote: “Plato’s ideal numbers are the
hypostatization of the series of natural numbers.” Taran argued that this concept of number was
not understood by Plato’s contemporaries (e.g. Speusippus, Xenocrates, Aristotle), nor by the
ancients at large, and that “the conceptual priority of the cardinal numbers” were later
rediscovered during the 19th and 20th centuries, with modifications from Plato’s views.!'® These
ideas are tempting to accept, if the ‘hypostasized’ natural numbers, equivalent to Plato’s ‘Ideal
Numbers’, are different from the ‘natural numbers’ as we know them. But, as Pritchard argues,
that if the ‘ideal arithmoi’ cannot be manipulated as the natural numbers can (e.g. in addition,
subtraction, or division), then how does Taran reason by identifying the natural numbers with
Aristotle’s ‘dovpfAntol apdpoi’ which cannot be manipulated?!'* And, If | may add, on what
grounds does Taran claim that not only Speusippus, Xenocrates, and Aristotle, but “the ancients
generally” did not understand Plato’s notion of Ideal Numbers? However, to come to Taran’s aid,
it is not clear if he literally identifies the natural numbers with Plato’s Ideal Numbers (as
Pritchard claims), he rather calls Plato’s Ideal Numbers, as we just saw, “the hypostatization of
the series of natural numbers”, where presumably the natural numbers assume another nature and

function as Ideal Numbers (?).

Taran furthermore assumed that the ideal numbers, for instance the ‘ideal two’ or ‘ideal three’,
are not two or three units that could possibly be added, but that: “these numbers are just Twoness,
Threeness, and Fiveness, each being a unity which is irreducibly itself and nothing else”.!'® As
Pritchard counters, why would the ancients then have had the conception of e.g ‘“Twoness’ as
being a set of two units? On this, and Gallop’s translation of Plato’s Phaedo 104a-b involving
‘threeness’ and ‘fiveness’, Pritchard argues that: “whatever Plato means by 1 tpudc etc. these
must be things which can reasonably be said to be odd or even, which Threeness cannot be,
unless it is by some extension of meaning.”116 Here, however, it does not seem clear why Taran’s

and Gallop’s ‘Threeness’ cannot be odd but “by some extension of meaning” (as Pritchard

12 p_ Pritchard (1995), 17.
113 p, Pritchard (1995), 33.
114 p, Pritchard (1995), 34.
115 p, Pritchard (1995), 34.
116 p, Pritchard (1995), 34-35.
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thinks) while still remaining *Threeness’.*!’

Rather, it seems to me, that we are dealing with two different concepts of dpOuoc, just as there
seems to have been two different concepts of ‘€v’ in Plato’s works. | refer the reader to

subsection 5.1.2. “The ap1Budc, novag and &v before and after Plato’, of this thesis.

Finally, Wedberg maintained that both the common Greek and Pythagorean notion of number
seemed imperfect to Plato, with his ‘Theory of Ideas’ in mind. Since numbers are said to be
predicated on other things, Wedberg argues that Plato found this faulty, and that Plato’s criticism
of this can be found in Phaedo 101b—d and in Philebus.''® About this common Greek notion of
number, Wedberg wrote: “The common Greek definition of number as ‘plurality of units’ tells us
merely of what numbers are predicated, not what numbers are in themselves. Plato cannot have

been satisfied with it.” Pritchard counters with:

Surely a definition should not be found faulty on the grounds that it applies to
the thing of which the term is predicated. On the contrary, this would seem to
be a necessary condition for any definition to be sound. [...] The difficulty is
that ‘arithmos’ just means ‘plurality of units’, and not ‘number’ in the sense
which Wedberg employs, that is to say, in some post-Renaissance sense. As for
Plato’s alleged dissatisfaction with the common Greek notion, we have seen

that there is nothing in the dialogues to suggest this.**°

Many of the scholarly arguments, conclusions, and claims are hence rather hasty and
unaccounted for. It seems that many of these researchers were so eager to explain the philosophy
of ancient Greek mathematics that they stumbled over the ancients and gave their own personal

reflections instead.

David Fowler’s The mathematics of Plato’s Academy: A new reconstruction examines both the

technical and some of the philosophical aspects of the early Greek mathematics up until Euclid

117 On the footnote to this, Pritchard wrote “for example, in the way called by Vlastos ‘Pauline predication’, e.g. ‘Charity is
long-suffering’”. P. Pritchard (1995), 34:n11. But this statement does not seem to clarify anything, in my humble opinion.
118 A, Wedberg (1955), 74-75. Wedberg does not specify in which exact paragraphs of Plato’s texts this can be found, but I
assume that he refers to the passages in his appendices.
119 p, Pritchard (1995), 60:n29.
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and Archimedes.'?® Fowler maintains, in his new interpretation of Greek mathematics, that the
concepts of ratio, for him the method of ‘anthyphairesis’, was at the core of Greek mathematics.
Greek mathematics was also different from the mathematics of other contemporary cultures,
which was most conspicuous in the geometry of Euclid. Many chapters provide a very
specialized knowledge of mathematics.

To ‘Pythagoreanize’ is a term coined by Michael J. White in his recent article Plato and
Mathematics.!?! White means that an explanation of Plato’s mathematical ontology as linked to
Pythagorean notions of ethics and value is a viewpoint that ‘Pythagoreanizes’. White cites the
statement of the scholar M. F. Burnyeat as an example of this: “the content of mathematics is a
constitutive part of ethical understanding”?? in the idea that the actual mathematical theorems
and axioms impart a peculiar form of value and ethics since, as Burnyeat succinctly maintained:
“the goal of the mathematical curriculum is repeatedly said [by Plato] to be knowledge of the
Good (526de, 530e, 531c, 532¢)”.123

As to the question of any possible connection between technical mathematics and wisdom (or

‘Pythagoreanizing Platonism”), White concludes in his article that:

There certainly is an aesthetic dimension to the way many mathematicians,
particularly those who work in certain areas of ‘pure mathematics’, conceptualize
their discipline. However, | am inclined to think that the aesthetic value that they
discern is very much discipline-specific. It may well be true that there is a sense in
which a mathematician such as John Nash has ‘a beautiful mind.” But does it
follow that his mind is therefore kalos kai agathos, ‘noble and good,” either in the
Platonic or some other, more common sense? Pythagoreanizing Platonism must
confront the negative answer that I — and, | think, most of us — are inclined to

give.

I think that White commits two mistakes here, as has been common in trying to understand the

difference between ancient Greek and modern mathematics. Firstly, he confounds ancient Greek

120D, H. Fowler (1999).
121 M. J. White (2006.
122 \1. J. White (2006), 234.
123 \1. J. White (2006), 234.
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mathematics (whether technical or philosophical) with modern mathematics (by mentioning John
Nash), and secondly, he seems to think that he has understood to the fullest extent the texts and
teachings of Plato and the other ancient philosophers and mathematicians. We cannot therefore,
in all earnestness, say that “most of us” agree with White, as he would have it. We will see how
his first mistake can and has been mended (e.g. by Klein, Szabd, Pritchard and Fowler). But as
for his second mistake, we must refer him to the famous saying of Socrates: “8tt & pr 0ida 008E

ofopon &idévon.”?4

124 p|. Ap. 21d.
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5. Analysis
5.1. Mathematics in Platonism (and in ‘Pythagoreanized’ Platonism)

5.1.1. The hierarchical classification of mathematics during the classical period

125 as a téyvn — where it included the quadrivium of arithmetic, geometry, astronomy,

poOnpotikn
and music — has as its earliest exponents the Pythagoreans. The term ‘quadrivium’ was of course
coined much later on by the Romans, but some scholars maintain that the Pythagoreans grouped
together the four just mentioned subjects into an educational curriculum because of their
similarities. As noted by lan Mueller, the five subjects mentioned by Socrates in the Res Publica
VIl are easily reducible to four: Arithmetic, Geometry (and Stereometry), Astronomy, and
Harmonics.?® It is important to note however, that although the remaining subjects are three as in
the ‘trivium’ they are different from the later trivium of logic, rhetoric and grammar; they are
music, gymnastics, and dialectic. Also, music and gymnastics are the first subjects to be taught to
the guardians in Plato’s state, and dialectic is the final and most important.*?” Mathematics as we
know it today was classified as such much later (e.g. by comprising some form of arithmetic and
geometry while excluding the rest of the quadrivium), and the process towards that reduction was
begun by Aristotle.’?® The Roman author Aulus Gellius informs us that Pythagoras, after
admitting someone into his fellowship, first ordered them to keep silent for at least two years
during which time they were part of the arxovorixoi (listeners) and had to simply learn and keep
quiet. When they had passed this stage, they were allowed to ask questions and inquire further
into the Pythagorean knowledge, they were now admitted into the group of uaOnuazixoi. Gellius
tells us that for the ancient Greeks, ‘pafnuota’ was geometry, gnomonics, music, “ceterasque

item disciplinas altiores pa6ipoto veteres Graeci appellabant”.*?° Finally, they proceeded to the

125 naOnpa, atog, t0, ranged from the basic meaning of ‘lesson’ to ‘learning, knowledge and the mathematical sciences’
(LSJ).
126 As cited by J. Furner (2021), 502; 508.
127.p|. Resp. VII, 521-533.
128 3. Hayrup, & M. Folkerts (2006).
129 Gell. NA. I, IX: 6. Gellius> mentioning of Greek mathematics is also (very) shortly referenced by the New Pauly article
above (J. Hayrup, & M. Folkerts, 2006).
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work of observing the world and the principles of nature, whence they were called puoikoi.**°

We will not focus too much on whether Plato did employ the quadrivium or not, but we will see
how closely it resembles his ten-year education for his philosophical ruler(s), the v o (-akoc,

0; also W, watcher, guardian, keeper, protector).*®

Plato posited the most important naideio. during the first five years of his young guardians as
being music for the soul and gymnastics for the body.'*? For the next ten years, the five
pabnquata, in order of importance, were arithmetic, plane geometry, solid geometry, astronomy,
and harmonics. After this, the philosophical art called dialectic was to be studied for five years;
and for the last 15 years the guardian should become experienced in politics and military
matters.3® The guardian could then continue with philosophy and governance of the state. Some
other ancient authors gave another classification attributed to Plato, quite similar to Aristotle’s;
the partition of knowledge into theoretical, practical, and productive sciences, with mathematics
belonging to the first. These matters of classification have no greater bearing upon our aim
though, neither does time and space allow for any further examination of this, so we will focus on

Plato’s supposedly own classification instead, in his extant writings.

Both Proclus and the author of the Epinomis (generally agreed by modern scholars as not being
Plato’s work™**) agree about geometry having second place after arithmetic (and logistic?).:*® The
Epinomis has been accused of having several discrepancies,'® but this is actually not so clear in
the case of e.g. Plato’s astronomy. The idea of astronomy having preeminence is according to
current scholarship a discrepancy which, amongst others, show that Plato was not the author. In
the Epinomis it is stated that: “[...] dyvo&l e 611 GoPdTATOV AVAYKN TOV AANODS AGTPOVOLOV
givon”.*” The “wisest person is the astronomer”, but not the one who practices it like Hesiod and

others did, but rather he who examines the seven orbits, of the eight orbits (“[...] dAAa TOV T®V

130 Gell. NA. I, IX: 1-7.
181 The following exposition is based upon PI. Resp. VII, 521-533 & J. Furner (2021). Plato uses the masculine and
feminine form of the noun edrag interchangeably throughout the Res Publica. e.g., cf. V, 461e & VII 522a.
132 p|, Resp. 11, 376e.
133 p|. Resp. VII, 521-533.
134 ], M. Cooper & D. S. Hutchinson (1997), 1617.
135 procl. in Euc. §48.9; PI. Epin. 990c—d. Also cited by A. Szab¢ (1978), 308.
136 J. M. Cooper & D. S. Hutchinson (1997), 1617.
137 P, Epin. 990a.
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OKTd MEPLOdmV TaC Emta mePlddove”).138 If we also turn to Plato’s Timaeus, we actually find a
similar statement on the high eminence of dotpovouio. Timaeus tells us that sight has been the
cause of the greatest benefit for us; by seeing the stars, the sun and heaven we have come to
understand the universe. More importantly: “vdv 8" quépa te kol vO& O0@Beioar piivég te kai
EVIOVTAOV Tepiodotl Kol ionuepion Kol tpomal pepnyavivrar pév apBpév”’; “observance of the
periods of day and night, of months and years, and of equinoxes and solstices, has invented [for
us] apw@pég/mumber”.t3® Furthermore, this has even brought us to philosophy itself, and the
great gift of sight is that by observing the periods of the mind in the universe we may apply them

to the revolutions of our own understanding.4

There is the question if Plato agrees with what Timaeus is purported to have said in this dialogue,
and there certainly is reason to believe so, since Plato obviously chose to include this statement in
his text. Nevertheless, we see that although astronomy does not necessarily have the highest
importance here, as in the Epinomis, still it has undoubtedly a very high rank since it is claimed
that even number itself (&p1Ouo6c) has been invented because of dotpovopia. The gift of sight and
the sciences that have followed have even led to philosophy itself (!). With all this in mind, and
the ambiguity in Plato’s Res Publica whether arithmetic or dialectic is most important — since the
former is the beginning of education, but the latter is the end — shows how Plato’s views on these
matters might have changed during his life. Scholars agree at the moment that Laws, Philebus,
Sophist and Statesman were some of the last works written by Plato.}*! As noted by E. A.
Maziarz and T. Greenwood: “These general views about mathematics, as expressed in the
seventh book of the Republic, do not represent Plato’s final thought on the relation between
mathematics and true knowledge”, and concerning ‘dialectic’ as being “more effective than
mathematics”, in the Res Publica VII it will “lead to the proper apprehension of numbers and
forms”.}*? Although my thesis mainly deals with Plato’s texts, it is ultimately unclear what his
final opinions were, and we can but consult his Letters (some of which are considered spurious)

and what his contemporaries (e.g. Aristotle) or what the later Neoplatonists wrote.

138 «[ ] éyvosi 1€ 6Tt copOTUTOV AVAYKN TOV GANB®C doTpovopo sival, ur tov kad’ Hoiodov dotpovopodvra kol mévtog

TOVG TOLOVTOVE, 010V SUGHAC TE KOl GVOTOAIS EMEGKEUIEVOV, GAAYL TOV TV OKT®O TEPLOSMV TAC ENTA TEPLOSOVE, dieElovong
TOV DTV KOKAOV £KAGTNG 0VTOC MG 0UK Gv padimg mote mhoa ¢pvolg ikav yévorto Bempiiocat, un Bavuaotiic petéyovoa
evoemg.” (Pl. Epin. 990a-b).
139 P, Ti. 47a.
140 p1, Ti. 47a-b.
141 ], M. Cooper & D. S. Hutchinson (1997), 398.
142 E, A. Maziarz & T. Greenwood (1968), 97.
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It should also be mentioned that in the Res Publica, all previous learning is merely preparatory

for Srahextucr. 143

5.1.2. The apOuoc, povag and £v before and after Plato.

In Plato’s writings ap1Opog, povag and &v are repeatedly mentioned in the passages dealing with
apuntikn and Aoyiotikn. As we shall see in the subsections below, povag and &v are possibly

interchangeable. 4

According to Pritchard, apiBudc occurs three times in Homer, and “in every case the meaning is
collection of things falling under some description” ** The examples show that either humans or
animals are being counted: “an arithmos is something which can be counted.”, e.g. “it denotes a
set, the collection of seals on the beach”.2® After surveying more examples from Euripides and
Aristophanes, Pritchard maintains that no difference is suggested between pre-Platonic habit and
that of the mathematicians: “an arithmos is a collection of items answering to the same

description”. 4’

Fowler has succinctly described the difference between the Greek ‘arithmetised’ mathematics
and the ‘arithmetised’ mathematics of the other cultures, such as the Babylonians and Egyptians.
Both of the latter cultures employed the “regular numbers” in their calculations, with the
Babylonians using e.g. fractions, irrational and infinitesimal numbers etc. Fowler claims that the
different ancient cultures developed their peculiar forms of ‘arithmetised mathematics’.14®

Although the Greeks had their techniques for the positive numbers, Fowler argues that up until

A L&V TOIVLV AOYIoU®V T€ Kol YEOUETPIAV Kol Thong Tig Tpomaideiag, fiv Thg dodektikig O£l mpomatdevdivat, Taciv

00G1 ¥pT) TPOPUALELY, 0VY (OC Emdvaykeg LoBsiv TO oyfipa Tig S1dayfic motovuévoue.” Resp. VII, 536d.

144 gee: J. Klein (1992), chapter 6 (pp. 46-61), for a wide-ranging discussion on é&pOudg and povég in Platonic and
Neoplatonic texts.

145 p_ Pritchard (1995), 27.

146 p_ Pritchard (1995), 27.

147 p, Pritchard (1995), 29; cf. also J. Klein (1992), 51: “This is how the traditional ‘classical’ definitions of arithmos are to
be understood; Eudoxus (lamblichus, in Nicom. 10, 17 f.) ‘A number is a finite multitude [of units]’ (dp16udg éoriv wAijbog
wpiouévov) — cf. Aristotle, Metaphysics A 13, 1020 a 13: ‘limited multitude’ (zA7jfo¢ menepaousvov); Eucl. (V1I, Def. 2):
“The multitude composed of units’ (7o éx povadwv ovykeiuevov whijog) [...].”

148 D, H. Fowler (1999), 9.
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the second century B.C., early Greek mathematics was “completely non-arithmetised”.24

For Fowler, api®untikn| is best understood as “number theory”, where dpiOpoi are manipulated in
e.g. multiplication or division.?®® On the povég, the Theologoumena Arithmeticae, supposedly by
the Neoplatonist Iamblichus, states: “éptia. & oboo koi mepurty koi Aptioméprrroc” (mepi
povédoc, I: sentence 12); “the povég is even, and odd, and even-odd”. As the footnote in the
English translation by Robin Waterfield explains, when the povag is added to an even number,
the result is odd, and when added to an odd number, the result is even. The povég has therefore
the characteristic of both ‘evenness’ and ‘oddness’.’™® When defining the difference between
apBuntikn and Aoywotikn, Socrates explains the use of 10 dptidv 1€ Kol mepirtdv (the even and
the odd) by these two sciences.’® Plato also conceptualized 10 &ptidv T Koi TEPLTTOV as SOME
form of ap1Ouoi.*® Plato also mentions &v, %o, tpia in the same sentence with &ptio kod TepirTdl
and with ap1Opeiv, in Leges 818¢.®* We must remember that most of Plato’s texts are dialogues
and not scientific tracts dealing with technicalities. They were written for public dissemination.
In any case, For the writer of the Theologoumena Arithmeticae, the povacg is certainly connected
to apBudg, as it is so clearly in Euclid (as we shall see): “povég €otwv dpyn dpbpod, 0éotv un
gyovoa.”; “The povéc is the source of apOudc, it has no local position/spatiality.”** Or, as

Waterfield would have it translated: “The monad is the non-spatial source of number.”**

How the povag is concretely related to apiBpoi seems to be explained in the same chapter.t®
When dealing with the “mAri0ovg cvotua 1j Yrotoudig poprov” (e.g. the decad or a tenth) which

“katd povaoda gidomoteiton” (“is endued with form by the povag”™), it is said that: “xaf’ €kactov

149D, H. Fowler (1999), 9-10.

150D, H. Fowler (1999), 15.

151 JTambl. Theologoumena Arithmeticae 1; R. Waterfield (1988), 35: n2.
152 p|, Grg. 451a-c & Chrm. 166a. See the subsection 5.4.2. It is quite peculiar that the literal meaning of the adjective
‘ptog’ is ‘complete, perfect of its kind, suitable’ etc. when the mathematical meaning is ‘even’; and ‘mepiocog’ literally
meant ‘beyond the regular number or size, superfluous, excessive’ etc. while the mathematical meaning is ‘odd’. Why this
would seem strange is because both Plato and Pythagorean teachings related ‘&ptiog’ (even) more with something indefinite
and superfluous and ‘mepicodc’ (odd) with something ‘perfecting, completing” and setting a limit to the unlimited. See: PI.
Phil. 16¢c—d & Arist. Met. 1, 986a.

KOAMOV 0¢ Tov Kol paAlov kot €1om kol Sy dwopoit’ dv, €i TOV pév aplOpov aptie Kol TEPLTT@ TIS TEPVOL, TO 08

ad TV avOpdTmV Yévog dppevi kol Ofrer”. Pl. Plt. 262e. Bold emphasis is mine.
154 «“moddoD & v Senoetev GvOpwnoc ye Ogiog yevécOar uite Ev pte SO0 prte Tpio pd’ dAmC GpTia Kol TePITTd SuVANEVOG
YIyvooKew, unde apueiv 1o Topamav €idmg” (Pl. Leg. 818c).
15 Jambl. Theologoumena Arithmeticae, I: 1.

1% R, Waterfield (1988), 35.

157 Jlambl. Theologoumena Arithmeticae, I: 12-23.
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8¢ 100tV £1del PEV 1 VT povag, peyédet 6€ dAAN kai GAAN” (“in each of these the povag is the
same in form, but different in magnitude”). The povdg is hence said to forever remain the same in
one aspect (idet), but in another aspect (uey£bet) it does simultaneously differ. Furthermore, the
povag is even likened to “tov mepi B0 Adyov”; “the principle of God”, literally showing the
theological property of apiBuntiky, as the title of the work suggests.

Pritchard argues that the scholar Egger’s assertion that ‘one’ is an api9udc is not proven by this
statement in Herodotus: “kai &v kepdpov oivnpov aplud keipevov ook €ott (¢ AOy@ €imeilv)
i6400a1.1%8 Pritchard’s motivation for this is the fact that Aristotle enumerates several different
things that can be called ‘8v’, e.g. kat’ apOuoV, kat' €1d0¢, katd yévoc.t*® Pritchard might have
taken this theory too far, for even if Plato and Aristotle may have not denoted the ‘unit’ (povaég)
as an apduog,t® Plato sometimes referred to the &v as a number and sometimes as something
separate from apOnoc.t®t Moreover, if we are to speak plainly and refrain from illogical
conclusions, how could the Greek mathematicians refer to the concept of ‘one dp1Oudc’ without
having a similar notion as e.g. ‘one finger’ or ‘one ox’? We need not conclude that ‘apiOuoc’ is
the same thing as ‘the natural numbers’ even if we count 1, 2, 3 &p1Ouoi, but it stands as evident,
to me at least, that ap1@poi must be something that is counted or calculated.6?

Let us briefly turn to Aristotle and see why Pritchard has exaggerated his theory. The same
passage in Aristotle that we just mentioned is dealing with this topic, as stated by Aristotle in a
passage before: “&v Aéyeton 10 pév kotd copPePnrog T 88 kad’ avtd™.1%® Aristotle thus begins
this specific discussion by distinguishing between two concepts of ‘ones’: the &v which is called
so by chance, and the &v which is &v by its very nature. Of the latter, he thereafter repeatedly

gives examples of different things that “are called one” (“...&v Aéyeton...”).1%* Furthermore,

158 Hdt. Historiae, 3,6. As cited by Pritchard (1995) 70.

199 <z 68 TO PEV Kat apopov € gotw £v, 10l 8¢ kat” eldog, T 88 KaTd ysvog, T8 88 xat dvodoyiav, ApOud pév ov 1 HAn pia,

£10e1 8" GV 6 Aoyog elc, Yével 8” OV TO adTd oyfjua THG KaTnyopiog, kot dvaloyioy 8¢ doo Exel O 8o mpog &Aro.” (Met.

V, 1016hb:31-35). Also as cited by Pritchard (1995), 70.

160 Pritchard (1995), 70; 77.

161 “moddoDd & v denfoetey dvOpmmoc ye Ogiog yevécOar puite Ev pte SO0 prte Tpio pid’ dAmC GpTia Kol TePITTd SuVANEVOG

yiyvhoks, pmde apusiv 1o mapamay siddc” (Pl. Leg. 818c); “Ti ovv; apOudc te kol 10 &v motépmv doksl sivay;” (Pl

Resp. 524d). Also as cited by Pritchard (1995), 70-71.

162 Cf. J. Klein (1992), 46: “The fundamental phenomenon which we should never lose sight of in determining the meaning

of arithmos (dp16udg) is counting, or more exactly, the counting-off, of some number of things.”

163 Arist. Met. V, 1015b:16.

184 E, 0. “En dAhov Tpomov Ev Adyetan T 1O vmokeinevov Td £idel elvar adidpopov” (Met. V, 1016a:17-18); “AéyeTan & Ev

Kai OV 10 Yévog Ev Stapépov Toig avtikeévong Stopopoic” (Met. V, 1016a:24-25); “E1u 8¢ &v Aéyeton 86wV 6 Adyog 0 10 Ti
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99, <

Avristotle states “10 8¢ £vi sivon dpyf Tvi dotv apOpod sivan”’; “to be one is to be the source of
number”.2%% And in the same passage, line 20: “dpyr 0OV ToD YvooTod Tepi Ekactov O £v.”; “the
one is the source/beginning of each knowable [yévoc]”. In this passage,'®® Aristotle seems to
begin with Pythagorean examples, citing the pétpov (“anything measured”, or the musical
“metre”) and for the different types of ‘ones’ he begins with the dieoig; “[musical] interval”,
which W. D. Ross in his commentary mentions as referring to the smallest interval in music: the
minor semitone for the Pythagorean Philolaus, and the three different dieoig for Aristotle’s pupil
Avristoxenus (enharmonic, chromatic, hemiolian).*®” Could it here be denied then, in an almost
preposterous manner, that the pétpov, or the diecseig or any knowable thing or class (yévoc) must
not be counted as first ‘one’ and continuing with 2, 3 etc.? Pritchard would have this as

inconclusive.%8

It seems rather, as we just saw in Plato’s different statements of what the first number is, that we
are dealing with two different notions of the €v: (1) as equivalent to the concept of any povdcg,
and (2) as one ap1Ouodc.t®® Continuing with the &v and the povéc, Avristotle tells us in line 23-26
that: “mavtoyod 8¢ 10 &v | 16 moc® | T £idet AdioipeTov. TO Pev oVV KaTd TO OGOV AdtuipeToV,
TO HEV TavTn Kol dbstov Aéyetanl povag, o 08 mavn kol 0éowv Exov otiyun”; “But everywhere,
the one is indivisible, either in quantity or in form. That which is indivisible in quantity, that
which altogether has no position, is called a povég, but that which altogether has a position, is

called a point [otryun]”.2"® Aristotle provides here (line 24-31) a hierarchical order of those

v slvar Aéymv adtaipetog Tpdg dAkov TOV Snhodvta Ti v sivar T mpdypa (adTdg Yap Ko avtdv TC Adyog Stonpetdc)”

(Met. V, 1016a:32-35). Bold emphasis is mine.

165 Arist. Met. V, 1016b:17-18.

166 <10 §& évi elvon apyfi Twvi oty ap1Bpod slvar: 1o yop mp@dTov péTpov dpy, ® Yip mpdTe Yvepilopsy, TodTo TP@HTOV

PETPOV EKAGTOV YEVOUC: GpyT 0DV TOD YVOGTOD MEPl EKOOTOV TO Ev. OV TaDTO 88 &v MGt ToiC Yévest 10 &v. EvOa pv yap

dieoig &vBa ¢ TO paviiev 1| Gpwvov: Bapoug 8¢ Etepov Kol kiviioewg GAlo.” (Arist. Met. V, 1016b:17-23).

167 W.D. Ross (1924), 304:n22.

168 «“The wider question, whether Plato or Aristotle ‘use 1 as a number’, cannot be answered as it stands.” (P. Pritchard,

1995, 77).

189 This may explain the apparent incongruity between the mathematicians and the Eleatics which Szab6 would have: “The

definition of ‘number’ (VIL.2) as a ‘multitude composed of units’ marked a departure from Eleatic teaching. It is true that

arithmeticians treated ‘numbers’ in much the same way that the Eleatics treated ‘Being’; they emphasized that numbers

were ideal entities which did not have visible or tangible bodies and could only be apprehended by the understanding.

Arithmetic, however, required the existence of a ‘plurality’ (or, at least, of an ‘ideal plurality’), whereas Eleatic philosophy

admitted only the existence of the ‘One’. In an earlier chapter we saw that the Eleatic problem of ‘divisibility’ took on a new

meaning when numbers came to be regarded as multiples of the ‘One’. This seems to have given rise to one of the most

important and basic problems of pre-Euclidean arithmetic, namely the problem of divisibility of numbers.” (A. Szabd, 1978,

305). Cf. also: “[...] xoi t@v &v ékeivov Ekaoctov TAAV OoadTmS, uéyputep av 1O Kot apyxag &v pn 6t &v kol moAhd kol

Gmepd €0t povov dn tig, aAa kail omdoa:” (Pl. Phil. 16d)

170 Also, on the difference between the monad and the point: “to 8¢ undaufi S1opeTdV KaTd TO TOGOV GTIYUT KOl HOVAG, T
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mathematical principles that are undivided in quantity (novdg and otiypn) and those that can be

divided in one, two, or three dimensions (ypouur, éxinedov, cdua).

It seems obvious then, that dpOuog is a countable thing, and that the €v, in one of its
philosophical concepts, can be considered as a unity residing in different yévog: “o0 tavto 6¢ év
niiol 1ol yéveor 1o &v”.t This hearkens also to the previously mentioned passage in the
Theologoumena Arithmeticae: “ka0’ &kactov & To0TOV €10l HEV 1| AT HOVAG, HEYEDEL O BAAN

Kol GAAN”.

As to what apOuog might have been concretely, or conceptualized as in mathematical practice,
the Neoplatonist Proclus informs us that one classification (seemingly Geminus’) of apiOuntikn
IS thus: “t|g 0& apOuNTIKT|G doavT®S 1| Staipeoig €1g Te TV TOV YPauK®Y apldudv empiav kai
MV 1OV Enmédmv Kol v TV otepe®dv.”; “Likewise apOuntikr| is divided into the study of
linear ap1Oudyv, plane apOudv, and solid apBudv”.’> We may notice immediately here that
number (&pOpog) has a geometrical character (lines, planes, solids) in its physical and practical
conceptualization. Also, the ‘study’ (Bewpio) of these apiOudv is a noun with the primary
meaning of “sending of Oswpoi or state-ambassadors to the oracles or games, or, collectively, the
Bempoi themselves, embassy, mission”, but also of course ‘viewing, beholding, contemplation,
consideration’ etc. We will see how this peculiar ‘oracular’ semantics often recurs in both Plato

and Aristotle.

Finally, for the povag and apiOudg with their roles and hierarchical ‘hypostatization’ in
mathematics and geometry, this quotation may suffice, attributed to the Pythagoreans by
Alexander Polyhistor in Diogenes Laertius’ Vitae Philosophorum: “apynv pev td@v andviov
povada- €k 6& TG Hovadog adploTov dvada a¢ Gv VANV T Hovadt aitie dvtl bmootival €K O
THg povadog kol Thg dopictov dvdoog TOLG APBHOLS: €k O& TOV ApBudV T0 onueio: €k O

TOVTOV TG YPALUAS, &€ OV Ta Emineda oynuoto- &k 8¢ TV Emmédov T oteped oyfpata-"1"

pev dbetoc povag M 8¢ Betog otryun.” (Met. V, 1016b:29-31).

171 Arist. Met. V, 1016b:21.

172 Procl. in Euc. §39. Proclus continued just after this sentence with: “kai yap td €01 100 dpOpod ko avté ckomel
TPOIOVTO, Amd HovAdoc, kol TG yevéoels TV Enmédmv TV Te OMoimv Kol Tdv dvopoimv, kol tag &g tpitnv adénv
TPoOdoLC.”

173 Diog. Laert., Vitae Philosophorum VIII, 25. The quote continued with the elements, the world, etc: “&x 8¢ tovTOV O
aicOnte chpato, GV kol t0 otoyEia sivar Téttapa, wop, Hdwp, YV, dépa- & petofdirev kol tpénecdar ' Bhwv, kol
yiyvecBor &£ avtdv KOGpov Epyuyxov, voepdv, GEOPOEWT], HEOTV TEPEXOVTO TNV YV Kol oOTV Geopoedi] Kol
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Paraphrased, Alexander Polyhistor told us that ‘the origin/principle of all things is the monad.
From it the boundless dyad subsisted as matter for the monad which is its cause. From the monad
and the boundless dyad came numbers (ap1Buovg). From the dpOudv came the points, from these

the lines, then the plane figures and then the solid figures.’

This Pythagorean ‘hierarchical classification’ seems to be the framework of all later Greek

mathematics, as we shall see.

5.1.3. The two kinds of sciences; the common and the philosophical concept of ‘povéc’

In the Philebus, agreed by scholars as being one of Plato’s last works,'™* Socrates makes a
distinction first between those sciences that are more accurate (e.g. building) and those that are
less accurate (e.g. music). Socrates then continues to establish a difference in all the sciences
themselves. Beginning with the most accurate sciences, as apiOuntikniv, Socrates says that there
is one kind of “tdv moAl®v”, and one of “tév pocopovvtmv”.t™ The basic difference is that
the former calculate with any sorts of unequal ‘units’ while the latter will only do the same if it is
agreed upon that all those ‘units’ have no difference between each other.1”® The word choice of

Plato here for a “unit’ is “povég”.

5.1.4. povéc

The povég can be a concept for “povdadag dvicovg” such as “otpotomeda dvo kol Podg 600”
which is the concept used by t@v moAl@v; but tdv eilocopodvtwv on the other hand, as said,
make no difference between the myriads of all povédag. When dealing with the former way,
whether it is two armies or two oxen, or two things of the greatest or smallest size, these povadeg

are avicovg according to Socrates. Perhaps, since they are simply not of the same size or type.

TEPOKOLIEVIY. elva 8¢ kal dvtimodag kol T MV kéTw €keivolg dve.” Also mentioned in: E. A. Maziarz & T. Greenwood
(1968), 39.

174 3. M. Cooper & D. S. Hutchinson (1997), 398.

175 p1, Phlb. 56d.

176 P|, Phlb. 56d-€: “00 oukpdg 8pog, @ IMpdTapye. ol pev yap mov povadag dvicovg katapdpodvial Tdv mepi ApOuov,
olov otpatomeda Svo kol Podg S0 kol Vo & cukpodTaTe §| K1 TO TAVTOV péyioTa: oi & odk &v mOTE OTOIG
cuvakolovBncetlay, €l pUn pLovado povadog £kaotng Tdv pupiov pndepiov AANY GAANG dtapépovaay Tig Onoet.”



The sentence here has an important connection between povag and apOpog: “ot p&v yap mov
povadag avicovg koraplfuodvrarl tdv mepi apBudv”; lit. “some count unequal (unlike) monads
concerning the things of arithmos”. We will see in the subsection on Euclid also, how povdg and
apBuog are connected. It seems as if Socrates means that by the very fact of counting two sorts
of oxen or two sorts of whatever thing, the idea of all monads being equal is denied, since it is not
recognized that the monads are all the same by the very nature of making such a calculation. Still,
the calculation is possible by the philosopher’s method as well, as long as no distinction is made
between the povadec. Pritchard maintains that the povdg in this Philebus passage is equivalent to
the &v in the Res Publica. This is in contrast to the scholar Julia Annas’ opinion who stated that
Plato moved on from the concept of &v in the Res Publica to povéc in Philebus.!”” Pritchard

argues that Plato does not always use the same word to denote the same idea.'’

In usual mathematical practice, all of this would probably mean that the povadeg of e.g. all
Euclid’s propositions consist of a peculiar concept of monads/units which, though they can be
manipulated in different geometrical and arithmetical calculations, are still the exact same
uovaodes. This will be more evident in the analysis that follows on Plato’s distinction between
‘visible’ and ‘intellectual’ mathematics, the latter which is only possible to “®Gv SiovonOfjvar

névov”; “have in mind” 17

Plato’s division into a ‘theoretical arithmetic/logistic’ and ‘practical arithmetic/logistic’ has also

been noted by Klein and Wedberg.!#°

177 As cited by P. Pritchard (1995), 21: n27.
178 p, Pritchard (1995), 21: n27.

179 p], Resp. VII, 526a.

180 ], Klein (1992), 6; A. Wedberg (1955), 22.
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5.1.5. peTrpnTikn): “mensuration”: mathematics as a ‘means to an end’ for reaching cotpia
(salvation)

Although the examination of ‘petpntikiy’ is not part of my thesis’ research questions, there are

some key concepts of Plato’s mathematics that are mentioned in connection with this subject. It

seems as if the general aim and purpose of Plato’s mathematics is mentioned in these passages.

In Protagoras 356a—357b we can evince that these téyvau are crucial for Plato’s doctrine of the
soul’s salvation. Here we find a short mention and definition of the art called “perpnTikn’”;
“mensuration”. '8 Socrates explains that in order to solve the confusion of appearances when e.g.
an object is seen as smaller in the distance and greater when it is in proximity, an ‘art of
measurement’ is needed. With similar wording as in the Res Publica,'® Socrates says “&i obv &v
TO0T® MV v T0 €0 Aparteawy...” 8, “if our wellbeing/good conduct consisted of this...” when
explaining how one should avoid the misconceptions of sense. The “deliverance” or “salvation”
(“ocotpia”) would come from the art of petpntikry rather than from the power of appearances:
“tic av v cotnpio £pdvn Tod Blov; dpa 1 petpnTic Téxvn §| 1 Tod Qovopsvoy Svvopug;”. 18
petpntiky would invalidate the “pdvtacpa” of appearances, show the truth, give peace to the
soul, let it remain in truth, and save [our] life.!% petpntucy is the téyvn of “OmepPoliic te Koi
évdeiac”; “excess and deficiency”.!® Although Stanley Lombardo’s & Karen Bell’s translation
“the greater and the lesser”®” may be correct, the context seems better suited for a literal
translation, which they provided in the next sentence that deals with the definition of petpntu:
“OmepPoidic te kol vdeiog odoa kai icodTnTog TPOG AAMANG oKéyc;”; “being the examination of
excess and deficiency, and of their equality towards one another”.’®® A more literal translation
would be preferred since it shows clearly the context of Socrates’ discussion: the avoidance of the
‘wrong’ form of pleasures and pains, i.e. considering the excess and deficiency of the pleasures
and pains: “mel 6& On NMOOVHG Te Kol AVTNG €v OpON i) aipéoel épdvn Muiv 11 compia tod Piov

ovoa, Tod e mAéovoc Kai EAATTOVOS Koi Heilovoc Kol GHIKPOTEPOL KoL TOPPOTEP® KOi £YYVTEPM

181 Also mentioned in Phil. 56e-57a, but without any deeper discussion on the art itself.

182 p|
183 p|
184 p|
185 Pl
186 Pl
187 |n

188 Pl

. Resp. VII, 519e-520a.
. Prt. 356d, text in bold emphasis is mine.
. Prt. 356d.
. Prt. 356d-e.
. Prt. 357a.
:J. M. Cooper & D. S. Hutchinson (1997), 785.
. Prt. 357b. Translation is mine.
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[...]”* In Plato’s Euthyphro, Socrates investigates the meaning of piety. In the context of piety
and justice, fear and shame, Socrates likens the discussion to the odd being a part of number and
the even also likewise.'® There is therefore, in Plato’s dialogues, a clear connection between
human values (the soul’s virtues and vices; or philosophical principles in general) and
mathematical number theory. Not that philosophical principles such as piety, justice, excess and
deficiency are literally the counterparts of these odds and evens, but that mathematics seem to

play a fundamental and intrinsic role to the soul’s principles.

Apart from the ethical considerations, we may also find spiritual concepts, especially in the
Protagoras. “r cotmpia’” and the verb with the same root “c@lewv” is employed several times by
Socrates in these passages when he discusses petpntiky and apOuntuciy.®* This ‘salvation’ by
the ‘arts of measurement and arithmetic’ is connected to excess and deficiency, pleasure and

192

pain.~> apBuntikn is also singled out as being related to perpnrtiki and to this ‘salvation’:

“[...]1éme1dn 8¢ meprrTod TE KOd ApTiov, Gpa dAMN TIC T apOunTikn;”. 1% There is moreover a
peculiar mention of ‘Aoyiopog’ and “apBude’ as “omilel Bpotodc” (saving mortals) in a fragment

of the dramatist Epicharmus (ca. 5" — 4" ¢. B.C). The fragment goes as follows:

0 Blog avBpamoic Aoyiopod KapBpod deitat Tavv.
{oduev [68] apdudt kai Aoyioudt. Tadto yap ool Ppotove.to
Life is altogether dependent on Aoyiopdg and appods for humans.

We live by Aoyiopog and apBpog since these save mortals.

189 p|, Prt. 357a-b.

190 p|, Euthphr. 12c—d.

191 p|, Prt. 356d-357D.

192 «1i § &l v Tf] 10D meprrTod Kol dptiov aipéoel HUiv Nv 1 cotpio Tod Piov, omdTe TO TALOV OpODC Edet EAEcOan Kol OmHTE
10 EhatTov, | a0TO TPOG EAVTO § TO ETEpoV TPOC TO ETEpOV, €T’ £yyd¢ gite MOppw £in; Ti dv Eowlev Muiv TOV Plov; dp’ dv
0VK EMIGTAWUN; Kol Gp” Bv 00 PETPNTIKNA TIC, Ensdnmep VmepPorfic Te Kol évdsiog Eotiv 1 Téxvr); Eme1dn 8& mepirtod Te Kol
aptiov, dpa AN TIC 7j dpBunTIKn; Opoloyoisy v Nuiv oi dvBpwmot fi ob;” PI. Prt. 356e—357a.

198 p|, Prt. 357a.

1% DK, Epicharmos (23), 56. Cf. also fragment 57:

“0 Mdyoc avBpmmovg KuPepvat katd TpoOmoV oMdICEL T AEl.

£otv avOpdTmt Aoyiopog, Eott Kol Belog Adyog.

[...]

0 0¢ ve T0aig Téyvaug amdoaig cvvénetat Belog AoYog, |...]

I found fragment 56 cited by P. Pritchard (1995) 81:n49, but he doesn’t mention the philosophical implications of “cdlet
Bpotovg” and what the fragment’s contents really mean in a spiritual sense.
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This shows how Plato may have been drawing on previous traditions for this notion of
‘mathematics saving humans’. Epicharmus even juxtaposes ‘avOpommt Aoyiopds’ with ‘Oglog
Aoyoc’ and says that “6 8¢ ye Taig Téyvong amdoalg cuvémeton Osiog Adyoc” in another fragment.'%
The spiritual, divine and religious character in the téyvouw may hence have been an idea that was

current even before Plato.

The mathematical sciences for Plato seem therefore to be a sort of means to an end. By the means
of at least petpntikn and apiBuntikn, mere “appearances” vanish, and we are able to see “the
truth” and we are “saved”, as we have just read from all the above. One of the aims of these
sciences seem therefore to be the saving of one’s soul. dpOuntikn, Aoylotikn, peTpNTIKY,
veopetpio and similar subjects are for the purification of a certain ‘instrument’ of the soul, as
stated in another passage in the Res Publica.!®® The repetition of “compia” and “cdlewv” give
the passages just mentioned a clear spiritual or religious notion of ‘the salvation of the soul’
which of course sounds similar to Christian soteriology but must remain distinctly Platonic for us
at this moment. petpntikn}, moreover, bestows peace, truth, and life to the philosopher. All of this
shows Plato’s mathematics to be a sort of spiritual way of life, and not only a philosophical

practice.

195 See the note just before. Cf. also fragment B4 of the Pythagorean Archytas: “Logismos, when discovered, stops strife and
increases concord; when it occurs, there is no excess of gain, but there is equality; for by this we settle our disputes. [...] It
is a rule and it prevents men from doing wrong [...].” As cited by D. Fowler (1999), 150.
196 pJ. Resp. VII, 527d-e. See the section 5.4. on yewpetpio.
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5.2. aprOpunTikn ¥’

5.2.1. ap@punTikn: the quantity of apOpog, the religious connection (ypije0ar), and reaching
voneig, ovoio and ai0sio
In Plato’s Theaetetus, Socrates gives us a short definition of what it means to ‘apiBuciv’ (“to
number/count/arithmetize”): “to 8¢ ap1Bueiv ye odk iAo Tt Ofcouev 100 okomeicHatl TOGOG TIG
apOuog Toyyavel dv”’; “We will posit counting/to arithmetize as nothing else than contemplating
how many/how much there happens to be of apOpoc”.1* ‘nococ T1c ap1Ouog’ is translated by M.
J. Levett & rev. Miles Burnyeat as “how large a number” and by Klein (or his English translator
Eva Brann) as “how great a number”.?®® Both these translations give ‘mécoc’ the connotation of
‘largeness of magnitude’ whereas the Greek word can in this context rather mean either that or
‘quantity’ of something, i.e. ‘how many’.?® Also, just as Klein translates, the ‘tvyyévet dv’
furthermore indicates specific cases of calculating as in how many of ép:0uog there happens to
be: “how great a number happens to be [in a given case].”?%! Klein asserts here, and we agree
that: “thus the arithmos indicates in each case a definite number of definite things. [...]. It intends
the things insofar as they are present in this number, and cannot, at least at first, be separated
from the things at all.”?2 We will return later to what apiOuog furthermore consists of,

conceptually.?%3

Some examples of what that the mathematicians concretely were occupied with are given in

197, Klein (1992), in his third chapter ‘Logistic and arithmetic in Plato’ (17-25) (and in the first part of his book generally)
also surveys some of the following passages in Plato, but my examination is a bit more comprehensive and linguistically
detailed, and I mention some things which he has overlooked, e.g. the use of ‘ypdw in med. + dat.” by Socrates in the Resp.
VII, 523a, as ‘consulting a science’ in a divinatory or prophetic/oracular manner, or the use of the noun “n cotnpia” and the
verb with the same root “c®lewv” in Prt. 356d-357b and other places, to indicate the proper aim of these pabnpota; the
salvation of the soul.
198 P, Tht. 198c.
19 ], Levett & rev. Miles Burnyeat in J. M. Cooper & D. S. Hutchinson (1997), 219; J. Klein (1992), 46.
200 Cf. LSJ’s entry on mocog: “1. of Number, how many? [...] . tig épOudg; PL.Tht.198c; [...] 5. of Degree, how great? II.
mocog, 1, ov, indef. Adj. of a certain quantity or magnitude.”
201 ], Klein (1992), 46. More likely translated by Eva Brann from Klein’s German into English.
202, Klein (1992), 46.
203 Cf. also the ‘spurious’ Epinomis: “810 podnpétov déov dv €in: 10 88 néyotdv te Kol mpdTov Kol Apdudy adTdv GAL 0
ohpata, xovtov, aALN dANG T1ic ToD TepttTod 1€ Kal ApTiov YeVESEMDG T€ Kal SuVAUE®S, donV TapEyeTaL TPOG THV TGV OVTOV
@OoY. TodTa 08 poBovtt tovtolg 9ekiig £ty O KaAodol PEV 6eddpa yeLoiov dvopa YempeTpiay, TV 00K dvimv 6& Opoiny
aAALo1g pvoel aplBU®dY OpoimGcIg TPOG TNV TOV EMTES®V poipav yeyovuid €oTv dtapavig: O 61 Badpa ovk avOpdmvov
AALG YEYOVOG B€ToV pavepOV v Yiyvolto T@ dUVOUEVE GUVVOETY. LETA 08 TANTNV TOVG TPIG NOENIEVOVS Kol T 6TEPER PUCEL
opoiovg: Todg 8¢ dvopoiovg ob yeyovotag Etépy Téxvn Opotol, Tavtn fiv 81 otepeopetpiay éxdiecay ol TPOSTLYEIC avTH
yeyovoteg” Epin. 990c—e.
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Plato’s Res Publica. Socrates says that those who are engaged in geometry, counting, and similar

endeavours2®

are: “vmobéuevol 10 € TEPLTTOV Kal TO GPTIOV Kol TO GYNUATO KOl YOVIAV TPLTTA
€(0M Kol dALo ToVTOV AdeA@da Kb’ ekdotnv pébodov [...] momoduevol vmobécelg avtd [...]7;
“they suppose/hypothesize the odd and the even, the figures, the three kinds of angles, and other

things akin to these according to each pursuit/method [...] making suppositions/hypotheses

[.].2%

Even today, these are the basic components of arithmetical mathematics and geometry. There are,
however, several differences between modern and ancient Greek concepts, as already mentioned

in the introduction.

In one sense, the purpose of podnuatikyy was in Plato’s reasoning concordant with the ultimate
goal of his ideal state. Those who have reached the greatest padnua (note Plato’s word choice);
to know/perceive the good and through the education of the body and soul not linger there for
their own sakes, but helping out the common citizens, tov¢ deopmtag the prisoners [in the cave],
they must make sure that happiness and good deeds are shared by the city as a whole.?%® That not
only “gv 11 yévog” (“one class/kind”) should “e0 mpééer” (lit. “do well ) in the city, but that the
entire city should share in this well-being. The law does not intend to form such people for their
own selfish intents, but “iva katoypfitor adtog adToig €ntl TOV GVVdeSOV Tiig TOrems” (“so that

he [the law] may fully apply them for the bond/union of the city ).2%

Socrates begins his discussion in the Res Publica on the mathematical sciences important for the
guardian, with some simple yet very revealing statements. The common thing (“10 Kowo6v”)
which all arts, thoughts and sciences make use of, that which it is necessary to learn among the
first things (in life, as today?), that simple thing (“16 @adAiov T0010”): “10 &V T€ Kai T 6V0 Ko Ta
tpia. dwytyvookew-”; “to distinguish the one, the twos, and the threes”. More specifically,

Socrates says: “Aéym 6& aOTO &V KeoAi® APV T Kai Aoyiopdv”; “to sum up, [ mean number

(ap1Opoc) and calculation (Loyiopoc)”. 2%

204 “of mepi T0C YempeTpiog T Kai Aoyiopovg kol T Totadto mpaypotevdpevor”’ Resp. VI, 510c.

205 p|, Resp. VI, 510c.

206 p|, Resp. VII, 519¢c-e.

207 p], Resp. VII, 519e-520a.

208 p|. Resp. VII, 522¢. [Socr./Glauc.] “Olov todto 10 Kowdv, @ nicat TposypdvTal Téxval T€ Kol dtévota Kai émotiuat, O
Kol mavti &v TpdTolg Gvaykm povOdavew. To moiov; &pn. TO godiov todto, fv & &yd, 10 &v Te Kod 10 SVo Koi T Tpia
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We must note here how Socrates refers to the simple methods of number and calculation, which
everyone must learn first, and that he mentions in the same sentence ‘10 €v 1€ Koi T0 OVO Kol TA
tpia’ with ‘apOudv te kai Aoywoudv’. Now whether apiBudg have more connotations than the
first three integers (and Socrates does not specify if all the integers 1-10 are included), it is
evident that the simplest Greek notion of ap1Ouov te kai Aoyiopov include, as it does for us today,
the one, two and three. The difference that could be noted here though, is that he uses the singular
article for the one, ‘10’ &v, but the plural articles for the ‘twos’ and ‘threes’, ‘T’ dvo koi ‘Td’
tpio. It is unclear here why the ‘two’ and ‘three’ have the plural article ‘&’ instead of the
singular ‘10’, but it seems to be because they simply denote plurality compared to the ‘one’. As
already stated elsewhere, the Res Publica was most likely not Plato’s final statements on the
nature of mathematics, so these notions might have developed, or there might already have been
different notions of dp1Opdv 1€ kai Aoyiopdv. What is clear though, is that we cannot completely
separate the positive integers from Plato’s mathematics, in the Res Publica at least, even if they

were different from our modern notions of number.

Continuing with Socrates’ train of thought in the same passage, the guardian, even in the context
of a warrior, must be able to AoyileoBai te kol apBueiv, both for understanding how to arrange
his troops and in order to become a ‘proper human being’ (“ei kai 6tiodv péAAEL ThEemV Emaiety,
uddiov 8’ €i kai vOpomog EcecBon’). 2%

LoyilecOai e kai apiBueiv are some of the things that lead to v vonow but they must be used
correctly: “ypiicBon & ovdeic adTd OpOGC, EAKTIKY dvil Tavtdmoct Tpde ovaioy”. 20 Firstly, the
use of the verb ypdw in med.+dat. (Plato most likely employs the medial form since passive
seems unlikely in this context) means according to the LSJ “to consult a god or oracle”. The
medial form ypdouar by itself could also possibly be translated as “use” (LSJ entry °IL.”), as
G.M.A. Grube and rev. C.D.C. Reeve have translated it.!* The former meaning is more tenable
though, it seems, since both the medial voice and the dative case are present in Plato’s sentence.

Now we cannot know for sure which meaning Plato had in mind, or if he considered both as valid

Saytyviokew: AEym & antd €v kepaiaim aplOudv te kol Aoyiopov. §j ovy obt® mepl TovTOV EYEl, OC TAGO TEXVN T€ Kol
gmotnun avaykdletatl avtdv pétoyog yiyveobar, Kai paia, Een.”
209 p|, Resp. VII, 522¢.
210 p|, Resp. VII, 523a. Debra Nails argues in her article from 1979 that ‘ovcia’ was not equivalent to ‘0 év’ and ‘0 £ot’
for Plato (D. Nails 1979, 71-77).
211 ], M. Cooper & D. S. Hutchinson (1997), 1139.
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here, but it is interesting nevertheless to note the ‘religious’ or oracular undertones here; the
notion of consulting a science in the similar manner of consulting divinities. Secondly, perhaps
‘Neoplatonically’ (as in expounding different ‘metaphysical layers and entities’),?*? the context
shows itself in this whole passage: the world of trjv vonow (intelligence, understanding), must be
reached in the proper way by “consulting ” the mathematical science in a way which “is attractive
altogether towards being/substance/essence (the things that are)”. There is hence a possibility of
different ‘metaphysical layers’ which aren’t so clearly spelled out in Plato’s dialogues as in

Neoplatonic writings.

But more importantly, Plato uses ‘divinatory’ language again in the passage just continuing after
this. Socrates tells Glaucon that he will clarify what he means, so that they both may know if it is
as Socrates “pavtevopon”, i.e. literally if it is as he “divines, prophesizes” or even “consults an
oracle, seeks divinations”.?!® Socrates uses the same verb again, in a later passage where he
‘divines, forebodes,” what he believes would happen to a child who practices dialectic wrongly,
because of being brought up as a spoiled child by wealth and flatterers.** Another verb that may
be used in a similarly religious way by Plato, but quite conjecturally now, is mapakoiém which in
its basic meaning is “t0 summon” but could also mean “to invoke (the gods)”. In our context:
“mapakorodvto v vomow eig €mickeyv” and “mepdtor Aoyiopdv Te Kol vonow yoym
napoxoiodoa Emokoneiv eite [...]7.2%° Generally, it was used in the setting of summoning

advisors in political or military affairs or summoning someone to trial or as a witness.?

There is another relevant passage in Plato’s Timaeus dealing with 0goc, ypaw/ypdopat, the vodg
of the heavens (in astronomy), the Siovémoig of humans, and a natural Aoyiopog.?t’ Discussing

the great gifts that ‘the god’ has given us because of eyesight, Timaeus says: “0gov Npiv dvevpeiv

212 Among the five characteristics of Neoplatonism marked out by Pauliina Remes are: “(ii) There is a proliferation of
metaphysical layers and entities. Plato can be interpreted as postulating (in a more or less crude simplification) two aspects
or levels of reality: one that is material, perceptible, temporal and changing, and another that is immaterial, intelligible,
eternal and permanent. [...] The Neoplatonists take this layered understanding of reality to be correct, but following Middle-
Platonic authors and Plotinus they postulate yet further levels between the two, or, perhaps better, within the higher or the
intelligible.” The difference between Plato’s scheme and the Neoplatonic is hence that the latter has more metaphysical
complexity (it seems). P. Remes (2008), 7.
213 p|, Resp. VII, 523a:5-8.

214 p|, Resp. VII, 538a-b. [Socr./Glauc.] “fi BovAet nod pavievopévov dodoar, Bovlopat, Epn. Mavsbopar toivov, imov,

2

5 PI. Resp. VII, 523b—c & PI. Resp. VI, 524b.

216 See the LSJ.
217 p|, Ti. 47a—cC.
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dwpnoachai e Oy, tva Tag &v ovpav®d Tod VoD KaTWOOVTEG TEPLOSOVS ypnoaipeda €mi Tog
TEPIPOPAC TG THG mop” Mpiv dravoroewc”.?® The ‘purpose’ of eyesight is, amongst other things,
to study the heavens (astronomy). By observing the periods of the mind of the heavens/universe,
we are to use/apply them (ypnoaiuebo, aor. opt. med. 1. pl.) to the revolutions of our own
thinking/understanding. Furthermore, “€xpaf6vteg 6¢ kol Aoylopudv Koto @Oowv OpHOTNTOC
petooyovies”’, we are to “thoroughly learn the calculations (Aoyiopu®dv) according to nature,
partaking in them correctly”. Thereby, we mimic the true and unwavering revolutions of the god
(of pure, not popular, astronomy) and set in order our own revolutions within. What can be
evinced from this passage, in my opinion, is the ambivalent connotations and meanings of the
verb ‘ypaw/ypdopar’, ranging from ‘proclaim’, ‘consult a god/oracle’, ‘to use, employ’, and other
meanings. What draws all these semantic inferences together (perhaps for an ancient Greek
reader more conspicuously than for us?) is the context of 6gog (spirituality/religion),
ypaw/ypdopor (consulting/using something), mind/intellect (vodg and dwvomoig), and
mathematics (Loyiopdg and the mathematical Kosmos). This fortifies my argument of the
oracular references with mathematics in the Res Publica, as we just read. The fact that Socrates
himself said that he was inspired by a daemonic/godlike voice?!® (“6t1 pot 0gi6v Tt kai Sapdviov
yiyvetou [pmvi]”)?% shows us, again, evidently how Plato has incorporated ‘spirituality” into his
dialogues. Socrates mentions also that dreams and oracular response/divination are gifts in
connection to this, enjoined by ‘the god’ upon Socrates when he goes about in the city,

examining if those who think they are wise actually are wise.?%

The oracular interest in mathematics has a remarkable historical anecdote with Plato’s
philosophy. Theon of Smyrna (1% c. A.D.) narrated, on the authority of Eratosthenes, that when
the Delians consulted the oracle at Delphi on how to remove a plague that was pestering them,
they were ordered to construct an altar double the size of Apollo’s (‘The Delian Problem”). After
much difficulty, they could not comprehend how a solid was to be made double from another

solid (doubling the volume of the cube is an almost impossible construction in theoretical

218 p|, Ti. 47h.
219 ‘daemonic’ in the pre-Christian sense of the word (with ‘ae’ not ‘e’), not the later ‘demonic’ with evil connotations.
220 p|, Ap. 31c—d. Cf. also: “é11 dxovovtsg yoipovoty é€sTalopévols Toic olopévolg Hev eivol Gogoic, odot & ob. ot yop
00K aNdég. pol 8¢ ToDTo, MG £YD ONUL, TPOSTETOKTOL DTO TOD 020D TPaTTEWY KOl €K povreiov kol £€ évomviov kai
TOvVTL TPOTQ® Qmép Tig moTe Kal dAln Osia poipa avOPOT® Kol 6TV MPositate TpaTTEy. TadTa, O Gvpeg AOnvaiot,
Kol aAn07 éotwv kai evéheykra.” (Ap. 33c), emphasis in bold is mine. Also in Ap. 31d-32c; 38a; 42a.
221 |bid.
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mathematics). They went therefore to Plato, who informed them that the oracle did not divine for
them to construct this double-altar, but the oracle simply presented this to reproach them since
the Greeks were neglecting and trivializing mathematics and geometry.??? Eratosthenes, Theon,

Eutocius, and Plutarch are also reported to have noted this historical anecdote.??®

This shows clearly how the relation between health and proper living (the plague that was
haunting the Delians), mathematics, oracular religion, and philosophy, were closely intertwined
in Plato’s thinking. It therefore does not seem improper to interpret Plato’s passages above, with
ypaopor and povtedopar, thus as we have suggested. According to E. A. Maziarz and T.
Greenwood most scholars agree (at least when they were writing their book in the late 60’s) that
“Greek philosophy, mathematics, and science are at least partially derived from religion in its
forms of myth, magic, and ritual. In fact, it has even been said that such thinkers as Plato and
Aristotle attempted to have their own philosophical systems serve as the ‘myth’ for their
contemporaries[1]??* This, of course, in relation to eastern and Egyptian influence, and the

Greeks’ own developments of philosophy and science.

How LoyileoBai te kol apiBueiv may lead towards v vomowv and mpog oveciav in the correct
manner is further explained by Socrates to Glaucon. The idea is quite obscure and needs further
attention, if we are to understand what Plato truly means by “ypficOou [...] adtd opO®dC”.>% The
sight, when gazing close by, immediately recognizes that a finger is a finger and not something

opposite to a finger or something else.??® But what about more detailed things like the bigness

222 “Epatoc0évnc pav yap &v 1@ émypagopéve IMatovikd enow étt, Aniiolc tod 0god ypricavtog émi dmarloyfi Aotod
Bopov tod dvrog durhaciova KATAGKEVAGOL, TOAATNY ApYITEKTOGY EUnecelv dmopiav {ntodoly Om®G yp1 oTEPEOV GTEPEOD
vevéaBat duthdoiov, dapikésbat e Tevcopévoug mepl TovTov IAdT®mVoC. TOV 8¢ eaval adtols, g dpa 0 duthaciov Popod O
0g0¢ dedlevog ToUTo AnAlolg Epavtencato, Tpoeépmv 8¢ Kol ovedilmv toig "EAANcw dpeiodot pobnpdatov Kol yeopueTpiog
olyopnkoéow.” Theo Sm. Theonis Smyrnaei philosophi Platonici expositio rerum mathematicarum ad legendum Platonem
utilium, ii. Also discussed in: E. A. Maziarz & T. Greenwood (1968), 80.
223 See: E. A. Maziarz & T. Greenwood (1968), 80, who mentioned these philosophers’ accounts in their short survey on the
Delian Problem.
24 E, A. Maziarz & T. Greenwood (1968), vii-viii. Their footnote [1] cites: “Evert W. Beth, The Foundations of
Mathematics: A Study in the Philosophy of Science (Amsterdam, 1959), pp. 34-36.”
225 The following is a short paraphrase of Resp. VII, 523a-524b.
226 [Socr./Glauc.] “ 8axTvAog pév OV AVTAV Paivetol OUOing EK0oTOC, KOl TodT YE 0VSEV Slopépel, 8avte &v pécm OpdTat
€avt’ &n’ €oyatm, £0vie AEVKOG €0vte HENOG, E0VTE TTOYLGC €0viE AEmTOg, Kol wdy &L ToloVTov. €V MAGL YOp TOVTOLS OVK
avaykaletatl T@v TOAAGY 1 yoxn mv vénow gnapso@m i ot €oti SOLKIUKOQ 00dapod yap 1 dyig avtf Guo éonunvev 1o
ddkTvAov Tovvavtiov f| dGkTodov glval 0V yap ovv, Een. ovkodv, NV 8’ £YG, &ikOTOG TO Y& TOWDTOV VONGEWS OVK GV
TOPOKANTIKOV 008" &yepTidv €. eikdToc. Ti 8¢ Of); 10 péyedog adTdv Koi TV cpkpdTTa 1 Syig Gpa ikavdg Opd, kol
000&V aTh StPépel €v PEc® Tva avT®v KeloBor 1j €n° €oydTe; Kol MGaVTOC ThYX0g Kol AERTOTNTA T| MOAOKOTNTO Kod
okAnpémTO 1) Ge1; Kol ai dAka aicOicelg dp ovk Evaedg té Toladta SnAodow; [...]” Resp. VII, 523c—e.

49



and smallness of fingers (note Plato’s word choice here: “70 uéysfo¢ avt@®dv Kai v oukpoTyTa
dyic apa ikovidg 6pa)?%?" Sight does not distinguish that as clearly as the former notion. The
same with the other senses, they do not reveal things such as hardness or softness with the same
exactitude as the sight confirms that a finger is a finger and not a head or a foot or something
else. The same faculty of sense must perceive both soft and hard things, e.g. when we touch a
pillow or a chair.??® What Plato seems to suggest is simply that the senses are unreliable when we
seek exact answers to some things. And when this happens, when the senses prove themselves
unreliable to us, we must “summon understanding”, and this is what AoyileoOai te kai aptOuelv is
doing. This seems to be a sort of dialectic thinking over the things that are, a differentiating way
of separating things mentally since they cannot be logically and fully understood sensibly by the
five senses. Socrates explains: “cikdtog &pa, v 8 &yd, &v Toig T010VTOIC TPMTOV PEV TEIPATAL
Aoylopudv 1€ Kol vOmow oyl mopakorlodoo EMokonelv €ite &v glte dvo &otiv €kaota TAV
eloayyehMopévov.” That is to say, “the soul summons calculation and understanding in order to
reflect over numbers”, in this case whether the things ‘announced’ to the soul are one or actually

two.

So, Plato’s higher form of Aoyiotikn| t& koi apOuntkn is about some kind of ‘calculation’ which
aims for vonow and ovciav, and they lead towards aAnBew. For the warlike person, it is
necessary to learn these subjects so that they may know how to form a battle array, and for the
philosopher, it is necessary to escape from generation/creation and cling unto ovoia with the help
of these two subjects.??® Socrates continues to explain to Glaucon that those who are to partake of
the highest offices are not to engage in Aoyrotuciiv?® in a commonplace manner (“iSiotik®dc”),
but in a manner by which they reach the vision of the very nature of numbers by the help of
intellect/understanding. Neither are these sciences to be used for buying and selling, like the
tradesmen and their like do, but for purposes of war and for the gentle turning away of the soul
from generation towards truth and being.?®! Socrates here implies two notions: that by the correct

227 p|, Resp. VII, 523e. péyebog is the same noun used in Greek mathematical works for “magnitude .
228 p|, Resp. VII, 523a-524b.

229 P|. Resp. VII, 525a — 525b. “moAepcd pav yap Siix toc tééeic dvoykaiov pabsiv todto, eriocdem 3& S 1o Tiic ovoiag
antéov sivar yevécsemg eEavaduvtt, i pmdémote AoyioTik® yevécsOar.”; cf. 525¢:5.
230 Plato writes specifically of Aoyiotic| here, but in the next sentence he includes “GAA" &g v &l 0dav THC TV dpOudY
@VoEmG Aeikovtal Tf] vonoet avti]”, so we need not assume that Plato necessarily excludes dpiBuntikn here.
231 P, Resp. VII, 525b—c. “A\" &veka molépov te kai adThg Thg Wuxfig PeoTdvng HETAoTPORTig Gmd yevécemg én” dAN0g1dy
t¢ Kol ovoiav.” As Professor Christian Hggel noted here (personal correspondence), Plato may have included war as a
purpose for these sciences since this was in a context of his ‘ideal state’ which had to be defended during battles and wars

50



(1) method (not the vulgar one) and not for commercial (2) purposes, AoyiCeoOai te Koi dptOuelv
are drawn from their material shells unto their true aims: to understand the very nature of
apBuog for the final purpose of leaving generation and arriving at aAnfewo and ovocio. “tfic
YOG PROTOVNG HETaoTPoTls ano yevéoews” is further hinted at when Socrates says that not
numbers of visible or tangible bodies?*? should be discussed, but rather “adtdv @V Ap1OUGY”;
“numbers themselves”, while the soul is strongly led upwards.?*® The notion of the number one is
given by Socrates as an example, and here we may note two things: the two different
interpretations — or ‘schools’ of thought — of number itself, and the importance of “to &v”. If the
number one is divided, ‘they’ multiply it, as Socrates informs us.23* This could show that the
other group, dealing with avt®dv td®V apOudv, are also allowed to multiply, and perhaps even
divide, subtract e.t.c t0 £€v, but they are “gvAafovpevol pun mote ovi] O Ev Ui &v ALY TOAAL
népia.”?*® In other words, they always seek to prove that 1o &v cannot, ultimately, be changed
from its ‘oneness’ into something else. However, care must be taken here not to interpret
Socrates” words too literally. It is actually not stated that 0 &v can be arithmetically manipulated

in whatsoever way, only that if someone tries to divide it, the philosophers immediately multiply

it back again, so that to &v always remains the same.

When 1o &v is always the same, undivided, even if there are several ‘ones’, the apiOudv>® that

are being discussed, are described in this manner by Socrates: “8t1 mepi TovTOV Aéyovoy MV

by the guardians.

232 Fowler wrote (D. H. Fowler, 1999, 107) that he ignored the later commentators, such as the Neoplatonists, when dealing
with Plato’s mathematical notions, since many of the Neoplatonists made Aoyiotikn} into a science that dealt exclusively
with sensibles while Plato’s theoretical sciences “do not concern themselves with sensibles”. But Plato does still
acknowledge the possibility of counting with sensibles, in the context of ‘AoyilecOai te koi apOueiv’, as we see in these
passages and in VII, 522e where Socrates deems it necessary for the guardians to be able to count troops which really
cannot be defined as much else than sensible, visible things. It does not seem therefore that Plato excludes the ‘counting of
sensibles’ completely, but rather that the guardians are to focus more on “avt@dv t@v apOu®dV”. The solution of this issue
may, as noted already, be resolved by acknowledging that Plato’s ideas on the details of these sciences developed and
changed after the writing of his Res Publica.

23 P, Resp. VII, 525d—€. “&¢ opddpo. dve ot &yel TV yoymv Kol tepi adTtdv tdv dpdudv dvaykalet Stadéyecbat, oddouf
dmodeyduevov £av Tig avtii opatd §| dmtd copata Exoviog apldpovg mpotevouevog draéyntor.” Cf. Kleins discussion on
this (J. Klein, 1992, 49-50) and especially (p. 50): “What is required is an object which has a purely noetic character and
which exhibits at the same time all the essential characteristics of the countable as such. This requirement is exactly fulfilled
by the ‘pure’ units, which are ‘nonsensual’, accessible only to the understanding, indistinguishable from one another, and
resistant to all partition [...].”

234 p|, Resp. VII, 525d-€.

235 p|, Resp. VII, 525¢.

236 p|, Resp. VII, 526a: “ti odv ofel, @ Modkmv, € Tig Eporto antong: ‘® Bavpdotol, mepi molov apOudy Staréyecde, dv oig
70 £v olov Vugic 4E0DTé €oTiv, 160V Te EKacTOV TRV TTaVTL Kol 0DOE GLIkpdV S10QEPOV, HOPLOV T ExOV &V EavTd 0084V;” Tl fiv
oiel avtovg amokpivactat;”
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dtovonOfjvar pévov €yywpel, dAlmg 6’ ovdaude petayepilecBor dvvatdv” —  “that they are
talking about those [ap1Oudv] of which it is allowed to have in mind [lit.] only, and it is not
possible at all to deal with them in another way”.?®’ The understanding of “to &v” seems crucial
in what Socrates defines as the proper way of AoyileoOai te kol apOueiv, just before these
mentioned passages. Only when 10 &v is seen to be two things at the same time — “Gua yap
TODTOV GOC &v T OpdUEV Kal d¢ dmepa To TAR00c”?*8 does it stir up the soul to understanding. So,
again, if something opposite (“évavtiopa’) to to &v is seen by sight, then the soul must “kwvodoca
&v €auti] v &vvolav”, in order to understand the true nature of 10 &v in any particular case.
Therefore, Socrates concludes that “) mepi 10 &v padnoic”2® would be among the things leading
and turning the soul towards the vision of being (“&mi v T0d &vrog Béav”).24% In the Epinomis,
the author even claims, “in jest and in seriousness” that the one who studies the important
sciences correctly, amongst them mathematics, he will after death “become one from many”; “éx

oM@V Eva yeyovota”.24 This is a clear testimony to some form of ‘spiritual mathematics’, if we

regard the Epinomis as authentic.

Socrates concludes the discussion on apBuntikr; and Aoyotikny in the Res Publica with the
recapitulation that they compel the soul, through understanding itself (or: ‘The Understanding), to
be used towards the truth itself (or: The Truth).?*2

This peculiar discussion about opposites is also found in the Phaedo 100-107. It concerns Plato’s
doctrine of the Forms being only ‘one thing’. When trying to prove the immortality of the soul,

237 p|, Resp. VII, 526a.

238 p|, Resp. VII, 525a.

239 In connection to this, Szabé wrote: “It is no accident that the Eleatics often spoke as if Being (zo év) and the One (zo &v)
were interchangeable concepts. It is fair to say, therefore, that the Euclidean definition of ‘unit’ is nothing but a concise
summary of the Eleatic doctrine of ‘Being’. The definition was obtained by the same kind of indirect reasoning as
Parmenides used to develop his theory of ‘Being’. This is what Plato had in mind when he mentioned in passing the ‘theory
of the One’ (1} mepi 10 &v pdOnoig).” A. Szabo (1968), 261.

240 p|, Resp. VII, 524e-525a: “[...] xwodoa &v ovtii tv &vvolav, kol dvepotdy Tl moté dottv avtd 1o £v, Kai obtw Tdv
ayoy®v Gv ein kol petaoTpentik®y &t v tod 6vtog BEav 1 mepl 10 &v ndbnoic.” “n mepl 10 &v uabnoic” as a nominative
clause has been left untranslated in this last sentence by “G.M.A. Grube, rev. C.D.C. Reeve” in: J. M. Cooper & D. S.
Hutchinson (1997), 1141.

241 «7dv 8¢ ovumava Tadta obTeg einEdTa, TodTov Ay TOV dAndéctato copmTatov: OV kol Sucyvpilopot Tailov kai
omovdalmv dua, 6te BovaTe TIC TAY TOWVTOVY THYV aHTOD HoipaV AvamAfcEL, oxeddv £dvrep &1 dmoBavav 1), uiTte nebééety
&1 TOALGV T0TE KOBATEP VOV aicOncemV, WA Te Hoipag HETEIMNPOTA HOVOV Kol €K TTOAADV Eva yeyovaTa, EDOQILOVA TE
g€oecBatl kol copdToTOV Guo Kol poakdplov, €ite Tig év Nmeipolg eit’ v vioolg paxdprog dv i, kakeivov pebéEew tijg
To1HTNG GEl TOYNG, KElTe dnpociy Tig Emtndevcog tavta gite idig dafid, Td avTd Kol ACAVT®OG aVTOV TPAEEW Tapd Oedv.”
Ep. 992b—c.

242 p|. Resp. VII, 526b: “4neidn gaivetoi ye mpocavaykdiov ot tf vorjoet ypficOot v yoyfv én’ avthv v dAfdeiav;”
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Socrates embarks on an analysis of the forms (gion), giving as examples ‘The Beautiful’ itself,
‘The Good’ itself, and ‘The Great’ itself.?*> Socrates sets out by proving that one wouldn’t say
that someone is taller than another man simply because he is ‘one head’ taller, and vice versa for
the smaller person. The reason is again, because it would lead to entertaining an opposite notion,
a contradiction, since one and the same reference of measure, the ‘head’, would at one time show
something as being ‘bigger’ and at another time ‘smaller’.?* Rather, it is ‘Bigness’ or
‘Smallness’ itself, and nothing else, that would make something bigger or smaller.?*® It is
noteworthy for us how this leads to Socrates having the same argument for numbers: “ovkodv, 1
8" B¢, Td déka TV KT dvoilv mAeim eivar, kai S TavTV TV aitioy VrepPaAretv, poPoio v
Aéysty, GAAGL i) mAN0st kad d16 To TATBog;”.2%8 Le. that it wouldn’t be correct to say that the cause
for ‘ten’ being greater than ‘eight’ is because it is larger by ‘two’. Rather, the cause of it is the
‘TAn0o¢’ itself, ‘multitude/magnitude’, that is to say the concept of mAfjbog. Socrates makes the
same argument for cubits, stating that the péyefoc itself, ‘greatness/magnitude’, is the cause for a
cubit being bigger.?*” Socrates goes on to say that one would therefore avoid calling the addition
of one with one as being ‘addition’, and the division of two as ‘division’. Each thing that comes
to be (“Exactov yryvouevov”) does so by partaking in its own particular ‘ovoia’, ‘essence/reality’
(“tic 1dilag ovoiag™). ‘000’ (‘two’) comes to be dvo by participating in its particular ovoia which
is the ‘dvag’ (‘dyad’ or ‘Twoness’), and whatever becomes ‘€v’ does so by partaking in its own
ovoia which is the ‘povéc’ (‘monad’ or ‘Oneness’).?*® We have here a clear identification of
ovoio with e.g. povag or dvdg. This has a bearing on Plato’s previous insistence of Aoyiotikn| 1€

kol apduntikn leading towards ovoia.

In what manner could Plato be claiming that the essence/being/substance (ovcia) of things are

understood by mathematics? If we turn to one of Plato’s last works, the Philebus, where Socrates

243 “pmoféuevog sivai Tt Kaddv adTd ko' ohTd Kol dyadov kai péya koi TdAAa mdvta”. Pl. Phd. 100b

244 Cf. “guoi yop @aivetar od povov avtd 1o uéyedog ovdémot’ é0€Aety Bua péyo Kol oukpdv etvor, GALR Koi 1O &v iV
péyebog 0vdémote mPocdéyesbat O GuIKpOV 00S E0EAEY VTepéyeaBal, GALL dvoiv TO Etepov, Tj QEVYEV Kol VAEKYOPETV
6tav adt® mpooin 10 Evavtiov, O oKpdy, 1| TPooeABovTog £keivov amormAéval. vmouévov O¢ kol de&apevov TV
oHKPOTNTO 0VK 0€Aety sivan Etepov 7| Smep fiv.” Phd. 102d—e. Bold emphasis is mine.

245 p|, Phd. 100c-101b.

246 |, Phd. 101b.

247 “Km 0 Smnxu 0D m]xuouov n uwa psTCov afvm aM 01) usygea 0 ou)rog y(xp oL (poﬁog ” Phd 101b

248 6 f SLv Sl S

Myew; koi péya dv Bodng 81t ovk oicba dAAmg mwg ExacTov Yryvouevov fi petaoyov Thg idiog ovoiog £kdotov 0D dv
petTaocyn, Kol &v Toutolg ovK Exelg dAANV Tva aitiov Tod d0o yevésBatl GAL’ 1j TNV Tilg dVAdOG UETACKESY, KOl OETV TOVTOV
petocyelv ta péALovTa 600 €cecbat, Kol povadog O av uEAAN &v EoecBat, TG 0& oyicelg TavTag Kol Tpocshicelg Kol Tag
A\ag g TolnTag Kopweiog Epng av yaipew, Topelg arokpivacbol toig oeavtod cogmtéporg:” Phd. 101b—c.
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conveniently for us discusses with his interlocutors the meaning of ‘human good’ (again Plato
begins by employing the verb ‘ypficbar’ in the context of ‘“téxvn’ in these passages®*®) we read
how Socrates claims that as a gift from the Gods, perhaps from a Promethean hero, the doctrine
of ‘one and many, limit and unlimited’ as the constituents of all that is said to exist was given:
“Be@v pev eig avBpomovg 6001g, G ye katagaiveror €uoi, mobev €k Bedv €ppipn 614 TIvog

0

[popn8éng dua eovotdto Tvi mopi:>> kai ol pév medatoi, kpeittoveg UMY Kod £yyvTépe Bedv

oikodvieg, TaNTNV RNV Topédocay, O &E EvOg Hev Kol TOAGY Sviev TV del Aeyopévav glval,
népag 88 kol ameipiay £v oToic cOPPLTOV EOVTOV. 2>t

As I argue in this thesis, Plato’s mathematics seems to be a spiritual science, seen as a gift from
the Gods that would give salvation to the soul, by understanding Truth and reaching The Good.
This becomes evident again in the above passage.?® In the same work, Socrates even claims that
the division of The Limit and The Unlimited was revealed by ‘a god’.?>® Furthermore, we have of
the things that are (dvtwv) a basic division into ‘évog pev koi ToAl®dv’ (The One and The Many)
and innate in these are ‘mépag 6¢ kai amepiov’ (The Limit and The Unlimited). After taking
music and vocal sound as examples,>* Socrates later introduces a third form/kind as ‘the
mixture’ of the forms (“cid@v”") of Limit and Unlimited,?® and a fourth kind (yévoc) as ‘the cause
of the mixture’.?®® In connection to these ‘classes’, Socrates discusses the nature of ‘hot and
cold’, ‘strength and gentleness’, ‘more and less’, ‘equal and double’, ‘faster and slower’, ‘taller

and shorter’ etc.?®” In the same context, Socrates mentions number (ap10puog).2%

249 “fv SnAdooat pev od Tavy YeAEmoV, xpijodar 82 mayydiemov: mavio yap dco TEXVNG &xOueva Avnupédn mhmote S

TaOTNG PavePd yEyove. okomel 8¢ fiv Aéyw.” Phil. 16¢. Bold emphasis is mine.

250 Cf. Aristotle’s statement on Parmenides positing Hot & Cold, Fire & Earth as Being & Not-Being: “Tlopuevidng 5&
[...] $Vo td¢ aitiog kol S0 TG APYAC TAAY TIONGL, BeppOV Kol Yuypov, olov TTOP Kai yiv Aéywv: ToVTOV 88 Katd Pév 1o dv
10 Beppov tatTel OdTepov 8¢ kot to pn dv.” Arist. Met. |: 986b—-987a. Bold emphasis is mine.

251 p|, Phil. 16¢—d.

22 Cf. also: “[Zokp.] elev: O 8& TpiTov TO PEKTOV &Kk TOVTOWV Aol Tiva idéav ericopev &xew; [IIp.] ob kai dpoi Ppécel,
ac oipal. [Zmkp.] 020g pév ovv, dvrep ve époig evyaic émijkoog yiyvnrai Tig Ocdv. [IIp.] ebyov &N kai okomel. [Zokp.]
okon®: kai por dokel Tig, ® MpdTopye, adT@Y @ikog Huiv vovdy yeyovévar.” Phil. 25b.; “[Zwkp.] BBpv yap mov kai
coumacoy Tavtov movnpioy abtn ketidodoa 1 0g6c, & kaAd Oiknfe, mépog odte HSovaY 0VSEV 0bte TANGUOVEY &vdV &v
avTolG, vOpov Kol Taéy mépag £xovt’ £0gto: kal oL PEV dmokvoioal EN¢ avTHV, Y0 O TOVVaVTIOV drToo®doatl AEY®. 6ol O,
& Hporapye, ndg eaivetar;” Phil. 26b—c. Bold emphasis is mine.

28 Tokpatng: “tov Oedv Eléyopdv mov 1o pév dmepov SetEon TV dvimv, T 8¢ mépag;”. Phil. 23c.

254 p|. Phil. 17b-18d.

25 “rovtm 61 eV EiddV To S0 TIOMNEDa, TO 8¢ TpiTov EE dppoiv TovTo v Tt supoydpevoy.” Phil. 23¢—d.

256 “re1dpTO Ol YEVOUC A TPOoGdelv paivetar. [...] Thg cvppsifeng TovTmV TpdG EAANAA TV aitiav Spa, kol Tifst pot Tpog
Tpioiv ékeivolg tétaptov todto.” Phil. 23d.

257 p|, Phil. 23e-26c.

28 “ouKobv T0 uf deyxdpevo tadta, TovToV 88 T0 dvavtio Tavta Seyxdueva, TPdTOV uEv 1O ioov kai icdtnTa, petd 8¢ 1o icov
10 dumhdolov kol mdv Stmep Gv mPdg apuOpov apdpdg §| pétpov N mpog pétpov, tadta cvumavto Eic TO mEpag
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It is very tempting to equate Plato’s division here with the ‘Ten Pythagorean Principles’
mentioned by Aristotle as being a doctrine of at least some of the Pythagoreans, e.g.: “népac koi
dmepov, meprTov Kol dptiov, &v koi mAR00G, Sefov Kai aploTepdv, dppev kai OfiAvL”.2% This
seems tenable since Socrates in the Politicus proposes a division of arithmos into odd-even, and a
division of humanity into male-female, just as the supposed Pythagoreans did.?®® With all this in
mind we see that Plato’s scope may not only be in line with Pythagorean thought (if ‘unlimited’
is identified with ‘even’, and ‘limited” with ‘odd’), but that the study of the ‘even’ and the ‘odd’
is more than simply a mathematical examination and calculation of numbers; it is rather an all-
encompassing subject of the very things (t@v dvtwov) of nature and existence.?5! For us today, it
would be as if a form of [modern] mathematics, physics, and metaphysics, reinvented with
ancient Greek garb, would coalesce into one grand subject, foremostly including [ancient]
arithmetic, logistike, geometry and perhaps also music/harmonics.?®? It seems reasonable to
suggest then, that Plato’s thought incorporated some form philosophy, or ‘spirituality’, in his

ultimate aim for mathematics.

dmoAoylopevor kakdg v doxoiuev dpdav todto. fj g ob eng;” Phil. 25a-b.; v 10D Toov kai durhaciov, koi 6ndon TavEL
pO¢ BAANAO Tavavtia d10popwg Exovia, cOUUETPO, 6F Kol cupewva £vOeico apipov drepyaletor.” Phil. 25d-e. Bold
emphasis is mine.
259 “grepol 88 TV aDT®Y TOVTMV TG APYic déka AEyovsV lval TAC KaTd cuoTolioy Asyopévac, mépPug Kol Gmeipov,
TEPLTTOV Kol GpTiov, €v Kol mA0og, 0810V Kol aproTepldv, appev Kol Oijlv, Npepodv Kol Kivovpgvov, 00V Kai
KOPTOAOV, QDS Kol 6KOTOS, ayafov Kol KaKOV, TETPAy®vov Kol £tepounkes:”. Arist. Met. I: 986a. Bold emphasis is
mine.
260 iAoy 8¢ mov Koi pdAkov kot €10n ki diya Swoupoit’ &v, €i TOV piv apOpov apTie Kol TEPLTT@ TIC TERVOL, TO 88
ad Té@v avlpdrev yévog dppevt kol Ofher”. PL Plt. 262e. See the note above for comparison. Bold emphasis is mine. Cf.
Klein: “There can be no doubt that Plato’s philosophy was decisively influenced by Pythagorean science, whatever the exact
connection between Plato and the ‘Pythagoreans’ may have been. So too those definitions of arithmetic and logistic which
were the basis of the preceding reflections seem to point to a Pythagorean origin.” J. Klein (1992), 69.
%1 Cf. Wedberg’s statement: “Plato’s philosophical interpretation of the mathematics he knew is intimately related to his
general theory of Ideas.” A. Wedberg (1955), 26.
%2 Klein seems to agree with my assertion: “Thus the absence of any mention of either arithmos or arithmoi in the
definitions of arithmetic and logistic in the Gorgias and in the Charmides not only expresses the fact that the multitude of
arbitrarily chosen assemblages of monads is accessible to episteme only through the determinate eide which can always be
found for the assemblages, but it also indicates that the characteristics of all possible kinds of numbers, beginning with the
odd and the even, are to be found indifferently in all countable things, be they objects of sense or ‘pure’ units.” J. Klein
(1992), 59.
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5.2.2. Plato’s epistemology and the two types of apiOuntiki: how the dirt in the soul’s wax-
mould requires purification for true understanding

Szabd maintained that “it is well known that Plato distinguished between the world of becoming

or the perceptible world (éparév) and the world of being (vonzév)”.2%® We will see in this

subsection how such a division overlapped in Plato’s epistemology, in his classification of all the

sciences into two different types, in his metaphysics, and seemingly in his cosmology as well.

This epistemology also has a clear bearing upon his doctrine of the soul’s purification through the

proper sciences, i.e. a form of ‘spirituality’ dealing with the salvation of the soul.

Although there is not enough space in this thesis to consider all implications of Plato’s division
between ‘visible’ and ‘intelligible’ numbers, it is important to shortly mention Plato’s ‘analogy of
the divided line into two unequal sections’, the “ypouunv diya tetumuévny Aofaov Gvico
tuqpota”.?% It deals with epistemological, metaphysical, psychological and several other
concepts, but more importantly, it shows again how mathematics served as a model or perhaps
even framework for the human psyche (its nature, virtue, habits, etc). In his discussion about the
objects of knowledge and ‘The Good’, and its resemblance to the Sun in the visible world,?®
Socrates explains how there exists a division between two things: one part ruling over the
intelligible class and place, and the other over the visible (“kai factiedevy TO pev vontod yévoug
& Kol TOTMoV, 1O & o Opatod [...], GAL odV Exeig TodTa SrtTdl 10N, OpaToV, VonTov;”).2%8 This
concept is likened to a divided line into two unequal sections, as just mentioned, and each section
is divided a second time in the same ratio as before. Corresponding to these four sections of the
line, Socrates posits four conditions/affections of the soul (“téttapo tadta mabfuata &v Th
youx”): understanding (vomotig), thought (diavown), belief (miotic), and likeness/imaging

(eixaoio).?®

263 A Szabo (1978), 308.
264 P, Resp. VI, 509d.
265 p|, Resp. VI, 508a-509c.

266 <«

vonoov toivov, v 8 &yd, Homep Aéyopev, Vo odTd sival, Kol PUGIAEDEY TO PEV vonTod Yévoug Te Kol Tomov, 10 & av

6poTod, tva ur ovpavod sinev §6Em cot copileshar Tepl TO Svopa. GAL oDV Exelg Tabto SitTdl £idn, Opatov, vontov;”. VI,
509d.

267 <«

Kol pot €mi Toig TETTAPOL TUNHOGL TETTOP TadTo TodnpaTe v T Yoyxh yryvopeva Aofé, vonotv pev €mi 1@ avotdto,

dtvotay 6¢ €nt T devTép®, T@ TPit® O TioTy ANddog Kol T TeAevTain gikooiov, Kol Ta&ov avTd ava Adyov, domep €0’
01g €otwv aAnBeiog petéyet, obtm Tadta capnveiog nynoauevog petéyew.” VI, 511d—e.
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Now, it is notable for us how Socrates seems to claim that not only geometers but probably all
mathematicians?®® are labouring with their subjects in the realm of Siévoiwa, employing the lower
visible things of miotic and sixooio in order to attempt an arrival at vonoi.?®® Those who are
practicing geometry and similar habits/skills, i.e. the mathematicians, are in the habit of siavoua,
between 36&a (opinion) and vodg (mind): “didvotov d& KAAETV Lot SOKELG TNV TAV YEMUETPIKDY TE
Kol TV TGV T0100TmV EEWv GAL’ 00 VoDV, (¢ HeTald Tt §6ENG T Kal vod TV dtévotav ovcoy.”?’°
Here, Socrates seems to have added together mictic and eikacio as being equivalent to d6&a,
forming a trio instead of the previous quartet line: vovg, didvoua, and d6&a. Nevertheless, for the
previous quartet, Socrates concludes these passages with: “koi ta&ov adtd dva Adyov, domep €@’
oig dottv dAn0eiag petéyel, ovtw Tadta capnveiog Nynoduevog uetéyerv”. The four sections are
to be arranged in a ratio so that they partake in as much of truth as they partake in of clearness.

We see that ‘truth’, dAn0¢ua, is again at the core of not only the aim of mathematics, but also of

the very existence of the world and the psyche of the human soul.

In Theaeteus, Plato’s work that deals particularly with epistemology, Socrates claims that false
judgment arises out of the wax in the soul being dirty, rugged and impure. In others, the wax is
deep and smooth, and these men learn things easily about ‘being’ (“6vto’).2’! Socrates evinces
that although false judgment may arise out of the connection between perception and thought, it
does actually exist within thought itself as well.?”?> This seems connected to what Socrates says in
the Res Publica about all the sciences being discussed, that by each one of these subjects there is

an ‘instrument’/’organ of sense’ of the soul that is purified and rekindled anew; an

268 <ol yap oe gidévan 8Tt ol TEPL TAC YEOUETPiac Te Kol AoyIopode Kol T Totdta mpaypatsvdpevor [...]17. VI, 510c.
269 “odrodv kol 61l TOig opcouevmg gideol mpooypdvtar kol TOUG AGYOLG TEPL OOTOV TooVVTAL, 0L TEPL TOVTOV
Sravoodpevol, dAL’ keivaov mépt oig Todta Eotke, T0D TETPAYM®VOL adTOD Eveka TOVG AGYOLG TOLOOUEVOL KO SLUMETPOL
avtiig, AL’ 0D TG fiv Ypépovoty, kai TdAl obTg, avTd puev Tadta & TAATTOVGEV TE Kal Ypapovsty, v kai oKlal Kol &v
voaowv gikdveg giotv, T00TOIG HEV MG ikdoY av ypdpevol, ntodvieg 8¢ avta Ekeiva idelv 6 oOK dv GAAmg 1dot TG 1j i
dwavoiq.” VI, 510d-511a.
210 p|, Resp. VI, 511d.
271 P|, Tht. 194c-195a. “TQ. Tadta toivov @aciv &vOévde yiyvesBat. dtav piv 6 knpog Tov &v i yoyidi Badic 1e kai moidg
Kol Aelog kai petping dpyoopévog 1, [...] kabapd T onusio yyryvoueva kol ikovde 10D PaBovg Exovia ToAvypdvId Te
yiyvetar kol €iciv ol toobTor TpdTOV UEV EOPABETC, EmEiTa LVAIOVEC, EiTa OV TOPUAAGTTOVCL TdV aicOicEmY Té onueio
aALG d0EGCovoty GANOT. coeTf] Yap Kol &v evpuympia dvta Tayd Stavipovety £mi Td aDTAV Koot SKpaysia, d o1 Ovia
KOAETTOL, KoL 60@ol 51 00TOL KahoDvTar. [...] “OTay Toivov AGG16v Tov TO Kéap 1), & &1 £mjveosy 6 maoG0POC TOM TS,
il 6Tov KOTPDdEg KOl pi| KaBuPod TOD KNPOD, i VYPOV GOSpa §| GKANPOV, BV eV VYpOV sDNAOSIC pév, EmAopovES 88
yiyvovtan, @v 8¢ okdnpdv, tavavtia. [...] Tavteg odv ovTol Yiyvovtan oiot dofalew wevdi. dtav yap T dpdow f
aKoboow 1| Emvodoty, EKACTA GATOVELEY TOYD EKAGTOLG OV Sl)vomsvm Bpadeis t¢€ giot kol dAloTprovopodvTeg Tapopdoi Te
Kol TaPaKoVOVGL Kai Tapavoodot TAEIGTH, Kol KoAoDvrar ad obTol éygvopévol 1€ 1) TV dvtev Kol apedeis.” Bold
emphasis is mine.
272 p|, Tht. 195d; 196c.
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‘instrument/organ of the soul’ which has been destroyed and blinded by other pursuits/habits.
Socrates uses the verb ‘col®’ (“ocmBifjvon”) here, in the context of the soul’s salvation, and the

concept of ‘beholding the truth’ (“éAi0s10”) is mentioned.?”

Returning to the Theaetetus, it is important to note here that for this possible ‘conclusion’
(possible, since there is no final verdict in this treatise of what knowledge really is) Socrates
takes as an example the numbers five, seven, eleven and twelve. Socrates evidently refers to
some form of ‘Ideal Numbers’, since he says that he is not referring to the contemplation of seven
and five propositioned humans or anything of that sort, but: “aA\" adta mévte kol Entd, & opev
gxel pvnusio &v 1d éxpaysio sivar kai ywevdi &v avtoic ovk eivan dofdcon”.?™ Socrates is
speaking of those numbers which exist in the records of the [waxen] mould, i.e. in the soul, and it
is not possible to imagine them having any falsehood. But Socrates and Theaetetus both agree
that plenty of people have false judgments of these numbers, some think that the sum of them
would be twelve, others would say eleven. Theaetetus says that when even larger numbers are
involved, people are the more mistaken.?” It is not clear here why and how someone would
mistake five plus seven to be something else than twelve, but Plato’s point may perhaps be that
very few have understood the ‘Twelveness’ of it? Maybe the meaning is that the even (twelve) is

often mistaken for the odd (eleven), when reflecting over ‘The Even’ and ‘The Odd’ themselves?

This idea is further considered just after these passages. Socrates makes a distinction between
“having” and “acquiring/possessing” knowledge.?’® A simile is made of someone hunting birds;
he may “possess” them because he “has” them in an enclosure, but in another sense he does not
“have” them completely, since he has only caught them in an area and thereby gained power over
them.2’” When considering arithmetic, Socrates seems to refer to the idea of retaining knowledge
about numbers in one’s memory, thereby “having” them only when needed in calculation,
although still “possessing” them before.?’® He refers to apiOuntikn as an example of not only

“having” and “possessing” knowledge but more importantly as the possible confusion of a person

218 311 gv tovTOIC TOIC pedNuacty EkdoTtov dpyavov Tt yuyfc ékkabaipetai te Kol dvalomupeitol dmoAADpEVOY Kai

TVPAOVUEVOV VIO TV BALOV émtndevpdtmy, Kpeittov 0v cwbijvar popiov dupdtov: pove yop adtd aindewo opdtor.” Pl.
Resp. VII, 527d-e. See the subsection ‘5.2.7. yewpetpia’ for more on this.
274 p|, Tht. 196a.
215 p|, Tht. 196a-b.
276 p|, Tht. 197c: o0 toivuv pot TanTdv @aivetar T KekTiioOan 1o &ey.”
217 P, Tht. 197¢c—d.
278 p|, Tht. 198d.
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who believes he has complete knowledge of all numbers, but instead actually retaining a “false
judgement” concerning this knowledge.?’® More concisely, Socrates says that one may have a
knowledge of the number eleven while believing that it is the number twelve. It is a matter of
confusing different sets of knowledge/numbers,?® but from here the epistemological debate

carries on much further than the scope of this thesis is examining.

In these passages, Socrates confirms, as in Plato’s Gorgias and Charmides,?! that 1 ap1@untiky
téyvn deals with the knowledge of all odd and even things: “tavtnv on VroéAaPe OMpov
gmoTUdv aptiov te kai meprrTod Tavtdc.”?82 One of the reasons for dividing all the sciences into
two separate parts may be stated in Plato’s Charmides, 166a-c, where Socrates says that almost
every science studies something which is distinct from the science itself. Socrates takes Aoyiotikn
as an example, claiming that although it studies the odd and the even (“tob dptiov kai 0D

nepirrod”), the odd and the even are distinct from Loyiotiky itself.?83

219 p|, Tht. 198e-199c.

280 PI, Tht. 199a-b. 199b: “...u7 yop &g TV EMGTHUNY TOVTOV 010V TE, BAL" ETépav Gvt’ éketvng...”
281 Grg. 451a-c; Chrm. 166a.

282 p|, Tht. 198a.

28 P|. Chrm. 166a: “odxodv £tépov Evtog 0D TepiTTod Kol dptiov adthig Tfg Aoyoticiig;”

59



5.2.3. Euclid, Plato, and mathematics: a possible hierarchical classification (‘zrpomodionég’?)
or duality of povag and apiOpég
If we are to take Proclus’ statement at face value, Euclid was of the same purpose/choice
(mpoaipeoic, lit. ‘choosing one thing before another’), as Plato (perhaps translates as “of the same
philosophical sect”; “tfj mpoaipéoel 6¢ I[Mhatwvikdg €ott’”), and he was familiar with the same
philosophy, that is why he established the purpose of the Elements as being the composition of
the Platonic ‘gynudrewv’.?®* According to modern scholars such as Klein and Zeuthen, Euclid’s
Books VII, VIII, IX and XII are essentially the works of the Platonists Theaetetus and
Theodorus, members of Plato’s Academy.?® It is with this possible systematization and
unification of Platonic (and Pre-Socratic and Pythagorean) mathematical doctrine in Euclid’s

Elements that we will briefly examine the definition of ap10udg in Euclid’s Book VII.

In Book VII of the Elements, Definition 1, it is stated: “povag éotiv, ka0’ ijv Eékactov TAOV
ovrov gv Aéyetar.” And in Definition 2: “ap1Opog 6¢ t0 ¢k povadwv ovykeipevov wAij0oc.”
Definition 1 could be translated literally as “The uovdg is that by which each of the things that
are is called one.” And Definition 2: “dpi0udc is the compounded?®® multitude of the uovadwyv”. |
render ‘kof’ fjv’ (the pronoun fjv must be referring to the feminine noun povac) simply as ‘by
which” according to LSJs entry of ‘xatd’: “B. WITH Acc., [...] Il. distributively, of a whole
divided into parts”. Not that povag is conceptually divided, but at least distributively making
‘Ekaoctov T@V Gvimv’ to be called (Aéyetan) one (&v). Perhaps, ‘kaf’ fiv’ could also be rendered
with “2. with or without signf. of motion, on, over, throughout a space” as in ‘the povdg is that
over which each of the things that are is called one’, but this might be too farfetched since it
would probably imply motion.?®” The first definition is rendered by Heath as “an unit is that by
virtue of which each of the things that exist is called one.”?®® Pritchard argues against Heath’s
translation of ‘ka®” fiv’ as ‘by virtue of which’ and he prefers ‘in accordance with which’.

Pritchard argues that suggesting “that the unit has some capacity or power to make things one” is

284 <«

kal Tf] Tpoaipéoetl 8¢ IMlatmvikdc 0Tt Kal Tf] rhocoeig TavT oikelog, 60gv d1 Kol TG CVUTAONG CTOLEIDCENMG TEAOG

TPOESTAGATO TNV TV Kohovpévav Mlatovikdv oynudtev cvctacwy.” Procl. in Euc. §68.

285 J

Klein (1992), 43.

286 Note: ‘cOykewpar’, lit. “lying together” (LSJ). Perhaps, therefore, not “compounded” as in “mixed”, but simply as in
“arranged together”.
287 But see the LSJ, same entry: “Geom., at a point, Euc.1.1,al.; tépvew [cpaipav] k. kOxAov in a circle, Archim.Aren.1.17;

also,

in the region of, “ot k. TOv AoV yvopevor dotépes” Gem.12.7”

28 T, L. Heath (1926).
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“surely absurd” since a unit should be no more than a measure.?®® But Pritchard forgets that
Euclidean/Platonic terminology is not fully understood by any living person, including Pritchard
himself, so that ‘the unit having a capacity to make things one’ is possible in Plato’s doctrine, as
we shortly shall see. Pritchard also seems to contradict himself, or he writes very perplexingly, by
first saying that “(3) xaté does not refer to participation. (4) The definition owes nothing to
Platonic metaphysics; particularly”?®, but later admitting the opposite: “[...] the statement of
Sextus Empiricus [...] ‘Pythagoras said that a first principle of things is the unit, by participating
in which each of the things is called one’ [...] This sounds very like the Euclidean definition. It
can also plausibly be argued that it expresses Platonic doctrine [cursive until here is mine] (it is

certainly not Pythagorean)”.2%!

Surely, Pritchard is too keen here on semantic wordplays to an almost bizarre level. Plato
himself, as we have already seen in the Phaedo, evidently refers to ‘participation’ (‘petacyeiv’)
of the one in the monad.?®? In order to avoid any reference to ‘addition’ or ‘division’, Socrates
said that each thing that comes to be (“£xactov yryvopevov” cf. with Euclid’s “Exactov tdv
6vtwv”) does so by partaking in its own particular ‘ovcia’, ‘essence/reality’ (“tiig idiag ovciag”™).
‘300’ by participating in its particular ovcia which is the ‘dvdg’, and ‘€v’ by partaking in its own
ovoia, the ‘povdag’. This passage in Plato is not mentioned by Pritchard in his contradictory

statements.

As for ‘tdv dvrtov’, we will later see how in Plato’s Timaeus, in the threefold division of ‘The
All’, the ‘6v’ as the ‘model, source, and father’ is said to be apprehended by ‘vonoig’
(intelligence, understanding).?®® In the Philebus, we also saw how Socrates claimed that the
division of The Limit and The Unlimited was revealed by ‘a god’ (Prometheus?). The things that
are (6vtov) had a basic division into ‘€vog pev kai moAA@v’ (The One and The Many, cf. Euclid’s
g&v and mAf0oc) and cognate with these were ‘mépag o6& koi damewpiav’ (The Limit and The

Unlimited).?%

289 Pritchard (1995), 13.
290 Pritchard (1995), 12.
291 Pritchard (1995), 13-14.

292 “[

...] kai év T00101g 0VK £xelg GAANY Tva aitiov oD 800 yevéohal GAL” §j TNV TG dLAdog HETAT)ESLY, Kol STV TOVTOV

HETACYETY TO LéEALOVTO 800 Ececbat, Kol povadog O av péAAn &v Eoecban [...]” Phd. 101b—c. See the subsection: 5.2.1.
293 See the subsection 5.2.7.
234 Phil. 23c. See the subsection 5.2.1.
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29 seems to be that which in principle groups existing

Returning to Euclid’s definitions, a povég
things into ‘ones’, and an dp1Opdg is the compounded multitude of these monads. Euclid actually
seems to be explaining its abstract nature hierarchically, or for lack of a better term (and we must
be excused for our ‘Neoplatonic’ influence here) hypostasizing it.2% If Pritchard (contrary to
Szabd, who claims that the Euclidean definition was a new concept of number), is correct that
“the Euclidean definition, the definitions ascribed to pre-Euclidean mathematicians, the regular
meaning of the word arithmos in Greek literature before Euclid, and the subject matter of
Pythagorean arithmetic all relate to a single concept. An arithmos is a set of units”,?%’ then we see
from the above how povdg is simply at the higher rung of this conceptual hierarchical scale
whereas apOuoc is just below that, in the general Platonic and Pythagorean philosophy.?®® The
technical term for this might have been ‘mpomodiopudc’ (process, progression) among later
authors.?®® Or perhaps, there is a duality-scheme here, as in the Pythagorean opposites mentioned

by Aristotle, e.g. “mépac kai dmepov, meprTdV Kai dpTiov, v kal w005 73 Euclid’s povég is

2% The literal meaning of povég is ‘solitary, alone’ (LSJ). Note the interesting possible pseudo-wordplay in English of ‘al-
one’; ‘All-One’.
2% «Neoplatonic metaphysics is driven by certain dogmas and principles that all or most of the school’s proponents adhered
to. [...] Most of these principles explicate and regulate the hierarchical ordering of the Neoplatonic metaphysics. The
hierarchy results from Neoplatonists’ interest, shared with Plato and Aristotle, in determining the priority and posteriority
relations structuring reality. As they see it, the articulation of reality is the articulation of the relational patterns ordering
being (O’Meara 1996).” P. Remes (2008), 42; cf. also: “Although the later Neoplatonists employ the term in much the same
sense as contemporary research literature, Plotinus uses the term hypostasis for several kinds of entities that are immaterial
and independent [...]”. P. Remes (2008), 48.
297 P, Pritchard (1995), 25. Pritchard continues: “But what of the Euclidean representation of arithmoi by line segments? It
seems that this is determined by the Euclidean style of proof, rather than being a reflection of a different notion of number.
The line segments are preferred because they suppress the visual aspects of the proof; also, greater generality is achievable
since even and odd numbers are not distinguishable in this form of diagram.” See also Pritchard (1995), 14-15, where he
argues that Plato’s mathematical philosophy, especially the concept of arithmos, was consistent with contemporary practice.
2% Sz7ab6 also notes the similarity between the Euclidean definition and the Pythagorean: “Cf. Sextus Empiricus. Adversus
math. X.260-1: 6 TTvOaydpag dpynv Epnoey eivar TdY VIV THY LOVASH, TS KATH LETOYEV EKACTOV TV dvinv &V AdyeTal.
The concluding words of this quotation are almost the same as Euclid’s definition of “unit’.” A. Szab6 (1978), 261:n149.
29 Cf. J. Klein (1992), 52, on the ‘definitions of the series of numbers’ among ancient authors: ““a progression of multitude
beginning from the unit and a recession ceasing with the unit’ (zpomodiouog wAbovs dmo povadog dpyouevos kol
avomodiouog eig povado katoiywv — Theon 18, 3 ff. [...] Thus also Domninus (413, 5 ff.): ‘The whole realm of number is
a progress from the unit to the infinite by means of the excess of one unit [of each successive number over the preceding].’
(6 ¢ ovumag p1Oudc éoti TPoKkoT IO POVASOS KOTO, HOVAIOS VIepoyv dypic dmeipov.)” etc. and: “The truth is that the unit
can be spoken of as a ‘multitude” only improperly, confusedly (cvyxeyvuévws — lamblichus 11, 7). The unit is rather that
permanently same and irreducible basic element which is met with in all counting — and thus in every number. To determine
a number means to count off in sequence the given single units, be they single objects of sense, single events within the
soul, or single ‘pure’ units. What is countable must, insofar as it is countable, be articulated in such a way that the units in
question are similar to one another (cf. P. 46) and yet separated and clearly ‘determined’ (diwprouéva). This means that the
single units possess similarity and perfect wholeness insofar as they are units of counting.” I.e., one would count ‘one apple,
two apples, three apples’ etc and never distinguish the matter of the counting which is an apple and nothing else, while the
quantity of apples may differ. It is therefore a rather simple concept.
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evidently connected to &v, and Euclid’s ap1Opog is connected to wAij0og, all the while the povac

is playing a crucial role in both definitions.

Nevertheless, it is interesting to note how Plato several times refers to ‘10 mAf|0oc’ in connection
with his mathematics and metaphysical speculations, as we have already seen.®! It is referred to
in the same sentence with ‘€v’, when 10 £v is confounded and seen to be two things at the same
time, “ua yap TadTOV GOC Ev TE OpdUEV Kol MG dmetpo 1O mATi0oc”.3% In the Phaedo 101b, we are
informed that the cause of ‘ten’ being larger than ‘eight’ by ‘two’ is not because of the number
‘two’, but rather because of the concept of nAfj0og itself. In one sense, therefore, TAf0oc was a
concept in itself for Plato, distinct from apiOudc, as ‘multitude’ in itself. Later, we will also see
how mAfifog is intimately connected to Aoyiotiky and how it involves Plato’s definition on the

difference between dap@unticr and Aoyiotikn in Plato’s Gorgias 451b.3%

Is there then a possibility that Euclid’s Definition 1 is centered around Plato’s dap1Bpmtiky,*** and

the Definition 2 is concerned with Aoyiotikn? Perhaps, but that would require much further
research into the mathematical relation between Euclid and Plato, and it would go beyond the

scope of this thesis.

On the question of the philosophers’ prohibition on mathematically manipulating to &v,*% we
may turn to books VII, VIII and 1X where Euclid dealt explicitly with povéadeg and apBpoi. We
may interestingly note that never does Euclid allow the povag to be multiplied, subtracted, added
or divided, although the same is allowed for apiBuoi. The unit is often used to simply “measure
any number” as in VII, prop. 15.3% where it is symbolized as the shortest line among larger lines
which are numbers, or it is conceptualized as something which is begun with and out of which

larger numbers (lines) are drawn in proportion, with the unit only supposed and not drawn (e.g.

800 “grgpol 88 TV aOT®V TOVT®V TG Apyic Séka Afyovoty sivan TOC KT cvoToyioy Aeyoudvog, mEpUg Kol HmElpoy,

TEPUTTOV KOl Gaptiov, €v kol mAij0og, 0elov kol dprotepdy, dppev kol Ofjlv, 1fpepodv koi Kivodpevov, VOV Kai
Kopumolov, @MOS Kol 6kO6TOC, ayafov Kol Kakdv, TeTpdywvov Koi £tepounkes:”. Arist. Met. I: 986a. Bold emphasis is
mine.

%01 See the subsection 5.3.1.

302 p|, Resp. VII, 525a.

308 “Srapépet 8¢ Tocodtov, BTl Kal TPOG avTA Kol TPOC EAMNAL TR Exel TAROOVE EMIGKOTET TO MEPLTTOV KOl TO &PTIOV 1)
hoywotikry”; also in Chrm. 166a. See the subsection 5.4.2.

304 Which in Gorg. 451b is defined as: “1év mepi 10 EpTIOV T€ Kod TEPITTOV [YVdoIc], doa dv Ekdtepo Toyybvn dvia”.

305 P|, Resp. VII, 525e. See the subsection 5.2.1.

306 “¢ory povag apdudy Tva petpfi”.
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IX, prop. 8-10).3%” Klein also confirms that fractional parts of the unit are avoided in Books VI,

VIII and IX, while ‘parts of number’ are allowed.3®

Since the unit is e.g. ‘measuring’ any number Or ‘commencing’ a series of numbers in proportion,
this may also show how beginning with povég and continuing/ending with ap1Buog again infers a

sort of hierarchical classification or a juxtaposed duality of e.g. mépag kai dmeipov.

371X, 8: “Edv amd povadog dmocotodv apdpol £Efic dvahoyov dow”; IX, 9: “Edv and povadoc omocotoly £Ef¢ kotd To
ouveysg apdpol avaroyov Mo,
308 «[..] it is understandable that Books VII, VI1II, and I1X consistently avoid the introduction of fractional parts of the unit
of calculation, while they certainly use the notion of the part or parts of a number, as previously defined (VII, Defs. 3 and 4;
cf. especially VII, 37 and 38).” J. Klein (1992), 43.
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5.3. AoyloTikn

5.3.1. hoyweTiki) and the ambiguity of ‘LoyreTikés’/*hoyiopoc’

Since Plato mentions apiOuntikn and Aoyiotikn together in the Res Publica without making any
distinction between them, it is not completely clear whether Aoyiotikny was a ‘different’ subject.
We will see however, in the next subsection, how there was some form of difference between
them. Still, it is important to note that Plato generally refers to ‘“Aoywopoi’ and “Aoyistikoi” when
speaking of those versed in calculation, and seems to include apiOuntikn, or at least apiBudc, in
these arguments.3® There is also the ambiguity of the meaning employed by Plato, since as the
LSJ entry has both “skilled or practised in calculating” and “endued with reason, rational,
reasonable” for the adjective ‘Aoyioticog’. Similarly, the noun ‘Aoyiopdg’ can mean “counting,
calculation” but also “II. without reference to number, calculation, reasoning [...] III. reasoning
power” 3% The latter meaning of ‘rational’ for ‘AoyioTikdc’ may for instance be translated in
Resp. VI, 525b.3!! Hence, one could argue that ‘to calculate’ is in the Greek language equivalent

to ‘being rational’.

Fowler has drawn attention to three main issues with Plato’s different accounts of Loywstikn. (1)
Plato seems to both refer to apOuntic and Aoyiotiky as they were parts of the same study3!?
while also making a distinction between them in some of his other works. (2) Aoyiotikr seems to
have an inherent meaning of practical common calculation. (3) Around the first century B.C. a
theoretical Aoyiotwkny referred to an artificial calculation of numbered sets such as counting
pebbles or cattle. The neo-platonic writers, perhaps by way of definitions like the one by

astronomer Geminus, seem to use this particular meaning for Aoyt

309 See e.g.: PI. Resp. VII, 525b, 525d and 526b:5.

810 Cf. Fowler: “The references to logistikos (the lemma form of logistike) in Brandwood, A Word Index to Plato, divide

between about twenty-five where the context is explicitly mathematical and about ten with the more general sense of

‘intellectual principle’ or ‘reason’; while logismos (excluding ten instances found in the pseudo-Platonic Definitions, all of

them non-mathematical) divide between about thirty explicitly mathematical references and forty usages with the more

general sense of ‘rational discussion’ or ‘reason’.” D. H. Fowler (1999), 148.

811 <y nrodpsy dpa, G Eotke, pabnpdToV dv el TOAspK® PEV Yop S1dt ToC TAEEIS dvaykoiov nadsiv Tadta, pocodpm 8¢

3161 1o Tiic ovoiag dntéov sivar yevéssme EEavadivTy, §| pndémote AoyreTik® yevésOar.” Resp. VII, 525b. Bold emphasis is

mine.

312 As we have seen in the section ‘apOpnTiky’.

313 D. H. Fowler (1999), 106-107. On the ‘confusion’ of defining these two subjects, cf. also Klein’s statement on Euclid’s

Books VII, VIII, and IX: “It is true that in these books ‘arithmetic’ and ‘logistic’ matter can hardly be separated, but the

‘logistic’ constituent undoubtedly predominates and is here understood precisely as ‘arithmetic’; it is obviously this fact

which permits the later ‘arithmetical tradition’ (apifunticn mapddoaig) to include the theory of relations as well.” J. Klein
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The issue with (1) may be explained partly by the dialogue form of the Res Publica — where
Socrates mentions all subjects necessary for the guardians, but does not explain them in detail,
since the core of the discussion here is a general overview of education — and partly by the
already mentioned fact that Plato may have altered or developed some of his concepts. In the Res
Publica, we have also seen how “LoyilecOai te kai apOueiv’®* is divided into counting visible
things (e.g. military troops) and intelligible things (t0 &v which cannot be manipulated). All
sciences are divided into a ‘common’ method of calculation and the ‘philosophers’ method, so

that the phrase ‘AoyilecOai te kol apOueiv’ is used in two different senses.

5.3.2. The difference between apiOuntiki] and Aoywetuciy: the former considers quantity
(simple) and the latter multitude (complex)

We can understand the basic nature of apiOuntikn and Aoyiotikn by the statements in the Gorgias

and Charmides where Socrates informs us of the distinction between them. | think it is possible

to assume that Plato had a sort of hierarchical scheme in mind where dpOuntiky considered the

simplest forms of apiBuoi and Aoyiotikn the more complex relations between the apiBuoi, at least

in these two dialogues where the definitions are stated clearly.3'®

In the Gorgias 45l1a-c, Socrates provides us with a short and concise definition of both
apunticr and Aoywotikn. The context is within a discussion about rhetoric and persuasion and
Socrates just gives a passing example of the nature and difference of apBunticr and Aoyiotikr in
this overarching dialogue on the art of persuasion. It is thus important to first note how this is not
a dialogue on mathematics in the setting of an ideal state, as in the Res Publica, or any other
similar context, but the main focus is rhetoric. Plato’s description may therefore not be so

exhaustive.

(1992), 43-44; “A further indication of these difficulties may be seen in the fact that Plato (Statesman 259 E) refers the
knowledge of the ‘difference among numbers’ (z7jv év toic dpifuoic diapopav) to logistic, although this might as well be
said to be the business of arithmetic (cf. 258 D, also Republic 587 D).” J. Klein (1992), 39.

314 p|, Resp. VII, 522e.

315 Cf. also Klein: “Arithmetic deals with numbers insofar as these present assemblages whose unity is rooted in the unity of
a certain eidos, although this fact usually remains hidden from the person immersed in the practical activity of counting. As
a theoretical discipline, at least, arithmetic studies each quantity and each multitude of monads which falls under a particular
eidos only indirectly. ‘Logistic’, on the other hand, be it practical or theoretical, aims of necessity — insofar as it is
concerned with the mutual relations of numbers — directly at the ‘quantity’, at the multitude, of those things which are in
each case related to one another or computed, i.e., at the ‘material’ which underlies each relation or calculation.” J. Klein
(1992), 60.
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In the following passage in the Gorgias 451b, “f apiOuntikn téxvn” is that which just like
rhetoric has its authority/influence (“10 x¥pog”) through dialogue/speech/reasoning (“o1d
Loyov”). Here we are subtly reminded of another important concept for Plato; the preeminence of
oral instruction over written.31® If the questioner would continue to ask about what sort of things
(“tdv mepl 1(;”) does apBunTikn concern itself with, Socrates would respond “t@v mepi 10 dpTIdv
1€ Kol TeptTov [yvdoig], 6oa av ekatepa toyyxavn dvta”’; “The knowledge of the even and the
odd, how much (or how many) there happens to exist of both.”3!" If the same question was posed
for Loyiotikn, Socrates’ response would be that just as apiOuntikr, it deals with the even and
odd, but: “Sapépet 8¢ Toc0DTOV, OTL KOl TPOG 0OTA Kol TPOG AAANA TS Exel TANOOVE EMGKOTET
1O TEPLTTOV Kai 10 dptiov 1 Aoyotikn”; “but it differs thus much — Aoyiotikny examines the odd

and the even in terms of how multitude exists both in themselves and between each other ””.318

In Plato’s Charmides, which has already been briefly mentioned, there is a definition of
Moytotiky with a very similar wording: “olov 1 Aoyiotiky £€otiv mov T0d dptiov kai Tod meptTTod,
TMBovg dmmg Exet Tpdg adTd Kol PO EAMAc: 1 Yap;”.3t “Such as Aoyiotuer is the art of the
even and the odd, how multitude (zAf00c) relates both to themselves and to each other, am |
right?” This confirms the possibility that Plato was dealing with already pre-determined
definitions of some of these mathematical concepts, and that these definitions were quite fixed.
But it probably remains difficult to establish whether these definitions were exclusively of Plato’s
academy, or if they also were found in general Greek mathematical thought. Furthermore, in
Plato’s Politicus, Socrates informs us that it is indeed api®uog which is divided into odd and

even, just as the human ‘race’ could be divided into males and females.3?°

316 Cf. Phdr. 274d-275e, for Plato’s story of the Egyptian god Thoth’s invention of writing and the king Thamus/Ammons
negative opinion of it, and for Socrates’ argument against it.
817 P, Grg. 451b. For “[yv®o1c]”, Burnet wrote in the critical apparatus “b 4 yvéoic secl. Bekker”
818 On the povég, the Theologoumena Arithmeticae, supposedly by Iamblichus, states: “dptia e ovoa Koi naptrn‘] Kol
aptonépirtog” (mepi povadog, I: sentence 12) “the povag is even, and odd, and even-odd”; cf. PI. Phd. 105c: “o08” ¢ av
apOud ti £yyévnran meptrtog £otal, 00K £pd ® v nspu‘tomg, GAL @ &v povéc”. Plato’s Theaetetus confirms dpi@untiky as
being the science of the knowledge of the odd and even: “[Zwkp.] [...] dplOunTiknv p&v yop Aéyeig téxvnyv; [Osait.] vai.
[Zwkp.] Tavny 61 OmélaPe Ofpav émotnudv dptiov te kai teprrtod mavtdc.” (Tht. 198a).
319 PI. Chrm. 166a. Rosamond Kent Sprague has curiously translated the last part as ... how many they are in themselves
and with respect to other numbers” (in: Morrow (1997), 652), but “npoc GAANAa” can more or less mean nothing but “in
respect of one another” (cf. D. J. Zeyl’s “...in relation to each other”, for Grg. 451b in: Morrow (1997), 797). And since
Burnet’s critical apparatus mentions no alternative reading, | cannot see how it can be translated otherwise. Sprague’s “other
numbers” show succinctly how there is a gap in scholarly understanding of Plato’s mathematics, since Socrates is not even
speaking of the modern notion of ‘numbers’ here, but of the ‘odds’ and ‘evens’.
820 “iegrhov 8¢ mov kad pudAlov kat’ e1dn kol Stya Swonpoit’ &v, £l TOV pev apdpdv dptio Kol TEPITTP TIg TéUVOL, TO 88 av
OV AvOpdTeV Yévog Gppevi koi Onier”. Pl. Plt. 262e.
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Now the word nAn0ovg (sg. gen. of TAf00c, €og, 10,) used in both passages can according to the
LSJ be translated as not only multitude, but also as quantity, magnitude or amount. All the entries
in the LSJ denote®? that it generally refers to a large amount of something, often used for the
common masses of the people (at least as early as Homer and Herodotus). All of this indicates
that the mAf0oc of the Gptidv and mepirtov is a sort of quantitative mass or a great multitude of
the different ‘Evens’ and ‘Odds’. Brill’s Etymological Dictionary of Greek (ed. R. S. P. Beekes)
states on the etymology of dpiOudg (translated there as “number; payment”) that it is: “a
derivation in -Ouo- from the root of vijprtoc 'countless'.”®?? We have already seen how the
Euclidean definition identifies ap1Oudc with mifi@og, and how Plato often mentions mAfjfog in
mathematical discussions.>?®> Now the LSJ entries give: “viprtog, ov, = vipiBuoc, countless,
immense” and “vippog, ov, = avapbuog, countless.” With ‘vipitog’ we have for instance in
the Iliad (2.632): “[...] Nfjptrov eivooipuAlov” (“the Neritos of quivering foliage™) as a proper
name of a mountain in Ithaca. In this particular instance of the very creative Homeric vocabulary,
we may notice an interesting semantic wordplay. We have ‘immensity’ for the mountain itself
and the ‘multitudinous’ meaning for the ‘countless’ foliage which the mountain is ‘dressed’ in.
We could also interpret the mountain itself, already named as ‘countless, immense’, as being
likened to something composed of a ‘countless’ (viprtoc) quantity; a multitude and great
quantity/magnitude (mAfj0og) of dpOudc; and by this very ‘indefinite’ composition, forming an

‘immensity” to the eye of the beholder.

This shows how apBuog and mif0og are often likened to, or equivalent with, a ‘great quantity’,
‘multitude’ or ‘countlessness’. That Plato uses the word mAf0o¢ for Aoyiotikn specifically does
not necessarily mean that Euclid’s fifth book deals with Aoyistik) only (see his two Definitions

we mentioned and the concept of TAf100g in them), but such a possibility does exist.

To shortly summarize before we consider the modern scholarly ideas on this, the difference

seems to be that apOuntikn deals with a ‘higher form of numerical concept’ or a ‘greater

321 Always having in mind, of course, that detailed scholarly evaluations of these terms and their etymology is to be
preferred over literal readings of dictionaries.
322 Note the interesting conjecture on the comparison with the latin ‘7itus’: “A derivation in -Opo- from the root of vijprrog
‘countless'. Outside Greek, there are comparable words in Germanic: ON rim [n.] 'account’, OHG rim [m.] 'row, number’,
and in Celtic: Olr. rim 'number'. Probably, Lat. ritus 'religious observance, rite' is related too (< * h2rei-ti-).” In: R. S. P.
Beekes (2010).
323 (Eucl.) “ap1uog 82 10 £k povadmv cvykeipevov mAfiboc.” See the subsection 5.2.3.
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simplicity’ of the dptiov and mepittov whereas Aoyiotikr| has as its scope the multitude of the
aptiov and mepirtov. As we have seen in the Gorgias and Charmides, Socrates says that
apuntikny would deal with ‘how much’, or ‘how many’, there happens to exist of the even and
odd. Aoywotikr), on the other hand, is that which considers the even and odd in terms of how
multitude exists both in themselves and between each other. Interpreting the meaning of
Loylotikny with no more words than these of Socrates, it seems to be closer to mathematical
combinations (e.g. addition, subtraction etc) than apiOuntikn is, since Aoyiotikn is concerned
with a greater multitude (mAioc) of the different odds and evens and their combinations.
apuntikn considers the quantity of the odd and the even, whereas Aoyiotikr| goes further to a
different ‘stage’ or ‘level’3?* of the odd and even where their multitude is considered (1) in the
odd itself, (2) in the even itself; and (3) in the different exchanges between the odd and even. It
does not seem improbable that in this definition of Aoyiotikry Plato would have allowed some sort
of positive integers to be manipulated in mathematical addition or division, especially since he
mentions “AoyilecBai te kai apOueiv”’ in the same vein in the previously mentioned passage of
the Res Publica,®?® where one of those subjects or both would indicate some sort of strategic
calculation of e.g. military troops. As for the division into two different kinds of all subjects — an
apuntikn and Aoyotikn| that respectively deal with either sensibles or intelligibles — it seems
evident that the odd and the even, whether considered in their ‘simplicity’ or ‘multitude’, can

either be examined in sensible things (like military troops) or in intelligible things (like o &v).3%

Klein maintains that the “strangely elaborate formulation” of apBuntkr} and Aoyiotkn in the
Gorgias and Charmides is due to the application of a definition on subjects that usually are
consulted in practical things.®?” On the difference between ‘theoretical logistic’ and ‘theoretical
arithmetic’, Klein writes: “according to this definition, theoretical logistic would have to include
primarily knowledge concerning all those relations, i.e., ratios (Adyot) among ‘pure’ units, on

which the success of any calculation depends, while knowledge of these ‘pure’ numbers

324 Or, Neoplatonically, “Omoctocic’.
325 p|, Resp. VII, 522e.
326 On the difference between épOunticr and Aoyiotey Pritchard wrote: “These two branches of mathematics have the
same objects, that is, arithmoi. They differ in that arithmetiké studies arithmoi by themselves, while logistike studies their
relations with one another in respect of quantity. For example, it would be the business of arithmetiké to know that 10 is a
triangular arithmos, but of logistiké to know that 2 and 6 are in the same ratio as 5 and 15.” P. Pritchard (1995), 73.
827 ], Klein (1992), 24.
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themselves would be reserved for theoretical arithmetic.”*?® This is a succinct definition on the
difference of these two subjects, and | think it shows again how Plato had a hierarchical
classification in mind, where the ‘simpler’ theoretical notions of ap1Oudc stand at the higher rung

of the scale and the more complex relations and ratios (Aoyot) are at the next, lower stage.

According to Klein, Diophantus’ Arithmetic exhibits Plato’s ‘theoretical logistic’. But the relation
between Plato’s Aoyiotikny and Diophantus’ Arithmetica seems a bit more complex than that.
Diophantus’ work deals with numbers of monads, yet these numbers can be expressed in
fractions. The possibility here of dividing the unit is, according to Klein, contrary to the
Neoplatonic notions of the monad, and closer to a Peripatetic ontology. Still, Klein maintains that
as to the problems formulated in the Arithmetica, they are unmistakeably similar to those
discussed in the Platonic definition of logistic.3®® The ‘theoretical logistic’ of Diophantus is
“founded on a Peripatetic theory of number relations”.33® This must not be interpreted as dealing
with the modern notion of equations and their different types of solutions, but on the relations
between quadratic (tetpaywvor) and cubic (kvpotr) numbers and their roots (mievpai, lit. “sides”).
Klein further claims that this shows how the Arithmetica is very similar to Euclid’s ‘arithmetical’
books: VII, VIII, 1X.33! Klein’s statement on the Arithmetica as a work considering the relations
between these numbers is indeed similar to what we just read in Plato’s definition of Aoyiotikn:
that which considers the even and odd in terms of how multitude exists both in themselves and
between each other. The emphasis in Aoywstiky is hence on the relation between a multitude of
numbers. This lends a hand to the theory that Plato’s Aoyiotiky indeed deals with some form of

calculation of apOuoéc.

Amongst the later commentators during antiquity, there seems to have been slight differences of
opinion on what the difference was between dpiOuntikn and Aoyotikry. Klein shortly surveys the
views of the Neoplatonist Proclus; a Charmides scholium; the view of Olympiodorus; and the
opinion of a Gorgias scholium.3*? The ambiguity, according to Klein, resides in the original ideas

of Plato himself.

328 J, Klein (1992), 24.
329 ], Klein (1992), 9; 129-133.
30 3 Klein (1992), 135.
31 ] Klein (1992), 135.
32 3 Klein (1992), 11-16.
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Fowler maintains that in mathematics and science during the first half of the fourth century B.C.,
especially in Plato and Aristotle, we find “the frequent appeal to the idea of logos as ratio, and the
use of the derived words that may even have been coined by Plato and his associates: logistike,
the art (i.e. techne, understood) of logos, [...] and logismos.”33® As I’ve pointed out already, they
have different meanings, but Fowler claims: “while these words are used in a range of contexts
and with a range of meanings that may be irrelevant to my mathematical enquiry here, a very
substantial number of explicitly technical occurrences remain.”3** Although Fowler agrees with
Klein that Plato’s ‘theoretical logistic’ seems identical with ‘the theory of ratios and proportions’,
Fowler believes that Klein is still clinging to the modern conceptualization that the ratio of two
numbers must be regarded as a fraction, which of course goes against Plato’s statement of ‘equal
units’ in Res Publica, VIl 525e.3% Fowler argues thus: “I propose, then, that we should conceive
of logistike (techné) and logismos as ‘ratio theory’.”3%® Still, is Plato’s ‘@Af@ovg Smwg &xet TPOC
avnta kol Tpog dAinia’ of the odd and the even dpBpoi such a narrow scope of study; nothing
else but ‘ratios’? We already saw how ‘mAfjfog’ could mean a great mass of quantity or
multitude, or a great magnitude. Also, as Fowler mentions,®’ for the later Neoplatonists (e.g.
Proclus) Aoytotikry simply became the science of all sensible (aicOntév) apiOuoi.>*® Would the
later Neoplatonic Aoyiotikn really have drifted so far so as to encompass the general study of all
sensible numbers, from originally only considering the ratios of numbers? That may be a
possibility since, as mentioned, Plato’s mathematics developed even during his time, but still, the
correct interpretation of Plato’s ‘mAfifog’ must first be ascertained and that seems to me quite

ambiguous.

333D, H. Fowler (1999), 105.

334 D, H. Fowler (1999), 105.

335 D, H. Fowler (1999), 108.

336 D, H. Fowler (1999), 109.

337 D. H. Fowler (1999), 106-107.

338 «o15” av 6 LoyloTikdg ot Kad £avtd Oempel o madn TV ApOUdY, GAL €ni TV aicOntdv, 80ev Kai TV Enovopiay
a0TOlG Ao TV peTpovpévey Tibetal, uniitag KoA@v Tvag Kol eraAitog.” In Euc. 840.
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5.4. yeouetpia

5.4.1 yeopetpia: beholding the form of the good (Tijv T00 dyaBod id6éav), the soul
contemplating being/essence (ovoia), and the soul’s salvation through purification

“10 p&v yap dhov, kabdmep sipnton vovon, ceonpostdec v’ 33

Just as we saw how the Greek apiBudg was related to Aoyioudg and the science of Aoyiotikn,
ap1Ouog was also conceptualized in geometrical forms. Indeed, it seems that to a certain extent all
apBuoi were so, to our modern understanding at least. We saw this both in Plato’s Res Publica
and in Proclus’ definitions.>® On the discussion about irrational numbers and
incommensurability, we have in the Theaetetus a clear example of this. Theaetetus says: “Tov
apOpov mavra Siyo StehdBopev”; “We divided ap1Ouog altogether in two ways”.3* The first class
is of the numbers/apiOuoi that are equal, having been multiplied by equals. They are likened to
the square in shape and are called ‘square’ or ‘equilateral’ (lit. ‘four-angled’ and ‘equal-sided’;
“TeTPAymVOV T Kol icomhevpov”).3*2 The second class consists of the numbers/apiBpoi that are
multiplied by a greater and a lesser number. It is always encompassed by a greater and lesser
side. It is likened to an oblong shape and called an oblong number (“t® TpounKeL o GYHUOTL
GmeKaoavTec TPopnKn aplopov ekarécopsy”).3* The adjective mpoprkng literally means
“prolonged, elongated”, which again refers to a visible geometrical figure with unequal lines. J.
M. Cooper’s note to this passage is telling: “Greek mathematicians did not recognize irrational
numbers but treated of irrational quantities as geometrical entities [...]”.3** E. A. Maziarz and T.
Greenwood discussed the relation between Greek arithmetic and geometry during their ancient

339 P|, Ti. 63a.
340 «gocrates says that those who are engaged in geometry, counting, and similar endeavours are: “OmoBiuevol 16 1€
TEPLTTOV Kol TO GpTIOV KOl TG CYNUATE Kol YOVIAV TPLTTa €i0n Kol dAla tovTeVv GdeApd Kab’ éxdotnv pébodov [...]
nomodpevol vmobéoelg avtd [...]7; ‘they suppose/hypothesize the odd and the even, the figures, the three kinds of angles,
and other things akin to these according to each pursuit/method [...] making suppositions/hypotheses [...].”” Pl. Resp. VI,
510c., see the subsection 5.3.1.; “As to what dpBndg might have been concretely, or conceptualized as in mathematical
practice, the Neoplatonist Proclus informs us that one classification (seemingly Geminus’) of apiOuntikn is thus: ‘tfig 6¢
apOUNTIKTC ®GOVTOC 1) daipeots €ic te TV T@V YPauuK®Y apldudv Bempiav kol TV TdV Emmédmy Kal Ty ThV oTEpedV.’;
‘Likewise ap1Ountikn is divided into the study of linear ap1Oudv, plane apiOudv, and solid ap1Oudv.”” Procl. in Euc. §39.
341 p|, Tht. 147e.
342 “[@EAL] Tov apduov mavta diya SiehdPopev: oV pgv dvvapevov ioov iodkic yiyvesOol 1@ teTpaydve O oyfina
GmEIKACAVTEG TETPAY®VOV T Kal icdmhgupov mpoceinopey.” Tht. 147e.
343 “[@EAL] Tov toivov petaéd tovtov, OV kol té Tpio kai T mévre kol miig O¢ advvarog ioog iodkig yevésOar, 4AL 1
mheimv éhattovaxic | EAaTTmV TAsovakic yiyvetal, peilov 88 kai édttav del TAevpd adTdV TEPLaUBAVEL, T® TPOUTKEL oD
oYNUaTL ATEIKAcavTeS TPOUN KT ApBpov ékoréoapey.” Tht. 147e-148a.
344 . M. Cooper & D. S. Hutchinson, Plato: Complete Works (1997), 164.
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developments, but | must refer to the footnote for this long quote.3*

The preference of apOuntikn over yeopetpio might have been due to the relation of the latter
with incommensurability and irrational numbers: “Epinomis implies that it is the business of

geometry to discover similar series for all quadratic surds.”34

In Plato’s Res Publica 526¢-527c Socrates mentions the third subject as being yeopetpia, after
apuntikn and Aoyiotiky. It is important to clarify here that for Socrates, it is the second subject
in rank,®’ so that apOpmtiky) and Aoyiotikn] are considered as a single subject. Geometry, at this
stage of development in Platonic (and Greek?) mathematics is only concerned with plane
surfaces: “TNVv p&v yép mov tod mmédov mpaypoteiov yempetpiov &tidne”.3* Astronomy deals
with the revolving (reprpopd) solids, and that which to us is simply another part of geometry —
stereometry — is called by Socrates as that subject which deals with solids (ctepedc). Stereometry
moreover, according to Socrates, deals with the dimension of cubes and of depth.>*® Both
interlocutors curiously claim that Stercometry hasn’t yet been developed enough as a proper
subject during the time of their 4™ c. B.C Athens. Socrates says that the reasons for this is that no
(Greek?) city values it enough, and there is no superintendent (émotdtng) of it who would be
heeded by anyone.3°

345 «Although geometry can always represent the motions of the heavenly bodies, its processes are less satisfactory to reason

[for the Platonist], as they are more pictorial than those of arithmetic. When the discovery of irrational lines had placed
geometry in a higher position than arithmetic, there was no choice but to apply geometry to astronomical problems. Even in
generalizing the Pythagorean theory of proportion, Eudoxus used geometrical rather than arithmetical concepts; but if
geometry is considered only an illustration of the arithmetic of the quadratic and cubic surds, this parallelism of arithmetic
with geometry preserved the primacy of arithmetic over all the sciences. Plato may have worked out a numerical
interpretation of the discoveries of Theaetetus and Eudoxus, thus reverting to the earlier priority of arithmetic over
geometry. This is implied in Epinomis, which goes beyond the mathematical considerations of the Republic. ‘The first and
most important ‘study’ is of numbers in themselves; not of corporeal numbers, but of the whole genesis of the odd and even,
and the extent of their influence on the nature of things.” [Epinomis 990c]. There comes next geometry and stereometry,
which permit ‘an evident likening of numbers unlike one another by nature.” According to the following fragment of
Archytas, this view was predominant at the time: ‘In respect of wisdom, arithmetic surpasses all the other arts and especially
geometry, seeing it can treat the objects it wishes to study in a clearer way. Where geometry fails, arithmetic completes its
demonstration in the same way even with regard to figures, if there is such a thing as the study of figures.” [Diels, Vors., 47
B 4,111, p. 438].” E. A. Maziarz & T. Greenwood (1968), 111-112.
36 E, A, Maziarz & T. Greenwood (1968), 122.
347 « Aghtepov n Todto TId®pEY nadnua toic véoic;” (Pl. Resp. VII, 527¢).
348 p|, Resp. VII, 528d.
349 «“Meta énineSov, v §” &ym, &v meprpopd dv 8N oTePedV AaPOVTES, TPiv adTO Kad’ adTd AaPeiv: OpOdC 88 Exel EEfic petd
devtépav adénv tpitnv AapPavewv. £ott 8¢ mov TovTo TEPL TNV TAV KVPOV abENV Kol T0 PdbBovs petéyov.”
(Resp. VII, 528a-b)
30 p], Resp. VII, 528b-c.
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Just as with apiBuntikiy and Loylotiky, yeopetpia is an appropriate subject for the guardian who
is to be skilled in both war and philosophy.®! Yet, Socrates continues, even a small part of
yveouetpiog 1€ Koi Aoyiopod would suffice for matters of war. It is rather much more important to
find out if the more advanced part of geometry tends towards that which makes it easier to
behold the form of the good (“mpdg 10 motelv kaTdelv piiov v Tod dyabod idéav”).>>2 The things
that aim towards that are those which compel the soul to turn around to that place in which the
most blessed things of being are, the place which the soul must by any means behold.>® Socrates
states that if geometry compels the soul to contemplate (“OsdcacOor”) being/essence (“ovoiav”),
it is befitting, but if it compels the soul to contemplate generation/becoming (“yéveswv™), it is not
befitting.3>* Now, Socrates further claims that anyone with just a little knowledge of yeopetpio
would be able to see how it is the opposite of what its practitioners claim it to be. The words they
use rather refer to practical things, doing things in general or as in transactions of business
(“mparTovtéc te Kai mpdfenc”), such as “squaring”, “applying”, or “adding”.®*® The subject of
geometry is (should? “émumdevouevov”) rather be pursued for knowledge itself (“yvioemg
gvexa”).> Geometry, furthermore, is the knowledge of what always exists, not of what is created
and destroyed: “Qc Tod dei dvTog Yvdcenc, GAL’ 00 ToD TOTE TL Yryvopuivoy Kol dmorlvpévov.” 37
I choose here to translate “yiryvopévov kai amoAlvuévov” as “created and destroyed” since the

latter verb often denotes destruction, death, killing.

Socrates’ interlocutor agrees with his last statement and Socrates then makes the same claim for
yveouetpio as for apOuntikn and Loyiotiky, with similar wordings: it would be attractive towards
the truth for the soul (“Olxdv dpa, ® yevvais, yoyfic Tpog dAnOsiav in dv...”) and it would be

effecting/causing philosophic thought, maintaining upwards that which we now unnecessarily

31 “Ooov pév, &en, mpdg To molepkd adTod teivel, dfjlov 8Tt TpoohKel: TPOC YOp TAC GTPATONESEVGELS KO KOTAAYELS
yoplov Kol cuvaymyos Kol EKTAcElg otpatidg, Kol doa 1 AAa oynuatifovst Td oTpatdneda £v oOTAIG T€ Toig LAy Kol
nopeiong, dopépot av avtog adTod yempueTpikodg kol un dv.” Pl Resp. VII, 526d.

32 p|, Resp. VII, 526d-€.

353 < AQL’ 0DV &1, elmov, TpdG pév T ToradTa Kol Ppoyd TL dv EEapkol YepETpiog T Kol AOYIGUOD HOPLoV- TO & TOAD oTiC
Kol TopPOTEP® TPOTOV okomeichat Ol &1 TL TPOG EKEIVO TElVEL, TPOG TO TOLETY KATIOEWV pdov TV ToD dyafod idéav. teivel O€,
QOpEV, TEAVTO, aVTOsE, do0 GvayKAlel Woyny €i¢ éksivov TOV TOTOV HETOOTPEPEGHUL £V @ E0TL TO SDSAUOVESTATOV TOD
6vtog, 0 €l vty mavti Tponw ideiv.” (Resp. VII, 526d-¢).

354 «“Obrodv &l pev odoiav dvaykalet Osdoacal, poorket, i 8¢ yévestv, ob npocriket.” (Resp. VII, 526e).

35 P, Resp. VII, 527a.

70 &’ €oti OV TV TO LAONpa Yvdoemg Evexa Emtndevopevov.” (Resp. VII, 527b).

7 PI. Resp. VII, 527b.
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have downwards.®*® Socrates also says that there is an enormous difference between someone
who as understood yempetpioa and someone who has not. He who has grasped yeouetpio has a

better understanding of all subjects compared to him who hasn’t studied yeopetpia.®®

Socrates continues to make a general statement for all these subjects that they are discussing. He
claims that it is difficult to believe, as the philosophers do: “Ot1 €v TOUTOIG TOIC pOOUOGY
gkdoTov Opyavov T yoytg ékkabaipetal 1€ kal avalmmupeitonr AmoAAOUEVOV KOl TVEAOVUEVOV
VO TOV JAL®V EMTNOEVUATOV, KPETTTOV OV cmOfval popiov OUIATOV: HOVE Yap o0Td A0
opdtor.”*%0 By each one of these subjects, says Socrates, there is an ‘instrument’/’organ of sense’
of the soul that is purified and rekindled anew; an ‘instrument/organ of the soul” which has been
destroyed and blinded by other pursuits/habits. This ‘instrument/organ of the soul’ is more
worthy to save than an infinite amount of eyes are, for it is only through this instrument that truth
can be beheld. Again, Socrates uses the verb ‘cl®’ (“cwBfvar”) in the context of the soul’s
salvation, and the concept of ‘beholding the truth’ (“4An0e1a”) is again mentioned, but now as an
aim of all the subjects discussed in these passages of the Res Publica, and not only of the

mathematical subjects.

The Neoplatonist lamblichus tells us that Pythagoras titled geometry as ‘ictopia’ (lit.
“inquiry”).%! According to Szabd, who is drawing on previous research, “ioropiy, [...] was
reserved for empirical knowledge which had been acquired by observation”. Szab6 further
maintains that it can be inferred from Iamblichus’ statement that geometry was initially
concerned with practical and experimental science: “iotopiy rather than a true mathema”.3%? This
would be a consistent and logical explanation to why Plato, as we have seen, considered
stereometry to be underdeveloped during his time. It is furthermore noteworthy how lamblichus
claims that everything about (Greek?) geometry was actually invented by Pythagoras, when

mentioning the story of how Hippasus perished at sea because of his impiety in divulging how to

358 <OV dpo, @ yevvoie, Woyfic Tpog aAndsiov &in dv Kol AmepyaoTIKOV PIA0GOPOL Slovoiag Tpdg TO dve oyeiv & vdv
KaTw ov déov Eyopev.” (Resp. VI, 527b).

359 P, Resp. VII, 527c.

360 P, Resp. VII, 527d-€.

361 «graeito 8¢ 1 yeopetpio Tpog Mubaydpov iotopio” (lambl. Vita Pythagorae 89). In: A. Szabd (1978), 307.

362 A, Szab6 (1978), 308. Cf. Also Proclus’ statement that although as Aristotle said, that the sciences have fallen and arisen
several times during countless cycles, and that they will do so again, the study of number and geometry originated from
basic necessities, the former by the Phoenicians in trade, and the latter by the Egyptians in measuring lands. (In Euc. 864—
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construct a sphere from twelve pentagons.®®® Pythagoras’ purported preeminence in knowledge
and wisdom, and the accompanying lack of evidence for him being the originator for much of the
Greek knowledge, is easily explained by the tradition which claimed that Pythagoras was
safekeeping his wisdom from the unworthy by rigorous disciplines of virtue and integrity. In
Iamblichus’ Vita Pythagorae, divulging Pythagoras’ teachings to the unworthy is likened to
revealing the secret teachings of the Eleusinian goddesses to the profane. Only those who have
first purified their souls are admitted to the Pythagorean lore.*®* The “purification of the soul” and
its connection to the ‘paBnpota’ is a concept that is also mentioned by Plato’s Socrates, as we
have just seen. The modern scholarly endeavor to distance Plato as a lone inventor of doctrines
away from his predecessors, such as the Pythagoreans, hence becomes increasingly futile, if not
childish and unaccounted for. Where similarities exist, it should be acknowledged, and where
there are none it should be accepted.®®® It is always possible though, to dismiss later writers as
Iamblichus or Proclus as having merely ‘Pythagoreanized’ Plato’s dialogues, and to claim that a
scholar writing over 2,000 years after these ancient authors, when ancient Greek is ‘frozen in

time’, knows better.

It is evident that geometric and numeric conceptions are at the center of the creation of the world
in Plato’s Timaeus, although the sciences themselves are not discussed.®®® For instance, the
shapes of the four elements are given by ‘the god’ using forms and numbers: “obte® o7 ot
TeEQLKOTA TODTA TPATOV dteoynpaticato €ideoi te kai apBuoic.” Also, the four elements were
originally composed of triangles, and the five ‘Platonic’ solids are constructed by specific plane
surfaces, also composed of triangles.®®” Inferences about Plato’s conception of mathematics
could be made from the entire Timaeus, but that would not be as clear as when the sciences
themselves are considered (eg. in Resp. and Gorg.), and it would probably go beyond the scope

of my thesis.

363 Jambl. VP 88-89.
364 Vide: lambl. VP 75. The philosophy of the ‘Hearers’, the “dxodopora”, were to be guarded carefully as “Ogio Soypata”
(VP 82).

365 Eg: ..

.] oc oi te TIvBaydpeioi poot kol Nueic, ® Thovkwv, cvyyopodusv” (Resp. VII, 530d). cf. Maziarz &

Greenwood (1968), 96, that Plato disagrees with (some?) of the Pythagoreans in Resp. VII, 531b-c.
366 E.g.: “motepov odv 0pBdC Eva odpavov mpooeprkapey” (Ti. 31a); “copatostdéc 8¢ &M kai opatdv Antdv Te Sl 10
YEVOLEVOV £lval, YOPIoBEY 88 TUPOC OVSEY GV TOTE OPATOV YEVOLTO, OVSE GTOV GVEL TIVOG GTEPEOD, GTEPEOV 8E OVK GVEL
Yiig [...] deopudv 8¢ kGAMGTOG Og v aDTOV Kol T0 cLuVOoLEVA OTL pHdAioTa &V Totf], ToDTO 6¢ TEPUKEY Avaloyia KIAMGTA,
4motedelv. OmoTaV Yap APONGOY TPIAV cite HyK@V £ite dUVAREOY GVTIVOVODV T TO pécov, dTumep 1O TPMTOV TPOg AVTO
[...]” (Ti. 31b—32a). Bold emphasis is mine.

367 Ti. 53d-55d. Cf. also E. A. Maziarz & T. Greenwood (1968), 87.
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In Plato’s Timaeus we are given a threefold division of the Kosmos (lit. ‘the all’: “tod mavtog”).
The earlier two forms/kinds mentioned (“dvo €io1”’) were (1) the intelligible and eternal model
(mrapdderyua), and (2) the imitation of the model, having generation and visibility. The third is
introduced as the ‘receptacle of generation, as a wet-nurse’.3%® Again, they are referred to as ‘that
which comes into being’, ‘that into which it comes to be’, and ‘the source of the becoming, from
which it is modeled’. Interestingly, the receptacle is likened to a ‘mother’, the source a ‘father’,
and the nature in between them as ‘child/offspring’.3*® They are finally summarized as: “&v te xoi

ydpav kai yéveotv”; “that which is/being, space, and generation”.3"

We have thus, (1) as the model, source, and father, ‘being’ (&v); (2) as the receptacle and wet-

nurse of generation, the mother, ‘space’ (y®pa): and (3) the visible imitation of the model,

generated, becoming, the child, ‘generation/creation’ (yéveoic).

The “dv’ is said to be apprehended by ‘vonoig’ (intelligence, understanding), the ‘yéveoic’ by
“d0&n pet’ aicbnoemg mepiinmTov” (“opinion, involving sense perception”), and the ‘ympa’ by
“uet’  avawcOnoiog amtov  Aoywou® Tt vobBw”  (“by a sort of Dbastard/counterfeit
calculation/reasoning, with no sense perception”).®’* As noted by Szabd, two passages in Plato’s
Res Publica seem to identify ‘bastard reasoning’ as being occupied with geometry.3’?> We have
already mentioned one of these passages, where the trio (also the quartet) of vodc, diGvoia, and
d00&a are the subsections of Plato’s ‘analogy of the divided line’, serving as metaphysical,
cosmological and psychological frameworks.3”® The faculty of the geometers, and indeed of all

mathematicians, is ‘diévouwa’.3™

368 <“ro1e PV Yap 800 £idn Siehopeda, viv 8¢ Tpitov AL0 YEvoc UiV SnAwTéOV. TR pgv Yéap SVo tkavd Jv £mi Toic Eumpochsy

AexOsiow, &v pév ¢ mopadeiypatog 180g Unoraesv vonTov Kol del katd Todtd Ov, pipnpo 6¢ TopadelyoTog BSDTspOV
yéveow Eyov kai Opatdv. Tpitov 8¢ [...] Tiv’ obv &yov SHvapy kol QUG adTd VTOANTTEOV; TOIAVSE LOAGTO: TTAoMG Elval
YEVEGEMG vnoSoxnv avTnVv olov TORVNv.” Ti. 48e—49a.
369 ¢y §” 0OV 1 mapdvTL XPT YEVN Stovondfjvor TpitTd, 1O PEV Yryvopevov, o 8 v @ yiyvetor, 10 8 80ev dpopotovuEvoV
(QUETAL TO YIYyVOUEVOV. Kal OT) KOl TPOCEKACHL TPENEL TO PEV dexopevov untpi, 0 & 60gv matpi, TNV 6& peta&d TovTOV
evow éxyove”. Ti. 50c—d.
370 “oHtog pév ovv N mopd THS EUFic Wipov AoyioBsic &v kepatain e5050m Adyoc, 8V Te Kai ydpav Kol Yéveowv sival, Tpia
TPUXT, Kai Tpiv ovpoavov yevésBar” Ti. 52d.
71 PI, Ti. 52a-b.
372 p|, Resp. VI, 511d-e & VII. 533e-5344, as cited by Szab6 (1978), 311.
373 See the subsection 5.2.2.
874 “olpon yép og idévon 8TL ol mepi TOG YeUETPiag TE Kol AOYIGHODC KOl Td TowndTa mpaypatevépevor [...]7. VI, 510c;
“0g EmoToG LEV TOAAAKIG Tpooeimopey 610 TO £80g, déovtat 8¢ OVOLATOg BAAOV, EvapyeoTépon HEV Tj dOENG, ApvdpoTEPOV
3¢ fj émotnunc—oravoray 8¢ avTiy &v v T® mpoobey mov dpreapeda”, VII, 533d. Bold emphasis is mine. Szabo refers
only to the geometers as employing Swévowa, not all mathematicians, which Socrates evidently says.
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On a further note, Szabo claims that Plato’s idea that geometers use didvowa, which lies between
d6&a and vodg, is a notion that was developed out of the speculations of the Eleatics.®”® Szab
explains that originally, the notion of ‘space’ was denied by the Eleatics, since the phenomena of
the visible world (e.g. motion, change, generation) were inconsistent. Later, Plato conceptualized
‘space’ as having a dual nature; partly eternal and partly partaking of generation. It is because of

this, and Socrates’ statement in the Res Publica®’®

of the geometers using a ‘wrong’ and practical
type of language to describe their activities, that Plato refers to a certain ‘bastard reasoning’ for
geometry.3"" Szabo further remarks: “after starting out as a kind of iotopin whose chief tool was

the sense of sight, geometry became the science of space itself.”"®

On what geometry was concretely for Plato, Wedberg maintains that “geometry was for Plato
those parts of what is now known as Euclidean geometry that had been developed in his days.
According to Heath, most of the theories brought together by Euclid in the Elements existed

already in Plato’s time.”3"®

375 A, Szab6 (1978), 311.
376 Resp. VII, 527a.
377 A, Szab6 (1978), 311-312.
38 A Szab6 (1978), 313.
379 A, Wedberg (1955), 22; T. L. Heath (1921), 217.
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5.5. Plato’s ap1Ountikn and yeopetpia according to Aristotle

In the context of studying ‘first principles’ (“émel 0& tOGg GpyOc kol TOC AKPOTATOG Oitiog
{nroduev”), Aristotle stated that there is a science which studies ‘Being’ itself” (“"Eotv émiotiun
TI¢ 1} Beopel 10 dv | Ov kol T TovT® VIapyovta kad’ avtd”).28 This science (dialectic?) is
completely distinct from all other sciences, including mathematics. In the general sense,
according to Aristotle, the mathematical sciences are of those who study only ‘a portion of being
(1o dv)’: “ovdepia yop TV dAov mokonsl kafdLov mepl Tod Evtog 7y &V, GAAL pépog adTod Tt
AmoTepOpEVAL TEPL TOVTOV Bempodot 1O cuuPePnidc, olov ol pabnuatikol OV Emotudy.” 38t

Aristotle literally writes that “they cut off a part of Being (10 6v) and consider its attributes”.

It is interesting to note how Aristotle’s choice of verb, ‘Oswpéw’, originally meant ‘to be a
Bempdc’, i.e. ‘to be sent to consult an oracle’, but later (?) seems to have included ‘to behold,
inspect, contemplate, consider’ etc. Similarly the noun ‘Ogwpdc’ literally meant ‘envoy sent to
consult an oracle’, but also ‘title of a magistrate’, and ‘spectator [...] one who travels to see men
and things’.3®? This has another bearing upon Plato’s obvious use of ‘oracular’ or ‘religious’
terminology which we have previously seen. It should also be mentioned how Aristotle (in the
same passage) speaks of ‘those who seek the elements of Being/of things existing’ (‘oi T otowyeia
v dvtov (ntodvtec’) as being the same investigators who, by this, were seeking the first
principles (‘“tdc dpydc’).3 The ‘Elements’ are of course the title of Euclid’s famous thirteen
books, although I cannot linger on this point any further, and prove whether this is exactly what
Aristotle is referring to. Aristotle does state elsewhere however, that “of the mathematical things
that are (beings) there are first principles, elements, and causes” (‘“koi T®@v pobnuatik®dv gictv

apyod kol ototyeia kol oitio’”). 384

380 Arist. Met. 1003a, 21-30.
381 Arist. Met. 1003a, 23-27.
%2 See the entries in the LSJ.
383 “ei ovv kai of TdL ooyl TV Svtov (nrodvteg Tavtag TG apxag Eftovy, avaykn kol Td otoyEin Tod Gviog glvor pn
Kot cvpPefnkog AL’ 1) 6v- 610 kol Ul Tod dvtog 1) OV tag TpdTag aitiag Anrtéov.” Met. 1003a, 28-32.
%84 Arist. Met. 1025b, 4-5.
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As already stated, Wedberg examined Plato’s philosophy of mathematics mainly from Aristotle’s
writings.®® Two concepts that stand out and must be mentioned, on Aristotle’s opinion of Plato’s
mathematics, is (1) “the teaching that there are three fundamental types of entities, viz. the Ideas
or Forms, the intermediate objects of mathematics, and sensible things”, and (2) that there is a
distinction between ‘Ideal Numbers’ and ‘Mathematical Numbers’ where “there is a relation of
‘priority’ among the Ideal Numbers, by which they are ordered in a series that runs parallel to

the series of Mathematical Numbers, ordered according to size.”38®

The first point is stated by Aristotle thus: “donep ITAGtov 6 1€ €(6N Kol TO podnpoTiKe dVo
ovoiac, Tpitny 8¢ TV TV oicOnTdv copdtov ovsiov”.38” He specifically calls these three
entities three different ‘ovciot’. Book VII of Aristotle’s Metaphysics actually opens with the
discussion on what ‘10 dv’ and ‘ovcia’ is. Although we cannot dwell any further upon Aristotle’s
own claims, he states that to 6v is referred to in many senses, but the primary sense of ‘what’ o

bvis, is referred to as ovoio.388

The second point is according to Wedberg exemplified in this passage, where Aristotle differs
between countable/comparable (cuufintog) and uncountable/uncomparable (GdovupBAnTOC)
apBpoi: “ff g pev copuPintag tag 6 un [...] 610 kol 0 pEV pobnuotikog apliueitor petd 1o &v
Vo, TPOg T Eumpocbev Evi AAAO Ev, kal Ta Tpio TPOS T0ig dVol TovTOIG dALO &V, KOl O Aowmog O
OGAOTOS 0VTOC 8¢ HeTd TO Ev SV0 Etepal éivev ToD £vOg Tod TPAdTOV, KOi 1) TPLAG dvev Tiig Suddog,
opoing 8¢ kol 6 dAlog ap1duodg:-~38°

It is important to note though, how Aristotle does not mention Plato here as agreeing with this
teaching, although Wedberg maintains that the same idea is referred to in another passage where

it clearly is Plato’s teaching.®® We should also note here how Aristotle defines the

385 See the subsection 4.1.2. Also: “Thus, an interpretation or a reconstruction of Plato’s philosophy of mathematics will
here be offered that, in all main points, agrees with Aristotle’s exposition. [...] The most complete statements [of Plato] are
those in the Republic and Philebus, but even they would remain exceedingly enigmatic unless compared with statements in
other dialogues.” A. Wedberg (1955), 15.

386 A, Wedberg (1955), 84 & 121.

387 Arist. Met. 1028b, 20-22.

388 «“To dv Méyeton moAayde, koddamep Sehdpeda mpdTepoV v T0i¢ mepl Tod TosOYMS: oNHAivel Yap TO Hév Ti £0TL Kol 10
T1, 10 ¢ mOOV 1 ToooOV 1| T®V GAA®OV EKAGTOV TMV 0VTM KATNYOPOLUEVMVY. TOGAVTAYMS 0& AEYOHEVOV TOD HVTOS PavEPOV
6T ToVTOV TPOTOV OV TO Ti £0TIV, HmEP ONpaiverl Ty oveiay”’ Met. 1028a, 10-15. Bold emphasis is mine.

389 Arist. Met. 1080a, 24-35.

30 A, Wedberg (1955), 117 & 121; Met. 1080b, 11-15: “oi p&v odv GueoTéEPOLS POGIV Etvar TG Gptdpole, TOV HEV Exovto
T0 TPOTEPOV Kal VoTEPOV TAG 1d€0C, TOV 8¢ padnuaticov Topd Tag 10€ag kol Td aichntd, Kol XmPeTovs AUPOTEPOVS TV



mathematician counting (‘pafnpatikog apdueitor’) as ‘adding one upon one(s)’. Two is made
up of one added to one, three is made up of two with another one etc, so that just as Wedberg
observed, the mathematical numbers are “made up of certain ideal ‘units’, or ‘Is’.”, i.e. “A

Mathematical Number is an aggregate of units”.3%

This second point seems to agree with my assertion in this thesis, that Plato had a ‘hierarchical’
classification in mind, or a ‘duality’ such as expressed by Wedberg above: ‘a relation of priority’
in a ‘parallel series’. The first point also exemplifies my argument, since the ‘Ideas’ obviously
hold a priority over the ‘intermediate world of mathematics’ and especially over the ‘sensible

world’.

The first point, whether Plato’s mathematical objects were intermediate between sensibles and
intelligibles, has been a question of debate among several scholars. Wedberg argued that
Aristotle’s scheme of mathematical intermediates is corroborated by many statements in Plato’s
dialogues, at least for arithmetic, but perhaps not for geometry.®® Pritchard believes that the
intermediates is a mistaken notion by scholars, at least from the supposed inferences in the Res
Publica, or he seems to say that this is inconclusive both in Plato and Aristotle.3*® White also
seems to think that the evidence for the mathematical objects as ‘ontological intermediates’ is
inconclusive.®®* | think that there is strong evidence for the intermediates though, especially in
the Res Publica, in the passage we have discussed where the divided line between the visible and
intelligible world is mentioned.3%® The question is rather if he includes all mathematicians or only
geometers here (“koi Td Towadta Tpaypotevdpevor” and “Tnv TOV YEOUETPIKAV TE KAl TNV TAV
To0vTov Ev”).3% We stated that clearly: “not only geometers but all mathematicians [“kai Té
tolodta Tpaypatevopevor’] are labouring with their subjects in the realm of didvoia, employing
the lower visible things of mictig and eikacia in order to attempt an arrival at vonoig.” Socrates

even made a trio division, after the quartet: Sivoto, between 36&a (opinion) and votig (mind).3’

aicOntdv-”

391 A, Wedberg (1955), 118.

392 A, Wedberg (1955), 12-13.

3% P, Pritchard (1995), 89 & 156-157.

3% M. J. White (2006), 239-240.

3% PI, Resp. VI, 509d etc. See the subsection 5.2.2.

3% p|. Resp. VI, 510c & 511d.

397 “Sigvorav 88 KAV pot Sokelg THY THV YEWUETPIKDY T€ Kod TV TdV 10100tV £&v GAL 00 vodv, dg petald Tt S6ENg e
kai vod v Siévotay odsav.” Pl. Resp. VI, 511d.
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We see again, how a detailed examination of the original Greek passage, with a quite literal
translation, evinces much more than what previous scholars have claimed.®*® Furthermore, the
“uetaoyov tig 1diag ovoiag” in Phaedo 101c, where ‘600’ is participating in its particular ovoia
which is the ‘dvdc’, and ‘€v’ is participating in its ovoia, the ‘povag’, perhaps means that ‘the
partaking of its particular essence’ is the ‘intermediate state’ of mathematics? That is to say, this

particular ‘partaking’ becomes a new intermediate state?

3% Pritchards own conjecture against this does not hold, in my opinion, for he is merely applying his own personal
conviction upon the Greek text: “The subsequent division of each section does not introduce new ‘sub-faculties’, (shadows
and reflections are surely seen by the same faculty as sees their originals) but rather distinguishes two ways in which the
same faculty can be directed at its proper object.” P. Pritchard (1995), 96.
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6. Conclusion

As we have read in the analysis, Plato’s api@untikn is conceptualized in several levels. Plato first
makes a distinction between the sciences that are more accurate (e.g. building) and those that are
less accurate (e.g. music). ap1Ountiky| is of the former. There is furthermore a distinction within
each and every science. The basic distinction between the two types of dpiBuntkn is that the
common (T®vV mOAA®DV) apOuntikn calculates with any sorts of ‘unequal units’ (povdodag
avicovg) while the philosopher’s (t@v @iiocopovvimv) dpBuntky will only do the same if it is
agreed upon that all those ‘units’ (povadec) have no difference between each other. The
philosopher’s povadeg can probably not be mathematically manipulated. It seems as if Plato’s
Hovag is, in a sense, equivalent to the £v in his dialogues. I argue in this thesis that the &v could
possibly denote two different concepts, both in Plato and in most other Greek mathematical
philosophy: (1) as equivalent to the concept of any povég, and (2) as one dpiBuoc. All these key
notions in Plato’s mathematics seem to have a hierarchical order (perhaps later called as
‘Tpomodicpog’ process, progression?) if we regard both Plato’s dialogues and the similarities of
that with Aristotle’s Metaphysics (at least), Euclid’s two Definitions in the Elements Book VII,
and other ancient authors. The povdg and &v seem to take a higher order than dpiOudc and
nmAfifoc. Plato seems to agree with Euclid that the ‘€v’ is participating (‘petacyeiv’) in its own
ovoia, the ‘povac’, where Plato identifies the ovcio of &€v as povdg or the ovcio of dvo as being
dvdg (dyad/twoness). povdg seems to be that which groups existing things into ‘ones’, and

apBudc is the compounded multitude of these povadec.

The Greek ‘arithmetised’ mathematics was most likely different from the ‘arithmetised’
mathematics of other contemporary cultures, as Fowler maintains. ‘t0 0¢ dapOueiv’ (to
number/arithmetise), in Plato, is in short nothing but considering the quantity of number/arithmos
(‘mdéoog T ap1Buds’). These apiBuoi seem to include some concept of the positive integers 1-10,
yet probably differing from our modern notion of these ten numbers. In the Epinomis and
Timaeus, dotpovopio seems to be one of the most important sciences for man’s discovery of
ap1Bpog and even for philosophy itself. Since the Res Publica seems not to have been Plato’s
final thoughts on mathematics, all other dialogues and perhaps even his Letters must also be
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considered. An ap1Buog is divided into odd and even (mepittov and dptiov), just as the human
‘race’ could be divided into males and females. ap1Oudg could generally in most cases be said to
denote, as Paul Pritchard wrote: “a collection of things falling under some description”. As Klein
also wrote, generally speaking “arithmos never means anything other than ‘a definite number of
definite objects’.” It is often though, in pure mathematical speculations, as Euclid’s Definition 2
states: ‘the compounded multitude of the povidwv/units’, or a ‘compounded multitude’ of
anything being counted. An dpOudc can also be conceptualized in geometric figures, such as

“linear apOu®dv, plane ap1Oudv, and solid dpOudV” (Proclus).

As for the purpose of apiBuntiky, it and the other sciences seem to be a sort of ‘means to an end’
where the goal (or purpose) is to reach the greatest udOnuo which is to perceive ‘The Good’ and
to receive some form of salvation (‘cwtnpia’). By the means of perpntikn (‘mensuration’) and
most likely by dpi®untikn in connection to this, these sciences would “invalidate the ‘pdvtacpa’
of appearances, show the truth, give peace to the soul, let it remain in truth, and save [our] life”
(Plato). Plato’s philosophical Aoywotikny te Kai apBuntikn is about some form of ‘calculation’
aimed at the recurring central themes of vonoig, ovcia and dAnOela. Plato maybe drew from
earlier sources for this, such as Epicharmus who wrote that ‘Aoyioudg’ and “apBudc’ “cmnlet
Bpotovg”. This is all in connection to the ‘spirituality’ in Plato’s mathematics. There seems to be
some kind of ‘religious’ or ‘oracular’ undertone in Plato’s language about dpiBuntikn and
perhaps about mathematics in general; the notion of consulting a science in the similar manner of
consulting divinities. This may have a connection to Socrates’ ‘divine/daemonic voice’. The
oracle at Delphi is also ascribed an interest in mathematics where it is described as something
which would save people from evil. The ‘oracular’ vocabulary is possibly also found in
Aristotle’s passages on mathematics. Aristotle employs the verb ‘Oewpéw’ when describing what
the mathematicians are studying. The verb originally meant ‘to be a fewpdg’, i.e. ‘to be sent to
consult an oracle’, but also included the meaning of ‘to behold, inspect, contemplate, consider’.
In Plato’s Timaeus we find the central concepts of 0edg, ypdopat, the vodg of the heavens (in
astronomy), the d1avonoig of humans, and a natural Aoyiopdg, all of which also could relate to

some form of spirituality.

apOuntikn and Aoyiotikn are mentioned without any greater distinction between them in the Res
Publica, but in the Gorgias and Charmides the distinction is clearly that apiOuntiky is the
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knowledge of the simple quantity (how much or how many) of the even and the odd (the &ptiov
and meprtdv), whereas Aoyiotikr] considers how multitude (mAfibog) exists both in the even and
the odd respectively, and in the relations between the even and the odd. dp1Ountikr examines a
‘higher form of numerical concept’ or a ‘greater simplicity’ (the simple quantity itself) of the
dptiov and meprrtdv while Aoyiotikny considers the multitude (complexity) of the &ptiov and
meprttov. appog and mANOog are often likened to a ‘great quantity’, a ‘multitude’ or
‘countlessness’. Plato uses the word mAfifoc for Aoyiotikn specifically, and the term is often
mentioned in his general mathematical speculations. Fowler and Klein believe that Plato’s
‘theoretical logistic’ seems identical with ‘the theory of ratios and proportions’, but it doesn’t
seem that Plato’s ‘mAnfovg O6mwg &yer mpog avtd koi mpog dAAnAa’ of the odd and the even
apBuot is nothing else but the study of ‘ratio’. There is furthermore an obvious ambiguity in the
meanings of the adjective ‘Aoyiotikdg’ and the noun ‘Aoyiopog’ (calculation or reasoning).

Perhaps, ‘to calculate’ is in Greek equivalent to ‘being rational’.

apuntikny and Aoyiotikn help the soul to turn away from generation (another of its purposes)
(“tNg wuyfic PaoTdVNG LETAOTPOOTG Ao Yevésews’) when studying by the philosopher’s method
the ‘numbers themselves’ (“adt@v TV dpOudV”) which include units that cannot be divided and
apOud®v which can be understood by mind alone (“owavon6ijvor pévov’”). Whether the Greek
arithmos is altogether different from the positive integers, or if the integers are part of arithmos,
that does not matter for this: it stands as evident that Plato’s philosophical arithmos is concerned
with thinking, intellect, and mind only, and not with visible/material phenomena. ‘| mepi 10 €v
puéOnoig’ has a crucial role in this, where it leads the soul towards the vision of being (£ri T1v 10
6vtog 0¢av). In Plato’s epistemology, metaphysics, cosmology and other concepts he
distinguishes between the perceptible world (0patov) and the world of being/intellect (vontov).
This is most clearly seen in Plato’s ‘analogy of the divided line into two unequal sections’. As
noted before by Szabd, this doctrine has an implication in Plato’s mathematics as well. It seems
that not only geometers but probably all mathematicians are labouring with their subjects in the
‘realm’ (or condition of the soul) of d1dvoiwa, employing the lower visible things of miotig and
gikaoio in order to reach vonoic. The mathematicians are furthermore said to employ didvoia
(thought), intermediate between d0&a (opinion) and vodg (mind). The idea that false judgment of
‘being’ arises “out of the wax in the soul being impure” (Theaetetus) seems related to what is

stated in the Res Publica, about all the sciences being discussed, that by each one of these
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subjects (including our three subjects examined in this thesis) there is an ‘instrument’/’organ of
sense’ of the soul that is purified and rekindled anew. Here we find again the use of ‘colw’
(“ocwOfjvar”) for the soul’s salvation, and the concept of ‘beholding the truth’ (“éaAn0gwa’). This
contemplation seems to be aimed at the ‘Ideal Numbers’ which are discussed about in the
Theaetetus and which are said to exist without any false conceptions in the soul (spirituality

again).

There is a concept of ‘mAf0og’ (multitude) connected with dap1Ouoég and 10 &v. ‘Proper
understanding’, and therefore implying a ‘salvation’ for the soul’s understanding, is e.g. that the
‘TAiBog’ itself, ‘multitude/magnitude’, i.e. the concept of mAfifoc, is responsible for an increase
in quantity from e.g. eight to ten, it is not the number two in itself. This entire scheme is also
related to Plato’s doctrine of The Forms (&ion), in the Phaedo, where there is a clear
identification of ovcia with e.g. povdg (monad/oneness) or dvdg (dyad/twoness). This has a
bearing on Plato’s other statements about Aoyiotikn te koi dpBuntkn leading towards ovoic.
The spirituality is again apparent here where as “a gift from the Gods” (probably Prometheus),
“the doctrine of ‘one and many, limit and unlimited’ (£vOog pév xoi mOAAGV; mépag o6& Kol
amepiav) as the constituents of all that is said to exist was given”. The doctrine of opposites
seems similar to that given by Aristotle as purported to be by some of the Pythagoreans (e.g.

“népag Kai dmepov, TepLrTov Kol dptiov, &v kol mA00S”).

vempetpioo was during Plato’s time concerned with plane surfaces only, since it is claimed that
stereometry (study of solids) was hardly developed during this time. apiOuntikn, Aoyiotikn and
veouetpio. were subjects for the guardian who was to be skilled in both war and philosophy.
Socrates states that geometry should compel the soul to contemplate (“OedcacOar”)
being/essence (“ovciav”), and not to contemplate generation/becoming (“yéveowv”). yeopetpia is
the knowledge of what always exists (this is its nature), not of what is created (‘becoming’) and
destroyed: “Q¢ 10D dei dviog yvdoemg, AL’ o0 TOD TOTE TL YIYVOUEVOL KOi GITOAALUEVOL”.
veouetpio should assist us in beholding the form of The Good (“tijv 100 dyabod i6éav”). Just as
was stated for apiOuntikn and Aoyiotikr), yeopetpio draws the soul towards ‘truth’ (“mpog
aAnfewov”), and this is one of its purposes. yeopetpia is singled out in the Res Publica as one of
those subjects which purify an instrument of the soul by which ‘Truth’ is beheld. The
‘purification of the soul’ was also a central doctrine of Pythagoras according to Iamblichus.
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Geometric and numeric conceptions play a crucial role in the creation of the world in Plato’s
Timaeus. For instance, the shapes of the four elements are given by ‘the god’ using forms and
numbers (“gideoi te kai apOuoic”), the four elements were composed of triangles, and the five
‘Platonic’ solids are constructed by specific plane surfaces, also composed of triangles. In the
Timaeus, there is outlined a threefold division of the Kosmos (lit. ‘the all’: “tod movtog”). We
have (1) the model, source, and father, ‘being’ (&v); (2) the receptacle and wet-nurse of
generation, the mother, ‘space’ (yopa); and (3) the visible imitation of the model, generated,
becoming, the child, ‘generation/creation’ (yéveoig). The ‘dv’ is understood by ‘vénoic’
(intelligence, understanding), the ‘yéveoic’ by “d0&n pet’ aicOnoewg mepiinmtoév”’ (“opinion,
involving sense perception”), and the ‘yopa’ by “petr’ dvoicOnoiag antov Aoyioud tivi vobw”
(“by a sort of bastard/counterfeit calculation/reasoning, with no sense perception”). Szab6 noted
that two passages in Plato’s Res Publica seem to identify ‘bastard reasoning’ as being occupied
with geometry. One of these passages is the one previously mentioned, where the trio of vodc,
owgvota, and 06&a are the subsections of Plato’s ‘analogy of the divided line’, showing the
metaphysical, cosmological and psychological frameworks. The faculty of the geometers, and
probably of all mathematicians, is ‘diGvota’. Aristotle, as shown by Wedberg, also believed that
Plato classified an ‘intermediate state of mathematical objects’ between ‘the Ideas or Forms’ and
‘sensible things’. I believe that there is sufficient evidence for this in Plato’s Res Publica, in the
discussion on the ‘analogy of the divided line’, where didvoia is related to the mathematicians,
between 00&a (opinion) and vodg (mind). The distinction between ‘Ideal Numbers’ and
‘Mathematical Numbers’, argued by Aristotle to exist in Plato’s doctrine, also shows Plato’s
possible ‘hierarchical’ classification, or ‘duality’ as Wedberg argued (‘a relation of priority’ in a
‘parallel series’). This also points to my previously mentioned argument that the &v was
conceptualized in two different ways: (1) as equivalent to the concept of any povdc, and (2) as

one appoc.

Plato’s mathematics thus, in one sense, incorporates the study of an all-encompassing framework
of the very things (t®v Ovtwv) of nature and existence, in the background of a spiritual
philosophy as an aim. In Plato’s ‘analogy of the divided line’ we also saw how ‘truth’ (dAn0e1a)
is at the core of not only the aim of mathematics, but also of the very existence of the world and

the psyche of the human soul.
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