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I. THE IDEA OF SPHERICAL SPACE 

In Hesiod's 'Theogony' (116) Chaos is described as the first of all things to 
come into being. Aristotle interpreted Chaos to mean space (Phys., IV, 1, 
208) but this is an obvious case of a' retrospective' error in viewing a concrete 
idea, and one from another age, from an abstract and different standpoint 
from that in which it was conceived. As it will be seen the earliest evidence of 
a Greek concept of space as such is two centuries after Hesiod at the time of 
the early Pythagoreans. Kirk and Raven also point out Aristotle's error in 
interpretation and reject two further interpretations that have been given to 
Hesiod's Chaos (1957, p. 26). Jammer notes (1954, p.7) that the word Chaos 
is derived from the same root as 'gape, gap, yawn' (that is cha-). It appears 
that the certain use of Chaos before 400 B.C., although not extensive, was 
in the sense of a space between heaven or sky and earth. The basic meaning 
of the word however was a gap, a bounded interval, and is not to be inter
preted as meaning a 'void'. Chaos implied primarily a region of vast size but 
secondly and implicitly its boundaries. Kirk and Raven furthermore find 
(1957, p. 27) that the Scandinavians knew this space between sky and earth 
as the 'ginnungen gap' (the yawning gap) while the Babylonians called it 
'apsu' (the abyss) or 'tiamit' (the deep). 

Anaximander imagined that this gap between the earth and heaven must 
actually form half of a complete sphere. He also thought that this dome of 
heaven above must be completed by a complementary dome beneath. In his 
theory he envisaged Chaos, the gaping chasm between the inner boundary of 
the sphere and its centre (that is between heaven and earth) as filled with 
primary matter, linEtpov (Diels, B. Fr. 1, 2 and 3) which is 'without be
ginning and without end'. It is quite important to establish here that by 
linEtpov Anaximander did not mean spatially infinite as maintained by some 
scholars (Burnet, 1948, p. 58; Cherniss, 1935, p. 377; Zeller, I, 1881, p. 202 
for example). Cornford (1936, p. 226) and Guthrie (1962, I, p. 85) both state 
that the word was frequently and specially used by the Greeks in reference 
to a circular or spherical shape. This is because on the circumference of 
a circle or a sphere, or in the sphere itself, there is no beginning or end. 
Anaximander therefore was likely to have regarded 1:0 limnpov as some kind 
of enormous mass filling the whole of the cosmos, which was considered to be 

"' This treatise is part of a thesis approved by the University of London, September, 1970, 
for the award of the Ph. D. degree. 
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in the shape of a vast sphere. Guthrie further maintains that Anaximander 
was unlikely to have been capable of grasping the notion of strict spatial 
infinity as this only came about with the advance in mathematics in the 
4th century B.C. 

Anaximander's picture of the universe had the earth at equal distances 
from the boundaries of the sky or heaven implying a spherical pattern for the 
cosmos. In fact cosmological space (really the gap between sky and earth) 
was considered by all the Presocratics as spherical with the earth, in most 
cases, located at the centre (Gomperz, 1964, I, p. 113ff.). This common 
conception of the cosmos held by the early Greek thinkers then was one in 
which the cosmos was considered to be a sphere bounded by the sky or the 
divine heaven which formed the boundary of the cosmos. 

The idea of spherical space is also evident in Parmenides' description of 
Being. He described Being as 'well-balanced from the centre in all directions 
and its form is spherical' (Diels, B. Fr. 8, 42-49). While the Pythagoreans 
continued the tradition of a spherical cosmos they altered the meaning of 
'tO Circetpov from an all-embracing divine power uniting all beings to that of 
cosmic void, an undeterminate principle and the cause of discontinuity of 
things in the world (Guthrie, 1962, I, p. 288ff.). The Pythagoreans considered 
that inside the spherical cosmos the essential function of the void, which 
they identified with air, was to keep things apart and give them room to 
move in (Cornford, 1936, p. 225). They believed that beyond the circum
ference of heaven there was an enveloping air which was inhaled into the 
world across the boundary of the sphere. 

In discussing Pythagorean theory Aristotle speaks (Phys. Ill. 4, 203a) of 
heaven (the sphere) breathing in air 'from the boundless' (EK 'tOU urceipou). 
This raises the question of whether the Greeks at this stage had discovered 
the concept of infinite extension. Cornford (1936, p. 226) sees no reason 
why Anaximander's concept of'to Circetpov, implying spherical shape (the 
description of a circle or sphere as being 'boundless' since it has no begin
ning or end), should not bear the same meaning as for the Pythagoreans. 
At Parmenides' date, the first third of the 5th century B.C., no one had seen 
why there should be an infinity of unoccupied space. This would place some 
doubt therefore on Aristotle's interpretation of the existence or concept of 
infinite extension beyond the sphere of heaven at this date. 

By the 5th century B.C. then the cosmos was thought of as being finite and 
spherical, with no endless stretch of emptiness beyond the sphere. The 
concept of space was confined to the notion of the gap between the centre 
and circumference of the cosmological sphere. There was a dispute between 
the Eleatic school and the Pythagorean school mainly as to whether the 
sphere was entirely compact with body or whether there were vacant 
intervals inside the sphere. Further consideration of the meaning of the void 
will be undertaken in the next section. 

Another aspect of the idea of spherical space was that of circular motion. 
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To the Greeks the outer shell of the whole cosmos, and all the heavenly 
bodies between the earth at the centre and this outer shell, appeared to 
revolve visibly in a complicated pattern of circles. These celestial revolutions 
were believed to be the cause of circular repetitions of events on earth 
(Guthrie, 1962, I, p. 352). As the Greeks saw it summer gave place to winter 
but the former would return eventually as the sun continued its circuit; the 
seasonal recurrence also brought about a cycle of birth, growth, decay and 
new birth among individual things. The other characteristic of 1:0 l:irc~::tpov, 
outlined previously, was apparent also in the sun's annual journey - it was 
believed that end and beginning were at the same point as on anything else 
which traces the shape of a circle. For as Heraclitus said (Diels, B. Fr. 103): 
'On a circle beginning and end are common'. The ramifications of circular 
imagery as derived from the idea of spherical space were expressed in Greek 
geometry, astronomy, chronology and physiology(Guthrie, 1962, I, p. 357ff.). 
Beginning with Anaximander the idea of concentric circles was developed 
into more sophisticated forms by other thinkers but found its greatest ex
pression in Plato as will be seen. 

II. THE IDEA OF THE VOID 

The concept of space took on a more abstract meaning with the early 
Pythagorean idea of 1:0 Kcv6v ('breath or void'). Void was identified with 
air or breath, the function of which was to keep apart solid bodies (Aristotle, 
Physics, VI, 213b). The precise characteristics of the void are not clear. It 
appears that the early Pythagoreans did not make so sharp a distinction that 
the void could be considered the delimiting, and, consequently, form giving 
principle. As Sinnige (1968, p. 60) points out, Aristotle's expression of the 
Pythagorean principle of discontinuity (owpi~~::t 1:ac; xropac;) could mean: 
the void keeps the units in the world apart from each other; or, the void 
represents the interval between things; or, the void causes separation between 
the fields occupied by things. 

Whatever the precise characteristics of the void are, the Pythagorean 
principle can be seen as a somewhat primitive attempt to ensure the well
delimited individuality of things. This principle of the discontinuity of 
things was developed further in the following centuries in mathematics, 
cosmology and metaphysics. In a mathematical sense the concept of the 
void, according to Sinnige (1968, p. 62), is present in the Greek concept of the 
'measurable field' - the context in which the construction of geometrical 
ground patterns of the elements as regular solids takes place; in cosmology 
it appears as the empty space offering room for the coming into existence 
of all things; metaphysically it is the undetermined substratum for all things, 
necessary to, though not partaking in, their existence. All these three sig
nifications appear in Plato's work. 
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From Aristotle (Physics, IV, 6, 213b) we learn that the Pythagoreans 
asserted that 'this [void] keeps things apart, as if it constituted a sort of 
separation or distinction between things that are next to each other. This 
holds primarily in the case of numbers; for it is the void that distinguishes 
their nature'. It is not necessary to discuss in detail the Pythagorean concept 
of number (this concept is described at great length by Burnet, 1948, p. 10ff.; 
Kirk and Raven, 1957, p. 243ff.; Guthrie, 1962, I, p. 225ff.; Sinnige, 1968, 
p. 74ff.), but for the purpose of distinguishing the importance of the void 
in the concept of number, a brief outline of their number theory will be 
given here. 

The Pythagoreans represented numbers in the form of patterns of dots, or 
pebbles, or other units arranged in geometrical figures (mainly squares, 
rectangles and triangles) . The void which distinguished their nature was 
considered to be the blank intervals between these units. As these units 
were disposed in regular geometrical shapes, the void was also considered 
the blank field (xropa) marked off by the boundary lines of the geometrical 
figures. Since the void was the space of geometry as well, and since the early 
Pythagoreans did not distinguish the solid figures of geometry from the 
physical bodies perceived in the world, the space of the geometrical theorems 
was therefore identified with the space which framed the physical world 
(Cornford, 1936, p. 220). The Pythagoreans apparently considered numbers 
as physical entities and not as mathematical concepts (Philip, 1966, p. 172). 

The Pythagorean concept of space in which empty space, or the void, was 
identified with air is difficult to apprehend today for we distinguish between 
abstract concepts and physical matter. In our Newtonian concept of space 
physical bodies are considered to be located in space. An 18th century 
description of the scientific aspect of Newton's concept of absolute space 
(Jammer, 1954, p. 126) provides an interesting contrast with the Greek 
concept of the void: 

We conceive space to be that, wherein all Bodies are placed ... ; 
that it is altogether penetrable, receiving all Bodies into itself, and 
refusing Ingress to nothing whatsoever; that it is unmovably fixed, 
capable of no Action, Form or Quality; whose Parts it is impossible 
to separate from each other, by any Force however great; . . . 

According to the different interpretations given to the early Pythagoreans' 
idea of the void (Guthrie, 1962, I, p. 278ff.; Sinnige, 1968, p. 60) one is that 
it is a positive force keeping bodies apart, and is identified with air; another 
is that it is the empty gap between terms in a series of numbers; and yet 
another that it could be identified with geometrical space for they identified 
the patterns of dots making up number with geometrical points (which have 
position in actual space and an indivisible magnitude). According to Corn
ford (1936, p. 224) the Pythagoreans held that physical bodies actually are 
numbers, the visible and tangible bodies of the world being built up from 
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dots or points. These units were also considered to be simultaneously the 
units of arithmetic, the points of geometry and the atoms of bodies. In the 
idea of the void the individuality of the units was preserved by the intervals 
of vacancy - the gaps between the boundaries of geometrical figures, the air 
between the atoms of a body, and between the surfaces of different bodies. 

According to Burnet (1914, I. p. 51) the identification of air with the void 
by the early Pythagoreans was no more than the beginning of the conception 
of abstract space or extension. Archytas, a Pythagorean, apparently had a 
clear understanding of the abstract nature of space as we shall see later. 
Although he distinguished place {'t67toc;) from matter, Jammer (1954, p. 8) 
is not correct in equating place with space and therefore giving Archytas the 
credit of distinguishing space from matter. For, as he himself points out on 
page 12, Gorgias was the first to differentiate the two categories of space and 
matter. 

In the 5th century B.C. an opposing view to that of the Pythagoreans was 
put forward: Melissus was apparently the first philosopher to state that there 
was no void (Diels, B. Fr. 7): 

Nor can there be a void; for the void is a nothing; now if a thing 
is a nothing, it cannot even exist. 

This contradicted the Pythagorean theory of the existence of the void which 
had the function of separating individual things. The implication of Melissus' 
statement was that without this separation things would be a homogeneous 
mass. 

Parmenides was an ardent opponent of Pythagorean philosophy. He 
maintained that there was no void {'to Kev6v) between individual bodies 
which distinguished the boundaries of the individual bodies. He believed that 
the whole of being was determined by its own boundaries, and may therefore 
not be thought of as being surrounded by a large empty space or void. That is, 
the individuality of bodies was determined internally, and not externally 
by the void. Parmenides flatly denied the existence of the void since it was 
'nothing' and what was nothing could have no existence. In his philosophy 
he accepted the implication that separate things and motion were impossible 
since void, being nothing, could not exist. His answer to the question of the 
appearance of plurality and motion was that they must somehow be illusory 
(Cornford, 1936, p. 228). 

Though Parmenidean philosophy at first glance may appear reactionary it 
was the begining of the formulation of the idea of void or space in true 
abstract terms. The Presocratics generally did not distinguish between phy
sical and abstract entities and anything which did not have a corporeal 
existence to them did not exist, hence the confusion about the concept of 
the void. Parmenides probably realised the abstract quality of the void 
but could not escape the intellectual limitations obtaining at that time. In his 
terms he realised that the void was non-being, but since at that time the 
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apprehension of the independent existence of abstract concepts had not yet 
been attained, he was forced to deny its existence. Even Aristotle, over a 
century later, in relating the history of the problem confused the concepts 
of void and non-being. The concept of Being had to be evolved slowly from 
its spatial connotations, a process in which generations of philosophers took 
part. 

Whereas the Pythagorean school believed that inside the sphere of the 
world there were vacant intervals, Pannenides insisted that it was entirely 
solid. Parmenides' denial of these intervals was the first sign that the distinc
tion between air (which is something) and the true void (which is nothing in 
physical terms) was beginning to be drawn. The idea of a true abstract void 
had its origins in the mathematical void invoked by the Pythagoreans to 
separate units of number. The void was only gradually distinguished from 
air and the confusion of identifying the intervals between numbers with air 
broken down. 

III. THE CONCEPT OF SPACE OF INFINITE EXTENT 

In Greek thought the Atomist philosophers brought about a significant 
change in the devolopment of the concept of space towards the end of the 
5th century. In the words ofLeucippus: 

I admit that the Void - sheer emptiness - is 'nothing' or 'not
being'. All the same, this nothing does exist no less than the some
thing, the compact being, we call body. (Trans. by Cornford, 1936, 
p. 229). 

The void was thus no longer identified with air but recognised in true 
abstract terms. The following sentence from a rare authentic fragment of 
Democritus' writings is extant: 

... there are only atoms and void (Diels, B. Fr. 4). 

Democritus thought of atoms and void together as forming the basic 
constituents of all things. 'Empty space' was thus fundamental to Atomist 
theory. It is important to note that inherent in this concept is the implicit 
acceptance of the infinity of space - there are an innumerable number of 
atoms in existence and this must demand an unlimited extent of space . 

The proofs of Zeno against a multiplicity of things and against motion 
involve the concept of infinity. His arguments however are complex and 
fallacious (Zeller, 1881, I, p. 614ff.; Cherniss, 1935, p. 145ff.), nor would it 
prove of any relevance to discuss them here. 

Leucippus and Democritus postulated the existence of the void as a 
logical conclusion from the assumption of the atomistic structure of reality. 
Their insistence on the existence of the void was directed against the Eleatic 
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school according to whom the cosmos was a compact continuous unchanging 
whole. The Atomists' conception of the noncorporeal existence of the void 
introduced a new conception of reality. 

Parallel with the Atomists' contribution to the development of the concept 
of space, there were also changes in mathematics. Geometry began to be 
detached from artithmetic with the denial of space as consisting of geometri
cal points (that is points which could be identified with artithmetical units 
of number separated by intervals of emptiness, the discontinuous void 
of the Pythagoreans). The new concept of geometrical space was that it was 
a continuous medium (Cornford, 1936, p. 230); this is in contrast to the 
former concept in which it was considered a pattern of empty gaps between 
solid things. The Atomists also introduced the idea of infinity by ascribing 
to the physical void the characteristics of this continuous medium. 

In the last few decades of the 5th century, then, the Atomist philosophers 
produced the concept of infinite space. The general development of early 
Greek philosophy from Thales and Anaximander in the 6th century B.C. to 
the Atomists at the end of the 5th was from a concept of a spherical to a non
spherical or 'shapeless' cosmos. To the early Presocratics the cosmos was 
spherical but Democritus clearly conceived cosmic space as that which 
extends beyond the circumference of heaven, and as infinite and of no parti
cular shape. The change apparently occurred when Melissus posed the 
question of what was outside the circumference of the sphere. He thus pre
pared the way for the conception of infinite empty space beyond the sphere of 
heaven as propounded by the Atomists. In addition there was the question 
asked by Archytas as to whether it would be possible to stand on the cir
cumference of the sphere and to stretch out one's hand or not (Jammer, 
1954, p. 7). According to Freeman (1946, p. 237) Archytas was the first to 
give a reasoned proof of the infinity of extension. Thus the concept of the 
cosmos as limited spherical space vanished with Democritus and was 
replaced by a concept of the world moving in empty space, which was 
considered completely infinite and non-spherical. 

In the same period in which space was deprived of its circumference, and 
therefore of any centre, the earth's claim to be the centre of the cosmos 
was questioned. The earth was then considered to be situated in a limitless 
space which had no centre. The doctrine of spherical space was discarded 
and replaced by the Atomistic concept of infinite space in which innumerable 
worlds were scattered in endless space. 

IV. OPPOSITION TO THE CONCEPT OF INFINITE SPACE 

Unfortunately for the development of the concept of space, the Atomists' 
picture of illimitable and shapeless vacancy with its population of innumer
able worlds was strenuously attacked by philosophers who clung to the 
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concept of spherical space. Aristotle denied the existence of any void, inside 
or outside the cosmos, and it is doubtful whether Plato admitted even 
internal void (Cornford, 1936, p. 231; Sinnige, 1968, p. 208). 

Aristotle considered that none of his predecessors had recognized the 
problems of space (Physics, 208A); also, apart from Plato, none had 
attempted to say what space or place is, which however they all asserted 
existed (Physics, 209B). For Aristotle there was no problem of space at all 
(Cherniss, 1935, p. 145) as he considered extension to be the sum of all the 
'places' of bodies in the cosmos. Consequently extension cannot exist save 
as an essential characteristic of body; the existence of a void is thus denied 
by him. Aristotle rejected the Pythagorean and Platonic concepts of space. 
They were geometrical concepts of place in which the body determines the 
geometry of its environment, and in which the geometry cannot be separated 
from the body itself (Sambursky, 1963, p. 96). 

Aristotle's theory had important implications for the further development 
of Greek space theories. While the Epicureans, the Stoics, the Skeptics, and 
others made original contributions to the theory of cosmological space, 
the notion of physical space remained close to Aristotle's view. Only the 
influential Stoic school discarded Aristotle's definition of place and reinstated 
the belief in the existence of the void outside the heavenly sphere. They 
denied the existence of internal void however and conceived the material 
world as an island of continuous matter surrounded by the infinite void. 
(Jammer, 1954, p. 22). 

Aristotle's theory is very limited in scope and has many unsatisfactory 
aspects (Taylor, 1928, p. 674ff.). The most relevant here is that concerning 
his predominantly metrical view of space. As he thought of extension first 
and foremost as a 'quantity' of something, in fact as bulk, not as a complex 
of relations, cubic capacity became the prime concern of his theory. Both 
Taylor (1928, p. 669) and Jammer (1954, p. 41) point out that it is impossible 
to construct a geometry on a purely metrical basis. Although Euclid's 
geometry is predominantly metrical (concerned as it is with demonstrating 
propositions about the equality or inequality of lines, angles, areas, volumes) 
it does absolutely require some non-metrical notions, which are essential in 
constructing a system of geometry. Plato's theories on the other hand do 
not start from metrical considerations, do not refer to volumes, but are 
concerned with spatial relationships in which position and shape are primary 
as will presently appear. 

After Plato and Aristotle there were no further developments in the 
concept of space until the 6th century A.D. when Philoponus, or John the 
Grammarian, made the first major contribution toward the clarification of 
the concept of absolute space (Jammer, 1954, p. 52ff.). Aristotle's and 
Plato's conceptions were in fact the main prototypes of all Western theories 
of space until the 14th century A. D.; Plato's 'Timaeus' was succeeded in 
importance by Aristotle's 'Physics' only in the middle of the 15th century 
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A.D. Jammer (ibid., p. 21) assumes it would not be wrong to suppose that 
the vague and obscure language of the 'Timaeus' contributed to the non
development of the concept of space as a subject of strict mathematical 
research. 

Because of this influence of Plato's and Aristotle's it is necessary to 
examine their concepts of space in some detail. This is undertaken in the 
following sections. 

V. PLATO'S CONCEPT OF SPACE 

Democritus' concept of empty space as that in which an infinite number of 
atoms are moving, is quite different from Plato's idea of xffipa, the ultimate 
corporeal substratum in which all material things find their unity. Plato 
considered the 'ever-existing space' (-r6 -rfj<; xffipa<; ad) imperishable and 
providing a receptacle for all things (Timaeus, 52b). Sinnige (1968, p. 13) 
quite rightly points out that Plato's xffipa is a spatial concept and should not 
be confused with the t'inetpov of the 'Philebus' where itappearsasametaphys
ical principle- the principle of indeterminacy in the Pythagorean sense. 

Plato's concept of space as a corporeal, ever-lasting receptacle belongs 
to one of his three classes of Being. In the 'Timaeus' (43e if.) the classes of 
Being in the universe are distinguished as follows: 
a) Form or 'pattern intelligible' which is the archetype or model of all 

things. 
b) Matter or 'the imitation of the pattern generated and visible' which is a 

physical copy of the ideal abstract archetype, or model of all things. 
c) Receptacle or 'the nurse of all generation' which provides the matrix in 

which abstract Form takes on a physical shape. 

According to Plato the first class of Being, Form, is unchanging, uncreated, 
indestructible and immovable which is seen by the intelligence only (in our 
terms it is an abstract mental image which exists in the mind only); the 
second class of Being is changing, created, always becoming in place and 
vanishing out of place, which is perceived by the senses; and the third class of 
Being is the containing receptacle. Within these three classes of Being, Plato 
regards Form as the father, the receptacle as the mother, and the offspring of 
the two as the corporeal. The receptacle (fmoooxiJ) or matrix (EKJlayetov) 
is altogether formless for 'if the model is to take every variety of form, then 
the matter in which the model is fashioned will not be truly prepared, unless 
it is formless, and free from the impress of any of those shapes which it is 
hereafter to receive from without.' (Timaeus, 50d). The receptacle is the 
region or room or place in which bodies arise and vanish, which is permanent, 
the self-same under all the processes of change - it has no form or structure 
of its own. Plato describes the perception of this third class of Being, 'which 
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is space, and is eternal, and admits not of destruction and provides a home 
for all created things' as 'apprehended when all sense is absent, by a kind of 
spurious reason, and is hardly real; ... ' (Timaeus, 52b). This 'spurious 
reason' in interpreted by Taylor (1926, p. 456) as a sort of'bastard reflection' 
(A.oytcr!l<'P nvt v6&cp) and is one of systematic negation, the denying of 
one definite determination after another. In the same passage in the 
'Timaeus' Plato describes the second class of being as that 'which we 
behold as in a dream, and then say of all existence that it must of necessity be 
in some place and occupy a space, but that which is neither in heaven nor in 
earth has no existence.' 

In Plato's works matter, in at least one sense of the word, has to be 
identified with 'empty space' as he intended to identify the world of physical 
bodies with the world of geometrical forms (Jammer, 1954, p . 12). In 
'Timaeus' (55ff.) Plato implies that physical body is merely a part of space 
limited by microscopic geometrical surfaces containing nothing but 'empty 
space'. As Plato considers the four elemental structures of all matter to 
be composed of two even more fundamental triangles, matter as such is 
reduced to space geometrically structured. A physical body, therefore, in 
Plato's terms is that part of space (or the receptacle) which is a visible 
physical copy of an abstract archetype. How and why different bodies come 
into being is not explained by Plato but somehow that part of space given 
position and shape by the basic geometrical figures becomes physical body. 

The notion of spatial relationships is contained in Plato's description of 
the cosmological receptacle's swaying motion causing the elements to 
separate out, the heavy particles settling in one place and the light ones in 
another (Timaeus, 53a ff.). In this way the various elements found their 
distinct places but were without 'reason or measure', according to Plato, 
until the creator introduced order by means of form and number. 

VI. ARISTOTLE'S CONCEPT OF PLACE 

Aristotle's theory of 'space' (xropa) is explained briefly in his 'Categories' 
while his 'Physics' is concerned exclusively with the theory of place ('r6n:o~). 
Cherniss (1935, Ch. 2) discusses in detail Aristotle's theories and his 
criticisms of Presocratic philosophers. Aristotle considered space to be a 
continuous quantity ('Categories' Sa) which can be conceived as the sum 
total of all places occupied by bodies. 'Place' he conceived as that part 
of space whose limits coincide with the limits of the occupying body, as 
will be described in detail below. 

While dealing very briefly with the theory of space in the 'Categories' 
Aristotle describes his theory of 'place' at some length in the 'Physics'. In 
the latter work he uses the term place (t6n:o~) exclusively and it can be 
considered that the 'Physics' does not advance a theory of space at all for 
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Aristotle rejects the conception of general space altogether. He finds the 
Platonic and other conceptions of space unacceptable to his system of 
thought, and the idea of empty space as being incompatible with his physics 
(Jammer, 1954, p. 15). When discussing the nature of the void in the 
'Physics' (213A) Aristotle explains that those who posit a void mean by it 
an extended interval in which there is no sensible body. 

In Book IV of the 'Physics' (I-V) Aristotle considers the following: 
a) does 't67toc;; (place) exist or not? 
b) in what sense does it exist and to what category is it to be referred? 
c) how is it to be defined? 

Aristotle's answer to the first question is that place must exist for 'everyone 
understands that things are somewhere .. . ' and 'what is non-existent is 
nowhere, ... ' In other words, Aristotle argues that perceptible bodies must 
be in some place for if they were nowhere, where would they be? 

In considering in what sense place exists Aristotle examines first the 
views of others on this matter. In drawing the apparent distinction between 
place and the body that fills it (since many bodies can fill the same place in 
the kind of way a jug can be filled at different times with various liquids) he 
is echoing the 'Timaeus' of Plato. As place is something different from any 
of the 'things which come to be in it and go through change' Aristotle goes 
on to show that the place of a body cannot be a body itself, nor can it be 
something different but correlated with the body; neither can it be a primary 
constituent of anything, nor composed of such constituents, corporeal or 
incorporeal - such as the non-apprehensible triangles of the 'Timaeus'. 
Traditionally the place of a body had been considered as belonging to one 
of two categories: on the one hand the place of a body was to be identified with 
the 'matter' of the body, and on the other hand with its 'form'. Neither view
point in Aristotle's opinion could be defended as matter and form of a body 
cannot actually be separated from the body itself, but place of a body can. 

Having argued that place cannot be identified with either form or matter 
Aristotle proceeds to state postulates defining a theory of place which will 
avoid the difficulties encountered in holding either of these points of view. 
Taylor interprets the postulates as follows (1928, p. 671): 
1. that place of a body 'immediately embraces' that body; 
2. that place is not a part or constituent of that body; 
3. that the 'primary' or the 'proper place' of a body is neither more nor less 

voluminous than the body itself; 
4. that a place and the body it contains are separable; 
5. that all places exhibit the antithesis of up and down and that the different 

bodies move naturally either up or down to their 'proper places' and rest 
when they get there. 

It is quite clear from these postulates that in Aristotle's own notion of 
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'space' the characteristics of volume are most prominent, while situation is 
only mentioned last. 

From these postulates Aristotle proceeds by means of a logical process 
to define his own theory of place as follows: 'the place of anything is the 
immediately contiguous unmoved boundary of the body containing it' (trans. 
Taylor, 1928, p. 674). The place of anything must then be the 'interior' 
surface or boundary of the body which immediately bounds it, and within 
which it can, if necessary, move. This qualification contains the demand that 
the containing and contained surfaces, though everywhere in contact, shall 
be distinct. 

Every body, according to this theory of place then, is defined by its container. 
Where the contained and container are contiguous (i .e. where their extrem
ities are touching) the contained can be said to be properly in the container 
and in a place (i.e. where it is). Because a body has a bounding surface by 
virtue of the fact that it is contained, according to Aristotle, there will always 
be a container beyond a body. As this definition, according to the theory, 
holds universally at all times and places, it must follow that as one proceeds 
from container to container a nest of ever larger containers is produced. This 
process can be continued until the last container is reached - the Universe 
which is the only uncontained container as it is unbounded by any body. On 
the other hand it is not clear if Aristotle conceived of any limit in the opposite 
direction, that is towards the atomic scale. Every place will then, according to 
Aristotle's definition, be contained by or be contiguous with another place 
or places. What we generally mean by space is to Aristotelians an aggregate 
of continuous places which constitutes an extensive medium (King, 1950, 
p. 87). In this scheme of things there can be no place in a void, nor can one 
place a body in a void; also place cannot exist without matter and is in fact an 
accident of matter. 

In Aristotle's theory of place, the place of a body must be defined in 
relationship to a container. The definition of place as the inner boundary 
of the containing body establishes the necessity to identify the certain 
relation, the position, between a body and its container. This view of place 
can be contrasted with that of Plato's concept of extension. In Plato's theory 
position and shape are important - that is 'space' envisaged as a network of 
relationships between certain ultimate elements. This is the point of view 
with which Aristotle disagrees. Instead of thinking of space in terms of 
relationships it may be considered as metrical, as that in which a given body 
occupies so much space. This is the view to which Aristotle subscribes as 
shown above. 

These two divergent viewpoints about extension are quite neatly illustrated 
by the following question: 'Do you think of a circle as a line or as an area?' 
If the answer is a line, extension is considered in terms of a network of 
relations between situations. On the other hand if the answer is an area, then 
extension is viewed as being metrical in character. These two points of view 
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about extension can also be related to particular kinds of geometry: pure, or 
projective, geometry is identified with the network of relations between 
situations whereas the metrical viewpoint is identified with metrical geometry. 
The latter is concerned in the main with the properties of equalities, 
inequalities, ratios and the like. In philosophical terms the concept of space 
as a network of relations is a priori (np6tEpov tij <pucmt). As there is a close 
connexion between geometry and the practical aspects of measurements in 
land-surveying, building, and other fields, the other way of thinking is 
a posteriori (t'u..trv np6tEpov). This second way is true of the ancient Greeks 
whose geometry is predominantly metrical in character. It is also evident in 
the way most Greek philosophers tended to think almost exclusively of 
metrical properties in their theories about space. 

VII. EUCLIDEAN SPACE 

Melissus' discovery of space of infinite extent is conjectured to have taken 
place about the middle of the 5th century B.C. As we have seen its existence 
in the following century and a half was denied and only the Atomists 
maintained the notion in the face of quite considerable opposition. It would 
appear, however, that in the geometry of Euclid, which postulates the 
concept of infinite space, the idea of infinity was again present in Greek 
thought. According to Cornford (1936, p. 222) the concept of infinite space 
was projected into the external world under the name of the void thus 
crediting Euclidean space with physical existence. 

'The Elements' of Euclid, published at the turn of the 4th century B.C., 
in the main only codified a geometry which had existed piecemeal in scattered 
theorems by Greek mathematicians during the preceding three centuries. 
It contains a set of axioms which inferentially state the impossibility of 
spherical space. The Atomists' concept of infinite space was finally vindicated. 
In reality however the concept of infinite space was not really understood 
until the Renaissance. This was due, it would seem, to the immense authority 
of Plato and Aristotle who, it will be recalled, denied the existence of space 
as we know it. 

Spherical space was a conception of the world of space based on observa
tion and common sense whereas Euclidean space (that is, space extending in 
all three dimensions without limit) does not come immediately from observa
tion. For how could the notion of a space, in which straight lines travel on 
for ever farther and farther from their starting point without meeting, be 
derived from familiar space or without the concept of infinity? 

Cornford (1936, p. 219) defines Euclidean space generally, in relation to 
spherical space, as that which has no centre or circumference. To the 
mathematician it was an abstract immeasurable blank field in which 
the mind could describe all the perfect figures of geometry, but which had 
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no inherent shape of its own. For the physicist it was the frame of the 
physical universe, partly occupied by tangible bodies whose number and 
extent were again without definable limit. 

The concept of Euclidean space was probably never fully developed in 
ancient times. In Euclidean geometry the concept of space was only to be 
inferred and was never actually described since this was the field of 
philosophy. Here however the combined authority of the Academy and 
Lyceum acted against the development of the concept of Euclidean space. 

VIII. CONCEPTS OF SPATIAL RELATIONSHIPS 

There is not enough evidence from the philosophical writings of Greek 
authors to put together a full and coherent account of their concepts of 
spatial relationships. This is not due to the fact that the evidence is scanty 
but it would seem the Greek mind was not interested, or more probably 
was not yet capable of conceiving of complex spatial relationships. 

1. Mathematically proportionate distances 
According to Guthrie (1962, I, p. 298) it would appear that the Pythagoreans 
were the first to express clearly a theory which involved spatial relationships. 
In the cosmological system assigned to the Pythagorean Philolaos, 'fire' is 
placed at the centre of the universe, the 'counter-earth' is placed in the first 
orbit, the earth in the next orbit, then the moon, sun, and five planets, and 
lastly the sphere of the fixed stars which bounds the whole cosmos. This 
cosmic plan betrayed the basic discovery of the founder, Pythagoras, that of 
the intimate connexion between the laws of mathematics and music. The 
whole universe was believed to be constructed according to a musical sca)e 
because it was composed of 'numbers' and organized in such a way that the 
distances between the heavenly bodies revolving round the centre were 
mathematically proportionate (Guthrie, 1962, I, p. 295ff.; Philip, 1966, p. 
132). In the 'Republic' (VII, 530d) Plato expresses sympathy for the 
Pythagorean view that astronomy and music are sister-sciences as both are 
founded on a theory of number and proportions. 

The ratios of these distances between the heavenly bodies were considered 
to correspond to recognized musical intervals, those that made up a complete 
octave of the diatonic scale. (The structure of Greek music is discussed by 
Burnet, 1914, I, p. 45ff. and Guthrie, 1962, I, p. 222ff.) It is believed that the 
Pythagoreans only considered three orbits for all these heavenly bodies but 
there is some uncertainty in identifying these orbits with particular bodies. 
Plato however considered eight circles or spheres in his cosmic schemes but 
followed the Pythagorean principle of relating mathematically one orbit to 
another (Timaeus, 36d.). 

Besides this evidence of spatial relationships at a cosmological level there 
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is very little else at a smaller and microcosmic scale. What is known however 
is that the Pythagoreans believed that the Ultimate of everything is number 
and that the numbers making up the whole cosmos are combined in the best 
possible manner according to rules of mathematical proportion; they also 
believed that the soul of man was a state or arrangement of numbers 
(Philip, 1966, p. 79ff.). 

The Atomists considered the question of spatial relationships in their 
theory of the infinite extent of space. Democritus, according to Sinnige 
(1968, p. 163), considered that the qualities of things, generated by the 
shape, order and positions of the atoms, represent the principle of form. 
Composite things consisted in the combination of separate atoms and every 
kind of change was believed to be answerable to the changes in the position 
or arrangement of atoms (Zeller, 1964, p. 82). Apart from this rather general 
allusion to spatial relationships at the microscopic level, there exists very 
little other evidence of further thought on this topic by Greek thinkers. 

2. Greek geometry 
As geometry can be defined as the science of relations in space, an examina
tion of Greek geometry is important when considering Greek concepts of 
spatial relationships. In addition as geometrical space and physical space 
were not separated conceptually in the 7th, 6th and 5th centuries B.C. an 
analysis of Greek geometry could reveal by inference their schemata of phys
ical space. 

Knowledge of some of the characteristics of Greek geometry is essential 
also as particular geometrical principles were important in the laying out 
of the cities in a regular and orthogonal manner. Geometry meant originally 
'land measurement' ('yECDJlE'tpia) but as developed by the Greeks it became 
a science. The very etymology of the word geometry shows that in the mind 
of the Greeks it referred to a metrical study. We shall return to this aspect of 
Greek geometry in the following section. 

The geometrical principle of great importance here is that of the right
angled triangle. The triangle of sides 3:4:5 was used as a method of construc
ting right angles by the ancient Egyptian surveyors in orientation problems; 
by the Chinese as a levelling device in masonry work; and in other Oriental 
countries as a sort of carpenter's square (Dantzig, 1955, p. 104). An Indian 
work of about the 5th/4th century B.C., the Apastamba-Sulba-sutra ('rules 
of the cord'), features the construction of right angles by means of stretched 
cords in the ratios of the sides of certain right angled triangles in rational 
numbers. Seven of these triangles were used which however could be reduced 
to four, namely: (3:4:5), (5:12:13), (8:15:17), and (12:35:37). The triangle of 
sides 5:12:13 was apparetly known as early as the 8th century B.C. (Heath, 
1931, p . 97). 

The Greeks too, it is conjectured, must have used the properties of the 
right-angled triangle in order to lay out their regular cities. It is now believed 

31 



by many scholars, however, that Pythagoras did not discover the 'Theorem 
of Pythagoras' (the square of the hypotenuse of a right angled triangle is 
equal to the sum of the squares on the other two sides) but that his School's 
contribution was the finding of an unlimited number of rational right-angled 
triangles (Heath, 1931, p. 98). The name hypotenuse means literally in Greek 
'stretching over against' i.e. the cord stretching over against the right angle. 
The cord referred to was the rope used by the Egyptian 'arpedonapt' 
(cord-fastener)- those concerned with the construction of right angles with 
the use of the triangle 3:4:5 (Burnet, 1948, pp. 20 and 104). 

3. Tactile spatial relationships 
Federico Enriques in his book 'Problems of Science' has established that the 
genesis of geometrical concepts is related to two groups of sensations, those 
of touch and sight (Chapter IV, pp. 173-230). Of relevance to this treatise is 
his statement that metrical geometry, and therefore metrical space, is derived 
from ideas provided by touch, whereas the construction of projective 
geometry depends on the sense of sight. Enriques' theory on the relationship 
between geometrical concepts and physiological sensations is paralleled by 
Mach's work: 'Space and Geometry. In the light of physiological, psycho
logical, and physical enquiry'. 

The following diagram illustrates the difference in conception between the 
two senses and consequently the difference in expression between the two 
branches of geometry. 

Diagram of two straight lines 

To the sense of touch, the two straight lines appear as equidistant lines; 
to the optical sense the two straight lines appear in a plane in which they 
do not intersect, that is they are parallel to one another. This diagram high
lights the fundamental principle of metrical geometry which is founded on 
the notion of distance or length of a line. This kind of geometry with its 
psychological origin from the sense of touch, would generate the concept of 
metrical space whose properties result from the fundamental characteristics 
of distance. Two-dimensionally metrical geometry deals with congruence or 
the geometrical equality of figures, and amongst lines and surfaces the 
circle is especially distinguished. (In three-dimensionally metrical geometry 
this is of course the sphere.) Since the most primordial element which con
spicuously enters into the formation of tactile space is the notion of distance, 
circles and spheres will be favoured as these are the most simple shapes that 
can be constructed. 

It is important to establish that ancient Greek geometry is mainly a 
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metrical one. This will show that the Greeks were probably not concerned 
with visual spatial relationships, that is with visual relationships of one 
object to another, but with tactile ones. Relationships in metric geometry are 
concerned with those configuration properties which are reducible to 
magnitude and measure - the comparison of figures by methods of con
gruence, areal equivalence or similitude (Dantzig, 1955, p. 95). 

The following brief outline of the history of Greek geometry from the 
works of Heath (1921, 1931), Allman (1889) and Gow (1884) justifies the 
application of Enriques' theory to the Greek situation: 
a) Early Greek geometry was concerned with circles (it is interesting to note 

also that cosmological space was thought to be spherical). 
b) Pythagorean geometry in the 5th century B.C. dealt mainly with the 

magnitude or measure of areas; 
c) Geometry in the 4th century B.C. was also mainly concerned with the 

characteristics of similar figures. (For example, the solution proposed by 
Hippocrates of Chios to the taxing problem of squaring the circle -
i.e. to construct a square of equal area to a circle - in which he used 
crescents to demonstrate that circular and rectilinear figures may possess 
the same area.) 

In Greek geometry segments of lines, angles, areas and volumes were 
measured and many of the rational relationships between the measurements 
worked out. This would lead to the conclusion that the Greeks were not 
concerned with, or could not conceive of, visual spatial organization as 
their metrical geometry establishes them firmly as being subject to tactile 
awareness mainly. 

There is further confirmation from Democritus that the perception of the 
Greeks was essentially tactile. Although his theory of sense-perception is 
bound up with his theory of knowledge and his metaphysical position 
'. . . Democritus, like the majority of the natural scientists, reduced all 
perception to touch ... ' (Freeman, 1946, p. 311). He did pay great attention 
to sight, on which his theory was original, but left much to be explained; he 
was concerned mainly with the mechanics of vision and he tried to account 
for the connexion between distance and size. On the subject of colour he 
reveals the ancient Greek tendency to value visual phenomena by means of 
tactile characteristics. According to Democritus (Freeman, 1946, p. 314) 
there are four primary colours - white, black, red, yellow: 

I. White is identified with the smooth. 
II. Black is made up of the rough. 

III. Red is made up of the same kinds of atoms as fire. 
IV. Yellow is made from solid and emptiness combined. 

In Plato too there are examples of visual phenomena which are given tactile 
characteristics. In the 'Timaeus' (56a), for example, Plato assigns the pyramid 
to fire because it is the 'sharpest and lightest' figure. 
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Although it is believed that Anaxagoras wrote on 'perspective' in the 5th 

century B.C., his work has been lost and it is virtually impossible to establish 
its contents. It could not have been, however, more than a treatise on scene
painting as Geminus in the 1st century B.C. only divided the whole subject 
of optics into three branches (Heath, 1921, II, pp. 17, 18): 
1. Optics proper - explanation as to why things appear to be different sizes 

or different shapes according to the way they are placed and the distances 
at which they are seen. (Euclid's 'Optics' consisted mainly of propositions 
of this kind). 

2. Catoptric - theory of mirrors, angles of incidence and reflection. 
3. Scene-painting. 

Furthermore Burnet (1948, p. 257) states that no weight can be attached to 
Vitruvius' assertion that Anaxagoras wrote a treatise on perspective. In 
any event the fact that perspective proper requires knowledge of central 
projection, which is not referred to at all in Heath's authoritative work 
on Greek geometry, militates against this. Perspective represents various 
objects with their sizes, shapes, and positions, relative to each other as it 
would appear to a beholder from a single determined point of view. What 
the Greeks may have been attempting is foreshortening of each separate 
body, as evidenced in vase paintings (Gombrich, 1962, p. 99ff.). 

What is the significance of Euclid's book on 'Optics'? It is an elementary 
treatise on perspective explaining how things look from different points of 
view or at different distances, as compared with what they are (Heath, 1931, 
pp. 266-267). It is a written indication that the Greeks were beginning, 
or had already begun, to proceed from a basically tactile to a visual percep
tion of phenomena in the world. 

IX. SUMMING UP 

Apart from the Atomists' concept of space the ancient Greeks had very 
limited notions of 'space'. There was the idea of spherical cosmological 
space; the Pythagorean concept of discontinuous 'space' or void; Plato's 
concept of a material, invisible substratum; and Aristotle's concept of place. 
Ideas of spatial relationships consisted mainly of the Pythagorean-Platonic 
theory of mathematically proportionate distances. This was related to the Greek 
tendency to view relationships from a tactile rather than visual point of view. 

The approach in this treatise, in trying to discover what were the actual 
concepts of space held by the Greeks, can be summed up in Protagoras' 
statement (trans. Freeman, 1946, p. 348): 

Man is the measure of all things, of the things that are, 
that they are, of the things that are not, that they are not. 
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This can be taken to mean that each individual's perception is immediately 
true for him at any given moment and that there is no means of deciding 
which of several opinions about the same thing is the true one; there is 
no such thing as 'truer'. 
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