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CHAPTER OE
INTRODUCT ION

I intend in this dissertation to enquire into the
ideas held by the Pre-Socratics and Flato about the nature
and properties of the substances that we now call 'gases'
- a word invented by van Helmont (1577 - 1644), a pioneer
of modern chemistry, who was the first man to recognise
the nature of gases other than air. Before his time,
and indeed for some time after, man had no idea of what
gases really are, and what gives them their properties.
fet the Greeks did realise that there are certain things
that, although they are invisible and intangible, and
therefore fail to pass two of the typical tests for real-
ity used by the early 'scientists', are, nevertheless,
real substances. What led to this discovery, how did
they interpret it, and how far was that interpretation
in accord with modern theory? These are the questions
that I hope to answer.

The answer will involve a general survey of the
history of early Greek science; for there were, of course,
many schools of thought, and several stages in the devel-

opment of the various schools. It will, in particular,
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be necessary to study Greek theories of the nature of
matter, and of the primary 'element' or 'elements' out
of which they imagined the universe to be made.

Before attempting, however, to interpret and crit-
icize the theories of the ancients, it is necessary to
have a clear idea of the answers given by modern science
to the questions asked by the Greeks, in order to be able
to understand both the problems with which they were
faced and the degree of success or failure achieved by
their answers.

I propose to begin, therefore, with a brief out-
line of what is now known about gases and about matter
in general, in order to explain, or in some cases define,
the words that will form the technical vocabulary of the
main body of the thesis, and to avoid repetitive state-
ments of modefn theory in the latter.

The theory of matter held at present is the 'atom-
ic theory'. The first step towards this was taken by
Robert Boyle (1627 - 1691). He first cast eyes on the
ancient atomic theory with the idea of modifying it to
form a satisfactory hypothesis for the explanation of
the nature and composition of matter. He objected to

the 'three element' theory of Paracelsus (sulphur, salt
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and mercury), and to the 'four element' theory that had
survived until his own day from its origin in Classical
Greece: he showed the advantages of the atomic hypothesis
in explaining chemical changes, and was the first to dis-
tinguish properly elements, compounds and @ixtures. The
survival of the 'four element' theory for two millennia
was probably due to the fact that it was sufficiently
vague to suit almost any phenomena, and exceedingly hard
to disprove.

After Boyle's suggestion had had some time to sink
in, true modern chemistry commenced when b#lton gave the
atomic theory its first clear enunciation and practical
demonstration in 1807. ¥ A quantitative basis was soon
established for the theory by Avogadro's'Hypothesis, in
1811; and great strides had been made by the time that

He made the following assumptions (quoted from
"Inorganic and Theoretical Chemistry", 7th. Ed., by F.
Sherwood-Taylor, p. 39):

1. Atoms are real separate material particles which
cannot be subdivided by any known chemical process.

2. Atoms of the same element are similar -to one an-
other in all respects, and equal in weight.

3. Atoms of different elements have different pro-
perties - weight, affinity, ete..

4. Compounds are formed by the union of atoms of
different elements in simple numerical proportions, such
as 1:1, 1:2, 1:3, etc..
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Mendeleef gave chemistry practicaily its modern form by
drawing up, in 1869, the Periodic Table of the Elements.
Since then the main line of progress has been physical
rather than chemical.

Spectrographic research and X-ray analysis inter-
preted by mathematics led to the Quantum Theory, the Bohr
Billiard Ball Atom, and the Rutherford Atbm. From this
relativit&, wave-mechanics, and probability theéry, have
given us our present theoretical conception of the atom,
which is shown to be at least fairly near to the truth
by the successful invention of the Atom Bomb and its
successors. As we see it now, the atom is a complic-
ated structure bearing no resemblance to the man-in-the-
street's notion of matter, but rather resembling a myst-
ical eﬂtity in which eleotricity and probability pursue,
a8 it were, a wavy course through a four-dimensional
nothingness.

Since there is nothing in Greek theory comparable
to wave-mechanics, I do not propose to deal here with the
nuclear structure of the atom, nor even with the outer
'rings' of electrons whose interrelations govern the
Periodic Table of the Elements. For my purpose the

terms, not of atomic physics, but of ordinary chemistry,

suffice.
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Chemistry is concerned with 'pure' substances that
appear to consist of a single kind of material that has
properties sufficiently constant and well marked to dis-
tinguish them from other kinds of material. These sub-
stances are considered to be composed of one or more
pure substances known as"elementa', of which at the
time of writing ninety eiéht have Eeeﬁ named (at least
six more than the usually cited ninety two having been
isolated during atom bomb research and allied studies).
"A chemical element is a distinct species of mat-
ter whiéh cannot be converted by the action of heat,
chemical reaction with other substances, or small elec-
trical potentials into two or more electrically neutral
different kinds of matter". ®* "Every portion of matter
consists either of a singie pure-substance or a mixture
of two or more pure substances, each of which is either
an element or a chemical compound". ¥ A 'compound' is
a homogeneous substance with a fiied proportion of cer-
tain elements in its composition that can only be split

Sherwood-Taylor, op. cit., p. 22, note 1.

x Op. cit., p. 23.
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into its constituent elements by the application of
fairly intense chemical energy, heat energy, radiation,
or electric potential: a 'mixture' is a substance that
may be homogeneous or heterogeneous, that has no constant
proportional elementary composition, and that may be
divided into its constituent substances by comparatively
feeble forces such as friction of some kind, or magnetism;
or may even divide spontaneously by e.g. diffusion, or
evaporation..

All material substances are composed of atoms;
but only one type of atom (ignoring isotopes) is con-
tained in portions of each different element: there are,
consequently, only about 98 types of atom known to us.
It is impossible to divide an element into two or more
simpler substances without splitting the atoms of which
it is composed. The properties of the element are a
function of the arfangement within its atoms of sub-atomic
particles (protons, electrons, neutrons) of an electrical
nature in a probability distribution, with which we shall
not be concerned. We may, then, define an atom as "the
smallest particle of an element that can take part iﬁ a
chemical change". Of more immediate importance for the

physical speculator who has no laboratory is the molecule,
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defined as "the smallest particle of a specific form of
an element or compound that can exist in the free state"
(i.e. in other than man-made conditions).

Of the utmost importance for the unﬁerstanding of
the nature of a gas is the ‘kinetic theory of matter'.
Matter of every kind in all.known conditions is discon-
tinuous, being made up of molecules, which are in rapid
motion, and a void, which contains them and in which they
move. The velocity of the motion, other things being
equal, is inversely proportional to their mass. The vel-
ocity is also dependent on the temperature of the sub-
stance concerned. The science of thermodynamics, in fact,
informs us that temperature is nothing more nor less than
the physical manifestation to our senses of that molecular
motion, just as matter is the manifestation to them of.
quantised sub-atomic energy. (Heracleitus was right
when he said: "Eyes and ears are bad witnesses to men if
they have souls that understand not their language" . )

An increase of molecular velocity is manifested as an in-
crease of temperature, and vice versa.

Within a substance the molecules have only a lim=-
ited amount of room in which to move, a certain 'mean free

path'. It is the magnitude of the mean free path that
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determines whether a substance is in the gaseous, liquid,
or solid state. In a gas the mean free path is of fhe
order of a hundred times the diameter of the molecule.
Thus the molecules can have a practically independent and
unhampered rapid and random motion. A gas is consequent-
ly diffuse, and has no well-defined boundary; nor, unless
compressed until the molecules are close enough to inter-
fere with each other's motion, does it offer any great
resistance to a body moving through it.

The large extent of the free path means, in effect,
that the molecules are relatively far apart from each
other, which explains both the tenuous nature of & gas and
the fact that things can pass through it: the latter
include the photons of light (which, like matter itself,
partakes of the nature both of waves and of particles),
so that gases are usually transparent and invisible.

In a liquid the mean free path is not much greater
than the molecular diameter, so that the molecules are
close enough together to be bound by a mutual attraction
of an electro-magnetic character, though still far enough
apart to admit of transparency. As a result of the bind-
ing, liquids are fluid, but continuous to the senses, and

possessed of a definite shape, variable though this be.
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In a solid the mean free path is very small. The
molecules are so close together that the& cannot wander
freely throughout the substance, as can those of gases and
1i§uids, but are rigidly confined to definite places where
they merely undergo a restricted vibratory motion. As
a result, solids are rigid, permanent in shape, and hardly,
if at all, compressible. 1In some solids the fixed places
form a lattice, so that the substance is crystalline, in
others they are random, so that the substance is 'amorph-
ous'. Some solids have a structure through which light
can-pass; but most are opaque.

Because the temperature of a gas is proportional
to the velocity of motion of its molecules, an increase
in temperature entails an increase in volume; for the
molecules travel further in a given time: this state-
ment assumes that the pressure remains constant. ®* On
the other hand, when the temperature is constant, the vol-
ume is inversely proportional to the pressure. ™* When
either the increase in pressure or the decrease in temper-

ature as conditions change is so great that the mean free

Charles' Law, also called Gay-Lussac's Law.

Boyle's Law.
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path becomes of the same order as the molecular diameter,
the gas 'liquefies'; and if the increase or decrease res-
pectively continues (or occurs in a liquid) to the point
when the molecules become so close that they are confined
to oscillation about fixed centres as mutual attraction
binds them tightly together, the liquefied gas (or liquid)
'solidifies' (in the case of water, 'freezes'). Change
of pressure or temperature in the referse sense, of course,
causes a solid to become liquid ('melt' or 'fuse') or a
liquid to become gaseous ('boil' or 'vaporiée'). Such
manifestations as those quéted in pafentheses; as we shall
see, attracted the attention of the early Greek thinkers,
in whose theories changes of physical state play an im-
portant role: we shall have to compare their explanations
with this modern kinetic theory.

Amongst the others, the Greeks were faced with the
phenomenon of 'evaporation'. This is actually due to
'vapour pressure'. Those-molecules near to the surface
of & liquid will, in the course of their random motions,
often be moving towards the boundary between the liquid
and the surrounding substance, and at any given instant
there will be a number doing so: these will exert press-

ure upon the boundary. If the surrounding substance
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offers a sufficiently small resistance to this pressure,
the molecules conﬁerned will escape from the liquid. If
the surrounding substance is a gas, its resistance will
be low enough; and the molecules as they escape will be
said to 'evaporate'. The rate of evaporation naturally
depends on the temperature: the higher the temperature,
the faster the molecular motion, and the greater the 'vap-
our pressure'. DBoiling, too, involves vapour pressure.
The boiling point of a liquid is the temperature at which
its vapour pressure becomes equal to the vapour pressure
of the atmosphere.

Turning now from processes to substances, we real-
ise that the gaseous substance that would be most familiar
to the Greeks would be atmospheric air. The atmosphere
of the.earth is a stratified envelope of gas. The main
strata are two: the troposphere, which extends about 7
miles upwards from the earth's surface, and the strato-
sphere, subdivided into the stratosphere proper, up to 50 -
60 miles, and the ionosphere, whose boundary with inter-
planetary space is ill-defined owing to its tenuosity but
may be set at 300 miles, though there is still some gas at
600 miles. This produces the outer streamers of the aur-

ora, but its density the laboratory worker would call a very
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high vacuum, absolutely unattainable by him.

The temperature of the troposphere varies with alt-
itude, and within it occur, through differences in temper-.
ature and humidity, pressure and electric charge, all the
winds and clouds, almost all the phenomena that we, like
Aristotle, call 'meteorological‘ - the weather. The air
in this stratum is an extremely.complex mixture, not a sim-
ple substance such as the early Greeks imagined it to be.
Dry tropospheric air consists of approximately 78% Nitro-
gen, 21% Oxygen, and 1% Argon by volume, together with
minute traces of Hydrogen and other gases. But_tﬁere is
also up to 4% water vapour, according to climatic condit-
ions, and, in the presence of living creatures, a small
proportion of Carbon dioxide. In marshy country like the
Lake Copais area there will also generally be some Methane
(marsh gas). Near towns there is some free carbon in the
form of dust or smoke particles, near volcanoes sulphurous
bompounds, and in coastal areas there are salt particles.

By contrast, the stratosphere is of fairly uniférm
(very low) temperature, cloudless, and extremely rarefied.
It is nearly windless. Within it occur the aurora bore-
alis (an electrical phenomenon), twilight (the reflection

of sunlight), and shooting stars (meteors and meteorites).
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The gases of which it is a mixture are perhaps stratified
by gravity with hydrogen, the lightest, forming the high-
est layer. ¥

The distinotion between the two main strata recalls
the early Greek distinction between the murky &np that we
mortals inhabit and the pure, rare, al®np in which the gods
live; while the stratification by gravity, if it exists,
has analogues in the theories of several Greek philosophers,
as we shall see. We shall also see, however, that the
Greeks often guessed the right answers for the wrong reas-
ons.

Of the gases that I mentioned on p. 12, the most

important is oxygen. It was ignorance of the nature of
this that vitiated all the ancient and mediaeval attempts

to explain the facts of nature and of life. * It was

Lavoisier (1743 - 1794) who in 1772, making use of the
experimental results of his contemporaries Scheele (1742 -

1780) and Priestley (1733 - 1804), first demonstrated

®  This used to be definitely stated; but the latest

information available to me indicates that it may not be so.

xx E.g. those of Boyle, Hooke (1635 - 1703) and their
contemporary Mayow, all of whom experimented with combus-

tion.



-14-
that combustion, calcination, and respiration, are pro-
cesses of combination of other elements with oxygen.

There could be no true physics or chemistry until com-
bustion.was thus explained, and the 'phlogiston' theory
developed by Stahl (1660-1734) was abandoned, nor medicine
until respiration was thus understood. ¥

In fact, combustion oxidizes an organic fuel with
the liberation of carbon and other substances, most of
which are carbon compounds. The latter may be solid par-
ticles - e.z. smoke or ashes - or the vapours of liquids
or 'true gases' (v. inf.). Boiling is the conversion of
a liquid not into air, as early speculators thought, but
into its own vapour (e.g. water into steam), which is gen-
erally invisible: the converse process, 'condensation',
may in suitable conditions produce, not a continuous liquid,
but a mass of discrete droplets in the form of a 'cloud'
or 'mist': if these droplets have condensed around smoke
or dust particles the result is a 'fog', and if the latter
is contaminated with oil it becomeé, iﬁ American parlance,
a 'smog'.

¥ Phlogiston was thought to be present in all com-
bustible bodies, and combustion to be a release of this
phlogiston.
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Respiration involves a transfer of oxygen from the
inhaled air to the tissues of the body by means of the
oxidation of certain compounds in red blood corpuscles,
and an expulsion into the exhaled air of waste carbon di-
oxide, itself a product of a combustion-like process in
the body.

In conclusion, gases are tenuous and discontinuous,
and for the most part invisible and tasteless, though many
have a distinetive odour. They can pass, reflect, or re-
fract light, and also act as a medium for the transmission
of sound, which itself consists of longitudinal compression
waves in a suitable medium. They are extremely compress-
ible and elastic, but offer little resistance to a moving
body unless compressed considerably. 'True gases' are
gaseous at everyday pressure and temperéture, while vapours
are the gaseous form assumed by substances normally solid
or liquid when exposed to abnormal conditions of pressure
or temperature. The uneducated eye often takes mists fogs
and smokes to be gases, though they areé actually discrete
liquids or solids.

This concludes our rapid survey of the essential
facts and theories that must be borne in mind when dis-

cussing the subject of gases.

.000.
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CHAPTER TWO
THE NATURE OF GREEK SCIENCE.

We find in Greek science certain theories that
appear to be similar to some of those believed in today:
these have been enthusiastically claimed by some to have
been brilliant anticibations of modern science. Much
has been written on this subject, from the 'lost notebook®
idea of writers like Burnet, the idea that Greek science
was fully based on experimental, or at any rate on observ-
ational, evidence, to the diametrically opposed view that
it was a mere mass of childish speculation, or at best a
body of a priori thought that just occasionally, by accid-
ent, happened to come somewhere near to the truth.

The extremists of either viewpoint, however, fail
to obsefve that not only the methods, but also the aims,
of Greek and modern science differ. Our aims are utility
and progress. While knowledge for its own sake is far
from spurned, our science is most often directed towards
either a greater understanding of nature in order that we
may the better harness it for our own ends or a greater
facility and efficiency in mechaniecal invention. We work

therefore towards an increasing knowledge of 'cause and
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effect' and of sequences of behaviour. Induction from
observation provides a tentative hypothesis: deduction
suggests experiments to check it and make it a 'law of
nature': the knowledge thus obtained is then put to use.

'The Greek aim was entirely different; for their
machines were not mechanical like ours, but human - the
slaves. We measure capacity for work in units of a fic-
titious mechanical 'horse-power', the Greeks in units of
a very real living ;man-power'.

Curiosity, not efficiency, was their driving force.
Their ahﬂ was eddatpovia arrived at through acquiring
g¢nvontfipn from 6ewpla. They wished to discover what things
rea%ly are and how they became so - in a word, their ¢doic.
This word, as Cherniss shows, implies an interest in pro-
cesses at least as intense as in primary substances;-and
since knowledge of what things are involves knowledge of
what they grew from or how they were made, the typical
Greek theory is expressed and narrated in the form of a
,cosmogony. ¥ It describes the formation of a universe
out of primaeval chaos by means of a process of either
evolution or creation.

S o ed an e S N M T B OB ES DO WD AR M EN SR IS Re S NP G S5 WS Sb S0 D WP G S5 SN G6 & w5 S5 G0 AL OU GB AT AN AP S5 DS Th YD NS I 40 S EB SR 06 M A

Cherniss, Aristotle's Criticism of Presocratic
Philosophy, p. 389.
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The lilesians described how one primitive substance
gave rise to the many substances that.we see, and how life
emerged from slime warmed by the heat of the. sun. Plato
and Aristotle described the creation of a universe con-
taining intelligent design, the work of divine reason.

The former type of cosmogony deals with the origin of mat-
ter, the latter with that of form. Both deal with un-
observables and both give a narrative of imagined past
events. Even if observation shows that what they state
to be the present result of the past processes described
is in agreement with the phenomena, it cannot be claimed
that the cosmogony has been 'checked by observation'; for
some other sequence of past events could conceivably also
have led to the same observed result.

For example, observation alone could not decide
between the astronomy of Ptolemy, whose central earth had
the support of both Greek and Christian cosmogony, and that
of Copernicus, whose planetary earth would have had the
support of certain Pythagoreans and of Aristarchus in the
past, but deeply shocked contemporary Christianity. The
geocentric hypothesis was destroyed neither by the first
telescopic observations of Galileo (in 1609 - 1610 a.d.)

nor by the contemporary announcement of Kepler's laws of
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planetary motion (depending on elliptic orbits with the
sun at one focus), which were based on the measurements
of accurate observers like Tycho Brahe. It was rather
the combination of these with the explanation for them
given half a century later by Newton's theory of grévit-
ation that carried conviction. Then further observation
necessitated a further alteration.of theory; which Ein-
stein's relativity provided; and that in turn was checked
by yet more observations.

For the solidly based description of the present
state of the solar system (the cosmology) successive at-
tempts have been made to provide an equally solidly based
cosmogony (the 'Nebular Hypothesis', the 'Tidal Theory',
and, most recent, Littleton's 'DouBle Sun Theory'). The
process has been one of firét checking that a hypothetic-
al cosmogony could give the present observed result (the
check of internal consistency that alone is applicable
to Greek cosmogony, and the only one demanded by the
Greeks), and then checking each process postulated against
the known behaviour of matter as discovered by laboratory
experiments specially designed to imitate as ably as pos-
sible the hypothetical external conditions, in an attempt

to prove that the cosmogony concerned is the only one that
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can have led to the present result. Each new hypothesis
is the outcome of fresh knowledge obtained by observation,
experiment, or mathematical calculation based on these.

I chose astronomy as my example because it is the
science towards which our attitude most resembles the Greek
curiosity and least our normal utilitarianism. However
even in this science, as elsewhere, Greek theories tended
to state what things ultimately are and their mode of exis-
tence, while ours tend to state why things are and their
laws of behaviour.

The only branch of science to which at least some
of its Greek innovators had the same approach as ourselves
is medicine: the reason is that here the aim is practical,
so that what we ourselves call 'scientific method' must
apply. The contrast between tﬁe two types of apfroach is,
in fact, pointed 6ut in the Hippocratic treatise 'Ancient
Medicine':

Wherefore I have deemed that it has no need of an
empty postulate, as do insoluble mysteries about which
any exponent must use a postulate, for example things
in the sky or below the earth. If a man were to learn

and declare the state of these, neither to the speaker

himself nor to his audience would it be clear whether
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his statements were true or not. TFor there is no test
the application of which would give certainty. But
medicine has long had all its means to hand, and has
discovered both a principle and a method, through which
the discoveries made through a long period are many
and excellent, while fuli discovery will be made, if
the -inquirer be competent, conduct his researches with
knowledge of the discoveries already made, and make
them his starting point. ¥
The view of ancient astronomy expressed in this passage
is shared by Kepler: *x
I will triumph over mankind by the honest confes-
sion that I have stolen the golden vases of the Egypt-
ians to build up a tabernacle for my God far away from
the confines of Egypt. If you forgive me I rejoice;
if you are angry, I can bear it; the die is cast, the
book is written to be read either now or by posterity,

I care not which; it may well wait a century for a

§ Anc. wmed. I, 20, transl. W.H.S. Jones: cf. bis

remarks in Loeb, Hippocrates, Vol. I, p. 8; and also B.
Farrington, Science in Antiquity, p. 94.

* Quoted in Skilling and Richardson, Astronomy, p.
99: my underlining on p. 22.
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reader, as God has waited six thousand years for an

observer.

The Greeks were thus not interested in science for
the same reasons as we are, and so their methods were dif-
ferent. Consistency was for them more important than
point by point observational checking: consequently I do
not agree with writers who claim that all Greek science
was based on observation (even though the records of the
observations have not survived), nor yet with those who
call it childish because it was not checked by observation.
The best a Greek asked his theory to do was to 'save the
phenomena', and in some cases not even that was demanded.
To those who are loud in admiration of Greek 'anticipati-
ons of modern science' I quote in reply Farrington's words:

The true history of science, however, should be
rather a history of method than of results, for the
latter are often accidental and only seem impressive
to later generations when they have been rediscovered

by improved methods. *

- ,000.
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CHAPTER THREE
THE MILESIANS

Greek philosophy originated in the Ionian part of
Asia Minor, in particular in Miletus. Here commercial
prosperity provided the possibility of leisure that is
conducive to thought.

We can see from the works of the Greek mythological
writers that speculation had already been taking place
by the start of the sixth century B.C. about the nature
of the physical universe; and Greek philosophy proper
grew out of this mythology by a process of rationalisat-
fon. It retained the cosmogonical mould of mythology,
and cast its results in that mould. The sequence of ev-
ents in the earliest Milesian coamogonies bears a consid-
erable resemblance to that of the theogonies, especially
to those of Hesiod and the Orphics.

Air plays a part in both theogony and cosmogony.
Its importance for the mythologers is illustrated by the
reference of Aristotle to the 'Orphic Poems' in de Anima

410 b 28:

onol yvap THv Yuxly &x ToB Srov elotévar dvarve-
Svtwy, opepouévny RO By dvéuwy.
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We see here a connexion between the soﬁl and breathiné
and the winds; and the conception of soul as breath or air
is one that we shall often meet again. Air is connected
with life (cf. our phrase 'the last gasp' that occurs as
we 'give up the ghost'), and to the primitive observer it
is indeed the breath of life.

Let us now find the place of air in the primitive
speculaéions. Hesiod's cosmogony (given in Theog. 116 -
132) contains the foll&wing sequence of events. First of
all a Xdoc was generated, which revealed l'ata (the earth)
and “Epwg. Out of thig chaos darkness was born in the
form of “EpeBog and N6£, and the latter gave birth to
light in the form of Al6fip and ‘“Huépa. The chaos repre-
sents the yawning gap between heaven and éarth, which were
originally united. ®* This gap revealed Eros, who surely
represents here the rain that falls from heaven and_fer-
tilises the earth: the gap is filled with darkness, which
we shall shortly find to be a form of air in early Greek

* Cf. the possibly Orphic reference in Apollonius
Rhod., I 496 (which Schol. ad loc. says to be from Empedo-
cles and not, as Apollonius claims, from Orpheus):

.......... yala xal odpavdg A6& 6dhacoa.
©d wptw &x’ &AMAAovoL pLF ovvapmpdta LopoT
velxeoc && d\oTo SuéxnpLOev duolc éxacta.
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speculation, and from this arises light - also a form of
air, as one of its names, Aether, shows.

Hesiod's next event surprises us: we already have
a heaven and yet we are told that earth now gave birth to
the heaven for the first time. Cornford * has given a
reason for this double separation of heaven from earth:
the reason is comnected with tﬁe ritual side of religion,
rather than with physics, and need not concern us here.
The next physical event is the production from the earth
of the mountains and the sea; and Hesiod emphasises that
this occurs now ‘without delightful love': in other words
the coming to be_of heaven, the earth's features, and the
sea, is the result of physical, asexual, separaticn alone.

The Orphic cosmogony is similar, although details
vary in different accounts of it. 1In the place of Eros,
the fertilising rain, however, the Orphics put an Egg in
the gap. This is split into two halves, the upper half
forming the.heaven and the lower half the earth (so that
again we have a double separation of heaven from earth).

Essay: "A Ritual Basis for Hesiod's Theogony", in:
The Unwritten Philosophy. He compares Hebrew, Babylon-
ian, and even Maori, myths in which a similar double
sequence occurs.
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From this egg springs @dvng, the son of N6Z: he is the
generative principle of this cosmogony. He brings about
the generation of the divine and human inhabitants of the
world. In effect he holds the same place as Eros in
Hesiod, but the Orphic story, after the stage where the
splitting of the egg corresponds to Hesiod's second separ-
ation of heaven, includes biological generation in the
next stage tob, where Hesiod specifically denies it.

The Orphic Rhapsodies give, in the first of the
two passages quoted below, three alternative sources for
Phenes: the Egg, the Bright Robe, or, more probably, the
Bright Membrane, and the Cloud. The splitting eggshell
gives a more vivid picture for the mind to grasp than does
Hesiod's mechanical separation. . The Cloud is the source
of the fertilising rain, and thereforé recalls both the
Darkness and the Eros of Hesiod. The second alternative.
obscure if taken as a 'Robe' becomes more intelligible as
a 'Membrane'; for then it can be interpreted along with
the eggshell in the manner of the second of the passages
that I now quote:

dvtl 62 tof bvtog 4xAl¢ T & d v A&wmohoyiZbuevol,
xal TpiLdda TadTny Tpdtnv wotolviec* elg 6& Thvy devtépav
tehelv flror Td xvoduevov xal Td xbov & & v <TdV Bedv 4
Wy dpyfilTtTa xXvtTe®Bva f T veodAnyv, &t
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&x tovtwy éxbphoxel & dhvng ... THY O6& Tplrny TOV
Mfittiyv g volv, tdv 'Hp vt et a T ov &g

ovvaptv, tOY @& 4 v n T a adtdy d¢ RATEPA «.v.ee.
Ttoradtn pmEv B ovvidng ‘Opoixh Beoloyla. #

Ty 6& TEELv, Nv Oeddxapev TH opalpduatt, of
"Oppixol Aéyovor mapaminctav elvar Tf &v wolg @otlg:
v vap Exet Aéyov TO Aémvpov &v 1D ¢H, ToBTOV &v TH
xovtli & odpavég, xal d¢ EEHpTnTalr Tol odpavol xviro-
Teplc & alBrp, ovtwg ToB Aemipov & Vufjv. **

The gap between heaven and earth that has arisen
from an original unity, if we may thus rationalise the
mythological language, is filled with darkness, light, and
air, under various divine names, not only in the Hesiodic

and Orphic, but also in a number of other similar cosmog-

3.3 .3

onies, however different their details. These sys-

tems are, although mythical, not mere childish stories:

Damasc. de Princ. 123, Diels 1 B 12.

**  Achill. Isag. 4, p. 33, 17, Diels 1 B 12.

*¥% Cf. Bpimenides and Acusilaus in Damasc. ibid. 124,

in D. 3 B 5 and ¢ B 1 respectively:

Tdv O0& Briuev(ony Odo mpdtac dpxde dRoOécbat
Aépa xnal Nvxwa.

’AxovolAao¢ 6& Xbog pév drot(Hecbdal pot Soxel THV
npdTnY dpxhy d¢ mavey &vacwov, Tde O6& 0o peTd TNV
utave “EpeBoc pév Thv dppeva, THy 82 OfAeirav Nixta.
... &% 08 Toltwv onol piLxdévrtwy AlBépa yevéodat xal
YEpwta xal MAtuyv.
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they reflect a definitely speculative thought that has not
yet been divorced from religious colouring, but that has
arrived at a well-defined idea of the process of world
creation. The details and genealogical relationships

may be due t6 the myths' bearing an aetiological connex-
ion with certein obscuré, even forgotten, rituals, as Corn-
ford pointed out (op. cit.), but the outline is clearly
based on the same type of speculation as that employed by
the Milesians.

Thales of Miletus, flor. 585 b.c., first set aside
the mythopoeic method of exposition, and Greek science was
born. We now find men convinced that there is an entire-
ly rational explanation of the universe, which needs no
gods for its creation.

The Milesians made & conscious effort to be materi-
alistic, but it was natural for environment and upbringing
to cause them to adopt a sequence of events similar to
that of the myths. We may therefore expect to find in
their theories creation brought about by a process of sep-
aration from an original unity. Earth and heaven will
come apart (once onlyt): the gap will be f£illed with air
or cloud, and the sea-will separate out from the dry land.

The stars will also be the result of a separation.
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The purpose of the Milesians was to try to find
the ¢ﬁoﬂg that underlay all the many changing things in
the universe around us; and their merit was that not only
did they appear as the first rationalisers but also as
the first men in history to adopt the method of generalis-
ing from particulars that is one of the foundations of
scientific method.

Since my subject is air, I shall pass over Thales
himself; for little is known about his theories except that
he claimed that the fundamental stuff of the universe is

®  Aristotle's guesses about

water, or rather moisture.
his reasons for this choice (given in Met. 983 b ésq.)

are not evidence - as Cherniss says (op. cit. p. 375):

"The only honest course is to make the history of Greek
éhilosophy proper begin with Anaximander". I propose

t§ aiséuss that philosopher iﬁ coﬁsiderdﬂle detail; for
his theory ﬁas both typical of the early Greek thinkers
aﬁd one that had a great inflqence upon the thought of

the whole period under review.

Cf. Homer, Il. xiv, 201:

'Queavéy Te 0eldv yéveowv xal untépo TnOvv.

This is of course merely a parallel from mythology, and
not the source of Thales' theory. The line is referred
to by Plato in Theaet. 180 D 2-and Crat. 402 b 4, and
by Aristotle, loc. cit. line 27.
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Anaximander's dates are ¢.610 - 545 b.c. according
to Diogenes Laertiﬁs, Hippolytus and other sources. He
was dissatisfied with Thales' moisture theory, and sub-
stituted one that for the fifst time spoke of 'opposites'.
The most remérkable thing about nature to earlj Greek
eyes was that its processes seem to show the working of
'opposites': night follows day, summer follows winter,
death follows life; things are either light or dark, hot
or cold, wet or dry. Physically the last two pairs seem-
ed especially significant, and became the 'opposites' par
excellence. - |

Mach of Greek thought concerns itself with these
as opposite substances or qualities. Until the time of
Plato there was no clear realisation of the distinction
between substance and quality, and our sources speak of
an opposite as if it were now the one, now the other, and
now a confused mixture of both. But it must be remember-
ed that it was not until the fifth century that the idea
of the real existence of anything incorporeal was first
conceived; so that the Milesians af least must have
thought of the opposites as corporeal substances, even
though that thought may have been contaminated by vague

notions of qualitativeness.
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Such, then, are the 'opposites' of which Anaxi-
mander speaks. I 'shall now start my discussion of his

theory by quoting the most important source material.

1. *AvaElpuavopoc ... dpxfv te nal otouxetov elpmie
iy Svtwv Td aAneitpov, mpltoc ToBto Tobvoua xouloag
tHc dpxfic. Aéyet &’ adthy phte Uowp ufite dAdo Ty ThY
xarovuévwy ototxelwyv, &AL’ &tépav TLvd @boiLv dxeipov,
&€ f¢ dmavtag yCveobar Todc odpavode xal wodg &v ad-
Tolc x6opovg: MBE dv 68 N véveolc &ovi. wolc odou, xatl
Thv @0ophv el¢ Tabta ylveodat xatd Td xpedve biLO6vat
vdp adtd &Cxnvy xal Tlowy dAAANOLe THg &buxlagc xatd THY
to¥ xpdvov TAELv". ... odtog 6& odx dAhotouévov Tol
otovyxelov TNy yéveory movel, 4NN’ dmoxpivouévwy THY
Evavtlwy 6ud Tfic &udlov %L Viioewg .

Simpl. Phys. 24, 13 (from Theophr. Phys. Op. fr.
2), Diels 12 A 9; cf. Hipp. Ref. I 6, 1-2, D. 12 4 11:

_ oBtog dpxhvy Een tBv Sviwv @louy TiLvd o8 drelpov,
€ Mg ylveobal Ttodg odpavodg xal Tdv &v adrol¢ xnbouov.
tadtny 6’ 4CoLov s%vau xabl dyfpw, fv xal mdvtag mept-
éxeLv Todg %*60UOVE. ... OVTOC eV dpxhyv xal otoiuxelov
etpnxe TOY Sviwv T Gretpov, wpltoc ToVvopa xalécag
¢ dpxfic. Rpdg 68 TOﬁT$ xfvnowv &Cduov elvar, &v H
ovuBalvetr ylvegbatl Todg olpavodc. ' :

See Burnet p. 54 n. 2 for taking no. 1 line 2 as: '"he
being the first to introduce this name of the material
cause". There is dispute whether An. believed in many
worlds or in one, which contained the heavens (vod¢ ofpa-
vovg) and regions (xéomuovc). I accept the latter inter-
pretation (I do not see how there could be simultaneous
plurality of worlds if the stars are not worlds). The
words &pxf (probably) and ctoixetov ("element") are from
the post-Socratic technical vocabulary.
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gvavtiuétnteg 6& elol Oepudv, Vvxpbdv, Enpbdv, dypbdv,
xal T4 &AAa.

Simpl. Phys. 150, 24, Diels 12 A 9.

ot udv ydp &v movrfoavtec t©d 8v olpa TO droxeluevov
N T®dv TpLldv T § GANo & &oti wvpdg pndv wvivéTtepov Aépog
5& Aemtétepov, TAAAG yevvliol TuxvéTNTL xal pavéTnTL
®oAAd motoVvTteg. ... of O6& &x To¥U &vdc évovoag Thg &v-
avtiLétntoc &xxplveobat, Woxep AvaElpavopde onot xatl
oot &’ &v nal moAAG gactv elvat, Komep Epredoxuhfig
xatl ’AvaEayépace &x Tob pelyuatoc ydp xal odtou &x-
xplvovot TEAAa.

Arist. Phys. 187 a 12sq., D. 12 4 16 & 9.

dAra pfy od6E Ev xal &xhoBv elvai &vdéxetal Td
drevpov obpa, olte dhg Aéyovol Tivec (t. &. ’AvaEluav-
dpoc) T mapd T& otoixeta, &E od wabva yevvioiv, ove’
ATABC . etol vdp Tivec ol To¥ro motoboiL Td dxeupov,
dAN’ odx dépa A} Vowp, dg uf TdAra @Belpntat dxd TOT *
dmelpov adTBv. Exovor yhp mpdc &AANAa Evavilwouv, olov
& utv dnp Yuxpbg, TO 8’ Vowp Vypdv, TO 8¢ wUp Oepudbv:
dv el Av 8v dxevpov, Egbapto &v f16m TdAra- vOv &’
gtepov elval gact, &E od Tabta.

Arist. Phys. 204 b 22, D. 12 A 16. Cf. a. ABt.
I3,3,D.12 A 14; b. Arist. Phys. 208 a 8, D. 12 A 14.

a. ‘AvaElpavdpoc 8¢ ... onot Thv Svtwv dpynv elvar
Td dretpov: &x ydp TovTov ®Wdvia ylyveodat xal elg
to¥to ®dvta ¢Oelpecdat . o1d xal yevvdoBalL dmelpovg
w6opuovg %ol waALv @belpecbal elg Td &€ oV y(yveobal,
Aéyer yoBv OSuéTL dxépavtdy Eotiv, Uva unddv &rrelxwy
N véveoig M doLotapévn.

b. oite yap tva ? yéveorg uf émihelwy, dvayxalov
évepyelq dnetpov elvat olpa alcdnNTév.

® (Cf. seteor. 340 a 1 and b 1, where he argues that

the heavens cannot contain fire alone for the same reason.
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onot 6& Td &x To¥ &udlov yévipov 6epuol Tte xatl
Yuxpod xatd THV véveoiv ToBoe To¥ xudouov dxoxpLdfval
xal Tiva &x tolitov Qhoydg ogalpav mepLouvifivar Th mepl
Ty yijy dépL d¢ 1D 6évépy o A ot 6 v + HotLvog dmo-
ppayelong xal el¢ Tivag droxieitobelong xdxulovg dmo-
otfivat TOv MAtov xal THv oehﬁvnﬁ xat Todg dotépag.

Ps. Plut. Strom. 2 (D. 579), D. 12 A 10.

t& 6% Gotpa ylveobalL xubxhov wvpdg, dmoxupidévia TOb
xaTd ToV xubopov wupdg, ®epLAnedévta &6’ Ind dépoc. gx—
xvodc 6’ dmdpEar wépovg Tivlc adrddeic, xad’ od¢ oal-
vetal Ttd dotpac 61d xnal &xippacoouévwy TBY Exrvolv Tdc
&xhelyetg ylveobatr. Thv d& oceAfjvny moTé udv TmAnpov-
wévny ealvecbal, motE 6& ueLovuédvny Tapd THY TBY TSpwv
&xCopaELty 7 GvoLELv.

Hipp. loc. cit. 4-5, D. 12 A 11.

eee (T8 8otpa elvar) mAfipata &dépog Tpoxoel Y,
®Upd¢ EURAEQ,  naTE Tt pépoc &nd ovoulwy &xmvéovta QrS-
Yac.

ABt. IT 13, 7, D. 12 A 18. Cf. other passages
of similar purport in D. 12 A 21 & 22,

repl PBpovidy dotparlv xepavvidv Tpnothpwv Te xal
Tvedvwv. ’A. &x to¥ wvedpatog Tavtl wdvro ovuBalvelv:
&tav ydp meptAnedev véeer maxel Pracdpevov &xméon TH
Aertouepelq xal xovepdtnti, 166’ A piv PpHELg TOV YSeov,
1 6% dLaoToAY Twapd Tﬁﬁ peravlav tol végovg TdV dLavyao-—
nov drotelel.

ABt. IIT 3, 1, D. 12 A 23.
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dvBuovg 6& ylveobar TlY Aextotdtwy dtulv Tol 4ép-
oc &moxpivoudvwy xal Stav d40poLobBor xLvovuévwy, detodg
o6& &x tfig dtuldoc thHe &% yTic Y9’ HAtov &vadidopndvnge
dotpandg 06, 6tTav Gvepog EunlmTtwv SLiotd Tdg vepéhag.

Hipp. loc. cit. 7, D. 12 A 11; of. A8t. III 7, 1,
D. 12 A 24, |

o. A. &vepov elvar pdovv dépoc v Aertotdtwv &v adTd
xal Sypotdtwy d%d To¥ NHALov xiLvovuévwy 7 Tmronévwy.

elvar v&p T wpBtov dypdv dmavta tdv mepl Thv viv
Té70v, ORd 6% To¥ AAlov Empatvéuevov Td piv dvaTploav
wvevdpata xal tpordg AACov xnal celfvng ¢act woively, Td
6% AeLpbty 6d4rattav elvate &ud xal &AdtTw yCveobat En-
patvopédvny olovtat xal Téhoc éoeobal wotTe wAoAV Enpbv.

Arist. Meteor, 353 b 6, D. 12 A 27; cf. Alex. 67,
3, D. ibid.

Q. ot udv ydp adtly drdhetppa Aédyovoiry elvatr Thy
8dAacoav THg mpdtng Vypdtntoce Vypol yip Svtoc ToT
xept THv yHv T6%mov x8xeitta T& pnév TL tHg dypbéTnToc V%d
o0 HAlov EEatulZecObal xal ylveobal nveduatd te &E ad-
to¥ xal Tpomde HAlov Te xal oerfvne d¢ 6Ll Tde ATl dog
Tattac xal Tdg 4dvadvuidbdoerg xdxuelvwy Tl Tpordg ROLOV-
uévay, 8voa 1 Tadtng adtolc xopnyla ylvetal, %epl Talta
Tpemopnévwv: td 66 TiL adtfic dmoret9bEy &v Tolg xolhotg
Tfic YHic TtémoL¢ BdAacoav e%vab. ese TaBTNg THic OSENC
&yéveto, ¢ totopel @ebdoppaoctog, AvaEluavdpbe Te nal
Avoyévncg.

Avagupdvne 68 noal AvaECpavdpoc nral AvaEaydpag xal
Woxéraog depdidn ThHe Yvxfig Thy gvoly elphfxaciv,

ABt. IV 3, 2, D. 12 A 29,
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In interpreting the sources that we have for the
Pre-Socratics, most of whose own works have perished, one
must be wary of the anachronistic terminology used by our
authorities, who were accustomed to write in terms of the
four element theory, and in the vocabulary of Plato and
Aristotle., Cherniss (Op. cit.) performed a great service
by his criticism of Aristotle's veracity and methods in
repofting the theories of his predecessors. Cherniss
has indeed torn holes in a great deal of the traditional
interpretation of the Pre-Socratics. He is an excellenf
destructive critic; his attack on the credibility of Aris-
totle and the doxographical tradition carries conviction:
but in his constructive efforts to replace the tradition
by a new interpretation he fails to persuade. Perhaps
of most value to a study of Anaximander are his insistance
that ¢voic does not solely denote a material substrate
and his attack on Aristotle's concepfion of what is con-
noted by the word 'opposites'.

From the Miiesian point of view, though not from
Aristotle's, two pairs of opposites separated out from the
apeiron: the hot and the cold, and the wet and the dry.
Sometimes our authorities identify them with the elements

fire air water and earth in that order, and sometimes fire
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is called hot and dry in opposition to the other three.
This is not Anaximander: it is a consequence of Aristot-
le's own conception of identity (Cherniss, p. 370). The
distinction between substance and quality had not yet been
drawn, as I said above, nor ‘elements' yet postulated.
Examining the sources with the above in mind, we

can see in this cosmogony of Anaximander an attempt at
complete rationalisation of the process of creation that
the theogonies had allegorised. Night is replaced by the
original condition of the apeiron before separation occur-
red. To the Orphic Egg corresponds that which is capable
of begetting Hot and Cold: to the splitting of the Egg
and to Hesiod's separation, Anaximander's separation.
Phanes or Eros is replaced by the layer of air and mois-
ture between earth and fire, which plays its part in the

- generation of the heavenly bodies, and is also the source
of living creatures. The parallel can best be demon-

strated by this diagram:
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In this system of Anaximander the apeiron denoted

some blend of ideas that do not appear to have been com-

Pletely separated in his mind. In Phys. 203 b 13 sq.

Aristotle'gives five reasons for belief in the infinite:

1.
2.
3.

5.

The infinity of time.

The fact that the perpetuity of generation and des-
truction can be maintained only if there is an in-
finite source to draw upon.

The fact thet the limited is slways limited by
something else.

The fact that there is no limit to our power of
thinking of the infinity of number, of magnitudes,
and of what is outside the heavens.

The second reason is not relevant here. It applies more

to the time of Zeno and Anaxagoras: similarly the £ifth

smacks of Aristotle himself. The other three reasons,

however, may well have beéen in Anaximander's mind, His

apeiron was 'unbounded', probably, in all these ways:

1.

2.

In time - for it is &¢duov xal dyfipw (passage in
note to passage no. 1, p. 31 sup.).

In extent.

In quantity - {vo unddv &\elmn # yéveoug (passages
nos. 4a & 4b; cf. reason 3 sup.).

In the sense that it does not adjoin other things
of the same order as itself, against which it would
have to strive as the opposites strive against each
other (cf. reason 4 sup.?.
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5. Possibly also in the sense that there are within
it no boundaries between the opposites that will
eventually be separated out from it.

I egree with Bailey and Cherniss ¥ that the doxo-
graphers and the school of thoughﬁ to which Tannery be-
longed ** are wrong in taking the apeiron to mean 'inde-
terminate matter'; but I cannot still agree with Cherniss
when he proceeds to argue ageinst Burnet (with whom on
this point Bailey is in agreement) about the reason for
adopting the apeiron: 'that becoming may not fail' - he
uses passages nos. 1 & 4b sup. together with the assump-
tion that he attributes to Anaximander of innumersble
worlds to support an attempt to prove that the given reas-
on was unnecessary, and that, if any reason was necessary,
it may have been to provide the matter for the innumerable
worlds.

Cherniss rightly points out that neither Tannery,
Diels, nor Burnet, translated literally the plurals of
Frag. 9 (quoted by Simplicius in passage no. 1 sup.); but

from these plurals and certain parallels of language in

* C.Bailey: The Greek Atomists and Epicurus, p. 15;

Cherniss: Op. cit., p. 375 et al.

Ueberweg-Prichter, Zeller, Teichmliller, Rey, Baccou
and others. :
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Anaxagoras and Plato he builds up for Anaximander a plur-
alistic scheme that recalls that of Anaxagoras, and in
fact makes of the latter's theory a mere 'refinement' of

Anaximander's. With this tour de force I cannot agree.

Nor do I agree with some commentators, ancient and modern,
who say that the apeiron is 'denser than fire and rarer
than air' (cf. passage no. 3 sup.), i.e. that it is the
netafd about which so much has been written, and with
which I shall be dealing in Chapter 9 inf,

What, then, is the apeiron? Zeller first, and
lately, among others, F.M.Cleve following A.Rey * objec-4
ted to the view of Ritter that the apeiron is to be consid-
ered as a mechanical mixture of four opposites conceived
of as substances - a view at first sight supported by

passage no. 3 sup. and by Arist. Met. 1069 b 20 sq.:

xal To¥t’ €oti T ’AvaEaybpov €ve BEATLOV vap 1
"duo¥ whvta" - xal Buxedoxrdovg Td ulypa xal ’Avallubv-
dpov, xal &g AMuéxrpitée enowv - "Av duo¥ mdvta Svvduet,
Evepyelq 8° ob".

The speiron may have been a quasi-migme, or even, as Aris-

totle would have it, a potential mixture; but in its own

F.M.Cleve: The Philosophy of Anaxagoras; Abel
Rey: La Jeunesse de la Science Grecque. ,
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original state it was homogeneous. Ross in his note to
this passage of the Metaphysics says: "But the fact is
that in Aristotle's terminology the word uiyua (a complete
fusion) is more afpropriate to Anaximender's apeiron in
which the elements were only potentially present than to
the original matter of Empedocles and Anaxagoras in which
they were actually present. The latter is a mechanical
ovvoetov rather than a genuine utypa".

Cherniss on the other hand thinks that a satisfac-
tory description of the apeiron is: "A congeries of ele-
ments infinite in number and dissimilarity". He quotes
. Augustine (de Civ. Dei, viii, 2): |

non enim ex una re, sicut Thales ex umore, sed ex
suis propriis prinecipiis quasque res nasci putavit. quae
rerum principia singularum esse credidit infinita....
Cherniss also says that Aristotle's account, which of
course he does not accept, must mean that that original
state of the apeiron was a mechanical mixture.

I see more truth in the words of Ross than of Rit-
ter or of Cherniss himself here. Ross' wording is indeed
Aristotelian - naturally, as he is commenting on Aristotle:
but I do agree with the distinction that he draws between
Anaximander and the other two. The originally homogene-

ous apeiron was one thing different from all the things
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that we see now, as is quite clearly stated in passages
nos. 1, 3 & 4; but it was something out of which the four
opposites could separate (passage no. 5), and into which
they could return (nos. 1 & 4a); for, unlike the ephemeral
things of everyday experience, it was eternal. As the
pvoLe of the universe it was a mechanically active mater-
ial substance - active spontaneously so that it could give
rise to b &x Tol 4idCov yéviuov Beppob Te nal YvxpoDl,
and so bring about the process of creation and change that
as Cherniss says was the great interest of the Mhilesians,
end material necessarily, for the non-material had not
yet been conceived of by the Greeks.

Because of the confusion between substance and
quality, Anaximander was not successful in explaining how
one thing changes into another. He attempted to explain
qualitative change by the interchange of the opposites.
These are at war, and first one side and then ths other
wins the day. Hot evaporates wet (cf. passages nos. 9
& 9a) and cold condenses wet: a thing is now warm, now
cold. There is give and take between the opposites (Fr.
9, in passage no. 1), so that they are not completely and
irrevocably separated apart. It was left to Aristotle

(in the de Generatione et Corruptione, passim) to give a
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rational explanation of how change might be caused by the
interaction of opposites - but his opposites were qualit-
ies characterizing a substrate. Heracleitus made a fair
attempt; but in Anaximander's case, in spite of his effort
to be completely rationalistic, there is an intrusion of
the non-rational; for in the description of the give and
take: "They make reparafion and satisfaction to one anoth-
er for their injustice according to the ordering of time"
we see the age-old idea of the dispensation of iMoira, a
moral dispensation ﬁith penalties against transgression
(a factor that enters into the scheme of Heracleitus too).

It has been difficult to pin down the apeiron: it
is possible with more ease to gain a clear idea -of what
Anaximander considered to be the properties of d&hp. It
is from passages nos. 5 to 11 that we gain our information.
AMip is corporeal, obviously; but the Greeks did not, until
the time of Empedocles and Anaxagoras, know that the in-
visible, tasteless, and odourless substance known to us
as air is corporeal. In modern terms, his aer ¥ is, as
I shall show, that substance known to us as a mixture of

From now on I shall spell 'air' when I mean air as
it is conceived of today, and 'aer' when I mean somethjing
different from that, to which the Greeks in general or a

given Greek thinker gave the name dnp.
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air (N. 0. 4, H, COy, etc.) and water (Hg0) that found
itself between the earth and the sphere of flame that
surrounded it like the bark of a tree during the cosmo-
gonical prbcess described in passage no. 5. Burnet ¥
concludes "that after the first separation of the hot and
the cold b& the 6¢vn, the heat of the flame turned part
of the ﬁoist, cold interior of the world into air or vap-
our - it is all one at this date. - and that the expansion
of this mist broke up the flame itself into rings". The
heavenly bodies are rings of fire shut off into tubes of
this aer that have pipe-like holes in them (the shape of
the tubes being like that of the inner tube of a bicycle
“tyre), see passages nos. 5, 6, & 7. ABtius, in passage
no. 7, describes them as wuAfuata dépog"TpoxOSLéﬁ, Tupd¢
Bumieas mlAnovg (the felting process) is a favourite
word of the Milesians; living as they did in an industrial
city, for 'compression' and processes akin to it.

Late though our authorities are for the details of
this astronomical picture, nobody doubts that it does
represent the theory of Anaximander; but, anyway, we do
not need statements by our sources to help us to ascertain

Burnet, E.G.P.4, p. 64.
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tHe properties of this ser: we may deduce them ourselves
from this accepted picture.

We can infer that aer is, firstly, compressible
(for the word 'felting' must be genuinely Milesian); sec-
ondly, non-inflammable (so as to be able to contain the
fire within its tubes without itself igniting); end, third-
ly, opaque (for we can only see the fire inside the tubes
through the holes - when they are closed we have eclipses,
see passage no. 6). This last property in turn implies
visibility, in the form of the black darkness between the
stars, It was not yet known that darkness is due to the
absence of light and that black is not, therefore, a true
colour, This property, visibility, alone is enough to
indicate the existence of a considerable difference between
the Greek aer and the modern air.

From the meteorological -passages, nos. 8, 9, 9a,
10, & 10a, we can see that aer is connected with clouds
and vapours. Winds come from the lightest vapours of
the aer that have evaporated from the 'moist' around the
earth through the heat of the sun, and have been set in
motion. Rain is derived from vapour that originated in
s similer manner. Aer, then, must have been a dense,

opaque, mist or vapour, light in weight, and not fully
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homogene ous ., S ome parts are described as being lighter
and finer, or moister, than others; and variations in
fineness or moistness caused it to appear in various phen-
omenal forms, frém the winds that can be felt and can tear
through a cloud to produce thunder and lightning, but that
are not in themselves visible and can onl& be seen in the
sense that we see things moved by them, through the rather
more easily visible vapours mists and clouds, to the ex-
tremely visible darkness of the night sky.

The tearing of the thunder-cloud presents us with
resistance as a further property of aer; and if, as is
doubtful, the 'turnings of the sun and the moon' really
were specifically ascribed by Anaximander to the cause
given in passages nos. 10 & 10a, this would be another
instance of that property.

The original mass of aer at the world's creation
was derived in a way described as 'separation' from the
apeiron; but we can now see that it is replenished not only
from the apeiron, but also by evaporation; unless Burnet's
conclusion quoted above is correct in that all aer is sec-
ondary and derived from evaporation - only the flame and
the earth with its mantle of water having separated out.

However this may be (Ps.Plutarch's words could just as
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well support the conclusion that. the aer came to be around
the earth as a result of the ofiginal separation), Anaxim-
ander has in fact, in spite of his ignorance of the.true
nature of air and water, correctly interpreted the cycle:
evaporation - rain - evaporation.

Since true vapours are mostly invisible, and the
Milesians were working in terms of the everyday visible
things, it is reasonable to infer that Anaximander's aer
is to be thought of as being like a dense mist (which we
now describe as a mass of discrete droplets of water sus-
pended in air) rather than like a continuous water vapour.
True water vapour is invisible, being in fact steam - but
that which the Greeks (and modern laymen too) call by the
name 'steam' (when, for example, they watch a pot boil)
is reﬁlly tﬁe mist formed when true steam condenses into
droplets on contact with the cool atmosphere.

This conception of aer as a substance of the nature
of mist or cloud, or even of darkness, had a long history
behind it, and it persisted a long time after Anaximander.
By the time that the Greek language had its first extant
literary expression in Homer, a distinction had grown up
between &fp and al6np (cf. Introd. p. 13). d&fp was that
part of the atmosphere nearest to the ground, the part
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that we breathe (and thus that from which the Orphiecs
believed that we breathe in soul), the part in which we
see mist, fog, and clouds, and even the part that can be
identified with the immediately surrounding darkness of
night. Aiefip was the clear upper atmosphere, the bright
sky, the origin of the Indo-European Dyaus-Zeus-Jupiter
himself, the home of the Gods, and, to Hesiod and others,
a God itself. Homer, speaking of the cloud in which the
heroes can be wrapped. in order to attain invisibility,
refers to it now as dfjp and now as vepéin. Burnet cites
passages from classical and post-classical authors in
which the word &Mp retains its old meaning of mist or
darkness. * On the other hand Hesiod links together
Alofip and ‘Hupépa, the light of the upper atmosphere and
the light of day.

One can observe on a hot day a heat mist rising
from the sea or a river and gradually obscuring the land-
scape. This mist is the ililesian aer; and it involved
no great stretch of the imagination to carry the process
one stage further and to think that as the mist became

¥ E.G.P.%4, p. 74, n. 2. The passages are: Hipp.
Airs Waters Places, 15; Plato, Tim. 58D; Flut., de Prim.

. Frig. 948E.
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increasingly thick it turned into darkness and night. In
a country of mountainous valleys leading down to the sea
and situated in & hot zone twilight is very often accompan-
ied by this mist, and one of the first signs of the approach
of darkness is the purple colour of the hills, which looks
very much like mist., These phenomena would be much more
widely observed in Greece and Asia Minor than in England
where even today many inhabitants have never seen the sea.
There is one last property of Anaximander's aer
that modern science would by no means attribute to air.
ABt. IV 3, 2 (Diels 12 A 29) includes the name of Anaxim-
aﬁder alongside those of Anaximenes, Anaxagoras, and Arche-
laus (all members of the Ionian School), in a list of those
who say depddm Tfic Vvxfc fv ¢vowv. There was a tendency
in Greek thought fo draw parallels between the universe
and the sentient being, the macrocosm and the microcosm.
There was & world soul as well as a human soul (c¢f. Plato,
Timaeus), and the universe, like the man, breathes (cf.
the Orphics and Pythagoreans). The substance breathed,
nveBpa, is in this theory the life-giving substance, or
the soul. That which is breathed is obviously aer, for
we breathe out mist on a cold day. Similar ideas can be

seen in the meanings of the Latin words 'animus' and
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tanima' (cf. &vepocg), and in the belief in reproduction
by wind-impregnation. Air breath and wind are to the
primitive observer, as I said on p. 24 sup., the 'breath
of life'; because the instant of death is only recognis-
able when.a man ‘breathes his last', and it is necessary
to slap newborn infants to induce them to breathe, their
first extra-uterine activity of life. The whole concep-
tion of air as soul or as a sort of 'life-force', however,
is alien to modern physics; and I propose to postpone
discussion of this aspect of Greek thought to an appendix,
and to proceed now to the next step in the development of

physical speculation of the liilesian type, with reference

to aer.

.000.
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Section ii

The next philosopher of Miletus was Anaximenes, of
uncertein date, whose floruit is given by Apollodorus as
546/5 B.C.. He modified and simplified the theories of
his predecessor, and proceeded even farther along the path
of rationalisation. He abandoned Anaiiman&er's apeiron
in favour of a more recognisable substance, aer, when
choosing his first principle, giving as a rea;on for this
choice the analogy between the microcosm and the macrocosm
that I mentioned on p. 48 sup.: Passage 12 inf. contains
this analogy, and the following passages contain the basic

theory of Anaximenes,

12. AvaEwuévng Edpvotpdtov Miuifiovoc dpxly T@v Sviwy
dépa dreorivaTto &x ydp TodTov wdvta ylyveobatr xal elcg
adtdy ®dAvy dvarvecbat. "olov 1) Yuvxh", onolv, "H
Huetépa &Yp odoa ovyxapatel Hpdc, xal Erov Tdv xéouov
xveBua xal &Np mepuéxer" (Aéyetar &6 ovvwvduwe &hp xatl
wveBua).

ABt. I 3, 4, Diels. 13 B 2,

13, AvaEupévng 88 ... pulav pdv xatl adtdc v dxoxer-
pévny odouy xal Axewpbv onoty doxep &xuetvog (Tt.e. Avag(-
navdpog ), odx ddéprotov 62 domep -Bxelvoc, AAAA dptopévny,
dépa Aéywv adthive Ouagdpety 62 _p a v d Tt Tt xal
TVvxVOTMNT L xatdh Tt odolac. xal dpatoduevoy

udv =xBp ylveobal, muxvovuevov &6& 8vepov, elta végoc,



-51-

gtu o6& pdadov V6wp, elwa yHv, elwa AlOBovg, T& 6& dAAa
&x TovTWYV. xCvnoty 6& xnal odtog &Cduov movel, oL’
Nv xal Thv petapoAly. yCyveobat. *

Simpl. Phys. 24, 26 (Theophr. Phys. Op. Frag 2),
D. 13 4 5.

14, ‘AvagLpdvny 68 @aoct TV Thv SAwy dpxlv TdV &épa
elrely xal Toltov elvar T® pdv ueyébev &xevpov, talg
6t mepit adtdbv mordbdTnouwv dpropévov: ryevviodal Te wdvTa
xatd TLva Koxvwory Todtov xal wdALv dpalwouv. TV Ye
uhv xlvnovv &€ alvog dxrdpxeiv.

Ps. Flut. Strom 3, D. 13 A 6.

15. AvaEtpévne ... 4épa Gxeuvpov on thy dpxhv elvar,
&€ od Td yivépeva xat Td veyovéta xal Td &odpeva xatl
Beodc xal Oeta yiveobat... (2) T 6& eldog to¥ &épocg
toto¥tov: Otav pdv dpardratog A, 8vet. &omrov, SmroBo-
fat o6& T Yvxpd xal TP Oepud nal < vorepd xal TP xni-
voupdve. xtvetobatr 6& del- od ydp petapdidrerv boa
pwetaBdirer, el ph xtvotto.  (3) muxvovuevov yap xal
dpatovpevov Sudgopov ¢a6veoea£- étav ydp elg 1d dpai-—
6tepov dLaxvdd), ®Vp yiveodai, &vépovg 8¢ mdArv elvar
&dépa muxvoduevov, &E &épog <d&> vépog dmotereTobat xatd
Ty ®CAnowv, &tL 6% pdAAov Vowp, &xl mAeTov wuxvwdévTa
yHv xol elg Td pdAivota wvxvédtatov Albovg. 0ote T4
xvptdrata The yevéoewg &vavtla elval, Gepuby te xal

Yoxpbv.

Hipp. Ref. I 7, 1-3, D. 13 A 7. Cf. 13 4 8.

Technical terms underlined mean, in order: sub-
strate (Aristotelian term), infinite (in extent), indet-
erminate (v. p. 38 sup.), rarefaction, and condensation.
For the last two v. p. 52sq.
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_ In these passages we may see several refinements
of the theory of Anaximander. 1In the latter's system
the four opposites are treated as odoCar, independent en-
tities that separated from an original mass of apeiron.
How they could have sprung from that precosmical unity,
and how their interplay could have brought about qualitat-
ive changes, are two serious difficulties in his theory.
Anaximenes, however, treats the four opposites as merely
ndon of one primary substance, &%p. They are states of
aer, funcfions of its density. The postulation of the
process of rarefaction and condensation made possible for
the first time a self-consistent theory in which change
is plausibly explained. ¥ Since apparently different
types of matter are simply the same basic substance under
‘different degrees of compression, there is no difficulty
in seeing how one type can change into another.

We are accustomed to use the word 'condensation'
for the process also called 'felting' by the liilesians,
but it must be understood that this does not mean conden-
sation in the popular sense of e.g. steam condensing in
a retort or breath condensing on & windowpane, but in the
more literal sense of becoming denser - having more matter
in a given volume. Retort condensation does result in
greater density, but that use of the word now implies the
modern kinetic theory of matter. Anaximenes had no such
atomic theoryj he was presumably thinking in terms of con-
tinuous matter, not of the degree of packing together of
discrete particles. But Farmenides saw that he was in
error over this, v. p. 185 inf.
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It is only fair in this connexion to quote the
words of Cherniss (Op. cit. p. 379): "Aﬁaximenes’ ;hief-
interest was also in fhis process ... it is the definite
unity of ﬁhis mechanism of rarefaction-condensation, rath-
er than the fact that the great mass of material tﬁat sur-
pounds all the world and is infinite in extent has been
given the definite name of "air", which lends an air of
"monism" to his system. ...hOne body becomes anotﬂer by
réason of the process ... water changes into earth and
earth into water. Air gets the role of honour simply be-
cause it is the most extensive of all bodies and "the most
evenly distributed" ... and also because of the identific-
ation of the air in our bodies with the'soul ... nor does
the definite designation of it as "air" imply here an id-
entity which includes homogeneity, for the other character-
istics of the air as of all bodies depend upon-fhe me chan-
ical distribution of its parts".

| According to Cherniss this system of Anaximenes im-
plies a physical relativism of the Heracleitan type, and as
in the case of Anaximander [ cannot go_all the way with
Cherniss. I agree that the keystone of the theory is the
process, and that aér is not an Aristoteliaﬁ indeterminate

substrate with various qualities imposed upon it. But
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I cannot agree that aer is one of many bodies, and, as it
were, just happens to have "the role of honour" for the
reasons given; especially since I feel that Cherniss has
with the phrase "the most evenly distributed" mistranslated
and misapplied the dpaldratoc of passage no. 15 sup., which
1 take to refer to a particular state of aer - when it is
most 'even', vid. inf. - and not to the distribution of
aer as a whole with respect to the universe. I do not
agree that Anaximenes was so close in thought to Heraclei-
tus any more than I agree that Anaximander was to Anaxag-
oras. The process was vital, yes: but aer was neverthe-
less the one basic substance, which, as a result of the
operation of the process, was able to appear in various
phenomenal forms.

Not only is the process of Anaximenes better able
to explain change in the present world; a mechanical pro-
cess of cosmogony through the agency of increasing density
is a simpler idea than the process of separétion described
by Anaximander. Like the latter, however, Anaximenes
explained the first cause of the creation of the universe
as an eternal motion. The early thinkers as a whole saw
no necessity to assign a cause to the latter:\ it was ac-

cepted as 'given' until men like Parmenides questioned it.
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Before the Eleatics demonstrated the logical difficulties
of change the problem of motion was no problem at all as
Cherniss says (op. cit. p. 372): causation was mechanical
and did not need an Aristotelian efficient causé.

It is noteworthy, but certainly not to be hailed as
a Milesian anticipation of modern science, that our posit-
ion is similar. We assume that the original state of the
universe was that of an undifferentiated ﬁass of hydrogen
of roughly uniform density (or rather, tenuosity, for the
number of particles in a given volume will have been ex-
tremely low), and that then, by reason of random motions
whose cause we do not explain, certain parts of the gas
became more dense than others, so that gravity began to
operate. This caused a more regular motion which led to
the formation in turn of spiral nebulae, stars, and planets.
We even have now, in the theory expounded by F. Hoyle, the
idea of continuous creation, analogous to the Milesians'
infinite store of matter "so that becoming may not fail".

There is this greaf difference: whereas to us the
factor that causes the increasing condensation, once the
unexplained motion has started it, is gravity (or rather
whatever corresponds in a particular mathematical or astro-

| physical theory to this lay concept), to Anaximenes there
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were two other possible causes apart from motion: change
of moisture content or of temperature (v. passage no. 15).

We know that temperature and motion are intercon-
nected: heat can cause motion, and motion heat, though
not without some wastage of heat (2nd. Law of Thermodynam-
ics), for they are two aspects of the same thing (cf. P
7 - they are different forms of energy). But to Anaxim-
enes it is temperature and density that are thus inter-
connected. The statement of Hippolytus (passage no. 15)
that cold and heat can make aer visible means, as we shall
see, that they increase or decrease respectively its den-
sity. We shall later be examining also a passage from
Plutarch that shows that Anaximenes thought that corverse-
ly density changes bring about corresponding changes in
temperature.

Let us first consider the relation inferred from
Hippolytus. While it is true that heat causes expansion
and -cold contraction in a gas at constant pressure, tﬁe
true connexion is not between temperature and density, but
between temperature and molecular velocity: since the
pressure (a function of both density and molecular veloc-

ity) is constant, it is the change in velocity associated

with temperature change that causes change in density.
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I1f, however, pressure varies, as it does in the atmosphere,
for example, temperature change need not necessarily, as
it does in Anaximenes' theory, cause a corresponding den-
sity change. |

One case in which Anaximenes' theory breaks down
is this: he held that aer, as it became increasingly fel-
ted by cold, became first liquid, then solid; so that the
difference between ﬁater and ice was that in ice the aer
was denser: this implies that the same quantity of aer
occupied a smaller volume. But in fact the most elemen-
tary type of experiment shows that water's volume increases
on freezing. We know this because our plumbing bursts
after freezing, and he could have learned it by leaving a
jar of water out in the open in frosty weather and obsepr-
ving that the level of the ice formed is higher than that
of the original liquid. He could have done this, and to
our minds he should have; but we saw in Chap. II that
Greek philosophy did not demand any such experimental or
observational checks.

At any rate, Anaximenes did in his theory of creat-
ion, purely by coincidence, have very roughly the right
idea: that motion caused a progressive increase in density

which brought into being the heavenly bodies and the earth.
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His theory more resembles our own than do most of the more
mature Greek theories, even though his method of arriving
at it differed radically from our own.
In dealing with the converse relation mentioned on
p. 5 he was definitely less successful, The microcosm

was as usual the sterting point:

td vdp ovoreArbuevov adtiic (T.e. YaAng) nat mvivod-
pevoy Yoxpdv elval onot, ©d 6’ &patdy xat ©d % o A a-
p & v (obtw mwg dvopdoag xal ©§ pfuate) Oepubv. 8oev
odx drevxbtwg Aéyecdar Td xal Oepud TdOV dvOpwrov &x TOT
otéuatog xal Yvxpd pediLévatre Yoxetatr yvdp § ®vol wieo-
0etloa xal muvxvwdeloa Tolg xelieovv, dveipdvov 68 Tol
otéuatog &xurCrTovoa ylyvetal Oepudv dnd pavétnrtoc.
to070o pév odv dyvénua woireltal To¥ &vopdc & ApLoToTéANC®
dveipévov ylp To¥ otéuatog &xuxvelodat Td Oepudv 2E Audv
adt®v, dtav 6% ovotpélavtec Td xelAn guoficwuey, od Tdv
8 HuBv, AANL Tdv dépa TdV wpd ToD otbuatoc dOetodat
Yoxpdv 6vta xal Rpooeurl(wxTteLv.

"Plut. de prim. frig. 7, 947 £; Diels 13 B 1.

Not only was Anaximenes wrong in thinking that the
temperature effect is due to density differences dependent
upon the labial pressure, but the explanation of Aristotle
referred to by Plutarch (Arist. Probl. 964 a 10) also fails
to séate the whole truth. It is true that when the mouth
is wide open we breathe out air that has been warmed in-
side the body (and not by Anaximenes' reason, the rarefac-

tion); but it is not true that in the other case it is
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the air in front of the mouth, which is cold, that is im-
pelled forward, The air behind the pursed lips is under
pressure as the lung muscles force it through the narrow
orifice, and upon emerging it enters, in the atmosphere,
a region where the pressure is lower, which permits it to
expand. The expansion is adiabatic (adiabatic change
may be defined as 'a change in the volume and pressure of
the contents of an enclosure without exchange of heat be-
tween the enclosure and its surroundings). Adiabatic
expansion causes a drop in the heat energy, and thus in
the temperaturg, of the substance concerned, the energy
released being capable of being transformed into work,
in this case the work of pressing against the skin of a
hand held in front of the mouth. Consequently we feel
a cooler stream of air press against our skin than in the
case of the open mouth. A contributory factor may be
that the stronger current of air blowing over the skin
when the lips are pursed assists in the evaporation of
sweat by carrying away the vapour thus formed more rapid-
ly, and evaporation itself, a fact unknown to the Miles-
ians, also causes a drop in temperature.

From the quite correct observation, therefore,

Anaximenes drew the incorrect conclusion that condensat-

ion cools and rarefaction heats. He has again, as in
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the converse case (p. 57 sup. ) fallen into a trap through
ignorance of the effect of non-constant pressure. In
fact if gas is compressed its temperature rises and vice
versa (adiabatic expansion and compression), unless some
special laboratory precautions are taken to maintain a
constant temperature (isothermal expansion and compres-
sion). In the observation described he was dealing with
adiabatic expansion and perhaps also evaporation, contras-
ted with normal conditions, and not with condensation con-
trasted with rarefaction, in his sense of the words, at
all; and the increased pressure at the lips is irrelevant
to what happens when the breath stream has met the atmo-
" sphere. In fact, upon repeating his observation, I find
that if I place my hand very close to my pursed lips I
feel the air emerging at body temperature (which at once
vitiates both the observation of Anaximenes and the ex-
planation of Aristotle), and I do not perceive the cool-
ness until I have moved my hand a half an inch or more
from my mouth, and thus given the expension both time and
room to effect itself. .

Consequently, however close an analogy there may be
between Anaximenes' theory and ours on the plane of cosmic

creation, he was very far from anticipating our modern
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micro-cosmic gas laws (Boyle's Law and Charles' Law, p. 9
sup. and the laws of thermodynamics). He built up his
theory, in fact, by forming risky conclusions from his
observations and then generalising these conclusions be-
yond the 1iﬁits of observation. This is so not only in
the case of the observation just dealt with, but also in
the addition of the stage of rarefaction of aer into fire
that follows on the correctly given stages of rarefaction
of solids (e.g. stones and earth) into liquids (e.g. water)
and liquids into gases (e.g.ser). Flame is, of course,
neither a separate real substance, 'fire', nor a separate-
kinetic state of matter, but merely gas rendered incand-
escent by heat energy (more accurately, the atoms of the
gas are in & state of excitation wherein they emit electro-
magnetic radiation in the form of photons that are visible
as light ravs or invisible as infra-red heat rays). The
gas molecules are indeed further apart owing to the in-
creased kinetic energy, so that the gas is rarer than when
it is cool; but the substance is the same, And Anaximenes
was not dealing with (sub-)atomic phenomena.

We must now éxamine the properties of Anaximenes'
aer. Of the utmost importance is the theory mentioned

by Hippolytus (passage no. 15) that aer in its natural
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state, viz. when 'most even' (épaAdtatog, a word which in
this context must surely refer to one possible physical
state of aer, contrasted with another state when it has
undergone some type of excitation, and not to its distrib-
ution as Cherniss has taken it, cf. pp. 53«4 sup.), is in-
visible, but that 'it becomes visible under the action of
cold and heat and moisture and motion'. Anaximenes was
the first man to see the possibility of the real corpor-
eal existence of an invisible substance. In this invis-
ible state the aer is the nveBuo that we breathe, ¥ It
is still precisely the same substance as the visible aer,
that described by Anaximander, but in a rarer, more tenu-
ous state. wan had still not recognised that invisible
air is a different substance from opaque mist, and that
in fact the air that we inhale is different in composition
from that which we exhale (oxygen replaced by carbon di-
oxide).

Whereas Anaximander thought that the natural state
of aer was mist, Anaximenes thought that it was the form

¥  On a cold day, however, we breathe out a visible
mist which we, like Anaximenes, attribute to condensation,
but in e different sense of the word. The observation
of this misty breath must have played an important role
in the formation of the early Greek notions about aer.
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that is invisible - the form in fact that constitutes the
normal atmosphere. This new idea of invisible air was
not immediately adopted, and we shall soon meet thinkers
who confused invisible air with empty space: acceptance
had to wait until the experimental proof cited by Empedo-

cles, v. inf., ¥

It is now time to examine the part played by aer
in the cosmology of Anaximenes. His astronomy is back-
ward compared with that of his predecessor, whereas his
meteorology is similar. The whole universe is of course
made of aer; but instead of the separative process pos-
tulated by Anaximander we have the process of rarefaction
and condensation, and of evaporation. The relevant pas-
sages follow:

16. (4) wyv 68 vAv mhatelav elvar &x’ &époc dxovpévny,
duolwg 6& xal Ahvov xal ocerfjvmv xal T4 GAAa dotpa ®dvTa

From now until I reach the chapter on Empedocles
I shall use the spelling 'aer' to mean a substance that
consists of some sort of water vapour, like the aer of
Anaximander, but that may be visible or invisible. The
passages, however, that Burnet quoted (v. p. 47 sup.),
together with the fact that Empedocles used 'aether' for
elementary invisible air, show that in normal language
'aer' continued to mean 'mist' or even 'darkness'., I shall
be using 'aer' in the stated sense for convenience rather
than with accuracy, to distinguish between aer conceived
a8 water vapour and air as oxygen, nitrogen, etc..
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nwptva Svta. & mox e T 00 at TH dépt Sud mAdTOC.
(5) veyovévar 6% T4 Gotpa &x yfig vl ©d why Lupdda &x
gavtne dvlotacdar, f¢ dpatovpévne Td wBp ylveobar, 8&x
6& To¥ mupdg pevewpLZopévov Todg dotépag ovviaTtacdal.
elvatr 0% xal yeddeuvg @doetg &v TP TémY OV dotépwy
ovuRepLpepopévag &xelvoig. ’

Hipp. Ref. I 7, 4-5, D. 13 A 7; cf. (a) Abt. II
13, 10, D. 13-A 14, (b) Ia. II 20, 2, D. 13 A 15.

(a) ‘Avagipdvne mvplvny pdv Thy @dory v Gotpwy, mept-
dxery 8é Tuva xal yeddn oduata cvuxeplepbueva TOVTOLG
dépata.

(b) ’AvaEwpévng wopLvov dxdpxetv TOHv HALov dxegqhivato.

17. AvaELpévne 68 xal AvaEaybépag xal AnubdxpLtog Td
ardtoc altiov elval gact tof pévery adtive (T.e. yhv)
od y&p Tépverv, 4AN’ EmirwpatlZerv TOv &épa TOV xdTwdev,
drep @alvetatl T& TAdToc ExovTa ThV ocwudtwy ToLeTv:e
Talta yhap xal mpdg Todg dvéuovg Exetr dvowLvhtwg HLd THY
dvtéperortv. Tadtd &Y ToUTo moLelv TH wAdTetr gaocl THY
yHv ®pdg Tay dmoxeluevoy dépa. tov &’ odx Exovta Tob
petactivar Ttémov Exavdv &6pbov 1§ xdtwdev fpepetv, do-
nep T0 &v Talg xAheydidpatc Vowp.

Arist. de Cael. 294 b 13, D. 13 A 20; cf. (a) Fs.
Plut. Strom. 3, D. 13 A 6, (b) A%t. II 22, 1, D. 13 B
2a, and (c) Ia. III 15, 8, D. 13 A 20.

(a) m=uAovuévov 68 Tol dépoc mpdtnv yveyeviobal Aéyel

Ty yfiv ®"Aatetav pdras oud xal xatd Abdyov adthy & = -
oxetlodar i dépte xal Tdv Hhiov xal Thv oeri-
vy xal td Aouxd Gotpa THV doxhv tfic vevéoewg gxevv &x
vfic. d&mogalvewar yoBv Tdv HAtov yHv, &4 62 Tthv dEetav
xivnorv xat udr’ Etxavig 6eput)y Tadtny naBouyv AaBelv.

(b) mhatdy &¢ T E T a X o v Td HAiov.

(e¢) AvoEupévyng O6vd ©d “AGtoc & xox el oBat B
&dépe.



18.

19.
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AvaEiLpévng dxrd ﬂe@uwiuévov dépog rat dvTiTirov
gEwbovpeva T8 dotpa Thg Tpomdg woteTobal.

A%t. II 23, 1, D. 13 4 15.

(7) dvépovg & yevviodai, Stav % ReRVAVOULEVOG O
dNp xat dobelc gépntar B+ ovverdbvia 62 xal &nt wAel-
ov maxvvoévta véen yevvdodatr xnal obrtwe elg Hdwp peta-
BdAretv, xdhoZav &% ylveobai, &tav Axd TBv veodv Td
Yowp ratapepbpuevov moyfe  xuLéva 68, Stav adtd walra
gvuypbtepa vta THELY AGBT. (8) dotpamtyy &6’ Btav Td
véopn dtiotfitar Blg xvevpdtwv: Todtwy yhp OuioTanévev
Aapurpdv xal wupddn ylveobar THv adyfive Llpiv 6% yev-
viocOar Thv AAraxBdv adylv elc &dépa ocvveotdta KLrTOLOBYV.

Hipp. Ref. I 7, 7-8, D. 13 A 7; of. (a) ABt. III
4, 1, D. 13 A 17, (b) Id. III 5, 10, and Schol. Arat.
p. 515, 27 (from Posidonius), both in D. 13 A 18.

(a) ‘’AvaEicpévne véen .pév ylveobar maxvvoévrtoc &xt mrel-
ov Tto¥ dépog, udrlov &6° &riovvaxbévrtoc &xBALBecOaL Todg
5u6povg; yoraZav &€, &metddv Td wxatagepduevov Howp mayd,
xtéva &’ OoTav CupRepLANEOT TL TH Vypd TvevuaTLHbV.

(b) ‘AvaEwpédvne Tpuv ylveobalr xat’ adyaocpdv HAlov wpdc
vépel Toxvd xnal maxel nxal pélave mapd Td wh ddvacdat
ng dxttvag elc ©d ®mépav OdLaxdrteitv &xtovviotapévag
adtdh.

thv Tptv AvaEipévne enot ylveocbat, Hvixa v &xi-
réowotv al Tol HACov adyal elg maxdy xal wunvdy Tdv
dépa.  d6ev 1d pdv wpétepov adtoB To¥ HAlov QoLvixoDv
palvetat, Ouaxatduevov dnd Thv dutclvwv, Td 6& uélav,
xataxpatobuevoy dnd 1fic dypdtntoc. xal vuxtdg 6& ono
ylveocbat Thv lpiv &xd <fic oerfivng. :

Note: it is, of course, true that rainbows are
caused by the falling of the rays of the sun.or, by
night, the moon on precisely what Anaximenes meant by

- condensed aer, viz. a heavy mist or raindrops; but

the Greeks always remained ignorant of the fact that
the colours of the rainbow are caused by the variat-
ions in the angles of refraction of light waves of
different frequencies (or wave-lengths%, as demonstrat-
ed by Isaac Newton with the prism.
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In these passages we see the workings of rarefac-
tion and condensation upon aer on the cosmic scale. The
heavenly bodies arose from earth (very condensed aer) by
rarefaction through the stages of moisture and normal aer
to the rarest state, fire. DPassage no. 16 describes this
process, but this passage and no. 16a also refer to cer-
tain invisible earthy bodies in the heavens. These occur
also in some later systems, where they are postulated to
explain eclipses, as is the case with Anaxagoras, whose
astronomy is much indebted to Anaximenes.

Passage no. 17a states what we should have had to
infer from no. 16, namely that the earth was the first to
be created; but after stating that the origin of the heav-
enly bodies was the earth, Ps. Plut. goes on to say that
the sun was earth, apparently contradicting nos. 16, 16a
and 16b., It is, however, no real contradiction: since
the earth is the source of the matter of the sun, and since
21l matter, including earth, is only aer in different forms,
the phrase is true in a manner of speaking.

Ps. Plutarch next gives the cause of the fiery na-
ture of the sun, namely rapid motion (one of the possible
causes of change of state given by Hippolytus in passage

no. 15). We know that Anaximenes' universe revolved;
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for in a number of passages (Diels 13 A 12-14) we are told
that it did, and in such a Wa& that the stars go around
rather than under the earth - the mode of revolution is
like that of a millstone or of a cap round the head (Hipp.
Op. Cit. 17, 6, D. 13 4 7). So the rapid motion refer-
red to will have Seen that of thelécvn that acts as motive
cause throughout Ionian speculation.

The property of aer called resistance that we in-
ferred from passage no. 8 of Anaximander is for the first
time explicitly dealt with by Anaximenes: it is the reas-
on why the heavenly bodies and the earth remain in poéit-
ion; they are flat, and borne up by the aer, v, passages
noé. 16, 17, 17a &.17b, of which no. 17 gives the explan-
ation. |

It appears from the‘first two sections of Book II
of Aristotle's Meteorologica, especially passage mno. 10
sup., if we can trust the (somewhat doubtful) identificat-
ions given by Alexander on the authority of Theophpastus
in no. 10a (p. 34 sup.) of the people vaguely referred to,
that whereas Anaximander (and biogenes) explained solstices
and the movements in declination of the moon by failure
of the moisture by which the sun and moon were nourished,

Anaximenes (and Anaxagoras) explained them by means of
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the resistance of compressed aer, cf, passage no. 18, in
which A8tius generalises this explanation to cover the
tponal of the stars as a whole. Aristotle rightly rejects
both explanations. In any case, the identifications that
I referred to are not certain, the whole passage of Aris-
totle is fraught with difficulty, and the meaning 'sol-
stice' for Tpomi rather than 'revolution' is disputed.

Too much importance should not, therefore, be attached to
this subject with reference to either Anaximander or Anax-
imenes.

If we add this property of resistance and the.pos-
sibility of invisibility. to theilist of properties of aer
inferred for Anaximander, and take aﬁay non-inflammability
(for aer, rarefied, turns into fire), we obtain a complete
description of the aer of Anaximenes, with the proviso
that the former's was derived from the apeiron while the
latter's is a real substance in its own right.

Finally it is worth noticing, though the point is
not scientific, that since Water, Apeiron, or Aer, the
principle of the Milesians, is eternal and deathless, it
tends to have been spoken of by commentators as having been
considered to be divine, or a god. This is an ancient

misinterpretation. The word 'divine' itself meant to the



;59_
Milesian rationalisers simply 'eternal and deathless' and
nothing more. It was to be taken metaphorically and not
literally, and is an example of the way in which a pioneer
in any subject is hampered by the 1éck of a pre-existing
technical vocabulary (cf. the well-known complaint of Luc-
fetius). The Milesians were ratiénalising mythology into
science and ﬂot substituting one type of religion for an-
other. It is not even certain that Thales ever did say:
"All things are full of Gods", and if he did he was not
advancing a pantheistic dogma. Cicero committed this
misinterpretation in the case of Anaximenes:
post Anaximenes abra deum statuit eumque gigni
esseque immensum et infinitum et semper in motu, quasi

aut aer sine ulla forma deus esse possit ... aut non
omne quod ortum sit mortalitas consequatur.

Cic. de Nat. D., I 10, 26, D. 13 A 10.

Aer was definitely not created. On this point Hippolytus
(passage no. 15 sup., sec. 1) and Augustine preserve a
- more correct interpretation:

omnes rerum causas. alri infinito dedit, nec deos
negav1t aut tacuit; non tamen ab ipsis alrem factum,
sed ipsos ex abre ortos credidit.

Avg. C.D. VIII 2, D. 13 A 10.

Even here, however, we must be wary of the assertion that

gods were created from aer. If Anaximenes did indeed say
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that gods (and not just things that were 'divine', i.e.
eternal) were created from air, he may not have been mak-
ing a scientific assertion that gods exist, but rather
meaning that if the Homeric gods, or indeed any gods, ex-
isted, they would not be made of something supernatural,
but of aer, just as our soul is, and our body come to that.
(C£. Galen, D. 13 A 22: ofite ydp mdumav dépa Aéyw TdV
4vepwrov Bomep AvaZupévnc.) With regard to the first
principle itself being called a god, in addition to the
point I have made about the meaning 'eternal', there may
also be some truth in the comment of Altius:

AvaELpnévne tov dépa (t.e. 6edv elvatr)s 6Hel &° dn-
axovetv &nl tlv oltwg Aeyoudvwv Tdg &voinmrodoag Tolg
ototxetot¢c 1) Tolg owpact duvvdpetc.

A%t. I 7, 13, D. 13 A 10.

We shall find that Anaximenes' theory had a very
great influence upon his successors. The Pythagoreans
were much indebted to it. Anaxagoras and the Atomists
adopted many views typical of him, while Diogenes tried
to reconcile his theory with the refinements of Anaxagor-
as. An Ionian School persisted with many minor thinkers
following in Anaximenes' footsteps in addition to those

just mentioned. In fact his speculations and conclusions



-71-
became as it were a basic starting point from which later
thinkers deviated along their respective paths, and a
storehouse of material from which they drew ideas about
aspects of science in which they were not themselves prim-
arily interested but about which they felt that they ought

to say something for the sake of completeness.

.000,
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CHAFTER FOUR
EARLY WESTERN THOUGHT

The work of Anaximenes marked the culminating point
of Milesian science. There were certain difficulties in-
herent in any monistic system; but other schools of thought
that approached the subject differently escaped some of
fhese. ¥  The idea of an infinite store of the primary
substance outside of, or 'encompassing', the particular
universe in which we live is logically unsatisfactory (but
it is unsafe to say 'scientifically unsatisfactory' as one
would have a few years ago until the continuous creation
theory of F. Hoyle is definitely accepted or rejected).

It places the matter of the world that one has explained
in the midst of a far greater amount of matter that one has
not explained, which is both irrational and uneconomical.

The "infinite store is there 'that becoming mey not

fail'. Aristotle points out in Phys. 208 a 8:

obte ydp Pva & yéveotg uhy &mxirelxyn, dvayxalov
Evepyelq dxmetpov elvar odpa alobntédyve Evdéxetal yap
Thv Batépov @Bopdv Oatépov elval yéveoiv, Remepaouévov
8vtog To¥ mavtéc.

C. Bailey in The Greek Atomists and Epicurus, p. 18,
discussed these difficulties and I am indebted to him here.
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The latter is of course Aristotle's own view, and was
that of Heracleitus, v. inf. - logically at least it dis-
"poses of the infinite store.

Moreover the Mileésians had not solved the problem’
of the relation of the One and the Many. If opposites,
which are things, sepﬁrated out of an apeiron, the apeir-
on should not have been conceived of as hoﬁogeneous; but
it was so ex hypothesi, If on the other hand all things
are merely different aspects of aer, why do fhey seem to
be so different from aer? Are the liquid nature of wat-
er and the solidity of earth merely illusions?

The next philosopher in the main line of Ionian
thought, Heracleitus, made an attempt to deal with these
difficulties; but before examining his answers it will be
as well to abandon Ionia temporarily, for he may have been
indebted for some of his ideas to two philosophers who,
though Ionian by birth, spent their maturity.in the West:
Pythagoras and Xenophanes.

South Italy and Sicily became the home of a religi-
ous brand of philosophy that contrasted sharply with Ion-
ian rationalism. The religion was the mysticism associ-

ated with the Delian Apollo, the religion of ecstasy and
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catharsis for which the purpose of philosophy was not to
satisfy curiosity but to purify the soul. Living in
organized communities, such philosophers at times adopted
an almost prophetic tone. Great advances in science and
slavish adherence to taboos occurred in one and the same
school. A man might even expound quite irreconcilable
views on the same subject according as he was speaking as
a scientist or as a man of religion.

Pythagoras of Samos, whose floruit is given eas 532
b.c. migrated to Croton and there founded the most famous
of these communities. IHe became a legendary figure, and
it is never easy to decide which of the Pythagorean theor-
ies are due to him and which to his disciples. 1In this
chapter I propose to deal with what I believe to have for-
med an early type of Pythagorean science, some ofsit per-
haps due to Pythagoras himsglf and some to his earliest
followers. This type of Fythagoreanism I believe to have
been developed before the critique of Parmenides, and some
at least of its theories I believe to have been available
for study in the time of Heracleitus. I propose to post-
pone to its proper place in the chronological order the
discussion of the later types that arose during the later

fifth century as a result of the Eleatic criticism and
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the general advances in knowledge that had by then spread
throughout the Greek world.

There are several reasons why it is difficult to
obtain a precise idea of the Pythagorean theories current
at any particular date. Firstly there was the Fythagor-
eans' own habit of ascribing innovations not to the innov-
ator but to the master himself: secondly there is the lack
of contemporary documents, which is made more serious by
the spurious nature of the fragments ascribed to Philolaus,
who lived in the second half of the fifth century: third-
ly there is the reluctance of Flato and Aristotle to at-
tribute views to individual members of the school by name,
and also there are Aristotle's misrepresentations and con-
" fusions with Platonism (cf. Cherniss): finally there is
the modern confusion introduced by those who, like Taylor
and Burnet, see the hand of the Pythagoreans in much of
Plato, especially in the Timaeus.

Consequently it is a question of quot homines tot
sententiae. I have above all consulted the works of Corn-
-ford, Ross (who mostly agrees with him), Raven, Cherniss,
and, with caution, Burnet, and A. Rey (who relies much on
Burnet). Before examining the Pythagorean speculation

in detail in so far as it concerns aer, I shall briefly
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summerise the opinions of Raven, Cornford, and Cherniss,
and then indicate where I agree or disagree with one or
other of them. ®* 1In doing so I shall have to anticipate
by a bare statement some of the points that I shall later
be discussing in detail.

Firstly, all scholars agree_that the Fythagoreans
were concerned with numbers, and something'must be said

about this. Stobaeus (Ecl. I 1, 6, D. 58 B 2) quotes

Aristoxenus as saying:

Pythagoras appears to have honoured the study
of arithmetic most of all men, and to have advanced
it beyond the needs of commerce for the first time,
likening all things to numbers.

The reason for his numerical interest is said to
have been that he discovered the relation between number
and music. Whether or not Pythagoras himself observed

the musicel consonances in a smithy as legend has it *¥*

* 1 shall not quote the authorities in full, for many

passages would be too long to quote in Greek when they are
not devoted to aer. They are all either quoted by Raven
or collected in Diels 58 B, and many are translated by
Cornford. To save space I shall merely refer to them,
except for quoting in translation passages of particular
note or doubtful interpretation. The books concerned are:
Raven, Pythagoreans and Eleatics: Cornford, Plato and
Parmenides: Cherniss, Op. Cit..

¥%¥  As Burnet points out (E.G.F. p. 1068), this story
will not bear examination, but Pythagoras could have reach-

ed the result by the use of the monochord.
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it is clear that the early Pythagoreans wére aware that,
other things being equal, the pitch of a note depends on
the length of the vibrating body, and that the lengths
that give consonant notes sre in simple integral rdtios.
This observation both prompted and appeafed to confirﬁ
the notion that all thiﬁgs are numbers and the World is
a harmony. ¥ For if so different a thing, apparently,
as music is based on number, Pythagoras or some early dis-
ciple must have asked, may not other things too be based
on number? Things, for example, like fire earth and
water, or justice soul mind and opportunity? Compare
Aristotle, Met. 985 b 23, D. 58 B 4:

Among these (the Atomists) and before these the so-
called Pythagoreans, bred in the study of mathematics,
which they were the first to advance, thought that the
principles (4pxo() of mathematics are the principles of
all things. Of these principles numbers are by nature
the first; and in these, rather than in fire and earth
and water, they seemed to observe many likenesses to
things that exist and come into being: e.g. such and
such a property (rdoog) of numbers is justice, and such
and such is soul and mind, and another is opportunity,
and so on. Further they saw that the properties and
ratios of musical scales (dpuov(at) were expressible
in numbers. Since, then, all other things seemed in
their whole nature to be fashioned like numbers, and
numbers seemed to be the first things in the whole of
nature, they supposed that the elements (otouxeta) of
numbers are the elements of all things, and that the
whole Heaven is a scale or number.

'Harmony' means a scale with simple numerical rel-
ations, not anything to do with chords or progressions.
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At times, as in the above passage and in Met. 990
a 22, 1078 b 21, and 1090 a 20, Aristotle talks of numbers
or of the elements of numbers as being the elements of
things; at times he talks of things resembling numbers,
as in the above passage and in Met. 987 b 11, D. 58 B 12.
However these alternative ways of describing the relation
between numbers and things are, as will be seen below,
errors or guesses of Aristotle; and it is clear that to
at least the majority of Pythsgoreans things actually
were composed of numbers, compare met. 986 a 15, 58 B 53
Evidently these philosophers also consider number
to be a principle, both as the matter for things and
as their modifications and states.
Compare also ket. 987 a 13, B 8: ¥
- In the same way the Pythagoreans say that the
principles are two, but they added further the follow-
ing, which is peculiar to themselves: they thought
that the Limited and the Unlimited were not character-
istics of something else such as fire or earth or any-
thing else of that sort, but. that the Unlimited itself
and the One itself were the substance of the things of
which they are ¥redicated; and therefore number was
the substance of all things,
Given, then, that things are numbers, there arise
the questions: how are numbers generated, and how are

Other passages that assert that things are numbers
include: Met. 987 b 22, 58 B 13; 989 b 29, B 22; 1036 b 8,
- B 25; 1080 b 6; b 14, B 9; 1083 b 8, B 10; 1090 a 20.
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things generated? ' Thié is where the arguments start.
' Clearly these questions were nof answered identically py
all Pythagoreans at all dates. Raven and Cornford (among
others) both postulate successive-stages in the develop-
ment of their cosmogony, but disagree about the content
of these stages. |

Raven thinks that before Parmenides the theory be-
gan with two principles, Limit (equated with Unity, the
One) and the Unlimited. (Limit may have been regarded
as light and hot, the Unlimited as dark and cold). Unity/
Limit injects the 'first unit having magnitude' like a |
seéd into the womb of the Unlimited. The precise method
of constitution of this first unit is left unclear. . The
simile given is a guess of Aristotle in liet. 1091 a 12sq.,
58 B 26, (cf. 1092 a 32). The first uﬁit now 'breathes
in' the surrounding Unlimited, which is breath or void,
so as to give a line and the number 2 (for the line is two
points having magnitude separated by an interval of void).

The remainder of the number series is now gener-
ated by the breathing-in process. Numbers are thus a
discrete congeries of points having magnitude (&ropa peyé-
om), separated by void. Geometrical solids are next gen-

erated by this process, for the number 1 is the point, 2
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the line, 3 the triangle (minimum plane), and 4 the tetra-
hedron (minimum solid). Thus solids too are discrete
congeries of points. From them come sensible (concrete)
bodies. Qualitative differences in these depeﬁd uron
the varying proportions of Limit and the Unlimited in them,
the proportions forming the Aéyoc plZewc. ¥

Cornford's interpretation had minor differences
from Raven's. He claimed that the starting point was a
divine monad (it was a religious theory-too), different
from the first unit of number, but sometimes synonymous
with Limit. Limit and the Unlimited were secondary, der-
ivative, principles, acting as the 'elements of numbers';
for the first numerical unit was a.compound of both., - Its
constitution may have combined two of Aristotle's guesses
(loc. cit.): four points in pyramid (tetrahedron) form-
ation may have formed a seed from which the universe grew -
by the breathing-in process. This seed may have been

fiery in nature, contrasting with aer and void, which were

equated or at least confused, and were dark., Solids and

® At this early time, according to Raven, the Greeks

did not recognise the existence of abstracts, and so Jus-
tice etc. were concrete and consisted of number just like
everything else. References to 'imitation' are errors
of Aristotle, who was misled by Platonism.
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sensible bodies were generated as above. Qualitative -
differences were, perhaps, ¢aused by condensation and
rarefaction. *

Raven holds that there was no redically new theory
between Parmenides and Zeno, only an emendation: the id-
entity of Unity and Limit was abandoned for, if Limit were
the One (Parmenides' only real existent), the Unlimited
would be non-existent. There was now a.dualism with the
unit considered as a compound of both principles (as Corn-
ford claimed it always had been). The rest of the theory
remained unaltered, but destructive arguments were raised-
against Parmenides, including the following: if the One
of Parmenides is limited (viz. spherical), void can exist
beyond that limit, and the existence of extra-cosmic void
permits the breathing-in theory to stand unaltered.

Cornford's view was very different. The Pythag-
oreans, because of Parmenides' objections to the void and
to the old accounts of generation, ebandoned the generat-
ion of number from the first unit and of the Universe from

the fiery pyramidal seed, gave up also the confusion of

x » .
Abstracts, in Cornford's view, have resemblances

with the properties of numbers so that Aristotle's refer-
ences to imitation referred to abstracts not concretes.
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void with aer, and consequently renounced the breathing-
in theory, and probably the void itself.

The system, says Gornford, was completely recast
into a type of 'number-atomism' that failed as yet to take
into account the distinction between the infinite divis-
ibility of geometrical magnitﬁdes end the indivisibility
of the ultimate unité of which solids consist. Each con-
crete body consisted of a plurality of unit-points (&vouna
weyé6n), which themselves composed an ultimate plurality
of entities having all the reality claimed for Parmenides'
One. Any body could so consist of unit-points since
lines were rows of discrete points, planes of juxtaposed
point-containing lines, and solids of juxtaposed planes.

For Raven the radical alteration in theory came
after Zeno. His arguments about continuity and divié-
ibility hed showed that matter must be considered either
continuous ahd infinitely divisible, like geometrical
magnitude, so that the unit could no longer be thought to
have magnitude or extension, or discrete and ultimately
indivisible, so that it could not be equated with geomet-
rical magnitude. The unit is still derived from the two
principles, and its method of generation is still not

clearly stated. The generation of number is still by
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breathing-in, but it is now interval that is inhaled, no
longer aer because of Empedocles, so that the line is
length without breadth between two limiting points without
magnitude. Its matter is empty space and its essential
nature comes from the number of points that .bound it. *

Sensible bodies differ from geometrical solids only
in being less regular: they therefore also have contin-
uous infinitely divisible space for matter, with the num-
ber of points that bound their lines and surfaces deter-
mining their essence. These points (8po., termini) mark
out the external form of an object, so that their number
determines the 'number of the thing' in the manner ascribed
to Eurytus in D. 45, 2 and 3.

Qualitative differences are now (after Philolaus?)
explained by equating the four Empedoclean elements, fire
air water and earth, with the tetrahedron octahedron eicosa-
hedron and cube respectively, and making the Aéyog p€Eewg
describe the interrelations between numbers associated with
these regular figures.

In the fourth century the line-triangle-pyrarid
method of generation gave way to the fluxion method, viz.
line-square-cube, for it was more consistent with continu-
ity since it still derived numbers from the unit, but no
longer imglied that a line is an aggregate of discrete
units, and so escaped Zeno's criticism.
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Again Cornford's view was very different; ~ This
was an age of clarification rather than innovation. Ar-
ithmetic (dealing with the discrete) and geometry (with the
continuous) were separated because of Zeno. The unit was
still an ungenerated &touov péyeboc - that is why Aristotle
can find no clear exposition of its generation in mature
Pythagoreanism. There was an ultimate plurality of these
basic units. The generation of mathematical objects was
eventually realised to be a logical not a temporal process,
and geometrical solids to differ radically from sensible
concretes: the former were continuous and infinitely div-
isible, but the latter probably consisted of &toua peyéom
composing the four regular figures, equated with the four
'elements' as above. The use of dpov by Eurytus was dif-
ferent from what Raven says: they were not 'termini' but
*terms' in the sense in which alphas were set out as the
terms of patterned numbers (v. p. 91), so that the 'number
of the thing' was the total number of 'point-atoms' in the
thing. The A6yog ulZewg, the interrelation between the
regular solid figures, was as described in Chap. 10 inf..

Cherniss differs from both Raven and Cornford.

They both base a considerable amount of their interpret-

ations on the words of Aristotle; but Cherniss, as usual,

-
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rejects much of his festimony as either confused, or spec-
ial pleading. He speaks of an attempt by Aristotle to
belittle Flato by making much of Platonism merely plagi-
arized Pythagoreanism, an attempt that involves his read-
ing Platonic ideas into Pythagorean theory.

Cherniss believes (Op. cit. pp. 387sqq.) that though
there may have been individual differences in deteil among’
the members of the school or at different times the basic
system remained in much the same form at least until the
late 5th. Century. This system can be summed up in the
theses: 'things are numbers' or 'bodies consist of points'.
Aristotle's account, which brings in the ideas of 'elements
of ﬁumbers' gnd‘of 'imitation', is self-contradictory.

'Things ﬁre numbers' is incompatible with the last
two ideas. If numbers, which are things, consist of a
group of units, i.e. points having position, neither num-
bers nor things can be derived from higher principles,
and the thesis 'the elements of numbers are the elements
of things' is méaningless; Aristotle's attempt to re-
concile these two theses depends upon his finding a theory
of the derivation of the numerical unit, and in one place

he admits that he cannot. His guesses in Met. 1091 a 12
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are just that, guesses; and the 'seed' that Raven and
Cornford accept Cherniss believes Aristotle to have bor-
rowed from Speusippus. ¥

Cherniss believes the breathing-in theory to apply
to concretes but not to numbers, so that Aristotle will
héve confused the cosmogony with the number theory. The
numerical unit is not a generative principle; it is the
'principle' of number simply because all numbers ére groups
of units. The thesis that all apparent continuity is an
aggregate of points was the butt of Zeno's attack, which
proves that his opponents made sensible bodies consist of
aggregates of material points (as Cornford also argued).
This thesis was held at 1east as late as Eurytus, whereas
in the fourth century the fluxion theory replaced it.
| Cherniss is not certain that number is identified
with fire and limit as opposed to darkness and the un-
limited, and denies that numbers are derived from higher
elements. His own conclusion is that the thesis about
the 'elements of numbers' is Aristotle's own recasting

¥ Raven admits the derivation of the unit throughout,
though its constitution was left unclear. Cornford ad-
mitted it for the early period, but would have agreed with
Cherniss for the 'mature' period.



-87-
of the original thesis, éaused by his inability to under-
stand how anyone could have seriously maintained the not-
‘ion of material number, and by his tendency to Platonize
Pythagoreanism. *
Cherniss, then, differs greatly from Raven, and also
from Cornford about the early period, postulating for the

entire period a kind of number-atomism like that of Corn-

ford's later periods; he also differs from both in reject
ing the parallelism between number generation and cosmog-
ony that they accept. I accept it also, but am for my

purposes most interested in the cosmogony. But before I

Cherniss says that Aristotle was taught by Speus-
ippus, who was familiar with the work of Fhilolaus, and
that he may have been influenced by Speusippus in,the re-
casting, which shows some similarity with tge system of
the latter.

With reference to 'imitation', Cherniss believes
it to be an attempt to belittle Plato by showing that he
used a Pythagorean tenet: Aristotle may here have been
influenced by his pupil Aristoxenus, who was antagonistic
to Plato, and claimed first-hand knowledge of the Pythag-
oreans; but it is also possible that Aristoxenus' Pythag-
orean teacher Xenophilus may have introduced 'imitation'
into contemporary Pythagoreanism under Plato's influence.

Cherniss claims elsewhere in his book that all the
opinions following are either guesses, deductions, Plat-
onizings, or recastings by Aristotle: the substantial
nature of the Unlimited and of Unity, the equation of the
Unlimited with void and of Limit with Unity, and the idea
that the Pythagoreans had conceptual numbers as well as
physical numbers (materialised points).
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proceed to this I must indicate my position with respect
to the syétem as a whole.,

I agree with Raven and Cherniss in rejecting Corn-
ford's divine ilonad prior to the two principles, and the
idea that the latter are the 'elements of numbers'. As
Raven admits, the rest of what Cornford says about the
"early stage is hard to disagree with, and I accept, the
common ground of Raven and Cornford. While I agree with
Cherniss that theories about the cohstitution of the first
unit are based on guesses of Aristotle, I am prepared to
accept that the 'seed' is a good guess; but I am as wary
as Raven of Cornford's further guess that the seed was a
fiery pyramid (v. inf., p. 93). ¥

I cannot agree with Raven that all that was needed
after Parmenides was to abandon the equation of Unity and
3

Limit. Raven may be right that something can exist

Cornford's attempt to divide the universe into
concretes and abstracts and to say that the former 'are!
numbers and the latter ‘resemble' the properties of num-
bers has a specious plausibility; but I believe Raven to
be closer to the truth, whether or not Cherniss' suggest-
ion about the influence of Aristoxenus be sound.

¥
* Especially in view of Cherniss' opinion that this
equation was Aristotle's invention, end Cornford's opinion
that the One was only 'sometimes' synonymous with Limit.
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outside a spherical universe, viz. his extra-cosmic void,
but I must agree with Cornford that Parmenides had dealt
a death blow to the equation of void and aer and to the
literal interpretation of the breathing-in theorv ir cos-
mogony. Consequently [ must align my conception of the
second stage with Cornford's ﬁltimate plurality of units
and Cherniss' materialised points rather than with the al-
most unchanged system of Raven.

moreover Raven's third stage seems to err in the
direction of Platonism (cf. the 'Receptacle' of the Tim-
aeus and Raven's use of interval) and even to be tainted
with Aristotle's 'informed matter'. I believe that Rav-
en has fallen into the trap sprung by Cherniss of failing
to spot some of Aristotle's axe-grinding. Discussion of
this must, however, be postponed to Chap. 10.

In this chapter I now wish to review only the pure-
ly physical side of Pythagoreanism before Parmenides (q.v.
in Chap. 6). Here one would expect to find ideas not
greatly dissimilar to, or less primitive than, those cur-
rent in contemporary fonia, ideas about as far advanced
from those of the wilesians as are those of Heracleitus.

By concentrating on number as the clue to the world

the Pythagoreans tended to deal with the formal rather
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than the material; so much so that, as Cherniss rightly
says, Aristotle is misled into importing his omn formal
cause into their theory so as to vitiate some of his in-
terpretation. There is, however, at least in the case
of the mature theory, some truth in Met. 1028 b 16:

It seems to some that the limits of body, e.g.
surface and line and point and monad, are substances,
and more so than body and the solid.

Some scholars believe that Aristotle is correct
when he says (in kiet. 1078 b 21) that at first they only
reduced the definitions of a few things, like opportunity,
justice, and marriage, to numbers. I shall proceed, how-
ever, on the premiss that the thesis 'all things are num-
befs', if not due to the master himself, is at any rate
very early; Xenophanes specifically states his disagree-
ment with certain parts of the physical theory connected
with it (v. inf.). |

The Pythagoreans will have been aided in working
out this thesis by the existence of a primitive way of
expressing numbers, not by the Classical use of letters
of the alphabet as numerical symbols, but by the use of
a more pictorial method, akin to the abacus that is still

used in China, namely that of setting out the relevant

number of alphas side by side or of placing pebbles on
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the ground in similar fashion. ¥*

From this developed
the idea of patterned numbers: 1 is represented by one
alpha, pebble, dot, or imaginary point in the mind's eye,
2 by two in a line, 3 by three in a triangle, 4 by either
four in a square or four (imaginary poines) in a pyramid
(tetrahedron); higher numbers could similarly be represen-
ted by triangles, squares, oblongs, or cubes.

The method may be summed up as the use of dots
(8pot: lit. '"boundary-stones') marking out a field (xdpa).
This procedure led to the method discussed on p. 84 by
which Eurytus determined the 'number of a thing'. |

It will be easily seen how familiarity with this
pictorial representation of figured numbers could suggest
the theory of generation of number described on pp. 79sq.,
s generation that is, pace Cherniss, parallel to and part
of the generation of the physical universe.

It was a great etep forward in the history of
science when to the study of matter there was added the

study of structure and a connexion with number that could

lead to the idea of quantitative analysis. Modern science

* Cf. Nicomachus, Arithm. 82sq., and Iamblichus, in

Nicom. 57. From the Latin for 'pebble', of course, we
derive the English word 'calculation'. .
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with its non-material subatomic entities, its quantum
theory and wave-mechanics, and its probability theory,
may be said now to concentrate rather on these aspects
than on the grossly material, and we have to thank the
Pythagoreans for being, after Thales, second 'Fathers of
Science' in that they took the first steps along this
path.

The Pythagoreans, however, confused number, vhich
is really an aspect of form or structure, with body itself
so that in their cosmogony number is that out of which
things are made, that of which they actually consist.

The Universe, like number itself, starts from the 'first
unit having magnitude'. Aristotle discusses this at
Net. 1091 a 12, D. 58 B 26:

It is strange to postulate a generation of eter-
nal entities - nay more, it is impossible. However
there can be no dispute whether or not the Pythagor-
eans do postulate one; for they openly say that when
the Unit had been constructed - whether out of planes
or surface or seed or out of something that they are
at a loss to name - the nearest parts of the apeiron
immediately began to be drawn in and limited by the
Limit. But since they are dealing with cosmogony and

wish to speak physically, it is right to consider them
under physics, not metaphysics as here.

Aristotle repeats the guess about seed at Met. 1092 a 32,
expressing his own objection to such a theory thus:

But nothing can come from that which is indivisible.
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_ As I said on p. 88, I am prepared to accept this
guess about seed, for it is characteristic of Pythagorean-
ism as of all early Greek thought including that of Anax-
imenes (v. pp. 48 and 50 sup.) to regard the universe as
a living, breathing, creature, and the seed is the start
of life. A passage of Hippolytus (Ref. I 2, 6) shows
how the seed probably fitted into the Pythagorean theory:

The beginning of numbers is the first unit, which
is male and like a father begets all the other numbers;
while the number 2 is female, also called the Even.

Note that it was a common Greek belief that the father
alone generated the offspring: the mother merely provided
'living-room'.

I cannot accept the additional guess of Cornford
(Op. cit. p. 19): ."This view could be combined with the
previous suggestion (sc. planes or surface). The four
units composing the pyramid might be regarded as 'seed',
if the living world is to grow from this first body into
all three dimensions". This is an unnecessary complic-
ation, and it spoils the analogy between the generation
of number, which definitely proceeds from a single roint,
and that of the universe - the method of generation is

the same in both cases, so that we should expect the

points of origin to be analogous also.
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The method of generation is in each case the so-
called 'breathing-in', which Aristotle describes in Phys.
213 b 22, D. 58 B 30: *

elvat 6’ Bgacav xal of Nvbaysdpetot ﬁevév, wal &m-
etovéval adtdh TH odpavd &x To¥ drelpov wvedud te o¢
dvarvéovti xal Td xevév, 8 dtoplZetr Thc @voetg, dg Sv-
T0¢ To¥ xevolU xwptopoB tivog Thv &peEfic xal duoploeswg®
xal ToBt’ elval wpltov &v Tolg dpubpolcs Td yip xevdv
dvoplZeLy Thv @douy adthv. '

Stobaeus (Ecl. 1 18, 1, D. 58 B 30) quotes this passage
and immediately afterwards refers to Aristotle's Frag.

201:

&v 08¢ T Nepl tfic NMvbaybpov @LAocoplag RKpdTY
ypdopet TOY pdv odpavdv elvar 8va, &reuvodyecbar 6 &x
To¥ &melpov xpévov te xal wvofy xal Td nevdv, & Sitopl-
Zet &xbdotwv Tlg Ydpag del.

Compare also this passage of Abtius.(II 9, 1); **

ot pev &nd NMuoaydbpov &xtdc elvar Tol xbéonov Td
xevéy, elg 8 dvamvel & xbopoc xal &E od.

It is in connexion with this notion of the exist-

ence of a boundless breath outside the universe that the

The readings adopted by Diels and Ross differ, but
the difference, though great, does not affect the theory
described. '

*£ ¢f. also het. 1091 a 12, p. 92 sup., and Phys. 203
a 6, D. 58 B 28, which applies the process to number.
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disagreement of Xenophanes (see p. 90) is relevant. *

He would not accept an external store of matter that could
be breathed in by the universe, but to the Pythagoreans
the universe was a living creature and so could breathe
and grow like any other living creature (see p. 93).

In the sphere of arithmetic, then, numbers are a
congeries of units, akin to limit, that are held apart by
the unlimited, which is 'drawn in' from outside; this is
one aspect of the unlimited: another aspect of it is that
substance which the universe breathes in in the sphere of
cosmogony and physics. This is given various names (time,
breath, the void), and it plays the part of the kilesian
unlimited external store. But just what is it?

To Cornford (Op cit. p.-18) it 'unmistakably cor-
responds to the boundless Air of Anaximenes, that breath

) Ps. Plut. (Strom. 4, D. 21 A 32) and Hipp. (Ref. I
14, 21 A 33) both state that Xenophanes' earth is not sur-
rounded by aer, which contradicts the external store that
the theories of the Milesians and Pythagoreans shared.
D.L. (ix 19, 21 A 1), referring to Xenophanes' God, though
I shall show in Sec. ii of this chapter that in fact the
assage ‘deals with the universe, says uf pévvor dvamvelyv
%using the same word for 'breathing' as in the passages
on p. 94), which contradicts the liilesian and Pythagorean
theories of a living, breathing, universe. While these
sources are, as will be seen in Sec. ii, confused, I never-
theless feel that they do represent the thought of Xenoph-
anes on these points, if not his actual words.
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or air which encompasses the whole cosmos and is compared
to the human soul, which is also air'. For him the early
cosmogony has two primitive factors: "Fire or Light,
associated with limit, and the dark Air, identified with
unlimited void, the 'Night' of pre-scientific cosmogonies".
But whereas Anaximenes' Air is the ultimate substance of
all things, the Pythagoreans' is rather 'the empty space
not occupied by body but separating bodies and their parts'.
Thus Cornford definitely identified aer and void in this
context as did Burnet, who identified the unlimited with
'air, night or the void'.

Raven has a different interpretation: air and.the
void and time (cf. Arist. Frag. 201, p. 94 sup.) ¥ are dif-

ferent manifestations of the unlimited, each distinct in

Raven, Op. cit. p. 48, points out that it has been
claimed that Phys. 213 b 22 (Diels' reading) and Frag. 201
distinguish between breath and the void (and time in the
latter) by joining them with the word xa¢. Since both
passages say that breath and the void are drawn in 'from®
the unlimited, it may look as if they are separate things,
neither identical with the unlimited but both derived from
it. Thus Raven believes that both Cernford and Burnet
oversimplified. However, he says, xa can mean 'i.e.',
and in any case our authorities know that aer and void are
‘not identical and so would automatically insert xa( unless
writing with historical precision, so that this objection
to the identity of breath and void is not very strong.

But the mention of time nevertheless tells against the
complete identity of all four concepts.
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its own field, but within that field representing, and
so virtually identified with, the unlimited. With this -
1 agreeas far as the relationship with.the unlimited is
concerned. Raven would say that the void has its func-
tion as that which separates the points in numbers, and
ser as the breath of the physical cosmogony. This is a
possible interpretation; but I feel that there is more to
be said on the subject.

The true corporeal existence of air in the modern
sense of the word had not yet been proved by Empedocles,
although Anaximenes had guessed at the possibility of an
invisible type of aer. I‘should agree, therefore, wifh
Cornford that we are dealing with something akin to the
aer of Anaximenes, but should add that we may be dealing
with just the invisible form of it. Since it is invisible
it appears to the primitive observer as if there is no-
thing in its place at all, as Aristotle points out in sev-
eral contexts:

doxet va&p elvar xevdv & dfp. (de An. 419 b 34.)

Td yap xevdv xododuevov dépog mAfipég &oTu. (de
Part. An. 656 b 15.)

ot &’ &vopwmotr ,.. gaclyv &v § SAwg undév &ote,
To¥t’ elvar xevév, 610 Td TAfipec dépoc xevdv elvat.

(Phys. 213 a 27.)



-08-

There was in fact during the sixth and early fiffh
centﬁries a very real confusion in men's minds about void
and emptiness. The.Greeks found the notion of totally
empty space, of a vacuum, difficult to grasp, and the pos-
sibility of the existence of wd uh &v remained a hotly
contested point throughout the classical period.

Parmenides was the first to state openly that =
xevéy must be ©d ph 8v (whose reality he was concerned to
disprove), and Empedocles was the first to show experiment-
ally that invisible aer is fully corporeal: until that
time the common view may perhaps have been that the so-
called void was filled with a sort of invisible aer, like
that of Anaximenes only not fully corporeal in the sense
-that the standard misty aer was, nor yet absolutely non-
existent in the way that td pud v of Farmenides was.

This may perhaps have been what the Pythagoreans
meant when they spoke of 'breath and the void'. This
semi-real substance may have had about the same degree of
reality as had the void of Leucippus, which was consciously
 adopted as something somehow real in spite of the Parmen-
idean arguments, and used to keep the atoms apart just as
it kept the Pythagorean points apart. Leucippus, of

course, would have been aware, as the Pythagoreans would
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not, of the way in which this semi-reality differed from
true reality.

On the other hand, we know that there were differ-
ences of opinion within the school, among contemporaries
as well as between successors, so that individuals may
have inclined, some towards a true void (like Leucippus®
in use but fully real) or towards a semi-real void (as
above), others towards invisible but fully corporeal ser
(like the guess of Anaximenes), and yet others towards
darkness (a corporeal substance - aer, in the sense in
which the word was used by the pre-scientific speculators
and Anaximander), each notion perhaps being opposed to
fire or light. The result is, if this be true, that our
suthorities, who were writing a considerable time later,
will have summed up in the phrases that seem to identify
breath, void, and the unlimited, the various opinions of
a school rather thén a single theory. |

Whether or not this breath was conceived of in any
of the above ways, it cannot at any rate have been meant
as the standard misty aer, employed along with fire in a
physical dualism of principles in the Milesian sense of
the word, a dualism intended to replace the Milesiaﬁ mon-

ism. Aristotle in Phys. 203 a lsqq. draws a distinction
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between the Pythagoreans and the physicists that rules
out such an interpretation. The Pythagoreans; he says,
make the infinite a substance in its own right (present
in sensible things and also existing outside the heavens)
while the physicists assign to-the infinite an underlying
nature, that of one of the 'elements', e.g. water or aer.

As with breath and the Unlimited, there may also
have been differences of opinion over the physical manif-
estation of Limit, namely between those who did and those
who did not think that it was fiery in nature. Cornford,
after describing his pyramidal seed (p. 93 sup.) draws
attention to Ross' note on ket. 1091 a 15. Ross illus-
trates the formation of the universe from the first unit
by quoting two fragments of Ps. Philolaus (D. 44 B 7 and
17) and Anatol. p. 30 Heib.:

golxaor 6% xatd ye ToUvo xaTnxorovOMUéval Tolg
NMveayoptxotlg ol te mepl ’Eurnedoxuréa xal Napuevhdonv xal
oxeddv ot mAelotolL Thdv ®ihalL cooely, ¢duevol THY HovadL-
xv @doLv &otlag Ttpbémov &v pdoy (opBodar xal 6Ll T
tobpporov @urdocely Thy adthy Eopav.

Ross' own interpretation is this: "The One is
thought of as being in the centre of a shapeless mass of

air or vapour and gradually introducing shape and limit
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into it, working from within outwards. ... The number One
is identified with the central fire, as two was with the
earth and seven with the sun".

Cbrnford, however, after distinguishing between the
Philolaic central hearth around which the earth revolves
from the central earth of the earlier theory, refers to
Hilda Richardson, who claims that early Pythagoreanism
'conceived of fire as existing at the heart of their cen-

tral, spherical earth'. ¥ She adduces Simplicius' state-

ment that this fire 'endowed the earth with life and heat'.

She too cites the passage of Anatolius quoted by Ross; a
little .earlier in the context the povadixtv ¢dorvy had been
called a &vadixndv Sudxvpov xbBov. Like Cornford Miss
Richardson agrees with Burnet's statement that Pythagoras
jdentified the Limit with fire (E,G.P. p. 109); so she
concludes that fhe cosmogonical first unit with magnitude
was this fiery central unit, round which the boundless '
mist or darkness has 'condensed to form the hard solidity
of earth'.

¥  Hilda Richardson, in C.Q. XX (1926) p. 119.

*® gimpl. de Caelo, 512, 9, D. 58 B 37. Simplicius
has just contrasted the theory of a central fire around

which revolve the earth and the antichthon with this cen-
tral earth theory. '

X
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Rejecting the cube in favour of his ovm pyramidal
gseed, but accepting the rest of her conclusion, Cornforad
adduces a parallel to his fiery seed and womﬁ theory in
a medical theory attributed to Philolaus by lienon, Anon.
Londin. 18, 8 31, D. 44 A 27: according to this our bod-
ies, and in particular the seed and the womb, are hot;
after birth we draw in breath from outside; this is cold,
and so it cools our bodies. This idea Cornford believes
to have been older than Fhilolaus.

Raven agrees that liss Richardson has made out a
good case for the early Pythagoreans' having fire in the
middle of a central earth, but like myself he is not per-
suaded that the first unit was pyramidal, nor that it, in
its function as seed, was also fiery. DBurnet, on the
other hand, believes that the first unit was indeed.a
point but was also fiery. Cherniss, apart from a very
hesitant admission (Op. cit. p. 27 n. 102) that Burnet
may be correct in conjecturing the identification of fire
with limit, ignores fire altogether in his account of the

Pythagorean units.

If, now, we accept my thesis that there may have

been differences of opinion on this point within the school

there are a number of possible theories that could have -
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been current in it. Some will ﬁerhaps have believed
simply in unit points having magnitude (some perhaps say-
ing that they were generated from a 'seed' unit and others
that they were ungenerated - the theory of Chgrniss),
points that are held apart by real or semi-real void that
has been drawn in from the Unlimited; others in similar
points held apart by invisible aer, while some again con-
fused aer and void completely; yet others will perhaps
have postulated points that Weré fiery in nature and held
apart by that form of aer that the early Greeks believed
darkness to consist of. The latter would then believe
~ that the universe was, in Burnet's words (Op. cit. p. 109):
"A field of darkness or breath marked out by luminous
ﬁnits, an imagination the starry heavens would naturally
suggest". The last'point is a very strong one; but Bur-
net went on from there to import Parmenides' Way of Opin-
ion into the early Pythagorean system and vice versa, and
we must leave him. We may, however, follow Cornford a
little further.

He believes that in the difficult Chap. V of the
third book of De Caelo Aristotle is referring to the ear-
ly Pythagoreans when he speaks of those who believe that

fire is the sole element and that it has the finest shape.
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This finest shape is pyramidal. Cornford quotes Simpl.,
621, 6, ﬁhere that author agrees that Pythagorean fire was
pyramidal (which it certainly was for the post-Empedoclean
school, v. Chap. 10) but not that it was the sole element.
Cornford claims that he can make out a case for fire's
being the sole element. It is so because aer is not so
much a second element as just the vacancy that keeps the
fiery pyramid-atoms apart. Thus 'the pyramid is the min-
imum solid and the fiery atom' and 'bodies will be aggreg-
ates of such atoms'.

He adds that water or earth could consist of such
atoms packed more clésely with less void between them,
i.e. by a condensation like that of Anaximenes. He sup-
ports this interpretation by reminding us that Theophras-
tus attributed rarefaction and condensation to Hippasus
and (wrongly) to Heracleitus (a pair of names mentioned
by Simplicius shortly before the passage referred to above).

Simplicius quotes this attribution: *

“Ixraco¢c 6& ... xal ‘Hpdxieivtog ... 7hp é&nolnoav
Ty dpxfv, xal &x mopdg moroBor Td Svwa muxvdoer xal
pavdoel .. '

®  Phys. 23, 33, D. 22 A 5. Similar statements occur
in A%t. I 3, 11, ibid. and I 5, 5, 18 A 7, and Arist. Met.
984 a 7, ibid. For the attribution to Heracleitus v. pp.
133, 149 and 158 inf.. .



-105-

Now with the exception of the pyramidal shape, which
I reject for this stage of Pythagoreanism (but which by
confusion with the later stage could have been interpolat-
ed, perhaps by Aristotle, so that the de Caelo passage
could still be relevant), this is a tempting thesis; but
my own feeling is that, although it may well have been the
theory of Hippasus, so that Burnet would be thus far cor-
rect, Hippasus is notorious for his divergences from stand-
ard Pythagorean thought, and it is unsafe to attribute
this theory to the whole early school. If we do accept
that the school admitted differences of opinion, then let
us say that Hippasus and his followers may have believed
in fiery points and darkness/void and in qualitative dif-
ferences caused by the density of the packing together of"
the points.

If, however, my contention that there were differ-
ences of opinion is not acceptable, and I must postulate
just one theory for the whole early school, or if, granted
the differences, I am asked what I believe to have been
the theory most firmly or commonly held in the school, then
I prefer with Raven to avoid too much emphasis on fire,
and to consider the sténdard theory to have been that of

a.universe of unit points like the original seed unit
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separated by 'breath' (in the sense discussed on p. 98
sup.) - the position being analogous to that of modern
atomism of a few decades ago when 'billiafd-ball atoms"
. floated .in that eluéive thing,'fhe 'ether'; the latter,
always vague in concéptibn, has now had to be abandoned,
as had the ancient 'breatﬁing-ip;'theory. "Thus I agréé
with Cherniss' description of the uniferse, but not Wifh
his refusal to allow generation‘of the number series and
of geoﬁetrical magnitude to be parallel to physical geh-
eration. I believe the seed théory becaﬁse I believe
that the univerée was conceived of as a living creature.

The details of the universe thus generated, in
- other words the astronomy, so often a good source of in-
formation about the behaviour of aer,_will not in this -
case be of much help (buf cf. the theories of Alemaeon,
discussed shortly), for the school concentrated mainly
on the application of its theory of harmony to position-
al astronomy rather than on astrophysics. In sublunary
physics there is as yet no serious attempt to explain what
we call 'chemical reactions and combinations'.

Raven would hafe_qualitative differences explained
by a Aéyoc RCEewc that dealt with the proportions of Limit

and the Unlimited in different bodies. Cornford, as we
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saw, believed in condensation and rarefaction. Aristotle,
who frequently points out that the school was not primar-
ily concerned with things like fire aer water and earth,
discusses the A6yog wCEewc in a long passage (iMet. 1092 b
16sq.) that is inconclusive, but at least suggests that |
the formula concerns the proportionate amounts in the
'mixture' and is a ratio of numbers 'whether corporeal or
of any other sort'. All that we can safely say is that
qualitative differences were probably explained by a ratio
whose nature has not been handed down to us or even; clear-
ly, to Aristotle, and not by the degree of condensation,
exceot possibly by Hippasus.

This is as far as we can follow the normal early
Pythagorean tradition. There exists, however, in D.L.
viii 24-33, D. 58 B la, a summary of Pythagoreanism ex-
tracted from Alexander Folyhistor, whose source was prob-
ably a contemporary of Plato.  Although much of the the-
ory in this extract is from later Pythagoreanism (v. Chap.
10) there do remain in it sbme early elements. It also
exemplifies the microcosm-macrocosm analogy that is so
important for the school. I quote here Cornford's trans-
lation of parts of Sections 26-28:

The air (al6tip) about the earth is stagnant and
unwholesome, and everything in it is mortal; but the
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uppermost air is always in motion, pure and healthy,
and everything in it is immortal and so divine. Sun,
moon, and stars are gods; for in them preponderates the
Hot, which is the cause of life. ... A ray from the sun
penetrates through the 'cold aether' (as they call the
air) and the 'dense aether' (as they call the sea and
moisture). This ray descends even to the depths and
thereby quickens all things. All things live, which
partake of the Hot - that is why plants also are living
creatures - but not all have soul. Soul is a detached
part of both the hot and the cold aether, for it par-
takes of the cold aether also. Soul is distinet from
life, and it is immortal because that from which it is
detached is immortal.

Alexander appears to say that there were three strata
of the 'aether', the hot, the region of the stars, the cold,
the region of stagnant air, and the dense, the region of
the sea. I suspect confusion here:; these strata read
suspiciously like Anaximenes, and the stars and that in
which they move appear to consist of the same substance.

I believe that the 'hot aether' should be fire, and the
'cold and dense aether'.not the air and the sea, but the
age-old pair, clearly referred to in the first sentence,
the clear upper air and the misty lower air. The dense
may, &5 mist, be moisture, but not sea, which I believe to
be referred to only by the word 'depths'.

The sun will thus be 'hot aether' in a region of
pure 'cold aether' that is above the stagnant 'dense aeth-

er' about the earth. The opposition between 'hot and
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cold aether' will"be that between fire and pure air: the
pair form the two material principles in so far as any
materiate things can be called 'principles', so that they
will naturally both be present in soul if the latter is
corporeal (whereas Alexander's interpretation makes the
soul consist of air, the unlimited, alone). We see no
trace of the theory that the soul is a 'harmony' (cf. Plato,
Phaedo): it may well be that an earlier theory is pres-
erved here. The soul as air (if we follow Alexander) or
as fire and air accords well with the 'breathing-in' theory
and with early thought (cf. the Orphics and Anaximenes).

This is as far as Pythagorean number-cosmogony can
take us for the moment. To sum up, thgre is not any very
precise early cosmology or meteorology, but what ideas we
can trace are not radically dissimilar to those of the
iilesians, however different the cosmogony and ‘elements’
of the two schools. Pythagorean ideas about aer were con-
fused - less clear-cut than those of Anaximenes; but in
general we may say that they still deglt with the same
type of thing; a substance that might be invisible, or vis;
ible as mist or even as darkness, but whose reality still
awaited confirmation. Aer was still comnected with life,

not only as the breath of the universe and its creatures,
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but also as a constituent of soul. However the concept
of 'void' had now nudged the mind and would have to be
firmly dealt with by Parmenides - it was now explicit, and
not merely implicit as with the Milesians who did not see
that their theories implied it.

For me the importance of early Pythagoreanism lies
not so much in its notions about the physical properties
of aer as in its new viewpoint, the form or structure
(pp. 91-2). Difficult to grasp as the thesis 1all things
are numbers' may be, a new vista was yet opened up by this
attempt to derive the properties of (e.g.) aer not just
from the fact that it is aer and that it is its nature to
appeaf and behave as it does, but rather from some other
concept than matter per se; and in choosing for that con-
cept number, above all number conceived of as pattern,
the school contributed most valuably to the progress of
science.

There was at least some resemblance between Pyth-
agoreanism and Greek atomism. Now structure alone is
not as fruitful a line of enquiry as structure studied
quantitatively, and atomism was not, as was Pythagorean-

ism, concerned with the latter. Consequently the modern

lay acclaim for Greek atomism as the piomeer of, as even
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8 genuine anticipation of, our atomism is ill-informed.
The modern theory was only accepted when it abandoned the
‘manner of Democritus and used a-more Pythagorean approach
- when numerical and quantitative researches were made and
structural hypotheses based on them succeeded in explain-
ing the outcome of experiments and in predicting the quan-
. titative results obtained from them.

We now leave the cosmogony and turn to a member of
the school who was younger than Pythagoras but older than
Parmenides: Alecmaeon of Croton. He was responsible for
the fact that while the Milesians had showed some small
interest in the soul Greek philosophy henceforward showed
great interest in psychology and physiology.

Alcmaeon's theories are recognisably Pythagorean;
yet in Met. 986 a 22 (D. 24 A 3) Aristotle, apparently not
recognising him as one of the school, questions whether he
learned the Table of the Opposites from it or it from him.
He believed that human affairs go by opposites, but, says
Aristotle, did not believe in the particular primary oppos-
ites postulated by the orthodox. At any rate he did be-
lieve in a dualism of a sort.

In astronomy he adopted from the genuine Pythagoreans

suggestions about planetary motions that are well ahead of
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the Ionians', for they replace the single motion of a flat
vortex by compound motions that imply a spherical heaven,

cf. ABt. II 16, 2, D. 24 A 4:

(kv padmuaTLxa®dy TLveg) Tovg MAaviitag Ttolc dmhav-
éouvv 4md Svopdv. &n’ &vatoldg 4dvTigépecbal. TOUTW O&
ovvolohoyel xal ’AAxpalwy.

ABtius tells us in II 22, 4 (D. ibid.) that he had a flat
sun, like Anaximenes'; but in II 29, 3 (ibid.) that like
Antiphon (D. 87) he adopted Heracleitus' 'bowls' theory of
lunar eclipses (v. p. 171). This is typically Pythagor-
ean (cf. the dissident Parmenides) - the main interest is
not in matter but in concepfs of a different nature (e.g.
'being' or structure), and while positional astronomy is
a matter for original research, the composition of the
stars and planets is of less importance, so that Ionian
notions, when not in direct conflict with basic theory,
are more or less uncritically taken over.

There is, however, one important point, which is
brought out by Aristotle in de An. 405 a 29 (D. 24 a 12;

cf. the supporting references given there):

. xal BAxpalwy Bouxev dmoAapelv mept Yvxfic:
onot yap adthv d6dvatov elval S1d Td Zouxévair Tolg
d0avdtoLg: Tolto O’ UVmdpxerv adthHh wg del xvvovuévy:
xuvetobal yap xal Td 6eTa mdvra ocvvexlbe del, ceAfvny,
#riov, Todc dotépag xal TOV odpavdv Ohov.
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The same point is made by Diogenes Laertius in viii 83, A 1:

gon 6% xal Thv Yuxhyv 46dvatov, nal xuvelobai adwhv
ovvexeéc d¢ TOV NALov.

This insistence by Alcmaeon that eternal motion
implies immortality so that both soul and stars are immor-
tal and therefore divine or akin to the divine became stan-
dard in Pythagoreanism, cf. the Alexander Polyhistor extract
on p. 108. The word 'divine' is meant more literally here
than by the lonians (v. pp. 68sq. and 311). This idea
was adopted by Plato, cf. Phaedrus 245 C:

yvoxh ®doa d6dvatogc. TO Ydp detxnlvnrtov 4Odvatov...
(C£. also Timaeus 40 B concerning the stars' divinity.)
From Plato the idea passed on to Aristotle, cf. de Caelo
286 a 10: only, however, as regards the stars -‘the soul
is not in eternal motion.

Alcmaeon's greatest work, which had much influence
on his successors, was in. psychology and physiology, with
particular reference to sensation. He believed the brain
to be the common sensorium and that 'pores' led sensations
to it. Hippocrates and Plato followed him in choosing
the brain, but Empedocles, Aristotle, and the Stoics sub-
stituted the heart, a more primitive notion. I translate

the account of Theophrastus, de Sensu 25sq., D. 24 A 5.
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We hear, he says, with the ears, because there is
void in them; for this is resonant - the source produces
sound in the cavity (sc. of the outer ear) and the aer
(sc. of the inner ear) resonates to this. We smell
with the nostrils, leading the breath to the brain with
the inhalation. ... That the eye has fire is clear, for
on being struck it flashes. But we see with the gleam-
ing and diaphanous substance (sc. water) when it re-
flects, and the purer the substance the better the sight.
All the senses are in some way linked to the brain; so
if it is disturbed and shifts they are maimed, for this
affects the pores through which they reach the brain.

This 'pores' theory comes, if we can trust Chalcid-
ius (D. 24 A 10), from dissections performed by Alcmaeon
that revealed what we call the optic nerves (the Greeks
never identified nerves as such). The details of the vis-
ion theory are collected in D. 24 A 10: he combined the
idea of a visual ray coming from the fire in the eye (a
Pythagorean concept, deduced from the flashing phenomenon)
with that of an image coming from the object and reflected
in the water in the eye (a concept adopted by e.g. Anaxag-
oras, deduced from the 'imége in the pupil'). Alcmaeon's
combination of these two ideas is unconvincing.

The theory of hearing is of great interest; the
sound reaches the cavity of the outer ear by the entrance

of xvebua (ABt. IV 16, 2, D. 24 A B), i.e. ser. ® This

For sensation I am indebted to Beare: Greek The-
ories of Elementary Cognition. For znveBua meaning aer,
sbove all aer in motion, c¢f. D. 13 B 2, p. 50 sup. and
Hippoc. de Flat. 3, p. 317 inf.
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makes the contents of the inner ear resonate: Theophras-
tus refers to these as aer and as void (ABtius says void),
and this may reflect Pythagorean confusion of the two: in
fact this is the context where Aristotle made the comment
quoted on p. 97 (de An. 419 b 34): "For the aer seeﬁs to
be void". He continued: "And it is this that causes
hearing when it is moved as one continuous mass". After
affirming that external aer is the medium of sound trans-
mission and that the inner ear contains aer he concluded:
"That is why they (sc. Alcmaeon and others) say that we
hear by the void and resonant, because we hear by that
which has aer enclosed in it".

We have now, therefore, added two more properties
of aer to the list of those recognised by the Greeks: it
is the medium for sound and light, and in enclosed spaces
it resonates - both statemeﬁts are, of course, correct.

Smell is correctly connected with inhaled breath,
but apart from the fact that this proceeds to the brain
no details are given. This is not surprising: _the mech-
anics of smell are not fully understood today.

The remainder of Alcmaeon's theories are not relev-

ant to aer, and we may temporarily leave the Iythagoreans.

.000.
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Section 1ii.

We must now discuss a man who was, like Pythag-
oras; a religious thinker, but who was far less a scien-
tist. Xenophanes, of uncertain date, but born if Bur-
net is right (E.G.P. p. 114) in 565 B.C. in Colophon,
was a younger contemporary of PYthagqras, and belonged
to the generation before Heracleitus.

His main concern was to discredit the traditional
religion and its anthropomorphic gods, and to substitute
a religion that should pay more attention to ethics than
to divine love affairs. He had a certain interest in
science, however, and producea a few good ideas; but he
had not the ability (or, indeed, the concentrated inter-
esf) to weld them into a consistent system. As Miss K.
Freeman wrote ¥ Xenophanes "was a Poet and threw out
fruitful ideas which he did.not always trouble to work
out in detail or support with cogent intellectual argum-
ent".

Unfortunately, the 'One God' of Xenophanes (D. 21

B 23) elc 06e6c, &v. 1e Beolor xal &vBpdmotoL WéyLoTog,

Here and later I refer to her Companlon to the Pre-
Socratic Fhilosophers, pp. 88sq.. :
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obTL dépag 6vnTotoLv duofiog oddE vénua.
is described in terms similar to those used by Parmenides
(D. 28 B 8) so that he has been wrongly regarded as the
founder of the Eleatic school. Commentators then read
into his work typical Eleatic ideas that he did not in
fact hold, in my opinion, and built up for him a hopeless-
ly self-contradictory system. liost at fault was the ps.-
Aristotle de M.X.G.; but Aristotle himself contributed to
the confusion, and the whole doxographical tradition must
be handled with care.

One source of trouble is the passage Arist. llet.

986 b 21, D, 21 A 30

Bevoopdvng 6& mpldtog Tobtwv dvloac (& y&p Mapuev-
(onc Tovtov Aéyeval yevéoOalL padnThc) oddEv 6ueocaghv-
Loev, oot tfic pdoewg TodTwy oddeTépag Eoitxe Ouyelv,
dAN’ elg Tdv Shov odpavdv dmopréyac T &v elval onou
TOv 0edv.

Zeller and Burnet think that the unclear point was whether
the universe is finite or not: I, with Ross and Cherniss,
think that it was the nature of his cause. The trouble,
however, lies in the last clause. Burnet, Bailey, and.
others, like Cicero (D. 21 A 34), interpret it that with

a view to the whole universe he said that the one was god.

Burnet's interpretation culminates in regarding Xenophanes
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as if he were an inefficient monist who maintained that
God was identical with a spherical finite universe con-
taining an infinite earth and an infinite air! "That
comes of trying to find science in satire" says Burnet.
We shall return later to the shape and size of the univ-
erse: for the moment I am only concerned with its relat-
ion to God.

Ross and Cherniss also translate in the way I have
indicated, and both take odpavéy in the third sense of the
word given by Aristotle in de Caelo 278 b 9sq., to which
Ross refers, viz. the whole universe. Cherniss, however,
points out (Op. cit. p. 220) that it is Aristotle's decis-
jon that Xenophanes made this identification for this
reason. Cherniss also (p. 201) says: "The fragments
give no reason to suppose-that he identified God with the
world; and it is likely that the notion of a 'spherical’
god was inferred for him" on the Eleatic analogy. With
this I fully agree.

For me, then, Freeman mekes more sense of Xenophan-
es by an interpretation that could give Aristotle's words
a different meaning. 1If we take odpavév in either of the
first two senses of the de Caelo passage, the outer heaven

or the region of the planets, sun and moon, i.e. the sense
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of 'heavens' in Psalm 8 (a somewhat similar passage) -
"When I consider thy heavens, the work of thy fingers,
the moon and the stars" - we may perhaps say that Xenoph-
anes, impressed by the sight of the sky, decided that
there was a (single) god - not no god at all as the rati-
onalists thought. We may say with Freeman that his work
fell into two halwves, unconnected except by this emotion,
namely theology and science. Péssages that speak of a
spherical or finite God confuse the two halves because of
fancied Eleatic parallels.

It is by this suggested separation of Xenophanes'
thought . into two independent sections that we rescue him
from contradictions between monism and dualism and between
a motionless god (Frag. 26) and a universe that is god and
yet has motion, contradictions that reduced the tradition-
al account to babblings worthy of an idiot. His religion
contrasted with both hilesian and Homeric ideas, and was
(pace Burnet) of an ethical character. He wanted to be
a monotheist but could not achieve the conception of a
purely transcendent god: his religious feelings did not
however close his mind to science. No metaphysician, he
could not bind all his ideas into a coherent system; but

we should do him the honour of regarding the individual
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parts of his theory as worthy of serious consideration.

Some, at least, of his physical ideas were important.

the

27.

28.

29.

30.

31.

32.

33.

First I quote the physical fragments, and then

relevant portions of the doxographical tradition.

&x valng ybop mdvta xal elg yfv wdvra Terevtd.

valng uév 160e melpag Gvw mapd wocoiv dpdtat
héptr mpoorAdZov, TO wdtw 6’ &¢ Amevpov {xvelzat.

vfi xal Vowp ®évt’ &06’ Soa ylvovt{(ai) HoE ¢@dovtat.

anyh 6° &otl 6draco(a) Yoatog, mmyh 6’ &vépoios
obte vlp &v végpeouv <yivoirtd xe bt¢ dvéporo
Exnvelovtoc> Eowdbev Gvev wdvtov peydroto

obte poal worauly. obt’ al<6époc> SuppLov Vowp,
dANE péyac wévtoc yvevétwp vepdwy Avéuwy Te

wal moTaudy.

hérLSg 6° OdrepuLépevog yaldv T’émiL6dAnwy.

#v ©’ "Iptv xaréovol, végoc xal ToBto méouxe,
wopebpeov xal gouvixeov xal YAwpdv (décdal.

wdvtec vap valng Te xal Vdatog &xyevéuecba.

Eevoodvne &x véoely memvpwwévwy elvat Ttdv HAiov,
eebppactoc &v tolg dvotxol¢ yvéypapev &x wupLdlwv
udv Thv ovvadpoirZopévwy &x Tfic Vypag dvaduptidoewg,
ovvadpoLZéviwy 6& TOV HALov.

ABt. II 20, 3, D. 21 A 40.

onot o6& xal Tdv HAiov &x puapdv xal wAewbdvwy
xvptL 5wy &OpolZechat. ... Gropalvetal 6% xal Thy Yhv
grevpov elvar xal ph xatd wdv pépog meptéxecdat H=wO
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d€poge ylveobalL o6& dmavta &x yHge TOv 6% HAbév oenot
xal T& dotpa &x TEY veolv ylveobal.

Fs.rlut. Strom. 4, D. 21 A 32.

Tdy 6 AALov &x uLxpdv wwpLdlwy &0poLZouévwy
ylveobal xa6’ &xdotny Auépav, Thy 6& yHv Grevpov elv-
at xal phte dx’ dépog whte dxd ToT odpavol xeptLéxeco-
aL. xal dxelpovg HAlovg elvatr xal ocerfvac, Td 68
névta elvatr &x yhc.

Hipp. Ref. I 14, 3, A 33.

B. &% veoly udv memvpwuévwyv (t.e. TOdg dotépac)e
oBevvvuévovg 6& xab’ é&xdotny Huépav dvaZwrvpely vixtwp
xafdrep Tod¢ dAvOpaxac.

ABt. I 4, 11, A 37.

E. todg &xnl w®v ®"Aolwv gatvounévovg oltov dotépac,
ov¢ nal Avooxodpovg xahoBol Tivec, veoéhrta elvar xatd
Thy ®oLdv xlvnouy ﬂapahauﬂovta.

ABt. II 18, 1, A 39.

B. 4nd thic to¥ HAlov Bepubtntoc dg dpxTixfic al-
tlag wév Tolg petapoloig ovupalverv. dverxouévov vap
&% Thc BardTTng TOT dypoT TO YAvxd SLd TV Aextondp-
evav dtaxptvduevov végn Te ogvviotdvelv duiLxioduevov
xal nataotdZevv OuBpovg dnd muAAceswg xal SvaTulZevy
TA RVeVUATO.

ABt. III 4, 4, A 46.

8. ®dvta Td TotaBta (T.e. xopitac, deLTTOVTag,
doxnldac) vepdv mervpwuévwy ovoTAnata A ALvApata.
ABt. TIT 2, 11, A 44.

2. dotpardg ylveobat Aaumpvvopévwy Tl veedv
®aTE THY HivnouLv.

ABt. III 3, 6, A 45.
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The statements of D. 21 A 36 that Xenophanes was a
monist with earth as his element go back to Frag. 27.
Galen points out that this was never said by Theophrastus,

and met. 989 a 5 of Aristotle is relevant:

ovBelc yoBv hE(woe Thv Ev Aeydviwy yHv elvat
otouxetov, &mAovétL &ud Thv peyaropépetav.

Frag. 27, then, does not imply this. In fact Frags. 29,
30 and 33 show that water was as important to Xenophanes
as was earth: he was no traditional monist. Frags. 27,
29 and 33 probably referred to the origin of life, for
like Anaximander Xenophanes had a theory of the evolution
of 1life from primaeval slime. ¥ There is a full discus-
sion of this point on pp. 324-5 inf..

Frags. 30-32 reveal that Xenophenes was familiar
with the evaporation cycle and attached great importance
to it; and the doxographers confirm this. Aer is evapor-
ated from the sea to form clouds and wind: these substan-
ces, therefore, are still conceived of as they were by the
Milesians, and his aer has similar properties to theirs.

Frag. 27 might just possibly be a reply to the Or-
phic and Pythagorean tenet that Zeus is 'the beginning and
the end'. The de w.X.G. (D. 21 A 28 at 977 b 4) and Sim-
plicius (4 31 at Sec. 5) both say that he equated not-being
with the apeiron since it has no beginning middle or end,
which shows that Xenophanes was familiar with such Pythag-
orean sayings.
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D. 21 A 40 tells us that the sun is from clouds on
fire (from Posidonius) but that Theophrastus said that it
was from ‘sparks' or 'little fires' collected from the
'moist exhalation', to which no cause is here assigned.

D. 21 A 32 also says that the sun is a collection of
sparks, as does A 33. Now if the sun is made of clouds

on fire (as indeed are the stars, A 38, and the phenom-
enon known as the Dioscuri, A 39) there is a vicious cir-
cle, for Frag. 31 talks of the sun swinging over the earth
and warming it, Frag. 30 gives the sea as source of clouds,
and A 46 gives the sun's heat as the cause of the evapor-
ation that gives rise to clouds. Consequently a cloud
(the sun) is the source of clouds! It would appear, then,
that the alternative explanation for the sun is to be ére-
ferred. The sun is a collection of sparks that are kind-
1ea at dawn and quencheﬁ at dusk so that as A 33 says there
are innumerable suns (and moons) and as A 4la says each
region has its own sun, which may be eclipsed by falling
into holes in uninhabited parts of the earth.

This last sounds fantastic, but it is in the spirit
of the times. Heracleitus (Frag. 32) likewise stated:
"The sun is new every day", and his explanation of eclip-

ses is no more lacking in humour to our ears.
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With the source of the solar sparks given by Theo-
phrastus, the moist &vabuvulaocig, we are on much more ser-
ious ground. The concept of exhalations is an important
one, and it plays, as we shall see, a considerable part in
some later theories. We are not given any expianation
of Xenophanes' exhalation by our source, and it is very
unlikely that the word &vadvulacig itself was actually
employed by Xenophanes; but we can at least note this,'ﬁhe
first occurrence of the concept later so called, and as-
sure ourselves that with the importance that Xenophanes
undoubtedly assigned to evaporation and to clouds as major
factors in meteorology it is very likely that Theophrastus
has preserved a genuine ingredient of his theory, and not
committed an anachronism - again, as with the many suns,
similar ideas are used by Heracleitus. Just what an ex-
halation is will be discussed under the latter (Chap. V).

The next point of interest is that it is motion
that makes clouds luminous so that they appear to us as
the Dioscuri (St. Elmo's Fire), A 39, as comets etc., A
44, and as lightning, A 45. This recalls the statement
of Anaximenes that motion is one of the causes that makes
aer visible. But wheréas Anaximenes was mainly concerned

with the relation between temperature and density so that
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motion was rather incidental, Xenophanes seems to come
closer to modern kinetic theory by connecting motion and
temperature as cause and effect. The resemblance is on-
ly apparent; for it is atomic motion and not motion on the
macroscopic scale that is connected with temperature fun-
dementally. On the latter scale the heating of a fast
moving body is due to friction rather than to the motion
itself (there would be no heat if it moved through a vacu-
um). But granted this, Xenophanes' explanation is at
least possible, though not in this case correct.

We now turn to the earth. Apart from the appar-
ent confusion mentioned by Burnet (cf. p. 118 sup.) over
a spherical finite universe that contains an infinite
earth, confusion has also been introduced into the trad-
ition by the de wi.X.G., which says that Xenophanes stated
that the world is neither finite nor infinite, neither at
rest nor in motion.

A tradition that goes back to Theophrastus and the ¥
de i.X.G. states that the universe (equated with or simply

*  Gf.Simpl. Phys. 23, 18, and 22, 22, D. 21 A 31,

quoting Alexander and Theophrastus; de uXG 997 b_l, 987 a
20, A 28; Hipp. Ref. I 14, 2, A 33; Cic. Acad. II 118, A
34; D.L. IX 19, A 1.
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called God in this connexion) is spherical and finite be-
cause, as Simplicius says and the tradition confirms, it
was 'equal every way'. Burnet accepts this, but also the
infinite earth and even infinite aer (the sun goes on to
infinity), and so says that Xenophanes contradicted him-
self by using the phrase ‘'equal every way', and that the
whole affair is just an attempt to get rid of Ouranos and
Gaia, whose story 'was always the chief scandal of the The-
ogony'. He concludes; "We are entitled to disbelieve
that it was in a cosmological poem such startling contra-
dictions occurred."

Freeman more correctly accepts that this is cosmol-
ogy; but she accepts the infinite earth which implies re-
jection of the finite universe. Cherniss adopts the same
position, maintaining that Theophrastus referred only to
his god (not equated with the universe) as spherical and
that this was mere inference from Eleatic notions.

Let us examine the material in detail in an attempt
to arrive at a more satisfactory interpretation. D. 21 A
32 and 33 (pp. 120-1) both contain in almost the same words
the sentence: "He states that the earth is apeiron and
not completely surrounded by ser" (Hippolytus adds "or by
the ouranos"). The infinite earth comes, of course,

from 21 B 28, which states that the earth has an upper
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limit at our feet, but goes down &¢ 8metpov. Simplicius
in Phys. 22, 22sq., D. 21 A 31, accepts for the god-world
the 'neither finite nor infinite' theory, but quotes Nico-
laus on the side of infinity and Alexander on that of fin-
iteness and sphericity; but in his comment on Arist. de
Caelo 294 a 21 admits that he is baffled about the earth,
not having seen Xenophanes words on the point. Afistotle,
loc. cit., speaks of Xenophanes' earth as being infinitely
'rooted', and refers to Frag. 39 of Empedocles, which at-
tacks 'infinite depths of earth', and may or may not also
attack an infinite air (the Greek is ambiguous). Simplic-
ius states that while the earth may remain at rest (the
point of Aristotle's discussion) because it is infinitelj
rooted, it might also do so because it is carried upon an
infinite body of air below it, and, he says, Empedocles'
words could bear that sense. The tradition supports
Aristotle. On this interpretation Xenophanes will have
- been correcting Thales and Anaximander concerning the
reason why the earth stays where it is.

Xenophanes' own words, however, can bear another,
and altogether easier, interpretation. Diels says of
the word &xevpov in Frag. 28: "indefinitum, nicht infin-

itum". In other words, 'the earth goes down a distance
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that is immeasurable - immeasurably great, perhaps, but
not necessarily infinite'. Since it is not surrounded
by air or ouranos it is not bounded by them, and is thus
in that sense 'boundless'. Accepting Diels' suggestion,
then, the earth I find no obstacle to a limited spherical
universe. * What of the air?

The evidence for an infinite air is twofold: first
there is one interpretation (but not the only possible one)
of the words of Empedocles; second there is the sun's.go-
ing on to infinity. The former point is doubtful any-

way, and the latter need not be taken literally - it comes

from a statement of an optical illusion, and in any case
it does not accord well with the sun's being quenched at
dusk. I conclude that air is not infinite.

The most definite statement about aer is that quoted
on p. 126 and referred to above: the earth is not complete-
ly surrounded (mepiéxec6air) by aer. With this cf. D.L.

ix 19, D. 21 4 1:

odotav 6eoB opatpoetdf ... Shov 6& dpdv xail SArov
dxoderv, ph pévrtor bdvamvelv. '

Robin, who is also unwilling to accept an infinite
earth, less plausibly refers the fragment to the horizon's
appearance. Wherever we stand, or look, it is always
appearing to our senses to recede to infinity.
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Both statements have been referred to on p. 95 sup.: they
are those that oppose the infinite store .of matter and the
'breathing in' of the Pythagoreans (and Anaximenes).  Di-
.ogenes has, through the traditional identification of God
and the universe, conflated Frag. 24, which states that
God sees and hears as a whole, with a cosmological denial
of the breathing in theory. How, Xenophanes would ask,
can the universe breathe in when not even the whole earth
is surrounded by aer?

wy conclusion is that Xenophanes' universe is spher-
ical (and his God is not). By false analogy with Parmen-
ides the tradition has confused God and the universe.
Now Anaximenes believed that the earth was surrounded by
and floated on aer, but that celestial phenomena occurred
only in a hemisphere above the earth (cf. p. 67 sup.).
Xenophanes in Frag. 28 agrees that there is aer above the
upper, limiting, surface of the earth, but he denies that
there is aer below the earth, that aer surrounds the earth.
This implies that the aer forms the upper hemisphere of a
spherical system whose lower hemisphere must therefore be
the earth, as immeasurably deep as the aer is high, and
'rooted' to the spot, i.e. motionless. The earth is not,

in fact, bounded by anything into which it could move.
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On the flat surface of this hemispherical earth lay
the sea; and the water and earth combined to form the slime
from which life sprang. Note the recurrence of the fossil
motif here: Xenophanes was more of an observer than some
of the other Greek 'scientists' - for example he makes use
of St. Elmo's fire near at hand to forge an explanation
for distant celestial phenomena. He was no typical Ion-
ian physicist: he was a poet. Not only must we not say
that his earth was a monist's element, we must not even
say that earth and water formed é dualism: they were just
~ substances of, literally, vital importance. They were
not mutually exclusive; more than one authority tells us
that the sea was gradually encroaching on the earth: sim-
ilarly the sea is the source of clouds and wind, and pres-
umably also of the 'moist exhalation', substances connec-
ted with aer. Fire came from clouds in motion or from
sparks collected from the moist exhalation. There is no
Ionian elementary theory here. ZXenophanes was in theory
as in date intermediate between the liilesians and Heraclei-
tus, to whom we turn next. He was part theologer and part
speculator about nature. He could not absolutely separate
the two sides of his work and the commentators inextricably

confused them.
.000.
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CHAPTER FIVE
HERACLEITUS

Introductory Note: -

This chapter was originally written before the pub-
lication of G.S.Kirk's 'Heracleitus The Cosmic Fragments'.
Kirk attacks the traditional interpretation of Heracleitus
on & number of points, and proposes a radically different
interpretation of his whole cosmic theory. Iy own opin-
‘ions are considerably nearer to the traditional ones than
to Kirk's, and I consider that he has by no means proved
his case. At times he seems to me to do violence to cer-
tain fragments in order to make them fit his scheme. On
one or two points he has indeed caused me to amend my
views, but on the whole I still adhere to my former views.

I do not wish to criticize the interpretation of
Kirk in detail in the course of this dissertation, for
that would make this chapter of inordinate length, and
much of the comment would be irrelevant to aer. I have,
therefore, allowed the bulk of this chapter to remain in
its form as originally written. I have rewritten the
text of only such portions as deal with points about which
Kirk has convinced me or raised a doubt in my mind; and
I have otherwise indicated points of difference in foot-
notes without detailing the arguments on either side un-
less the disagreement is of major importance, in which
case I have inserted comments on Kirk's views.

I do, however, think that Kirk has done some very
sound work on textual criticism of the fragments and on
their translation, and in some cases, as indicated, I have
adopted his text or translation rather than the text of
Diels-Kranz and the translation of it that is usually ac-

cepted.

We return to Heracleitus after having seen the
birth in the West of new ideas that affected Ionian

thought in turn after Ionian ideas had been transplanted
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to the West. We left him (pp. 72-3 sup.) facing certain
factors inherent in any monistic system of the iiilesian
type that raise difficulties: the infinite external store
of matter, that which 'encompasses' the universe, and the
problem of the One and the Many - the seemingly unreal
nature of substances that differ to the senses from water
or apeiron or aer, if they are to be explained as merely
different manifestations of the one substrate, or element.

Heracleitus of Ephesus, floruit circa 504-1 B.C.,
was later than Pythagoras and Xenophanes but earlier than
Parmenides. He was not a continuer of iilesian specul-
ation, but a man of a very original cast of thought. He
disagreed violently with all his literary and philosoph-
ical predecessors, ﬁany of whom committed the offence of
foAvpoOCa. He felt himself to be a man with a message;
and adopted an aphoristic style that makes his work seem
oxotetvég. The difficulty is increased by ancient misin-
terpretations of him. Aristotle makes of him just one
more monist, an error that has persisted even into modern
times., The Stoics, to which school we are indebted for
much of our information, misinterpreted him as a Stoiec

before his time. They were, like Aristotle, inclined to
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'accommodate' the views of others to their own (cf. Ciéero,
de N. D. I 41). In addition, Hippolytus, whose Ref. IX
is the source for many of our fragments of Heracleitus,
used for the relevant part of Ref. I an authority that,
perhaps because Aristotle and Theophrastus had mentioned
Heracleitus and Hippasus in the same breath (cf. p. 104
sﬁp.), regarded Heracleitus as a Pythagorean. *

Our fullest commentary is that of Diogenes Laertius
who both carries on the misinterpretation of Aristotle and
relies on Stoic sources. Thus even this account has to
be used with care. Even some of the fragments themselves
have become contaminated with Stoicism, while the text of
many is uncertain. Even when the text is certain, there
is still the difficulty that, lacking original punctuat-
ion marks, the Greek is at times open to more than one
translation even before interpretation proper begins.

Heracleitus claimed to have discovered one Word
(Kirk: "“"Formula of things") that according to Burnet's

interpretation of Frag. 1 is eternally true but which men
are not capable of understanding. The reason for this

is that xaxol pdptvpec dvopdmorciy dpdaipol xat dta

For the authorities cf. Burnet, E.G.P., p- 142,
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BapBdpove Yvxdc &x6viwy (Frag. 107) and that odouc xpv-
nteobar guAet (Frag. 123). This Aéyoc is not just 'my
discourse', or even 'the content of my discourse', and
it is certainly not 'divine reason'. Rather it is the
ordered formula or plan according to which the universe
operates, as discovered and expounded by Heracleitus.
The Word is a convenient one-word symbol for this expres-
sion (somewhat like the metaphorical use of the word
'law' in the phrase 'law of nature'); it has some of tﬂe
same meaning as the word xéopog as used by Heracleitus,
but it is & symbol of wider content than the latter symbol,

for it applies to the microcosm as well as to the macro-

cosm. As we shall see, Heracleitus' terminology is, per-
heps because of his aphoristic style, full of symbolism.

Opinions feil to agree on what could be called the
basic principle, the central point, of the Logos. Some,
e.g. Burnet and Bailey; take it to be the identity of the
One and the siany (together with the Harmony of Opposites),
others, e.g. Baccou and Rey, take it to be Flux, incessant
change, while Kirk prefers Stability.

wy own idea is that it was the underlying Unity of

the universe both in the sense that there is a One that

underlies the lany and that there is a permanence that
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underlies change. In other words, I believe that the
basic principle was a broader one than the choice of eith-
er Burnet or Kirk, and included both of these. Our sen-
ses present us with a constantly chénging universe that
contains a plurality of things? but behind this plurality
there lies a unity: <for all the change,.thefe is just one
permanent universe, a unity that preserves its identity
throughout all the changes of its contents. Not only
does the stability (the permanence of the universe) under-
lie the apparent change - as Kirk maintains - but also -

change underlies stability, for things that appear to us

to be permanent are really changing. *

¥  Kirk maintains that the 'river fragments' (Frags.
12, 49a, which he rejects, and 91, of which he accepts
only the second partg refer to the preservation of the
river's identity that is due to the regularity and balance
of the change of its parts, and that Plato mistakenly cre-
ated, on the basis of a misinterpretation of these frag-
ments, for Heracleitus a 'flux' theory that he never held.
G. Vlastos (On Heraclitus: A.J.P., LXXVI, 4, 1955, p3373%.)
defends that traditional interpretation, to which I stil
adhere, against Kirk. '

I believe that Heracleitus did believe that 'every-
thing is in motion and nothing is still....' (Plato, Crat.
402 A) and did illustrate this by the river.

Kirk also maintains that the 'way up and way down'
are just roads uphill or downhill. Vlastos defends the
view that the phrase has cosmological purport, and I en-
tirely agree with this. Kirk accepts the arguments of
Reinhardt, (Hermes 77, 1942) - I find them very weak.
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I regard Frags. 30 and 50 as expressing the basic

" content of the Logos: ¥

30. xéopov Tévde, TOV adTdv dndviwy, olte Tic 6elv
obte &vopdnwy &xolnoev, &AL’ Av del xal Zotiy xal Botat
xBp dellwov, dntéuecvov pétpa xal &roopevviuevov pétpa.

50. odx &uo¥, dANL ToT Abyov dxoboavtac duoroyelv
copdév &otuv 8v wdvta elvar,

Heracleitus presents us with a 'world-order' that is univ-
ersal, uncreated and eternal, and equated to an ‘everliv-
ing fire' (for which v. inf.); and the essence of that
world-order is that 'all things are one'.

In other words, the relation of the One and the liany
is not a problem, as it was for the liilesians; rather, it
is the key to the universe. This is explained in the

controversial Frag. 51.

Kirk in Frag. 30 omits <dv adtdv dxdvTtwv, and punc-
tuates differently. I accept the reasons of Vlastos (Op.
cit.) for retaining Diels' text.

Kirk contends that x6opov does not mean 'world', as
e.g. Burnet renders it (stating that use to be Pythagorean
- cf. ABt. II 1, 1, D. 14, 21 - E.G.P., p. 134, n. 3), but
something like 'things plus order'. Vlastos, while not
accepting the statement of Agtius, 8till maintains that
the meaning 'world' was not new in the Fourth Century, and
that Burnet was right to adopt it. I render it 'world-
order' and take it to be a symbol for the world or universe
but not a synonym - it refers to the universe considered
as a well-ordered whole; like Aé6yog, the word covers more
than one ides.
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I give Frag. 51 in the text of Kirk: ¥

od EvvidoLy Oxwg OSiapepbuevov &wvtd ocvueépetal
rar(vtovog dppovin Sxwomep TéEov xal Adpng.

Kirk's translation is; "They do not apprehend how being

Kirk reads ovpgpépetar for duoroyée. following Zel-
ler, Brieger, Gigon, and Walzer; with this I agree, as
does Vlastos. Kirk reads maA(vtovog with Brieger, Burnet,
and Walzer, Vlastos follows the majority and reads maA(v-
tporoc. Kirk, like Burnet, understands =malfvtovoc to
refer to opposite tensions: the arguments for this are
very attractive. Vlastos, however, reaffirms that ten-
sion in Heracleitus is not proven, and Kirk admits that
his rendering is 'questionable'. Vlastos, of the many
renderings that have been given for maA(vtporog, prefers
the idea that the process of stretching the string is re-
versed at the moment when the arrow is fired or the note
played - continuous effort without such a reversal of dir-
ection would effect nothing. He points out the importaence
for Heracleitus of the wpomal of fire, and refers to the
opposite directions of the ways up and down. He states
with surprise that Brieger arrived at much the same idea
from waNCvtovoc.

I feel, with Kirk, that the idea of tension is Her-
acleitan, even though this is not provable. But the pic-
ture that Kirk builds up from this idea is static (cf. his
opposition to the 'flux' interpretation); whereas my view
of Heracleitus is more dynamic. Vlastos believes that
the 'harmony' consists in change in opposite directions
within a contrariety (v. inf.): I begieve that lack of
balance between opposing tensions would achieve this, but
I believe that Vlastos is asking us to accept an inter-
pretation of maA(vvpomog that would be far from obvious
to Heracleitus' contemporaries.. I therefore prefer the
above text while yet preferring the overall dynamic inter-
pretation of Heracleitus to the static one of Kirk. For
arguments against the various other interpretations of
either reading I refer the reader to the relevant passages
in the works of Vlastos and Kirk.
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at variance it agrees with itself: there is a connexion
working in both directions, as in the bow and the lyre".
Burnet rendered dppovfa by 'attunement'; but few would now
allow the word any connexion with music here. Kirk says
that the word has here its basic meaning 'connexion', and
that in the simile of the bow and the lyre the 'conrexion’
is the string that connects the apparatus' extremes and
is under ténsion, being pulled in opposite directions by
those extremes.

The fragment, then, on this interpretation, states
that something that is at variance with itself agrees with
itself: there is (not 'it is' as in Burnet's rendering)

a connexion between two extremes - and this applies in'all
categories. Every pair of opposites is a unity (the
string pulis the ends of the bow towards each other and
holds the whole bow together) as well as a duality (the'
ends of the bow pull on the string) and these aspects
(tensions) are simultaneous (if one pull ceased, the bow -
would break, as it would if one pull were too strong -
the pulls must Balance exactly, according to Kirk). So
oppésites are the extremes of one single continuum as well
as being two separate entities. With most of this inter-

pretation [ agree, but it does not go far enough.
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The tensions, we are told, have to balance; théy
hol@ the whole together, and maintain its stability, that
which Kirk holds to be of prime importance for Heracleit-
us. Now opposites do.have an essential connexion between
them, this I agree: the connexion is not necessarily the
same in the case of each pair, this Kirk admits.

Some fragments give us examples of connexion by
succession (e.g. Frag. 57: day and night), others by
relativity to different obéervers or different standards
of judgement (e.g. Frag. 6l: sea water is drinkable and
safe for fishes but undrinkable and poisonbus for men),
and so on. Kirk groups the relevant fragments according
to the type of connexion, Op. Git., Groups 2 « 5, . His
explanation of all these types is static, and this is
where 1 commence to disagree.

In some types of contrariety, those whose very nat-
ure is stable and those where it is a case of relative
judgements for example, the explanation of the connexion
given by Kirk is excellent;‘but in other types, where.
there is change, or succession, or even an apparently stat-
ic state that corceals an undéflying change, it is not ad-
equate.  Vlastos (Op. cit.) says‘that dppovio does not

mean simply 'connexion', but rather 'adjustment', which
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he explains as happening through change that takes place
in opposite directions within a contrariety. There is
in such cases a process whose direction confinually re-
verses itself (cf. the Ways up and down), so that things
change from one opposite to the other.

This accords with the view of Cherniss (Op. cit.,
p. 382): "It is then the process which is the real Being,
and all the distinctions men see are but fleeting phases
of the process...", and (p. 383): "...identity consists
in difference sin;e each individual-object is constantly
changing in different directions, each part of the whole,
like the whole world-fire itself, kindling in measure and
in measure going out".

Thus Kirk has not succeeded in weaning Vlastos, or
myself, from the traditional 'flux' view of Heracleitus;
but [ am willing to concede to Kirk thaet exactly balan-
cing 'tensions' will explain static contrarieties. I
feel that the traditional view is too entirely dynamic,

just as I feel that Kirk's view is too wholly static. *

The scientific side of Heracleitus, my main con-

cern, is dynamic. Consequently I shall give my inter-
pretation of this without constant reference to Kirk's
views on the relevant fragments, since they depend on
his rejection of the flux theory, which I accept.
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Some things in the world are stable (though there
is change underlying them) and some are changing (though
there is an underlying permanency): static-dynamic is a
contrariety that would have appealed to Heracleitus and
I see nothing contrary to the spirit of Heracleitus in my
accepting Kirk's explanatioh for one type of contrariety,
one aspect of the world, and the traditional one, reaffir-
med by Vlastos, for the other.

Just as the connexion between a pair of opposites,
whether 'static or dynamic, implies that the continuum of’
which thev are the extremes may be regarded as a unity'or
a duality according to the viewpoint (synthetic or analyt-
~ic), so too the whole universe can be regarded synthetic-
ally or analytically as a unity or as a plurality. In
fact unity and plurality are but two aspects of the same
thing: unity manifests itself as a difference (due to
the coexistence of opposite tensions or opposite process-
es), and plurality manifests an underlying unity.

This identity consisting in difference applies in
every category and in every sphere: in physics, as we
shall see; in life, for 'as the same thing exists in us ¥

For this and Frag. 32, p. 142, I give Kirk's version.
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living and dead and the waking and the sleeping and young
and old...' (Frag. 88; cf. Frags. 48 & 62); in ethics, for
'good and evil are one' ¥ ; in religion, for 'one thing,
the only truly wise, does not and does consent to be cal-
led by the name of Zeus' (Frag. 32). All this is summed
X

up in Frag. 10:

ovAAdytec Sha xal ody 8ha, ovupepbuevov Suagepbd-
pevov, ocvvidov du§dov: &x mdvrtwy v xal &E &vdc mdvta.

Wwhether we are dealing statically with tensions
pulling against each other with equal force, or dynamic-
ally with tensions pulling unequally so that a proeess of
change occurs in one direction or the other, there exists
an opposition that may be symbolised as 'strife' or 'war':
it can also be described as 'injustice', as it was by An-
aximander (D. 12 B 1, p. 31 sup., passage no. 1). These
descriptions, taken at their face value, do not satisfy

This is a fair inference, even if we do not accept .
Bywater's 'Frag. 57' as genuine, as Diels-Kranz do not,
printing it as context to Frag. 58.

* Kirk's text - to be understood: things (mentally)
taken together (i.e. belonging to the same category, and
especially pairs of true opposites) are (in one sense)
wholes (sc. continua) and %1n another sense) not wholes

(but separate and opposed). In one sense they tend to
unlty, in another to plurallty In one they are in tune,
in another out of tune. A unity is made up of all th:ngs

and all things issue. from a unity.
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Heracleitus, who makes the following observations on the
subject:

eldévar 6& xph TOv méAepov &6vta Evvév, xal 5Cany.
gptv, xal yivéueva mdvto xat’ Epuy xal ypedv.

Homer was wrong in saying: "Would that strife
might perish from among gods and men!". He did not
see that he was praying for the destruction of the
universe; for, if his prayer were heard, all things
would pass away. ¥

In Frag. 80 Kirk takes 'justice' as subject and
'strife' as complement, and interprets 'justice' as bear-

ing its original sense of 'the normal course of events';

he then shows that the fragment has a structure of this
nature;: war-strife (a) is everywhere (b); normal=course-
‘of-events (c) is war-strife (a); everywhere (b) things
happen by war-strife (a) and normal-course-of-events (c¢) -
'necessity' being equivalent in sense to 'justice’.

Kirk interprets war and strife as being the inter-
action of opposites, the normal, and in fact the only, way
in which change occurs. The fragment is thus a correct-
ion of Anaximander. Vlastos complains that here Kirk
does not go far enough. For Anaximander not only erred

The first passage is Frag. 80. The second is Bur-
net's translation of his reading of Bywater's so-called
Fraeg. 43, reconstructed from D. 22 A 22.
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‘in thinking that the interchange of opposites was 'injust-
ice' not 'justice', the point that Kirk allows, but also.
in thinking that the interaction was occasional and inter-
mittent (eqcroachment, that is, injustice, is followed by
eventual reparation, that is, justice). To Heracleitus
the interaction is universal. Frag. 80 describes War as
Evvég, and Frag. 53 asserts that it is 'father 6f all and
king of all*. Strife, which is change, is universal, so
that if it were injustice, the latter would be universal;-
but, as Frag. 80 says, it is justice. - For Anaximander
strife (injustice) existed but justice was nevertheless
eventually preserved; but for Heracleitus strife exists
because justice is universally and all the time preserved.

Frag. 94 tells us that the sun, and by-analogy any
other part of nature, will not overstep his measures,
Kirk occasionally, é.g; p. 320, speaks of 'long-term' ex-
cesses which are eventually balanced by a corresponding
deficiency; but this idea is rather Aﬁaximander's than
Heracleitus'. Since 'all things happen in accordance
with strife and rightful necessity' there can be no long
or short term excesses: Anaximander relied on the equal-
ity of the opposites and eventual reparation for the pres-

ervation of justice, but to Heracleitus there exists as
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a matter of course an equilibrium since encroachment and
réparation are goncurrent not successive (of. Fragé. 31
and 36, discussed inf.); each one of the three mein masses
(v. inf.) is always losing as much as it gaiﬁs. But the
equilibrium is not, as with Anaximander, a case of equal-
'ity between the main masses (there is not an equal amount
of fire, wgter, and earth in the world) but rather a case
of equipollent changé - the important point is the balance
of processes rather than the amounts. In the universe as
in rivers and flames this equilibrium is stable. There
are, it is true, dried up rivers and quenched flames, but,
then, some changes manifest themselves as successive alter-
nations: there is a constant overall Aéyoc preserved in
the totality of changes - the 'measure’ of‘fire, which is,
as it were, ©d Evvév in the whole series (cf. Frags. 31
and 90).

With this argument of Vlastos I entirely agree. I
shall have more to say about the physical aspects shortly,
but must first reaffirm my belief in the 'flux' theory in
the face of Kirk. ¥ I believe in it in the sense that

I entirely agree with Vlastos' arguments in.Op.
cit. p. 135 sup., and in his review of Kirk's book -in
AJ.P,, LXXVI, 3, which has only just become available to
me .
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every individual thing is changing, constantly, bﬁt the
measures of change are invariant. Underlying the appar-
ent permanence of some phenomena is an equilibrium of
opposite processes (symbolized in some cases as the ways
up and down). In some cases our senses may not apprec-
iate that change is occurring, but it nevertheless is.
In other cases we can visualise both manifestations, per;
manence and change, for example in the river and ‘the
flame. We learn from Frag. 84 that change (which seems
to be tiring) is restful and genuine permanence is wear-
isome; in fact things that seem to be 'at rest' are chang-
ing. Kirk (p. 376) attacks Aristotle's comment in Phys.
253 b 9 that the constant change is of a type that 'es-
capes our perception'..  Admittedly Heracleitus believed
our senses, if interpretgd correctly, to be reliable.
In cases like the river and the fleme we do in fact see
the change occurring. But what of a tree? After an
interval we see that it has grown, but we cannot see the
growth occurring, for it is too slow, We cannot see
the erosion of a rock, the rotting of timber made from the
tree, evaporation (when not accompanied by mist) from
water, actually happening. The idea of imperceptibles

that are due to the weakness of our senses is not at all
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inappropriate to a Pre-Socratic philosopher: it is spec-
ifically stated in Frag. 21 of Anaxagoras, and Heracleitus
himself says that sense data have to be interpreted. Of
course we are not meant to look for imperceptible change
as well as change that is obvious in one apd the same
- thing; but in cases where we do not see any change,.there
is change occurring nevertheless.

The river, then, is used by Heracleitus to demon-
strate how a thing can be both permanent and changing.
The fragments concerned, which I accept along with Vlas-

tos in face of Kirk's attack, are these:

12. Twotapolol Totolv adtolory éuBalvovoiLv Etepa xat
Etepa Uoata &xippel: xal Yvxal o6& &nd TV Vypdv dva-
ovprdvar, *

L49a. woTapolg Tolg adTtolg &uBalvoudy Te xal odxn &u-
Balvouev, eluéy te xal odx elupev.

91. mwotaud odx Eotiv &upfivar dl¢ T adth. ... onld-
vnotr xal mdAiv ovvéyet ... xal mpboeior xal &revou.

Kirk does not accept the clause about 'souls' as
a part of the fragment (p. 371), believing that it may
be a paraphrase of Frag. 36. I am prepared to accept :
the clause as Heracleitan, -though not necessarily as hav- -
ing been continuous with Frag. 12. It certainly repres- °
ents a Heracleitan doctrine, v. pp. 168 and 176 inf..
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The flame anélogy turns out to be even more fruit-
 ful. Struck by the fact that it is always in motion,
yet always in existence in the same place as the fuel pas-
ses through it on the way to becoming fumes and smoke,
Heracleitus psed Fire as the symbol for the change that is
intimately bound up with the unitj and permanence of the
world. I disagree most strongly with those who follow
Aristotle (if, indeed, any still do, as Burnet did, for
example) and believe that Fire was a substrate, an 'elem-
ent' like the water or aer of Thales and Anaximenes. ¥

There is no need for a cosmogonical explanation of
how the lany were generated from the One, for they are
one and the same thing - the world is ope and men; sirul-
teneously. (Cf. p. 136 sup., and, especially, Frag. 30,
which asserts that the world is uncreated.)

¥ In this I am in agreement with Cherniss, Op. cit.
(p. 380), who rightly rejects the explanation that Fire
was chosen as being the rarest material. Kirk accepts
both this and the explanation given above (cf. Arist. de
An. 405 a 27), but rejects the view that fire is a symbol.
While granting that it may have symbolic overtones he says
(p. 318): "ihe cosmological fire must be thought of prim-
arily as al6fip", describing the latter in similar terms
to those applicable to Aristotle's quintessence; unlike
terrestrial fire it is immortal (in the sense that the kil
esians' elements were so), but it is not unique - it "was
prior in importance" (p. 326) to the others, water and
earth. Vlastos rejects this ether idea utterly, and I

reject it also.
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If we take fire to be a substrate, it is difficult
to decide whether Heracleitus imagined change to be qual-
itative or quantitative. We are led to reading into his
theory the ideas of his predecessors, with whom he pro-
fessed to disagree, for example the idea of condensation
and rarefaction. True, Aristotle, always eager to show -
how others were stumbling towards his own system, includes
him amdng those who believed in one 'material cause'; but
this is Aristotle not Heracleitus, and it is because of
this that Lucretius in I 635sq. uses Heracleitus' fire as
the typical monist's element. Heracleitus is thus accus-
ed of failing to solve the problems mentioned on p. 132
sup., problems which we have seen reason to believe to have
been uppermost in his mind,

It is, however, possible to distinguish between
fragments that use fire as a symbol and fragments that
use fire as the name for one of three substances that are
the major cqnstituents of the physical world (we could,
in fact, subdivide Kirk's 'cosmic fragments' into cosmic-
symbolic and physical-chemical). As a syﬁbol for the
cosmic process, fire is spoken of in similar terms to the

logos, as the following fragments show:
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gv 10 copbv, &nxCovacbal yvdunv, 6tén &xvpépvnoe
®dvTo 6Ld TAVTWY . Frag. 41.

I adopt Vlastos' view of the text, and Burnet's
rendering: "Wisdom is one thing. It is to know the
thought by which all things are steered through all
things". As Viastos says, yvéun is both a thought
and a thinking thing - abstracts and concretes have
not yet been firmly distinguished. It corresponds
to Aéyoc, which has symbolic meaning (p. 134, sup.),
but which is similarly, as something of which real
existence is postulated, in some sense concrete, just
as is x6éopoc %footnote to p. 136). '

vd 6& wdvta olaxlZet. Kepavvég. Frag. 64.

Kirk, Pp. 349 sq., disbusses in detail the connex-
ion between this fragment and the context of Hippolytus
in which it appears. Suffice it to say here that the
Kepavvég is a symbol for eternal fire (but may also be
connected with 4eus, who is also connected with &v Td
copbv, cf. Frag. 325. This fire may well have been
conceived of as gpdévipov in fact, though Hippolytus'
comment is clearly influenced by Stoicism. The words
xBepvd and olaxtZw are clearly used synonymously.

Although I do not agree with Kirk's interpretation
of Frag. 41, 1 do agree with his conclusions about the
interrelations between Frags. 32, 41, and 64. I quote
part of p. 396: "The Logos was discovered to be more than
a principle: it is a materialized formula, an aspect of
the operation of fire. ... The cosmos is a fire, ... fire

. is the embodiment of the Logos, ... and it is wise.
It is not surprising, then, that yvx® in its unadulter-

ated form is fiery'. We shall examine later the fact
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that fire and the goul are connected, I mention it here
because Vlastos-usgs it in his examination of the'sfatus
of Fire. | |

He réjecté both extreme rarity and changeability
(cf. p. 148; sup.) as Heracleitus' reason for choosing
fire. He has been arguing that ﬁeracleitus shows con-
siderable lMilesian influence; and claims that the reason
for the pre-eminence of fire is that the soul is fiery,
end that Anaximenes had identified his principle (aer)
ﬁith_soulz the dpxfi is the substance of whiech soul is
made; Heracleitus' soul is fiery; therefore Heracleitus'
&4px? must be fire. This &pxf is, however, he clgims,
conceived of differently from Anaximenes'; for it is not
infinite, nor does it encompass the universe (conservdtion
- V. p. 145 - not the presence of an ihfinité encompas-
sing store of matter -cf. p. 132- gives the universe its
permanence).

This argument comes after that quoted on p. 145
where Vlastos states that fire is ©d Evvév in the series
of physical changes. Thus he comes close to attémpting
to reinstate Heracleitus as & monist ﬁith fire as his
doxfi , albeit an dpxf differing from the Milesian type.

I cannot accept this any more than I can accept Kirk's
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conception of fire as al6fp. I still adhere to the view
that there is no monistic dpyh, but that fire is a symbol,
just like logos and cosmos, in certain fragments but the
name of one of three equally important substances in other
fragments of a different character.
| Let us, then, turn to these fragments, which I have

called 'physical-chemical'. They include the following:

®updc Tporal wpldtov OdAacoa, Oaldoong 68 Td wév
Auvov vf, Td 8¢ Autov wxpnotip. ... <yfi> 6dAacca Bia-
xéémat, wal petpéetalr elg TdV adtdv Aéyov, dxotoc wpbo-
oev fiv | yevéoobar yH. (Frag. 31) =

Kirk interprets tpomal as sudden and complete chan-
ges as opposed to gradual and minute ones (p. 328): the
processes and intermediate forms of matter %e.g. aer) are
ignored. He shows that the fragment deals with the ser-
ies of changes fire - sea - earth .. earth - sea - fire;
end says (p. 832): "“The equality of the changes is expres-
sed for two of the stages: half of sea is moving up, half
changing to fire; the same amount of earth is dissolved
into sea as formerly (=pbcéev refers rather to priority in
the logical schema than strictly to temporal priority)
turned from sea to earth. The only stage for which this
balance is not asserted is fire, but the balance can easily
be inferred, and is carefully stated in a different form
in Frag. 90." On p. 331 he says, however: "...sea is
being constantly replenished by the liquefaction of earth
proportionally with its diminution by condensation into
earth." True though this may be, it is not, as Vlastos
says, what Heracleitus says: he says that any part of
earth that becomes water is equal to its mass before (tem-
porally not logically) it became earth - in other words
the subject is the proportions of changes in earth, not in
water. Taking mpbéo6sv temporally we can see this ‘even
without # yevéodar vf, which Vlastos thinks probably a

gloss. :
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“HAtog yap ody dxmeppfficetal uétpar .el 6& pA,
"Bpuvdeg uiv Alxng éxlrovpor &Eevpficovorv.  (Frag. 94)

686¢ Gvw xdtw pla xal dvi, (Frag. 60) =

Td Yuxph 6épetal, Oepudv Ydxetat, Vypdv adalvetat,
xapgaréov votlZetal. (Frag. 126) *#

I reject Kirk's claim that this fragment refers
just to the identity of the way up and down a hill, and
adhere to the cosmological (not cosmogonical, v. Kirk p.
107) interpretation; the two ways are the two processes
mentioned in reverse order on my p. 152, Frag. 31 note.

** Kirk, following Snell, Hermes 61 (1926) 356sq., in-
terprets the pairs of opposites here as contrarieties
known from personal experience within the body; so that
the fragment gives a generalisation concerning the every-
day behaviour of things, not a scientific principle. The
neuters should therefore be translated 'cold things' etec.,
not 'the cold' etc.; and the verbs should be taken as mid-
dle: thus the fragment stresses the reciprocity of chan-
ges in general, and perhaps also the fact that they are
going on all the time and balancing each other. The lat-
ter is the opinion of Vlastos, C.P. 42 (1947) p. 165.

Reinhardt, Parmenides p. 223, on the other hand,
concluded that Heracleitus already knew the later canonical
4 opposite qualities; while Gigon, Untersuchungen zu Her.
P- 99, even took the fragment to refer to the four elements
and accepted aer in Frag. 76 (p. 155 inf.) as genuine -and
original. Kirk rightly says that Anaximender posited
these as two especially important pairs of opposites that
separated out from the apeiron (as Heracleitus would know)
while the 4 elements are definitely original with Emped-
ocles. He is doubtful about the purpose of the fragment.
I take it that Heracleitus was using the already familiar
Anaximandrian pairs of 'quality-things' (Cornford's name
for these opposites) and showing how they fit into his own
scheme, They fit both into his general theory of oppos-
ites and into the scheme of changes described in Frags.

31, 36, and 76.
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wpdc Te dvtanotfh T wévta xal whp dxdvrwy Enwo-
nep xpvool xpAuavta xal ypnudrtwv yxpvobdg. (Frag . 90) =

yvxioLv edvawog Yowp yevéobar, Voati 68 8dvatog
yfiv yevéobatr, &x yHc o8 56wp'ycyeran, &€ Vbatoc o2
yoxh. (Frag. 36) ==

Kirk's interpretation is that fire is exchanged for
water and earth both as cosmological world-masses and, in
mixture, as components of individual things. The latter
is Kirk's inference: it may be so, but it is not specif-
ically stated. The balance is emphasized by the simile -
the goods equal the gold in value. He rightly rejects
the ecpyrosis interpretation of the fragment, and the ec-
pyrosis itself. Vlastos says that the fragment asserts
that fire is constant in all changes, i.e. its measure is
the same: "that same amount of fire which is the common
thing - ©b Evvéy - in all the different things that com-
pose the series". I agree that it does assert the bal-
anced measure of fire in changes (cf. note to Frag. 31, p.
152 sup.) but I do not agree that fire itself is concerned
in all changes (cf. p. 145 and 151); it is not directly
concerned in changes between water and earth, nor does it
itself change directly into or out of earth. ' '

*x Kirk rightly rejects Gigon's application of this
fragment to the microcosm, which takes earth to mean flesh
and water blood. This fragment has soul (which is con-
nected with fire, v. inf.) in place of fire, but confirms
Frag. 31 in the details of the two rectilinear processes
of change between the three world-masses, while replacing
the 'turnings' metaphor with the 'death' metaphor, which
also appears in Frag. 76 (p. 155). Kirk rightly quotes
Philo, de det. Mundi, 21} edvatov od Thv elg dmav &val-
pecty dvopdZwy dArd thy elg Evepov otoLyxelov petaBorfiv.
The substitution-of soul adds the extra point that the
soul is not annihilated at death, nor does it survive un-
changed, but it suffers a chemical change, as do the other
constituents of the body. Thus the fragment has both
cosmological and psychological significance.
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£H 7Pp wov yfic 6dvatov xal &tp ZH TdV mvpdg Hbva-
Tov, Yowp Z7 TdOv &époc Bdvatov, vii Tdv Hdavog.

mpdc Bdvatoc &épt véveoic, xal dépog GdvaTog
VoaTL yéveoig.

8tv yvfic 6dvatoc Véwp yevéobar xuatl 56amog-edva¢og'
dépa yevéodar nal dépoc wBp nal Eumariv.

Frag. 76. The three versions are, in order:
Maxim. Tyr. XII 4 p. 489; Plut. de E 18; 392C; and
Marc. IV 46, ¥

Since aer is not one of Heracleitus' world-masses,
Kirk adheres to the common view that this group of quot-
ations that forms Diels' Frag. 76 is actually a group of
Stoicized versions of Frag. 36 (p. 154) with aer inserted
by the Stoics on the analogy of their own theories.

Gigon (loc. cit. p. 153 sup.).defended the-authen-
ticity-of the presumed Heracleitan original on the assump-
tion that Heracleitus believed in four main substances .
(even, perhaps, four elements, v. p. 153). -

Note that in Maximus' version the (impossible)
change from earth to fire gives.us a cyclical series in-
stead of the two 'ways'. Tocco's emendation (DK p. 168,
note) - translated without acknowledgement by Burnet in
E.G.P., p. 135 - transposing the genitives of aer and earth
restores the rectilinear series that the other two ver-
sions clearly describe. Plutarch's gives us the 'way
down' and llarcus Aurelius' gives us the whole double ser-
ies, with the 'way up' described in detail.

Kranz' restoration of the hypothetical unstoicized
original, including only the three world-masses, and with
the double potentiality for change of water (into fire or
earth) stated, is very tempting, but of course cannot be
proved to be correct. It has the disadvantage that the
double change of water does not appear in that form in
Frag. 76 in any version. The restoration is as follows:

Z7. 7Up wov Vdatog 6dvatov, Bowp ZfH TOV Wupdc 1
vfic 04vaTov, yf TOV UdaTOG.
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These fragments describe a system in which all
things, not only fire as those who make of Heracleitus e
monist would say, and in particular three main masses,
fire water and earth, are continually changing and inter-
changing, while there are measures of the interchanges.

In Frag. 126 the interchanges are expressed in terms fame
iliér from the work of Anaximender, namely the pairs of
'opposites', the 'qualify-things': thé hot, the cold,
fhs wet, the dry. ,

As Kirk points out (p. 344): “One of the strangest
features of his system is the lack of speclflo interrelat-
ion between his special analysis of cosmological change
.(between fire, water and earth) and his generai analysis -
éf change as between opposites". However the relévant
point here is that no special ;mphasis is 1laid upon the
hot in Frag. 126. |

The same applies to Frag. 36 and fire (apart from
the connexlon with soul, which is irrelevant to the con-
sideration of the phys1ca1-chem1ca1 changes 1nvolved)
and to the group known as Frag. 76 together with its hypo-
thetical original. Even in Frag. 31 fire is only prom~
inent as one terminus of the series, and earth is equally

prominent in the second half of the fragment.
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There is, then, quite a different feel about the
use of fire here from that about its use in tﬁe 'cosmic-
symbolic!' fragments. We have seen the reasons for its
prominence there: now we are dealing with it purely in
its literal sense as the name of one of three substances.
Theré is no ‘'substrate' in this physical system. All
three substances take part in two rectilinear series of
changes, described figuratively as 'the way up and the
way down', in which fire or earth can change into water,
and vice versa, but earth cannot change directly into fire
or vice versa. This point, I feel, tells strongly against
the monistic interpretation.

These changes occur in such a way that the 'Law of
the Conservation of latter', to use a modern term for the
'measures', is obeyed (Frags. 30, 90, and 94). Frag. 31
(see my note ad loc. p. 152) gives the quantitative rules
for this conservation.

There is some resemblance between the changes in
this system and those in Aristotle's (especially if we
recall Kirk's statement that Heracleitus did not bother
with intermediate stages, and if we then follow the stoic-
izers of Frag. 76 and put aer in its logical position be-

tween fire and water). In both systems we are given a
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consistent theory of changé from fire to earth and back
again that does not need to employ either separation or
rarefaction and condensation. - In both systems, again,
contrarieties have importance'(though not in quite the
same way). The major differences are, firstly that Aris-
totle's éhanges are cyclical while Heracleitus' are in two
opposite equipollent rectilinear series, and secondly that
aer is on a par with the other transmuting subéfances in
Aristotle's system but subordinate in Heracleitus'.
Aristotle was, in my opinion, influenced by Hera-

cleitus (cf. pﬁ. 161sq.); but he had the advantagé of fam-
iliarity with the four elements of Empedocles. To quote
Kirks "It is often said that Empedocles simply identified
traditional basic pairs of opposites with particular kinds
of matter, but his procedure was more complicatéd than.
that: we may infer that he first had to prove the sub-
stantiality of air. It may be that Heracleitus' omission
of air is a direct criticism of Anaximenes' acceptance of
it".

| I remarked on p. 157 that the stoicizers of Frag.
76 put aer in its logical position between fire and water.
Was aer, then, to Heracleitus just an unimportant inter-

mediate stage in the process of change from the one to the
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other? Or did he, in rejecting Anaximenes' idea that
aer was the element, reject the existence of aer as a
real substance altogether? To both questions I answer:
no., 1 believe that Heracleitus realised that aer is not
a single substance, not an element in either the ancient
Greek or the modern English sense of the word, but.a mix-
ture, and that he therefore naturally refrained from
treating it as one of the main world-masses.

In order to_support this contention I shall now
examine Heracleitus' theory of 'exhalations'. The best
source of informatién is in Diogenes Laertius IX Sec. 8sq.,
though the early part of thié account is contaminated by
Aristotelian and Stoic errors: In Sec. 8 he affirms that
fire is.the element and that things come into being by
rarefaction and condensation. After giving the tradit-
ional interpretation of the 'rivers fragments' and stating
that the universe is limited and a unity, he describes
the 'ecpyrosis' that the Stoics falsely attributed to Hera-
cleitus. He ascribes becoming to war and strife and the
ecpyrosis to agreement and peace, and concludes the sect-
ion with the statement that change is the way up and down
and the cosmos is generated according to the latter. The

opposition between war and peace assumes a contrariety of
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causes like Empedocles' Love and Strife, acting alter-
nately - in spite of Frag. 10 and the clear stateﬁent of
simultaneous action of the opposites in the well-known
passage Plato, Sophist 242 D. The cosmogonical inter-
pretation of the way up and down is to be rejected in
favour of the cosmological (v. note to Frag. 60, p. 153).

In Sec. 9 Diogenes explains the ways up and down
in detail (incorrectly giving rarefaction and condensat-
jon a8 the mechanism). The way down-comes first, and is
followed by this passage:

xdALy Te ad TV yHv xelobai, &E fc Td Yowp YCveo-
at, &x 8% TodbTov T& Aouwd, oxeddv mdvta &xi Thv dva-
guulacty &dvdywv Tty &xd Tfc GardtTnce adtn 6é &oTiv W
gxl 1p Gvw 466¢. yCveoBal 6& &vadvuitdoetg dné Te viic
xal Bardring, A¢ udv Aauxpdc xal xabapdg, O¢ O6& oxotetl-—
vic. abEeocfal 6& T pmév nUp Oxd TdY Aauxpdv, TO 68
Oypdv VRO Thv étdpwv. * TO 68 meptLéxov ** Omotdv &oTLY
od &niotle elvat pévror &v adtd oxdepag &xeotpapuévag

* If fire were the element, it would be strange to

find it being 'increased' from something else.

For the external store of matter that encompasses
the universe cf. p. 151 sup. Heracleitus' universe did
not need any such store: it was limited and & unity, as
Diogenes says. The latter, not finding, therefore, any
reference to such an external store, mistakenly thought
that Heracleitus believed in one but could not explain
its nature.
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xaTd xoTAov wpdg Hudc, &v alc d6porZopévac Thc AaumpdC
dvadvprdoelc droterelv oAbyac, dc elvatr & &otpa.

(10) ... * Huépav Te xal vdéxte ylveoBar xal ufvac
watl dpag &telovg xal &viavtodg detol¢ Te xal Rveduata
xal Td Todtoig Suota xatd Thg Srapdpovg dvabvpidoerg.

(11)  =Yv wév yap Aouxpdv dvadvulacty ¢hoyoesfoav
&v T wixky ToD HACov Apépav moielv, TNy 68 é&vavtlav
&xLxpatiioacay voxta droterelve xal &x pdv tob Aaumpod
T Bepudv adEbuevov 6épogc mouelv, &x 6& To¥ oxotelvol
td dypdv mAheovdZov xeiudva dnepydZecoal. dioroBOwg
5¢ Twovtoie xal mepl w®v AAAwv alwioloyel. wepl 6&6&
Tfic yfic oddev dxogaclvetar mola Tl¢ &oTLv, AN’ 0D6E
repl Tlv oxaqidv.

In this passage we meet with two exhalations in
contrast to one 'moist exhalation' for Xenophanes from
which, in Theophrastus' account, sparks were collected to
form the sun (p. 124 sup.). HbracleituS‘accepts.the idea
of an exhalation Yhat can explain fhe light of the heaven-
1y bodies without the conception of ignition by motion's
being required. But he also posits a second exhalation
that can explain other phenomena. |

One exhalation is 'bright and pure': the other is
'dark'. At first sight it appears as if these are just
the same exhalations as those in Aristotle's Meteorologica,

of which one is a moist, cold, cloudy vapour, evaporated

I omit an astronomical passage as irrelevant. It
concerns the 'bowls'.
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from the moisture within the earth and on its surface,
and the other a hot, dry, smoky, highly coﬁbustible sub-
stance given off by the earth itself, which Aristotle ad-
mits to be difficult to envisage (ileteor. 341 b 15), but
which is in some states fiery and in others not unlike
what we mean by a 'gas'. According to Aristotle's the-
ory, the moist exhalation is re;ponsible for rain, dew,
frost, snow, etc., and the dry one for meteors, thunder
and lightning, wind, etc. (cf. ileteorologica, passim).

It has been said, then, that Aristotle borrowed
his exhalations direct from the Heracleitans, and that the
'bright' exhalation of Heracleitus was dry end originated
from earth while his 'dark' one was ﬁoist and originated
from the sea. This appears logical, indeed, for the earth
is dry and the sea moist. Moreover the normal use of &
név and & 8¢ for 'the former ... the latter' would seem
to connect Aaurpde with yfic and oxoteitvdg with Oardtine
in Sec. 9 of the passage quoted from Diogenes Laertius.

Now the equation of dark and moist is clear from
Td 8% dypdv VR OV ETépwy (sc. oxoveLv®dv) in Sec. 9 and
&x 6& TolU oxotelvol Td Vypov in Sec. 1l. The clause
imnediately before the latter equates bright and hot, so
that dry is a fit attribute for the bright exhalation.
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To confirm the other part of the hypothesis, however, that
Heracleitus' dry and bright exhalation like Aristotle's
comes from the éarth and his moist and dark one from the
sea is not so simple. Diogenes says that the bright ex-
halation is collected in bowls *.to form the flames that
are the visible parts of the heavenly bédies: this should
mean that the latter have their origin in a dry exhalation
from earth. But this conflicts with the first two of the
following passages of Abtius, tﬁough not with the third:

‘H. ... dvappa voepdv Td &x daidttne elvat Tév AAtov.

ABt. II 20, 16; D. 22 4 12.

oxagoet 6elg yap Svtag Tolg oyxfiuao. tobdg dotépac,
dexonévovg tag 4nd Tfig Vyplg dvabvutdoewg adydg, ewtl-
Zeobat 7pdc THY Qavtaclav.

ABt. II 28, 6; D. 22 A 12

‘HpdxleLTt0og +.. Tpépecbatr todg dotépag &x ThHg axd
yAi¢ dvadbvutaoceswg.

ABt. II 17, 4; D. 22 A 11.
The two'passages in A 12 appear to agree: one says
'from the sea' and the other 'from the moist exhalation',
and the doxographical tradition appears to confirm them

against A 11, which says 'from the earth'. For example

* N.b. &d6potZopévag, cf. ovvadporZouévwy in 21 A 40,

v. p. 120, re the theory of Xenophanes.
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cf. the passages that follow:

610 xal yelolot wmdvteg Soot TOY TKpotépwy VxEAQ~
Bov TOV AAiov Tpéoecbar TH Vypd.

Arist. Meteor. 354 b 33.

6Ld xal pacl Tivec TOY NpaxAetTLZEVTWY ... &%
o6& THc 6aidTTng TOV MALov AdvabvuLdcdal.

Ps. Arist. Probl. 934 b 33; D. 66, 2, in a context
perhaps dealing with Antisthenes.

The first passage deals with Heracleitus above all,
as Cherniss shows, Op. Git. p. 133; and the second shows
that the idea concerned was maintained by his followers.

If, then, these passages are correct, and the sea
is the origin of the heavenly bodies, they ought on the
above hypothesis to be boﬁis full of the moigf and dark
exhalation, not the dry and bright as Diogenes says and
common sense confirms. Consequently the tenfative iden-
tification of the exhalations of Heracleitus and Aristotle
breaks down over the origin though confirmed for the attrib-
utes bright.agd dry on the one hand and dark and moist on
the other. It is unlikely that the one passage 22 A 11
is correct and all the rest of the tradition wrong.

Burnet begged the question of the origin of the
exhalations. On p. 155 he said: "Diogenes tells us that



-165-

fire was kept up by the bright vapours from land and sea,
and moisture by the dark", and a few lines later speaks
of the 'rise of darkness from earth and sea'. Kirk
thinks, like Cherniss (even though he rejects Cherniss'
reason for so thinking), that Heracleitus really had only
one exhalation. He refers (p. 273) to the hypothetical
identity of the two theories that I am questioning, and
claims that the fact that Aristotle does not admit having
borrowed his theory from Heracleitus means that there were
not two exhalations to borrow. . Kirk fails to see that
the real reason for his omission was that the sources of
his exhalations were not the same as those of Heracleitus',
so that there was no direct borrowing.

Apparently confused by Aristotle's use of ®aAxV6¢
as & name for the dry exhalation (a name appropriate to
one but not to all forms of it), Kirk falls into the error
of assuming that Aristotle's land exhalation ié dry and
dark, and the other moist and bright. He gives these
attributes to the respective exhalations of both men on
p. 271, in the case of Heracleitus meaning, of course,
the two exhalations that people other than Kirk himself
belieie Heracleitus to have employed. In other words,

quite apart from the weakness of his case in claiming that
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there was only one such exhalation, he has grossly mis-
interpreted both the doxographical tradition about Her-
acleitus and the theory of Aristotle. He cannot aid us,

But if we replace the traditional hypothesis with
one that suggests that the exhalations of the two men
were identical in type (dry and bright, moist and dark,
in each case) bﬁt of opposite origins, the difficulties
disappear. I suggest that for Heracleitus the bright one
was from the sea, and for Aristotle from the land, and vice
versa. We can thus accept both Diogenes' statement that
the bowls are filled with the bright and the doxographical
tradition that the heavenly bodies' source is the sea, and
at the same time explain the point that bothered Kirk: why
Aristotle did not admit that his theory was identical with
that of Heracleitus.

The key that opens the door to this hypothesis is
the word Tpomac in Frag. 31: it means, as Kirk has said,
'sudden changes'. The sea is moist: it undergoes a
'sudden change' in the course of the way up (and evapor-
ation is clearly a thing that occurs in an upward direct-
ion): what can the moist 'suddenly change' into? If we
recall Heracleitus' interest in opposites the answer is

obviously: into its opposite, viz. the dry.
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It follows that once the act of evaporation has
taken place the new substance that has originated from the
sea is the bright dry exhalation that will arise as an
dvappa to become the flames of the heavenly bodies, the
stellar fire: and Frag. 31 tells us that one of the
wporal of sea is fife. . Similarly the tpomni of dry earth
must be moist, viz. the moist dark exhalation that appears
to arise from the earth at nightfall to give us the dark-
ness of night (cf. pp. 47-8 sup.). It may seem queer to
modern ears to say that this moist exhalation, which will
be seen to correspond to the Milesian aer, comes off fhe
earth rathér than the rivers and seas, and of course Aris-
totle reverts to the latter origin - but we must remember
that Heracleitus is still living in a time when the differ-
~ence between water vapour and air is unknown and is con-
sciously disagreeing with the opinions of his predecessors,
with whose theories he will have nothing to do.

‘It remains to dispose of the inconsistency between
the passages of Aﬂtlus in D. 22 A 11 and 12 (p. 163, sup.).
I claim that in saylng 4nd fic Vypdc &vabvplacewg in II
28, 6 Agtlus or his source made a careless error, but an
error understandable in one familiar with Aristotle; he

is meaning to refer to the exhalatlon that comes from the
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sea, and calls it the moist éne, Aristotle's sea exhalat-
‘idn being moist. He should have said: &nd tfic &x Thv
dyphv dvadvutdoewe, cf. ABt. IV 3, 12 where the soul is
explained as 4vaduvplaoty &x T®v ... dyp®v (it is the bright
exhalation that is meant), or the same phrase with &=é
instead of &x, so that the passage would then be parallel
to Diogenes' tfv &vadvutacitv Thv dxd <fi¢ Oardztne, and to
the phrase that Diels prints as the last part of Frag. 12:
xab yvxal 6& &dwd Thv Vyplv dvadvpidvrtat.t
| Once he had made this error it is also understand-
able how Altius could then in just one odd passage take
himself 1iterally; so to speak, and say in II 13, 8 &=d
vfic, since that is where Heracleitus' moist .exhalation
dées'come from. Alternatively he could again be confus-
ing him with Ariétotle, whose bright one does come from
earth. There is yet another possibility: Aristotle lat-
er in the céntext unted §n p. 164 (viz. as 355 a 23) uses
the wérd vf for the world rather than the dry land, and
Cherniss (p. 184) in discussing the passage that I quoted
uses the ﬁérd ‘earth' in the same sehse; and it might be
argued that ABtius was doing the same.
Thus I claim that I can explain ABtius' apparent
self-céntradiction by linking together Diels' A 1l and
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II 28, 6 from A 12 as excusable slips in contrast to the
“other A 12 passage, which is correct, whereas the tradit-
ional interpretation that leads to the linking of Diels!
arrangement can provide ABtius with no such reasonable
excuse, but rather exposes him to the charge of gross
error in A 11 (unless he did mean 'the world' and not 'the
land' in the latter).

Accepting the hypothesis that the land exhalation
is moist and dark, then, while the sea one is dry and
bright, let us examine the details of the system. The
heavenly bodies are 'bowls' that collect the bright sea
exhalation that produces their 'flames', in other words
that collect matter that is on the last stage of its up-
ward path towards.fire. This corresponds to a stage when
the rarest form of the aer of Anaximenes is just rarefying
into what we call fire from what we call air. lieanwhile
the dark ﬁoist earth exhalation is adduced to exﬁlain met-
eorological phenomena in the same manner as do the cloud-
forming evaporation of Xenophanes and the dense aer of the
Milesians;

It is doubtful, in fact unlikely, that Heracleitus
(or Xenophanes) actually used the word dvaévutacig, and

it is possible that Heracleitus used either dwucg or drp
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for the moist one: it has been claimed that he used the
-ﬁord xarvéc for the other in view of the occurrence of
the word in Frag. 7; but I think that this is a false in-
ference, especially in view of the diffidence with which
Aristotle names his dry exhalation «dp or xamvdéng dvaduu-
(act¢g in leteor. 341 b 15, which contrasts sharply with

the confidence with which he names the other &tucc, a
contrast repeated in 359 b 29, where the name xanvéc is
decided upon.

With regard to the astronomy and meteorology, the
extant fragments give us little help. Frag. 99 tells us
that if the sun did not exist it would be night for all
the rest of the stars could do. Frag. 6 tells us that
the sun is new every day (i.e. the bright exhalation in
its bowl is quenched in the evening by the rise of the
moist vapour, and rekindled in the morning). Frag. 3
says that the sun is as broad as a man's foot, if indeed
Heracleitus is referring to real size and not apparent
size, of. Kirk p. 282. Frag. 57 asserts that day and
night are a typical pair of interconnected opposites.

The astronomy is clear, however. The heavenly
bodies are bowls that periodically collect the bright sea

exhalation, and so shine, but their flames may be put out
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by moist vapour from earth that has not yet completed the
'way up' to fire, while the orientation of the bowls with
respect to our line of sight produces phases or eclipses.

_ The meteorology is also clear. Diogenes tells us
that daylight is produced By the enflaming of the bright
exhalation in the bowl of the sun (cf. Frag. 92), while
the preponderance of the dark vapour produces night. The
latter idea corresponds exactly with the standard early
Greek idea that darkness is a substance (one that we have
so far called 'aer') that can actually be seen rising from
the ground at eventide and progressively obscuring the
landscape.

Summer, says Diogenes, is an increase of heat from
the bright exhalation, and winter an increase of moisture
from the dark one. This again is clear enough. We can
add from our knowledge of Heracleitus' general theory of
opposites and measures that day and night or summer and
winter are quantitatively balanced phenomena.

For the rest, months and seasons and years and rains
and winds, Diogenes just says that the explanations, on the
exhalation theory, are similar. Details are unnecessary
here, for the picture is quite clear. Diogenes says

earlier that almost everything is explained by the sea
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exhalation; but, of course, wherever the sea exhalation
has preponderated to produce & given phenomenon, there
will have to be a balancing preponderance of the land one

to preserve the overall measures. - Kirk should not have

teken this phrase of Diogenes to support his contention
that there was only oﬁe exhalation; there are indeed many
longish passages in Aristotle's wérk, for that matter,
where the author speaks simpl& of 'the exhalation' rather
thaﬁ of 'one of the exhalations' since he is at the time
only deaiing with one, and it ié clear which one,

From this consideration of the physical aspects of
the exh#lations we can see that Heracleitus has split the
atmosphere, ser, into two different substances (of. p. 159)
so that he could no longer treat aer as a single world
mass like fire water or earth, Anaximenes with his rarer
and denser forms of aer produced the germ of the idea,
Xenophanes with his moist exhalation pointed the way and
Heracleitus finished the task. All that was now left to
do was for Empedocles to perform his clepsydra experiment
and prove the;corporeal existence of invisible aer, water
vepour being visibly corporeal. The confusion of 'fire',
which is actually a phenomenon - g£S-heated to inqaﬁdes-

cence - with a subs tance remained in Greek thought, but.
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apart from that if for 'invisible aer' we read 'oxygen'
‘and for 'brigﬁt exhalation' we read 'incandescent oxygen'
(for oxygen is the principle of combustion (v. p. 14) and
is a main constituent of the atmosphere) and if for 'the
moist exhalation' or 'densé-aer' we read 'water vapour'
(the principle of clouds and mists), end if we bear in
mind that atmospheric nitrogen, neon, argon, crypton, and
xenon are chemically inert and not discoverable except by
laboratory techniques not available to the Greeks, we see
that by a combination of elementary observation and pure
thought the Greeks arrived at an analysis of the atmosphere
that was not very wide of the mark. Henceforward, either
in the guise of two exhalations, or of aether and aer, or
even of fire and night, we shall consistently meet with
this conception of atmospheric air as & mixture.

Unfortunately we find that the same concepts tend
to orop up when the Greeks dealt with the soul, where to
our way of thinking they are quite out of place. We find
in.Heracleitus the typical resemblance between the micro-
cosm and the macrocosm. The exhalations are at work in
psychology also, with their interchanges causing sleep and
waking, death and life, just as in the macrocosm they

cause day and night. Frag. 36 (v. p. 154 sup.) combines
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the microcosm énd the macrocosm in one pronouncement and
shows how the two link up. Soul replaces fire in the
wording of a fragment that deals with the ways up and
down. Thus soul is in some way connected with fire, and
its origin is from water: it is a wpomn of water. This
is a difficult subject, as Heracleitus tells us in Frag.
45:

Yuxfic melpata (v odxn dv .&EedpoiLo, wdoav &xi-
ropevéuevog 6866ve.  obtw Paddy Abyov Exet.

Aristotle, however, in de Anima 405 a 24 says:

xal ‘Hpdxievtoc 6& TV dpxhyv elval ono. Yvxhv,
elnep TV dvadvulaocitv, &E Ac TdAha cvvlotnovv: xat
bowpatdtatov & xal péov del.

In this passage the soul is identified with the &px® of
Heracleitus (cf. Vliastos' theory of the reason for the
importance of fire, p. 151 sup.), or rather with ‘the ex-
halation, from which he constructs all other things'.
This is clearly the bright exhalation from the sea, the
jmmediate wpomtf of the sea, and the source of the fire of
the heavenly bodies.

Since, then, soul is in its natural state mede of

the bright dry exhalation Heracleitus says in Frag. 118

abn Yvxh coowtdtn xal &ploTn.
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On the other hand, an accession of the moist will
tend to quench the fiery exhalation. Therefore it is
not only chemically but also literally correct to say:
YoxfioLy Bhvatoc Vowp yevéodar (Frag. 36). An increase
of the moist, e.g. by drinking, can lead progressively to
drunkenness, sleep, and death. In Frag. 117 the drunken
man is described as dyphv Thv Yvxhv Exwv, and Frag. 77
(if genuine, v. Kirk p. 340) asserts:

yuxior Tépdv 7§ 6dvatov dypfoL vevécbal.

Aristotle is thus clearly correct in stating that
the soul is made of the exhalation, though wrong in giving
as the reason the fact that it is most incorporéal, for
the incorporeality of the soul is definitely a post-Herac-
leitan idea. Some commentators did not follow Aristotle,
however. iisled by the Stoic idea that aer fitted into
Heracleitus' scheme in the way indicated in the so-called
Frag. 76, they believed that soul replaced aer, not fire,
in Frag. 36. For example Philo, de Aet. Mundi 21, p. 509,
says of Frag. 36: yuyxhv fdp oléuevog elvar Td mvelpa. |

This error is bound up with another, that of sup-
poésing that the exhalat ion meant by Aristotle was the
moist one that corresponds to the Milesian aer. “This

misconception appeared to be supported by the phrase that
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ends.Ariﬁs' quotation of the river fragment, Frag. 12:
wal Yvxal 6& 4xd Thv Vypdv &vaeuuumvm&u. +

(Whether this is a genuine part of the fragment or a para-
phrase of Frag. 36 - cf. Kirk p. 371 - is irrelevant here.)
We have alfeady (p. 168) noted a similar phrase, in ABt.
.Iv'3,12, D. 22 A 153' the whole sentence, which hgs;éb-
viously beén'influenced Sy Stoic ideas, is as follows:

" ‘H. v pév 0¥ xbopov yoxfv dvadvulacty éx Thv
&v adtd dyplv, Thv d& &v Tolg Zdoig &nd vTig &xtdg ol
Tfic &v adtotl¢ dvadbvuLdoewg, Opoyevii.

This sentence is repeated almost word for word in Nemesius
de Nat. Hom. 2. .Wb have already seen, however, that thé
true interpretation ié not 'the moist exhalation', but
'the exhalation that comes from-water', viz. thesbrighf
exhalation. Thus the comment of Phiioponna (87, 11) on
the-passﬁge from Aristotle's de Anima is more correct
than the interpretation that Philo gave for Frag. 36; it

readss

xBp 62 od =NV QAéya gnolv, &AAdL THv Enpdv dva-
ovultactiv.

If the soul were indeed aer or the moist exhalation, both
of which consist of water vapour, how could the encroach-

ment of water cause drunkenpess sleep and deatﬁ? Water
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added to water cannot make it any more wet! lMoreover
the fiery nature of the soul is supported by the connex-
ion between fire and reaéon that we met when considering
the cosmic fire, p. 150 sup..

The dry exhalation in the physical entity that is
the soul considered as a corporeal substance is parallel
to the reason in the psychological entity that is the soul
considered as a spiritual concept. .As Philoponus pointed
out, in this context fire does not mean 'flames'.

Sextus Empiricus, edv. listh. VII 126sq., in & long
passage, unfortunately contaminated with later ideas, es-
pecially those of Aenesidemus, claims that Heracleitus
believed that by respiration we breathe in reason from what
surrounds us (D. 22 A 16): this Heracleitus may well havé
thought, for we are surroghded by the atmosphere, which
contains the bright exhalation as one of its constituents.
Sextus adds a contrast between sleep and waking: in sleep
the 'pores of the senses' (obviously a later idea) close
and cut off the rational within us from the rational that
surrounds us. This can surely not be a Heracleitan idea,
even though Sextus gives a Heracleitan-sounding analogy
with embers that glow held near a fire but go out when

removed from it.
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The furthest we could follow Sextus would be to
say that when aweke we absorb more of the bright exhalat-
ion from around us than when asleep, so that when asleep
the moisture within us is the more able to quench it.

The one essential thing is not to follow the commentators
who thought that this passage, with its use of the word
nepLéyxov, is evidence that Heracleitus did believe in some
external store surrounding the universe - it is clear that
Sextus is only referring to what surrounds our bodies, the
atmosphere that we breathe.

It remains now to sum up in terms of my subject,
aer, a discussion of Heracleitus that has had to be long
both because of the obscurities in his own words (leading
to the existence of man& modern schools of thought on the
subject) and because of the unreliability of our author-
ities.

Although in the system of Heracleitus aer is not
one of the main world-masses, and is in fact rarely men-
tioned by name, his conception of it was, I believe, not
greatly dissimilar to that of the other schools that we
have discussed. It is not a separate world-mass, not a
subject for explicit discussion, because it is no longer

a unity. He has split it into two distinct substances
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instead of treating it as one substance-capable of manif- -
esting itself under different forms.

It is split into two exhalations, the bright
one corresponding to the rarest form of the aer of Anax-
imenes in that it is about to turn into fire (though not
considered as invisible), and the dark one corresponding
to the normal misty or cloudy Milesian aer and to the
moist exhalation of Xenophanes and to the darkness of the
mythopoets and some of the Pythagoreans.

In the purely physical fragments fire is spoken of
on the same level as water and earth, whereas aer is not
mentioned; but the exhalations are given such importance
in the physical systém that Diogenes and Aristotle said
that'he explained (almost) everything by means of exhal-
ation. The physical system is, I believe, a process of
change known as the ways up and down that requires no
element or hypokeimenon such as fire in the traditional
account, but a process that is well s&mbolized by the word
'fire'.- In this process the most obvious manifestation
to the senses of the changes that are teking place is
the balanced mutual encroachment of the two exhalations

that gives rise to the various astronomical and meteoro-

logical cycles.
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Heracleitus is indebted to his predecessors in
pert for the description of the properties of the exhal-
ations, and perhaps also for the concept of Harmony that
is so important for his general theory of opposites. He
has, however, welded already familiar ideas into a com-
pletely new and original scheme, so that he can fairly
claim to have disagreed with all his predecessors.

According to Sextus Empiricus, adv. Math. IX 360
et al., some commentators, e.g. Aenesidemus, said that Her-
acleitus made aer the first principle. This seems start-
ling in view of the absence of aer from the list of world-
masses, and is perhaps due to the mistaken view that aer
formed a surrounding store from which reason was to be
breathed in (p. 178). However, the exhalations are so
definitely made the explanation of almost everything that
if I were to believe that the system needed a hypokeimenon,
which I do not, I should myself be inclined to say that
this was aer in the sense that the latter as a mixture is
the substance of which the exhalations are constituents,
and therefore more appropriate to the task of being a
hypokeimenon than fire in the sense of either the flame
or the aether of Kirk, while fire is itself more suited

to the task of being a symbol.

.000.
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CHAPTER SIX
THE ELEATIC SCHOOL

Heracleitus had, at any rate in pure science, no’
reél school of followers. Men like Cratylus, for example,
were more interested in the metaphysical or epistemolog-
ical implications of his theory. On the other hand; we
shall see that the exhalation theory, far more than the
rest of Heracleitus' scientific thought, had a lasting
influence, being adopted by more than one other school of
thought. (We have already referred to the retention of
the exhalation theory by a group probably including Antis-
thenes, c¢f. p. 164.)

The scene now shifts back again to the West: to
Elea, and Parﬁenides. His date is a matter of dispute,
since the traditional floruit (504-1 b.c.) conflicts with
the statements of Plato. Suffice it to say that he prob-
ably wrote his extant work in the neighbourhood of 480 b.c..
Philosophically he was the most important of the early
speculators, for his criticism of his predecessors, unlike
that of Heracleitus, raised certain fundamental issues
with which all subsequent thinkers, at least up to and

including Plato, were forced to deal.
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-The conclusions that he reached appeared to rule
out the evidence of the'sehses, a result that also appear-
ed to follow from Heracleitus' flux theory (at least in
the way in which it was understood in Plato's time), and
the main concern of those of his successorslthat believed
the senses to be in any way reliable was to odZewvv Td
QaLvéueva,

Parmenides was dodoixoc, being a logician rather:
than a constructive scientific speculator. He took the
premisses of monism, and from them proceeded by a process
of rigid deduction to state their ineécapable‘implicat-
jons. As a result he showed once and for all that any

monism of the Ionian type was untenable. (I say that his

logic was rigid - it was according to his lights, but the
séience of logic was in tts infaney, and Plato, especially
in the Sophist, exposed certain defects ip it, and it
would not meet Aristotelian requirements.)

Much of the Way of Truth (for whose preservation
we are.largely indebted to Simplicius) is aphysical, and
need not be considered in detail. Fortunately, when det-
ails are essential, we are at last iﬁ the positioﬁ of hgv-
ing tﬁe ipsissima dicta instead of having to rely on the

often dubious interpretations of ancient commentators.
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The Way of Truth is very repetitive; it forﬁs a
circular chain of reasoning, and Parmenides himself says:
"It is all one to me where I begin, for I shall come back
%here again'. ¥ The Way depends upon three premisses of
which the first was assumed by all Parmenides' predeces-
sors, the second, he claims, they ignored with fatal res-
ults, and the third is the basic premiss of Milesian
monism}

1. The real existence of that which is.

f) pev 6nwg Botuy Te xal d¢ odx Bovr ph elvar,
MetBoTg &otL %éhevOog (’AAndeln yvhp Oxndel),

Line 35-36. Cf. 43, 57, 93-95.
2. The absolute non-existence of that which is not.

B 8 d¢ odx Botuv we xal d¢ ypedv ot py elvar,
ThY &1 Tot ¢pdZw movaxevOéa Bupnev ATAPREY

37-38. The reason is as follows:

obte yap 8v yvolne ©6 ye puh &dv (od ydp dvvotév)
obte ogpdoatc. TO yap adtd voelv &otlv te xal elvar.

39-40. Cf. 44, 72-73,

X D.28B 5.  To save space I shall hereafter refer
to Karsten's line numeration ?given in Diels-Kranz) rather
than to fragment number and line, Because of the repet-
itiveness I shall not quote in full but shall give refer-
ences to the several contexts in which a point occurs.
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3. That which is, is one.

eeo &xel vOv EotiLv Suo¥ =wdv,
&v, ovvexéc.

60-61, Cf. 95-96.

The existence of ©d uh év, which for brevity I
shall call 'not-being', is impossible, and therefore it
is impossible for anything to be created out of it: ex
nihilo nihil £it is established as a permanent part of

philosophical dogma:

=7 "60ev adENOEV; 008’ &xn uh éévtog édoow
pdobar o’ o0dE voetv: od ydp 9atdy 006& vontdv
gotiy drwg odx EoTu.

62-64, Cf. 67-68.

Belief, however, in the reality of the sense world
implies, although the liilesians failed to realise it, bel-
ief in the existence of not-being, whether one explains
change and '5ecoming' as growth and breathing in of the
void as did the Pythagoreans (62-65, 67-68, 95-96 show
that there is no void or anything else external to the
universe), or as separation as did Anaximander (77;80, 89-
92, and 105 show that there is no internal void and that
'being' cannot be split up), or as simultaneous going ap-

art and coming together as did Heracleitus (91-92 use
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Heracleitan terminology), or as the presence of more or
less of the one real thing in a given volume as did Anax-
imenes (78-79 and 103-107 contest this), or by the assump-
tion that being and not-being are the same and not the
same (51-52, a disputed passage that may refer to Herac-
leitus).

Any monistic theory demands the existence of not-
being either as an infin’ite_extérnal store from which the
universe can grow (62-63, 67-68 and 95-96 abolish the
external store and 81, 85-88 and 101-102 abolish the in-
f£inite), or as empty space for matter to move about in
(59, 81, 84;85, 97, and‘100 abolish motion, and in fact
any sort o?‘change), or as what could replace aer in a
given'volume when Anaximenes' rarefaction reduces the
quentity of aer in that voluﬁe.(78;79). Because, thefa- |
fore, not-beiné does not exist, becoming and-perishing,
change and motion are impossible in a world that is mon-
istic. Parmenides repeats many.times the assertion that
the universe must be uncreated and endless and there can
be no becoming and perishing within it. _ “

A further point (64-66) is that his predecessors
hed failed to show an efficient cause for their cosmog-:

onies: why did the generatiVe.procéss start when it did?



-186-
This is, of course, a sound criticism; but there is, as-
Plato showed in the Sophist, error in the handling of
not-being, and in fact ©d un 8v otv mwec. The source
of the error is confusion between the existential and
copulative senses of the verb 'to be', which invalidates
the logical treatment of the subject. Apart from that
there is also the point that the mere fact that there
happens to be no really existing thing in a certain space
does not prove that the space itself does not exist.
Emptiness and <o p# 8v are not identical.

Again, the criticism of motion is not sound. It
is not a neéessary condition for motion that empty space
be available for a thing to move into. lwotion by mutuél
displacement is not only equally possible, but also the
méét common type of motion - as we walk or a fish swims
the air or water displaced from in front of us flows round
us and fills up what would otherwise have been an empty
space behind us (in this I ignore, of course,.the presence
of inter- and intra-atomic void in modern theory: the
péint is that no Qéid external to the moving object is
involved); Motion within an absolutely uniform and homo-
geneous plenum may be, and in fact is, meaningless and

ineffectual, but it is not impossible.
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The explanation of motion by mutual displacement
was soon adopted, e.g. by Empedocles, but the remaiﬁdef
of Parmenideé' thesis showed.that any moﬁism of the trad-
itional type ﬁas bound to fail as en explanation of the
universe, and appeared to cast grave doubts on the reliab-
ility of the senses in their presentation of the universe
to us. The only alternatives for Parmenides' succeésors
- (before Piato and Leucippus rehabilitated not-being) were
either scepticism éonce?ning the sense world, a path that
would lead to metaphysics, or an attempt to save the phen-
omena by postulatihg an entirely new type of physical
theory. Both alternatives were in fact tried, as we shall
see., | |

First, however, we must pass from Parmenides'
destrucfive criticism to his constructive thought. The
logic#l treatment of the three premisses of p. 183 sup.
led Parmenides to the conclusion that reality is uncreated
and imperishsble, complete immovable and without an end
in time; it is in fact timeless; 1t.is one continuous un-
ity (58-61). It is indivisible and homogeneous (77).
It is constant and unchanging, and finite (84-88). It
is like a sphere in shape (101-108) and of uniform den-
sity throughout, being a plenum (77-80 and 102-108). It



-188-
does not even manifest colour (100). This last péint
appears to deny visibility, for how can a thing be seen
without colour? It may even be -intended to deny any
sensible quality, and certainly Parmenides earlier (54-55)
attacks not only the eye but also the ear and the tongue
a8 instruments of judgement.

It is often claimed (e.g. by Burnet and Bailey)
that the One of Parmenides is corporeal. It hﬁs, however,
none of all the attributes and properties that are nor-
mally associated with the corporeal (except that it is
like ﬁ-sphéré - he neverlsays thét it is a sphere), Not
only are colour, specifically, and thé other sense qual-
ities, by implication, denied it, but also it las not even
the property of duration - it is timeless:

oﬁéé ﬁom’ﬁv 006’ Botai, &mel vOv Botiv Suob =dv.

What has happened is that Parmenides hes fealised '
that the existence of matter as we know it cannot be prov-
ed by rigid logic from his premisses. He has proceeded
as far as he can by logic, and then stopped short before
error slips in with the admission of corporeality. The
sehsible qualities of matter are not rational and are not

logical consequences of 'being'.
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The One, then, is not entirely physical nor entire-
ly abstract. It is eternally now; i.e. it is removed
from time but left in space. Parmenides never calls it
'body' but does give it a shape. Plato in discussing his
spherical 'body of the world' (Timaeus 31 B) says that it
must 'be bodily, and so visible and tangible; and nothing
can be visible without fire, or tangible without something
solid, and nothing is solid without earth'. This con-
trasts sharply with Parmenides' account. The latter is
not concerned with the physics of matter. It is the
first step on the path to metaphysics, the second being
the removal of the Real from space as well as time.

With this shattering of the Milesian interpretat-
ion of matter, we find aer or the infinite or the void
deprived at one blow of the all-important ﬁosition_of
being the breath of the universe or the infinite store
of matter. After Parmenides (except in the theories of
reactionaries like Diogenes of Apolionia, Chep. 9) we may
expect philosophy to be either metaphysical or pluralist-
ic - until a monism of a new type is postulated in atomism.
So from ﬁow on aer and other substances known to us to be
gases will no longer be considered as primary and unique,

but as equal in status and individuality to other things.
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According to Parmenides the error of the Ionians
was that they illogically accepted the sense world as real
(thought not the senses is the criterion of truth, lines
54-56). The error of the Pythagoreans was that they id-
entified mathematical objects with material objects. The
Sphere of Parmenides is a perfect mathematical figure, but
it has no fire or earth as did that of Plato's Timaeus.
The Way of Truth stops short just at the very point where
the perfect sphere of being timelessly occupying the whole
of space is established, before illegitimate concepts
appear, such as time and generation, sensible quality and
matter.

| At this point we have the transition to the Way of
Opinion. This is extremely fragmentary, and some of the
fragments that have survived are ﬁnfortunately of the
nature of introductions to detailed passages that have not
survived, and tell us little or nothing.

The Way of Opinion is a cosmology; in other words
it lies across the same gap between mathematical or log-
ical figure and sensible body as did the Pythegorean cos-
mology: but whereas the latter bridged that gap by a bald

statement of identity, Parmenides bridged it by a transit-

ion from what is claimed as valid to what is admitted to
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be invalid'but plausible. It is logically unprovable
and cannot be called true, in some respect like a Plat-
onic-m.yth.x In effect Parmenides separated metephysics
and physics as two distinect studies, and it was left to
Plato to attempt to reunite them into a unified theory
that would restore some reality to the sense world while
still asserting the more truly real nature éf the world
of Ideas._ The latter is removed from space as well as
from time, but ‘permitted life (soul) and motion, while the
former is a half way stage between being and not;being,

and is the object of opinion, cf. Republic Book V, 478D:

®¥ 1 follow Aristotle (Met. 986 b 27) and Cornford

(Op. cit. pp. 50sq.) in regarding the Way of Opinion as
Parmenides' own work. Burnet-(%.G.P. pp. 182sq.) is
clearly wrong in claiming it to be Pythagorean. Nor can
it be the opinion of laymen (Theophr. quoted by Alexander
in D. 28 A 7, and Zeller), for it is too elaborate, nor
eclectic (Diels and Freeman) for it is too closely knit.

It is the opinion of 'mortals' because the speaker
is a goddess, and I believe it to be original speculation
of Parmenides about the sense world, whose lack of valid-
ity he is careful to emphasize. I am not convinced by .
the arguments of Freeman and G.E.L.Owen that its purpose
is to afford an example for criticism. (Owen, in an un-
published paper read to the Northern Association for Anci-
ent Philosophy, tried to prove that it is an example of a
normal cosmology given to show how to expose the presuppos-
itions of such cosmologies, namely by exposing the duality
involved - thus the structure of the poem, after the intro-
duction, would be: first the antidote, and then an exam-
ple of the poison.) I prefer to believe with Cornford
that it is a serious and positive contribution.
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odxoByv Epaupev ... TO TovLoBTov peTaEd xuetobat Tol
ebhuaptvidg 8vtoc te nal Tol¥ mdviweg ph) Svtoc xal obite
¢xvothuny obte Gyvoirav &x’ abdtd Eoeocbar, AANL ... O6Eav.

Parmenides would not have claimed that his speculation
resulted in a system that has a definite relation with
the Way of Truth, as Plato claimed in the case of the Tim-
aeus for all that it was an elxd¢ ubboc.

We must now examine the Way of Opinion to find out
what part gaseous substances play in it. The relevant

fragments are:

popelc Ydp xatébevto 660 yvduac dvoudZeuv:

Ty plav od xpedv &otuv - &v § memhavnuévor elolv -
tdvtla 6’ &xplvavto d8uag xal -ofjpat’ EBevto

xwple 4x’ dAMiAwy, TF uév ehoydg albéptov wbp,

Aimvov 8v, wéy’ (dpaidv) £ragpdv, Ewvtd RdvTooe TWHTOV,
TP &’ &tépy pmn TwdTév: 4Tdp xndrelvo xat’ adTéd

Tdvtla voxt’ 4&bafi, wvxLvdv déuag EuBpLOéc Te.

téy oot &yd &idxoopov &oitxudta mévra gatlZw,

thg od pf moté Tlg oe Ppotly yvdun wapeirdoon.

Lines 112-120, end of Frag. 8.

adtap &meidN wévto @dog xal vOE dvéuaotal

xal t©& xatd ogpetépag Svvduetg &nl Tolol te xal wolg,
wy ®"Aéov &otiv duol @deoc xal vuvxtdg dodvrov

fowv duootépwv, &nel oddetépw wéta undév.

L. 121-124, Frag. 9.

at vdp oteilvétepal TAfivTO TVPdg GxpritoLo,
at 6’ &xl Talc vuntde, wetd 68 ohoydc {etar aloa-
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év 6& péoy TovTtwy dalpwy 7 mdvta xvBepvd-
ndvta vdp <i> otvyepolo Téxov xal wlEvoc &pxet
néumovo’ dpoeve OfAV wiyfiv ©6 v’ &vavtlov adtic
dpoev 6mAvTépY.

125-130, Frag. 12.

We find here a physicel dualism with two 'elements'
(of which it is not right to name even one %), each of
which has a number of &vvdpeig, by which is meant active
'powers' proper to bodies enabling them to affeet our
senses: such powers are the hot anq'the cold etec. ; we
are still in the age of 'quality-things' before the concept .
~ of quality has been distinguished from that of substance. ¥
The elements are 'the etherial fire of flame' and 'dark
night*. The powers of fire given in Frag. 8 are, if the
reading given by D1els-Kranz be accepted gentleness and
~ lightness, with rareness as a gloss (but cf. &patéy in
D. 28 A 37 quoted inf.), and homogeneity: those of night
are darkness, density and weightiness. Simplicius (Phys.

31, 3, D. p.240) quotes a scholium that adds to this list:

Extl 908 &0ttt TO dpatdv xal Td Oepudv xal Td @dog

*  Line 113. So Gomperz and Cornford (Op. cit. p.

46), pace Dies, Burnet and Raven.

X% Cf, Cornford, Op. cit. p. 47.



xal ©d parbaxdv xal TO xoVpov, &rl O TP mLIVD dvé-
paotat Td Yyoxpdv xatl Td Zégoc xal oxinpdv xal Papd-
tadva yap &xexplon éxatépwg &xdtepa.

What are these two elements? Fire is plain, but
whet is night? Aristotle identifies gpdoc and vsZ with
tb Oeppéy and ©d yvxpév in several places, ¥ which is

reasonable; but also with xdp (correctly) and Yﬁ; for ex-

ample in Met. 986 b 34: X&

660 Td¢ alvlac xal 6o Tde bpxlc ®mdALv TlOnOL,
Beppdv xat Yvxpév, otov =Up xal yvAv Aéywv. TovTwy
88 xatd pdv Td Ov Td 6epudv TlTTEL, OdTEpOV O6F NATA
Tod ) Ov.

Other commentators followed h1m; XXX put S1mp11clus,
who had the poem in front of hlm, corrects the identifioc-

etion in Phys. 25, 15, D 28 A 34:

"',n. oo ﬂﬁp xat Yﬁv 1 u&hhov olic notb oxétog.

E.g. Met. 986 b 34, D. 28 A 24; de GC 336 a 8, A 35.

X% (f,: "de GC 318 b 6, and 330 b 13, A 35 and Phys.
188 a 20.

sl N Theophr. Phys. Op Fr. 6, A 7; Hipp. Ref. 1
11, 1,.A.23; D.L. ix-21, A 1; Cic.dc. II 37 118, A 35;
(all these stete that flre is the moving cause and earth
the material cause, an obvious Aristotelian anachrénism)
Clem, Protr. 5, 64, A 33 (where fire and earth are called
gods); Simpl. Phys. 30, 13 and 179, 31 both in the intro-
duction to D. 28 B 7-8. . On each occesiOn Simplicius also
gives the correct pair 'light and darkness'.
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'Night' cannot mean 'earth'. Aristotle;identif;
ies Parmenides' fire with his own; which is hét and active;
gives, without Parmenidean authority, to night the contrary
powers cold (plausible enough) and passivity: then the
typically Aristotelian aétive/passive relationship is im;
ported into Parmenides' theory b& Aristotle or Theophras-
tus in the form of the moving/material cause opposition,
and Ariétotle himself also misapplies the being/not;being
opposition. Fipally A;ig?otle identifies his oﬁn contrary
to fire, earth, which is cqld and pgssive; with the ;§n;
trar& ;f fife in Parmgnides‘ltheory.

Aristotle's misinterpretation was the more plaus;
ible beéguse Platé's sphere contained fire and earth (i;
p. 189 sup.). Burnet tried to demonstrate a later Pyth;
agoreanism,with fire and earth as primary elements (E.G.P.
P 293), but as Cherniss points out (Op. cit; p. 48, n; 162)
thié 'can nét explain why Aristotle; who takes the seeond
part of the poem as representing Parmenides' own views and
not Pythagorean theory; miséuotes the text'.

Night must represent the aer of Parmenides' predec;

essors, He was a dissident Pythagorean, and as we have
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seen the early Pythagoreans had in their cosmology a dual-
ism of fire and aer or void. Parmenides' major disagree-
ment with the Pythagoreans would have been over the iden~-
tification of mathematical and physical objects, and there.
is no reason why he should not have accepted what was
plausible from their cosmology - he denied the void, of
course, buf to accept aer as a dark substance, viz., dark-
ness itself or 'night', would not trouble him. Night is
darkness and darkness is aer to all the early Greeks, as
we have repeatedly seen. We shall shortly see that night
plays a part in Parmenides' astronomy similar to that of
aer in Anaximander's. Mofeover fire and night in this
sense form & dualism parallel to that of the light and dark
exhalations of Heracleitus' cosmology.

In this connexion note that Plutarch (Adv. Col. 1114
B) says:

8¢ ye xat dudxoopov memolnwat xal oTtoixela piyvde
7o Aaunpdy xal oxoTewvdv &x TovTwy Th Qatvépeva wdvia
xal 6ud Todtwy dmoteAel.

He uses here precisely the same words for 'light and dark'
as Diogenes Laertius did about Heracleitus' exhalations
(ix 9, p. 160 sup.). Thus although he dissented from

Pythagoreanism, Parmenides could well retain this pair of
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_primary substances since Heracleitus had confirmed their
importance even though not admitting them as 'elemehts',
and Xenophanes, to whose work his own bears s&me similer-
ity, also appears to have pondered the idea of exhalatioms.

In other words, light and night were in this sense
indeed 'the opinions of mortals', for Ionia, the Pythagor-
eans, and Xenophanes 2ll employed them in their own ways.
Even in Plato (Tim. 58 D) one form of aer is given the
names dulxAn and oxdmog. The reason why Parmenldes did
not use the word '&#%p' as the Pythagoreans did may have
been that as a diésenfer he preferred to use Ionian terms
(&4patév and mviuvéy are also Ionian terms).

Parmenides was not alone in choosing fire and aer
a8 dualistic principles: we shall see later that the min-
or Ionian_Oenopideslof Chios also chose them.

These two substances are employed in the astronom-
ical fheory, see Frag. 12 sup., which is obscure by reason
of its brevity, but is amplified (probably without the ad-
dition of any further gemuine material) by Aﬂtius in a
passage (II 7, 1, D. 28 A 37) that has to be used with
caution - AEtlus' 1nterpretat10n is not necessarily any

more accurate than modern ones, and is itself obscure and
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difficult to interpret. The passage is as follows: %

I. otepdvac elvar mepiremheyudvac, &mairfrove,
Thy udv &x Tof dpavol, TAV && &x To¥ wuvivol-: wuLuTdg
o6& dahag &x uwtdg xal oxdtovg petaEd Tobtwv. xat T
nepLéyov 6& mdoag Ttelyovg S6Cxny otepedv dndpxetw, Vo’
§ mopddng otepdvn, xal Td pecaltatov maockv otepedv,
xepl 8 mAALy mvpdoNC. TBY 68 ovupiy®v TYV pecalTaTNY
drdoarg <bpxfiv> Te xal <alwlav> atvicewg xal yevécewg
dmdpxetv, Hvtiva xal Salpova xvﬂepﬁﬁtzv xal uAndolxov
dmovopdZer Alxnv Te xal *Avdyxnv. '

*  The details are -disputed, particularly the order

of the bands, their identification with the heavenly bod-
ies, and the position of the goddess. The latest discus-
sion is J.S.Morrison's 'Parmenides and Er' (J.H.S. LXXV,

1955). He tends to -hedge over the identification of night
with aer or earth; and his interpretation of the system is
ingenious rathér than convincing.

Diels also vitiates his picture by taking night as
earth, Burnet believed that the Pythagoreans took over
Anaximander's theory of 'bicycle tyres' (with improvements
gbout the relative position and order of the bands), that
Parmenides is just quoting the Pythagoreans, and that the
Timaeus' and the Myth of Er are also practically pure Pyth-
agoreanism. He thus considerably oversimplifies. I can
not accept that the Pythagoreans adopted the tubes of An-
aximander, The clearest interpretation is perhaps that
of A.Rey (La Jeunesse de la Science Grecque, Chap. VIII).
Heavenly motions are circumpolar (cf. Anaximenes, Herac-
leitus, Xenophanes). The narrvowest (and farthest) bands
are those nearest the Eole, and the wider are nearer the
celestial equator. - Alternate bands are of fire and aer.
No bands are themselves 'mixed': fire runs radially ac-
ross the dark bands not circumferentially, perhaps through
Anaximandrian orifices. The mottled appearance of the
moon and Milky Way may be due to mixture. The ‘order of
the bands is: Olympus (Frag. 11), i.e. outer wall; Milky
Way and Common Heaven, i.e. stars and planets; sun and
moon, detached from Milky Way; earth. The goddess is on
the axis, not on a middle band. -
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The astronomicel deteils need not detain us; what
is relevant is the nature of the substances employed.
AHtlus several times reafflrms that the heavenly bodies.
are of fire (D. 28 A 38, 39, 40a, 41, and 42) though he
also states (A 43 and 43a) that the sun moon and Milky
Way afe'mixtﬁreevof the rare and the -dense or the hot and
the cold, perhaps because of his confusion over 'mixed
bands' or perhaps because of the mottled appeeraﬁee of the
last two. Clearly their light comes from the fire in the
fiery bande, as it.did with Anaximender, and penetrates
the dark bands to reach our eyes perhaps, as A.Rey said
(cf. footnote on p. 198), through Aneximandrian orifices.
At any rete,-whatever the details, the scheme.is claimed
by most scholars to be an improvement on that of Anaxim-
ander, and i agree. Night therefore plays the same part
as did the'aer-of Anaximender, & further'point in favour
of the identifioation of night with aer rather theﬁ'with_
earth. Ite preperties, then, willﬁﬁeve been-just:those
we have already attributed'to the normal Ionian dense aer
or to the dark exhalatioe of Heracleitus. |

In the contlnuatlon of the passage quoted on p.

198 Aﬁt1us tells us that aer is a vapour caused by the
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'felting'.of earth, while the sun and Milky Way are
'breathings-in' of fire, Ps. Plutarch (Strom. 5, D. 28
A 22, from Theophrastus) ﬁould appear however to be more
correct, saying that earth originates from the dense (aer).

To sum up, the astronomy is an intermediate stage
in the development from the system of Anaximander to that
of the Myth of Er. It contains improvements due to the
greater empirical knowledge of the Pythagorean school from
which Parmenides dissented (especially the fact that the
moon shines by reflected light, and the identity of the
Morning and Evening Stars - Venus - Frag. 14 and D. 28 A
40a), but essentially fire and aer are still of the typic-
'ally Ionian sort. Some Pythagoreans may have believed
in the same type of aer, but not those who equated aer and
the void.

Finally, certain of the fragmenps are.physiological,
but too scanty to be informative. From them and the dox-
ology we can gather that the facts of 11#3’ reproduction,
and -thought are connected with the interaction of the hot
and the cold, i.e. with fire end night. The influence of
Alcmaeon may be seen in this physiological interest.

As far as the study of aer and other gases is con-

cerned, Greek medical and physiological theories are not
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always relevant to this attempt to outline the development
of knowledge of their nature and propertiés. They tell
us not what aer is thought to consist of, but how the body
is thought to make use of it in the processes of respir-
ation and sensation. edicine tends, naturally, to accept
the current philosophical theories concerning the actual
nature of the aer involved. I propose therefore from now
on to postpone the medical and psychological theories of
the natural philosophers (except when they are immediately
relevant to tbe physical discussion) to an appendix in
which I shall also include certain of the theories of the
various schools of medicine. This appendix will be brief,
covering repidly the ground of a subject that I propose

to make the contents of a future full-scale discussion.

.000.
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Section 1ii.

As we shall see, the arguments of Parmenides had
a very considerable affect on the thought of subsequent
Greek scientific speculators. Some 6f his arguments were
so cogent that they gained immediate acceptance. Others,
including some of equal cogency, were so awkward that in
order for normal speculation to continue they had to be
circumvented if they could not be disproved. While few
apart from Diogenes of Apollonia still adhered to a monism
of an Jonian type, many thinkers wished to proceed along
the path of pluralistic science rather than that of meta-
fhysics. The Way of Truth was a challenge to these.

The fythagorean school saccepted the challenge, made
amendments to their system, but remained pluralistic.
Moreover the cﬁallenge was accepted by two new figures,
Empedocles and Anaxagoras, pluralists both. We shall be
dealing with all these very shortly, but before déing 50
we must consider the remaining figures of the Eleatic
school, Zeno of Elea and Melissus of Samos. Their.pur-
pose in life was to uphold Parmenideaﬁ principles against
these opponents. When the arguments of Parmenides, so

far from giving plurality the coup de grace, were actually
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accepted and even made the basis of new and more advanced
pluralistic systems, the Eleatics attacked their new §p-
ponents by taking their basic assumptions and reducing
them to absurdity by means of dilemma and paradox. They
aimed to show that plurality is completely unworkable.'

Conéeguently the major contribution of both Zeno
and lelissus to philosophy was in the sphere of destruc-
tive criticism. For this reason, I propose only to make
a few general remarks about them here: I shall discuss
their arguments in detail as each becomes relevant while
I am dealing with the opponent concerned.

The relative chronology of the main contestants in
the debate is disputed - some of the traditional !floruits'
conflict with other evidence. Zeno's main opponents are
clearly the Pythagoreans. However Suidas (D. 29 A 2)
gives fhe name of one of his works as 'Commentary on Em-
pedocles'. On the other hand, a2 case has been made out
(v. Chap. 8 inf.) fér the assumptiéh that Anaxagoras was
familiar with his arguments. lielissus is known to have
been an admiral of the Samian fleet in 441 b.c;, and
patently refers to Anaxagoras. I shall therefore assume
the following ofder of speakers iﬁ the debate, so to

speak: Parmenides - Empedocles - Zeno - Anaxagbras-- 3
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iielissus - the Atomists ... with the Pythagoreans keeping
up & running commentary all the while (v. Chap. 10).

Zeno's arguments against his immediate opponents
were almost all mathematical or loégical in character rath-
er than physical. They concerned plurality, motion, in-
divisibility and infinite divisibility, and discreteness
and continuity, for the most part. It is not so much
the arguments themselves as the form taken by the physical
theories of the opposition as a result of them that will
be relevant to this discussion of aer.

Zeno was so much a destructive critic that we have
practically no information ebout his holding any construc-
tive opinions. There is just the statement of Diogenes
Laertius in D. 29 A 1. The void is non-existent (cf.
Parmenides). Basic in the world are the hot, the cold,
the dry, and the moist; and these change into one another
(cf. Anaximander). ien sprang from the earth (cf. Xen-
ophanes). Soul was a mixture of the opposites with no
one of them predominating (c¢f. certain Pythagoreans?).

One may doubt this account - it accords ill with Zeno's
Eleatic background.
relissus too was mainly a destructive critic. He

was, however, an Ionian by birth and probably by training.
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As a convert to Eleatic doctrines, he has a fresh approach
and a rather more open mind. He uses some of -the same
destructive arguments as Zeno; but he produces some con-
structive ideas as well., lIloreover his arguments as a
whole are more physical in character. In fact Aristotle
says in ilet. 986 b 18 sq. that he substituted a material
One for the conceptual One of Parmenides, and Galen (D.
30 A 6) says that his followers called his One 'matter®
since it was not equated with any one of the normal four
'elements'.

In-fact his One is similar to that of Parmenides
in many respects, especially in unity, immutebility, and -
homogeneity. - It is not, however, removed from time (Frag.
1, c¢f. Frag. 2). But the main difference is that it -is
not limited but infinite in space as well as in time.

The reason for this striking amendment is that if limited
it would be bounded by something else, sc. void, (Frag.-5).
This very infinity gives a reason for unity and uniéueness
such as Parmenides had failed -to pfovide (Frags. 5 and 8).

The main targets of his destructive criticism were
éhangé, motion, the void, and lack of homogeneity. These
concepts are, it will be seen, more physical than those

chiefly attacked by Zemno.
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Frag. 7 deals with change in the guises of perish-
ing, growth, change of 'cosmos' (arrangement, structure),
and pain or grief (terms apparently meaningful to Anaxag-
oras). All these contradict eternal existence (the law
of identity) and homogeneity. Frag. 7 proceeds to deny
the void, and to deny motién since there is no-empty space
and no room to enter into the full. Anaximenes' theory
also stumbles over the non-existence of void, which rare-
faction entails. |

Frag. 8 denies plurality and change by demonstrat-
ing the fallibility of the senses and assertihg the law of
identity. The argument against the senses appears to be
directed towards Anaxagoras, who admitted their weakness
and yet accepted their evidence for plurality and change.

All these arguments will be dealt with in detail
as and when they bécome relevant, and it will become appar-
ent that Aristotle's poor opinion of Melissus was in fact
unjustified. We shall see, in particular, how Frag. 8
gave a hint to the pluralists, especially the atomists,
concerning the essential natufe of their basic entities.
With tﬁis in mind, then, let us leave the Eleatics and
consider their opponents.

.000.
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CHAPTER SEVEN
EMPEDOCLES

We have seen how Parmenides showed not énlj that
monism is impossible but also that légié éannot fro%e the
9xistence of the material world; He had, as Plato saﬁ;
paved the way fqr the separation of physics frém meta;
physics. His immediate successors did not realise this;
however, and copcentrated upon trjiﬁg £§ 'save the pheﬁ;
ogen#' aﬁd to avoid the coﬁseéuences éf his denial of the
possibility oflchgpgg_aﬁd motioﬁ_in.a_monistic'universe.

' They saw two ppssible solutions: dualism and plur;
alism. The Pythagoreaps already.had a dualism of a so;t;
bﬁt not one such as to sa?isf& fhe ;onditiéhs laid down
b& Parméﬁides; To us, accustoﬁed to modern physics; in
whiéh stfucture as expressed b& mathematical eéuations is
all;impéftant e%en though_the relevanée of the lattgr to
the seﬁée world is not always apparent to the layman, Fhe
P&th;ééfean ﬁﬁmber;philosophy seems té have been on the
riéht tfaék: but they had not, of céurse, the mathemat;
i;él edﬁiﬁgeﬁt ﬁith ﬁhi;h to succéed'(the calculus as used

by Leibnitz and Newton is necessary).
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Another type of dualism was now tried: a physical
dualism of the Ionian type that replaced the monists' one
principle by a pair. Typical is Oenopides of Chios, a
younger contemporary of Anaxagoras. iiost of our infor-
mation about him concerns descriptive astronomy and geom-
etry, but in Sext., Pyrrh. Hyp. III 30, D. 41 A 5, we read
that he made fire and aer the principles. This is the
same pair that wé find in the Pythagorean cosmology and in
the Way of Opinion, but we may guess that he explained
change in the Ionian rather than in the Sicilian manner.
Such an explanation would be no more successful than Ion-
ian monism. It merely contradicts Parmenides' statement
that all is one without escaping from the monists' diffic-
uities over explaining qualitative change. Earth seems
just as illusory when we are told that it consists of fire
and aer as when we are told that it is just aer.

It was not sufficient merely to increase the number
of primary substances: it was also necessary to éxplain
the precise process by which those substances could com-
bine or interact to produce other substances differing in
sensible properties from themselves. loreover Parmenides
had demanded that an efficient cause be given for motion,

that is, if one refuses to accept the impossibility of
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motion itself and manages to explain how it could occur
without introducing 'not-being' into the system.

The seme objections are.valid against Ion of Chios,
the traéedian, who entered the philosophical lists with
e theory of three elements, according to Isocrates and
Philoponus (D. 36 A 6), namely fire aer and earth.

Such éktensions of Milesian theory being inadequate,
there were two alternatives open to those who wished to
save the phenomena. They could either increase the number
of primary substances fo a finite number large enough to
explain by their combination the existence of all the sub-
stances presented to the senses, and at the same time
propose a theory of the mechanics of that combinetion and
of motion and change, or postulate an infinite number of
substances all different and all equelly primary. Both
of these courses were taken by different schools of thought.
Later a third possibility revealed itself after they had
failed fully to satisfy the requirements: a return to a
monism of a different type. Instead of a single substance
one could postulate a single type of entity of which large
numbers exist, whicﬁ could in various conditions and cir-

cumstances manifest varipus'sensible properties: this

entity is the atom.
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The first of these solutions which was tried was
that giving a finite number of principles, the solution
of Empedocles. Empedocles of Akragas is again of un-
certain date. He may have been born a little before
490 B.C., though his traditional floruit is 444 B.C.;
Like nyhagoras and Heracleitus he regarded himself as
é man wifh a religious message. His work falls into
two parts, 'phyéics' and 'Purifications'; and it,is not
always easy to see how the two may be mutually consistent,
or even not bluntly contradictory.

In physics he was a mediator between Parmenides
and the senses. His attitude to the latter is reminis-
cent of that of Heracleitus. He admitted that we cannot
trust the senses entirely (Frag. 2, Diels); but did not
deny their use altogether, as did Pafmenides. They can
not, through the incompleteness of any one man's exper-
ience, he thought, give us a complete overall picture of
the universe. Within each individual man's limited ex-
perience, however, understanding, reason, may make such

use of the senses as it can, as Frag. 3, lines 9-13, says:

AN’ &y’ 8BpelL mdom mahdum, % Sfdov ExacTtov,
unte TLV'8Yiy Exwy xCoter mAéov 7 wat’ dxovtiv
fi dxonv &pldovrov VREp TpavdpaTa YABOONC,
phte TL Ty GA\wv, éméom mépog éoti vofjcat,
yvlwy ®iotLy Epuxe, véel &’F dfihov Exaotov.
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The senses, which we may thus up to a point trust,
present us with a world in which plurality, motion, and
change (becoming and perishing) occur. To explain this
Empedocles started from the admission that 'being' must
be as Parmenides described it and that 'not-being' does
not exist; but he modified Parmenides' éonception in such
a way as to permit the possibility of plurality, motion,
and change without necessitating the postulation of a void.
In a homogeneous and uniform plenum like the sphere of
Parmenides motion would be meaningless and useless., The
final result of a motion would still be a homogeneous and
" uniform plenum. (We can, of course, only be considering
motion within the plenum - the whole cannot move for there
is nothing outside it and it £ills the whole of the univ-
erse,) . .
If, however, we regard the plenum as containing a
number of different entities to each of which we allot all
the properties of the Parmenidean One except uniqueness,
and if we deny the existence of void so that all these
entities are in complete mutual contact within what is
therefore still a genuine plenum, we can account for loco-

motion by a process of mutual displacement (cf. p. 186

sup.), and account for change by a given volume's having
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within it at one time a greater portion of this entity
and at another time a greater portion of that. More of
this and less of that or more of that and less of this is
possible within a given volume, whereas Parmenides had
complained (lines 78-79, p. 185 sup.) that more or less
of the one and only thing was not, as Anaximenes thought,
possible.

Change in general (of which the most obvious kind
is becoming or perishing) is therefore the manifestation
to our senses of the interchanges of position by mutual
displacement of the primary entities. Change is illusory
in the sense that there is no becoming out of, or perish-
iné into, 'not-being's this is a good illustration of
the way in.which reason must be brought to the aid of our
fallible senses. The entities which by their movements
give the impression of becoming and perishing are them-
selves uncreated, imperishable, and immutable, and also
individually homogeneous, full of 'being', and immune from
internal movement. They are just a plurality of Parmen-
idean 'Ones' - and uniqueness was merely a premiss of Par-
menides, the monistic premiss that he took from the pre-
decessors whom he was criticizing. He did not really

adduce very cogent proofs against pluralify itself, only
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against accepting as real the apparent plurality of sense
phenomena in a universe that was to be explained on the
monistic hypothesis, His follower Melissus admits that
if we accept sense data (which he did not) plurality is
possible (Frag. 8), and after giving reasons why we should
not accept-them states the condition upon which those who

do so may have their plurality:

obtwe obv, el morrd elmn, woiradta xph elvai, ofév
xep TO év.

This is just the condition that Empedocles has accepted.

In Frags. 11 - 14 he repeats in almost Parmenidean language
the Eleatic arguments against becoming and perishing, the
void, and growth; and perhaps in Frag. 13 rarefaction and
condensation is aimed at as well:

1l. vfirvov- od yép opuv BSohvxbepovég eloL pépiuvat,
ol &N y(yveoBai mdpog odxu &dv &AmtZovouv
i Tt naTadviioxetv te xal EESAAVGOaL dmdvTT.

12. Ex te ydp ododu’ &6vrtog durixavéy &otu yvevéodal
wal T’ &dv &Eamoréobar dvhvvotov xal dmvotov:e
alel vap 9 v’ Eomar, 6mm %€ Tic aldv &pelo.

13. o986 TiL ToB ®mavtdg xevedv wéheL oddE mepLocbv.
14. ©o¥ wavtdc 6’ o006&v xevebv:e nwbOev odv Tl %’ &mwéAOoL;

Like Parmenides, Empedocles is repetitive in style, and

the same points are made explicitly or implicitly in other
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contexts too. Frag. 15 puts the argument against becom-
ing and perishing from the human point of view, and Frag.
8 states that 'mingling' and 'interchange' are substituted
for them as an explanation of change: ¥

dAdo 68 wou Epéwe ¢@Bouc oddevdc Eotiv AndvTwy
ovni®v, o00d€ Tig odhopévov BavdtoiLo Tehevtn,
dANL pévov wlELg Te OLEANGE(C Te piyéviwy

gotL, @boic 8’ &xl Tolg bdvoundZetal AvOpdroLOLY.

Frag. 9, whatever the meaning of the disputed words in the
text, makes the same general point, and adds the idea of
'separation':
of &’ 8te pév xatd oita piyévt’ elg alodp’ t<nwvrar> T
19 natd Onpdv dypoTépwy yévoc N xatd O4uvwy

H& wat’ olwvldy, Téte pEv Td <AéyovoiL> yvevécobat,
edte &’ dmoxpLvedoL, Td 6’ad dvodaluova KETUOV®

€\

7 6éutg <od> xaréovor, véuw &’ &rlomut xal adTéc.

So far we know that we are dealing with a plurality
of entities and that they obey the Parmenidean rules.
We must now discuss their number and nature. They are
four, fire air water and earth. It has often been said

that in making his choice Empedocles quite naturally took

Cherniss (Op. cit. pp. 109 n. 446 and 243 n. 114)
has triumphantly vindicated FPlutarch in taking ¢voug to
be 'becoming' and most scholars in taking 6avdtoio Tehrevth
to be 'end in death' against Lovejoy and Burnet who inter-
pret 'substance' or 'permanent nature' and 'end of death'.
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the four traditional 'opposites', the quality-things, and
turned them into 'elements', things pure and simple. It
is not clear, however, just which opposite would corres-
pond to which element. Aristotle's identification of
each so-called element with one from each pair of opposit-
es, e.g. fire is hot and dry, is clearer (de GC 330 a 30).
Consequently I prefer the more recent hypothesis (of e.g.
Kirk, v. p. ISé(sup., and Cherniss, Op. cit. p. 399) that
he took the three main world-masses of Heracleitus, and,
after proving (more cautious scholars add: or adopting
from someone else the proof) that air is corporeal, added
it to the list.

These four substances hé called wdvrtwy HiLZdpata
(Frag. 6, v. inf.), but Flato used the word ovoixeta, first
at Theaet. 201E, and again at Tim. 48B, where he says:

But we speak as if men knew what fire and each of
the others is, dpxdg¢ adtd TiL68uevolr otoLxela ToD mavtéc,
whereas one who has ever so little intelligence should
not rank them in this analogy even so low as syllables.

This is a vitally important passage, for, as Burnet says
(E.G.P. p. 230), it, together with Pythagorean criticism,
made it virtually impossible for Aristotle to understand

how Empedocles could have imagined the 'roots' to have

been elementary, so that he misinterpreted them as being
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derivative from the Sphere which he takes as a substrate,
thus making Empedocles just another monist. ovoitxetov
has as one of its meanings 'letter' (or ﬁetter, according
to Liddell and Scott s.v., # simple sound as the first el-
ement of language, a 'phone' rather than a 'letter'), but
after Plato's use of it here and the atomists' use of let-
ters to illﬁstrate the arrangement of atoms the word was
adopted as the technical term for an 'element'.

The "roots' really were elements. An element was
defined on p. 5 sdp. as: "A distinct species of matter
which cannot be converted sy the action of heat, chemical
reaction with other substances ... into two or more ...
different kinds of matter". We added: "Every portion of
matter consists of either‘a single pure sﬁbstance or &
mixture of two or more pure substances, each of which is
either an element or & chemical compound". This is the
language of modern chemistry, but it is éhe thought of
Empedocles, as the fragments about to be quoted show. ¥

Aristotle's discussion of the four elements in de
GC II 5-6 agrees closely with the above definitions. He
believed that the 'simple bodies' cannot be dissolved into
any more primitive corporeal entities; but he insists
that they can be logically split into more primitive prin-
ciples, matter and the contrary qualities. So too our
modern elements can be split into sub-atomic entities, but
are still 'elements' for the purposes of chemistry.
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téooapa yip Tdvtwy PLEduata npldTov dxove:
Zed¢ dpyhic “Hpn te oepéopioc NHd® Al dwvede
Nfiot(c 6, N Gaxpdolc Téyyet xpodvwua BpbéTeLov.

Frag. 6. For the identification of the 'roots'
with the divine names we have several suggestions in
D. 31 A1, A 23, and A 33, some containing the Plat-
onic and Theophrastean idea that Hera represented air
and some the Stoic idea that she was earth. The lat-
ter identification is supported both by the epithet
pepéoPuog, which is applied to earth in H. Hom. Ap. 341
and Hesiod Theog. 693, and by the idea of earth as a
mother-goddess. -Nestis is obviously water. Burnet
points out (E.G.P. p. 229 n. 3) that af6rip, that is,
Zeus, though used to mean fire by Anaxagoras, means
elemental air in Empedocles (v. inf.) and that Aedon-
eus is approgriate for fire in the terminology of a
Sicilian used to volcanoes and hot springs.

olxN’ &péw. TotE uiv yip &v MOENOM pévov elvat

gx mAebvwv, Tote &’ ad SLépu wAéov’® BE &vdc elvar,
70p nal Yo6wp xal yata xal Aépoc dxAievov Vvyoc,
Netx6g t’ obdAbpevov &Cxa thv, dvdhavtov dxdvrn,
xal ®LAb8tnc &v totowv, ton uhxée Te ®AdTOoC TE...

vabta yap (od te mdvta xal HAAvxa yévvav Eaocu,
Tuufic 6° 8AAng &Aho wéodev, wdpa 6’ MBoc éxndoty,

Ev 8¢ pépet upaTéovol KepLTAondvoLo xXp6VoLo.

xal ®pdc tolg obt’ &p To &muylvetar 006’ AmoAdyer®
elte ydp £96elpovrto Stauxepéc, odxét’ 8v foav:
to¥to &’ . &ravEficere TdO ®iv TC xe; xal wbOev &NO6V;
%f) 68 xe whEambroivto, &mel TOVO’ odOEV Epnuov;
dAN’ adt(d) Eotiv Talta, ou’ &AAMJAwyY &8 Oéovra
ylyvetatr dAhote 8Ala xal Avexdc alév duotla.

Frag. 17, 1. 16 - 20 and 27 - 35, Cf. Frag. 39
(the one that Aristotle quotes against Xenophanes, v.
p. 127 sup.), which denies the infinity of at least one
element, and confirms the inference from line 27 sup.
that the elements are finite in quantity, being 'equal'.
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hériov uEv Aevidv bplv nal éepubv &xdvru,
duBpota 6’ 8oc’ eider Te xal &pyérti dedetal adyq,
ouppov 8’ &v wioL ovogdevtd Tte PLyardov Te-

gx &6’ alng mpopdovol Oeleuvd te xal oTepewnd.

&v ot Kbty dubpopga xal dvdixa mdvta wéAovtat,
odv &’ EBn &v TuadtnTi xal AAAMAAotoL moBelwal.

&x tovTwy yap wdve’ doa T’ fv Soa ' Bot. xal Eotat..

adtd ybp oty Tabra, Ou’ AAAHAwY 6& OéovTa
ylyvetal dArorwnde Téoov O6ud xpfioug dpelper.

-Frag. 21, 1, 3 - 9 and 13- 14. With 1. 18 - 14
cf. Frag. 17, 34 - 35 sup., and Frag. 26, 3 - 4. Lines
3 -6 of Frag. 21 1list the four elements in poetic
language, -cf. Frag. 22:

apeuua uév Y&p tabta &avtldy wdvta pépeocoLv,
Aéitwp Te x0bv Te xal odpavdg #6E 6dAacoa,
ooaoa, ety &v Bvntololy dromhaydévta REQUIEV .
og &’ avmwg 6oa xpfoLy éwapxéa pdArov Eaouv,
daMdoLg eomepxwac 6uouw6év¢ "AppodlTh.
&x0pd <&’ &> mAetaotov dﬂ AAAAAWY BLéXOovoL pdALoTa
vévvn te uphoet te xal EiLdeovv &xpdxtoiou,
xdvrn ovyy(lveoOatl &ﬁeea wal pdra Avypd
Ne(xeoc évveolnotv, 6tTL cplov yévvav gopyev., T

&v 0& pépe. xpatéoval mepLRAOMEVOLO %VAAOLO,

sxat ¢6Cveuleig'&hhnha xol abZevar &v péper alone.
adtd yap EoTiv Tabta, 61’ AAAfAwy & 6éovia
ylvovt(at) Avopwrol Te xal dAAwv £6vea Onpdv .
dANote pdv BuLAbTNTL ovvepxduev’ elc va xéouov,
dAhote &’ ad &Ly’ Bwaota gopovueva Nelxeog ExeéL,
elobxev 8v ovupbvta Td mAv dRévepde vEVMTAL:
oVtwg f wév 8v &x mAebvwv peuddnxe @decdat

H16& ndALy diLagivtog &vdg whéov’ &xtelébovol,

T ey ylyvovtal te xal obd opuoty Eumedog aldve

R 6t ©46’ dAAGocovTa Staprepdc oddapd Afret,
tadty &’ aldv €aocwv dxlvntor xatd xdxdov.

Frag. 26. With lines 5 - 12 c¢f. Frag. 17, 7 - 13
which are practically identical.
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... 8rel Nelxoc pév &véprtatov txeto BEvOoc

dtvng, &v o6& péon dLAbTNG oTpoediiyylL yévnTal,

&v T Of T4de wdvta ocvvépxeralr &v pévov elva,

odx doap, GANL OeAnud ocvviotduev’ &AAodev 8Ara.
‘v 68 ocvvepyopbvwy &E goxatov totato Nelxog. =
ROME &’ Guewxnt’ Eomnxe xepatopévoLoLv EVarNEE,
Boo’ Brt. NeTuog Epuvxe petdpoiov: obd ydp dpeppédue
.tly RAv éEéo&nxev é¢n’ Eoxata Téppata V%AV,

AAAL Th pév T’ EvéuLpve peréwy Th 86 T EeBeprinct.
éooov 6’ altv drexnpobéor, Téoov aldv é&xfet
AxLbéppwy BLAbTnToc dpenpdoc Auppotoc -dpute

alya &% 6vfit’ Zedovto, Td wplv péBov d0dvat’ elvat,
Zwpd te t& ®ply Axpnta dtairdEavTa xeletOovg.

T@y 08 Te uroyopdvwy xelt’ E6vea puvpla Ovnthv,
navtotalg (o6énolv dpnpdta, 6alua (6éc6at.

Frags. 35 and 36; the latter is substituted for
" line 7 in the former since that line is repeated at
line 16. * ' '

A v&p xal mdpog Boxet, xal Booetai, 0968 mot’, ofw,
TovTwy Adugotépwy revedoetal qoretoc aldv.

Frag. 16, which Hipp., Ref. VII 29, says, in quot~
ing it, to refer to Love and Strife.

These fragments ﬁdd to the list of four 'roots’
two further basic entities, Love and Strife. Thej are .
Empedocles' answer to Parmenides' query concerning the
nature of the 'efficient cause',.with which the Milesians
had not dealt because their matter was 'divine’ in the
sense that it contained its own source of motion, while

Empedocles' 'roots' are inert, dead matter.
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Aristotle, Met. 1075 b 3, says:

dvémwe 6% nol 'EuxedoxAfice TNV ydp QLAlav moLel
©d &yaddv, abwn &’ dpxdH xal d¢ uvvoboa (cvvdyer yip)
xal d¢g YAme upbprov yvap Tob plyuatog. el &Y xal <
adTdh ovuBépnrey xal d¢ I dpxTH elvar xal d¢ xLvoBvre,
dard 6 v’ elvar od Tadvs. xaTd ®"éTepov odv QuAfa;
dtomov 6& xal ©d GobapTov elvai Td velxuogc* <oUto &’
éotlv adTd 1 Tob xnaxoB @voig.

We need not discuss the moral implications (discussed also
in biet. 984 b 32): they follow from Empedocles' religious
views, although Aristotle, as ever, puts his own interpret-
ation upon them. But are the two causes material or not?
Aristotle takes them to be both efficient and material
because they are 'a part of the mixture'; in other words
part of what Arisfotle believed the Sphere to be; a truly
homogeneous compound (v. inf.): +to him that must imply
corporeality. Burnet and Ross (note ad loc.) say that the
passages about their being equal in Frag. 17, especially
.equal in length and breadth, make their corporeality clear.
But, as Ross himself says, the notion of incorforeal forces
did not yet exist; and I would go further: the incorporeal
in general, whether a force or not, had just been ruled

out of couft by Parmenides, so that if Love and Strife are

to be real they must, whatever attributes they may have

in addition, at least have the same type of existence as
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have the four 'roots'. Thus they are corporeal faute
de mieux because of fhe lbgic'of the age. I believe
(as does Cherniss, p. 108) th#t Empedocles was neverthe-
less aiming at the description of two forces but had not
succeeded in.coﬁpletely depriving them of corporeality
for thé:réaSOn just given, and that the 'equality' phrases
do not pecessarily prove that they are 'material no less
than the other elements' (Ross, loc. cif.). As Cherniss
points out, they can be seen with the mind alone (cf. Frag.
17). We shall see that much the same arguments apply to
the 'mind' of Anaxagoras. |

Thése forCes,.perforce described in mgterial terms,
correspond to some extent to the 'War and Peace' of Herac-
leitus; but, as Plato says in the well known passage.Soph.
242 D, the latter worked simultaneously while these work
alternately. They get the upper hand in tﬁrn, and so
bring about the amazing double cosmogony, with which we
need not deal in detail. Suffice it to say that one
stage is a Sphere with Love in control - like that of Par-
menides except that insfead of béing a homogeneous unity
it contains the four elements in a mechanical mixture like

peinters' pigments (Empedocles' simile) or wheat and
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barley (Aristotle's) that gives the appearance of homo-
geneity. Frags. 27 - 29 describe the Sphere in terms
reminiscent both of Xenophanes' God and Parmenides' One.
Strife enters and breakﬁ up the mixture (Frag. 30
and 31) and a world is formed and then decays unfil, when

Strife is in complete control and the last remnants of Love

are gone, there is a moment when there is absolutely no
mixture. The entire quantity of each element has come
together into a separate mass. The four resultant masses
are arranged concentpically in the traditional order.
Then, as Love reenters and assumes control and Strife pas-
ses out (Frags. 35 and 36 sup.), another world is prod-
uced, whidh finally decays back into the homogeneous

Sphere, ¥

Aristotle fails to realise that there are only two
phases when there is not at least some of both causes at
work, On the assumption that each acts alone in turn he
attempts to show that both rest and motion are impossible,
and to show that Empedocles needed chance as an extra cause.
loreover he complains that Love segregates and Strife com-
bines; while Burnet speaks of a separate 'attraction for
like to like' that is important for the formation of a
world. Cherniss (p. 188sq.) effectively disposes of these
points at length. Burnet's attraction is an example of
what Eddington called a 'sham physical law', like the lay-
man's 'Law of Gravity' compared with Einstein's assertion
that there is no such thing as gravity per se. It is
an apparently separate law that really depends on quite a
different principle.
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Cherniss (p. 174-5) argues that Aristotle errs in
assuming four periods in the cycle, and shows that there
is one period of rest, the Sphere, and one of motion, all
the rest of the cycle, for the phase of concentric masses
is only momentary - an instantaneous turning point. *

To sum up, the two causes are active.forces, but-
are to some extent treated as material and on a par with
the four elements because of the limitations of contempor-
ary thought and terminology. In their action they are
immanent ('running through' as part of thé mixture), not
transcendent. The elements (together with the causes in
so far as they are treated materially) are eternal, finite,
equal in quantity,land individually homogeneous; they are
each 'a distinct species of matter which cannot be conver-
ted ... into two or more ... different kinds of matter'
(cf. p. 216 sup. and Frag. 17). Aristotle tries to show
(e.g. de GC 330 b 12 and Met. 985 a 33, D. 31 A 36 & 37)
that fire is opposed to the other three, but while it may
have an especially important role in astronomy or biology,
it is certain that this was not Empedocles' intention in

general, Frag. 17 is definite upon this point.

* A discussion of the dynamics of this cycle will be

foung on pp. 381-384, where Empedocles and Plato are com-
pared.
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We are not fold whether the four elements are div-
isible or particulate. Cherniss says (p. 399): "It is
evident that the great flaw in the theory is the neglect
of the problem of part and whole; when 'Love' has 'thor-
oughly mixed' the four roots, it appears that there must
be minimal parts of these roots, but Empedocles does not
consider this". Aristotle in de GC 324 b 35sq., a passage
giving the background to atomism, says that the Eleatics
claimed that their arguments were valid not only against
those who posit & plurality and void (probably the Pythag-
éreans) but also egainst those who hold that the world is
not continuous but consists of discretes in contact. If
it is divisible everywhers, they claimed, there.is no ‘one'
and therefore no 'many' but all is void (cf. Anaxagoras).
If it is divisible at some points only, why so? Such a
theory also entails, they said, the impossibility of mot-
ion. Cherniss and Joachim (On Coming-to-be and Passing;
away, p. 160-1) say that the theory attacked is Empedocles’,
and that the attack was perhaps by Zeno, who is said by
Suidas to have written an attack on Empedocles.

This would show at least that Aristotle believed
that Empedocles posited minimal parts in contact, and he

also hints at something of this sort in de Caelo 305 a 1:
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el 6& otficetal mwov B Sudivoig, Nrou Gtopov EoTat
©d obua &v & Uotatar, 1| dSvatpetTdv pdv od pévrtor Siaitpe-
onoduevov oddérote, nabdrep Eoixev ’Euredoxific BodAeo-
Bal Aéyeiv.

It is, however, probably a case of reading into Empedoc-
les what he thought that he ought to find; and Cherniss
is probably correct in saying that Empedocles did not
consider the fact that his theory entails minimal parts.

This will become clearer when we have examined
Empedocles' account of the mechanism of the mixing and
interchange of the elements. Having chosen his four el-
ements and given them the properties that Parmenides had
shown to be essential to that which exists, Empedocles
had to show how all the different forms of matter in the
sense world are derived from them. He quickly realised
that straightforward one-to-one mixture of them is not
adequate: to put it mathematically, there is only a lim-
ited number of permutations and combinations of four en-
tities taken one, two, three, or four at a time; and this
is not as great as the number of forms of matter that ex-
ist according to the senses.

He made, therefore, another great advance equal in
achievement to his discovery of the principle of 'element',

namely the principle of mixture in various but constant
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proportions not necessarily containing only one unit of

given element. The relevant fragments are these:

g &6’ Orétav ypapéeg &dvadhuata ®orxnlAAwoLyv
dvépec dpol Téxync VRO pftiog &8 bHedalite,

oit’ é&mel odv pdpywor moAvxpoa @dpupaxa Xepolv,
dpuovin pelCEavte T pudv mAdw, Ala &’ £Adoow,
éx tlv eldea wdorv dAlyxLa wopovvovot,
5évoped te utlZovte nal Avépag NHdE yvvalxag
efipdc T’ olwvodc.te xal Vdatodpdupovag (x6T¢
xal Te Oeodg Sohilyalwvag TLpHoL eeplotovge
obtw puff o’ &xdtn ¢péva xaivitw EAhoBev elval
ovnly, 6ooca ye Ofiha yeydxaowv doxeta, wNYHV,
dANL Toplic Tabt’ Tobu, 6eoB wbdpa pnibov dxodoac.

Frag. 23. Cf. Frag. 71:

el 68 1t oo mepl T®VOe ALRSEVAOC ExAeTo wloTLC,
wi¢c Vdatoc yvalne e xal albépogc Herfov 1e
wipvapédvwy eldn te yevolato Xxpold te OvnThV
1600’ , 60a vBv yeydaol. ovvappoodévt’ ‘AppodlTTn...

7| 6% x6bv &ximpoc &v edotépvoig xodvoiot

Tdh &V0 ThY duTth pepdwv Adxe Nrotidog alyineg,
téooapa &’ ‘Healotoro: <& &’ dbdotéa Aevid yévovTo
Appoving x6AAnoLv dpnpbta Georeclindev.

Frag. 96. Note the technological metaphor from

welding (or perhaps inlaying, v. Liddell and Scott s.v.

x6A\Anorg), or glueing, repeated in Frag. 34, &rgutov
6ot xoAMijoag, an illustration from baking. Cf. also
illustrations from metallurgy in Frag. 92 and dyeing
in Frag. 93: the latter is reminiscent of the Milesi-
ans' use of the felting metaphor. Empedocles shows
himself familiar with contemporary technology, and you
find this practical interest also reflected in the '
clepsydra experiment, Frag. 100.

A 6& x6dbv wobtorowy ton ovvéxvpce pdiiota,
‘Hepaloty ©° SuBpw te xal al®épr mopgavéwytL
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Kb7pL dog dpuiobetoa teheloic &v Avpdveoouy,
elt’ dlyov pelZwv elte miedveooirv T &rdoowy:
gx tdv alud te yévro xal annc eldea ocapxdc.

Frag. 98. Cf. Frag. 733

&g o6& téte %066va Kiémpig, &nel <’ éétnvev év SuBpw,
et 6ea moimvBovoa 6ol wupl Olxe xpatlval.

ﬂ_éé ¢hbg thdeupa uuvvveaécng Tﬁxe Ya(ng.

Frag. 85, With the interest in the composition
of parts of the body shown in Frags. 85, 96 and 98 cf.
Alcmeeon sup. and Anaxagoras inf..

yéupolg doxfoaca xataotdpyoilg AepodlTn.

Frag. 87. The 'bolting' metaphor also occurs in
Frag.-33.

Thus at one blow Empedocles has raised Greek science
from prlmltlveness to a chemlstry complete with elements
and formulae that reads like ours would if we gave alleg-
orical #;meg to all oﬁr elémentg. Water (HZO)Jmight_then
read 'two parts of Nestis to one of gleaming Zeus'. Qual-
itative phenomena are now not merely explained on.a quan-
titative theory (as they were by Anaximenes) but in such
a way fhat the quantities may be numerically eipressed'-
mensuration is conceivable. We may measure material
substanceé; not just pure numbers as with Pythagoreanism.

On p. 5 sup. we defined a compound as 'a homogene-

ous substance with a fixed proportion of certain elements
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in its composition that can only be split into its. con-
stituent elements by the application of fairly intense
...energy', and a mixture as 'a substance that may be
homogeneous or heterogeneous,-that has no constant pro-
portional elementary composition, and that may be divided
into its constituent substances by comparatively feeble
forces'. Empedocles' compounds are conceived of in the
same ﬁay as ours. If Aristotle's contention that he
conceived of minimal parts of the elements were true, then
the correspondence would be very close, for our compounds
are made of juxtaposed elementary atoms; and Empedocles’

compounds will also divide again - by the agency of Strife. %

Aristotle is not satisfied by Empedocles' account;
and his conception of a compound is accordingly even more
strict than our own. In de GC I 10 we find that while a
mixture (odveetov) occurs by the juxtaposition of portions
below the limit of visibility or of minimal particles (in
which he does not himself believe), in which case 006’ &Eeu
Tdv adTdv Aéyov TH SAw Td mépiov 328 a 10 - (cf. our def-
inition), in a true compound (utyua) two or more distinct
substances combine to form a single resulting substance
into which they are fused. This must have different pro-
perties from tKose of the ingredients, and it must be homo-

eneous in fact - and not just appear so as a mixture“may
%as in our definition: "homogeneous or heterogeneous') -
so that every part has the same proportion of ingredients
as the whole. The ingredients must be recoverable from

the compound. Our compounds, and Empedocles', are thus

closer to Aristotle's conception of mixtures except that

they are necessarily homogeneous and of fixed constant

proportion.
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In Aristotlé's_account of compounds we read at 328
b 1sq. that some materials are more suited by their form
to enter into composition than others (e.g. liquids).
This is reminiscent of Empedocles' Frag. 22 lines 4 - 9
(p. 218 sup.) and Frag. 91, which sfates that water is
more miscible with wine than with oil. We must now see
in what way the form affects the composition.

Frags. 17, 1. 34-5, 21, 1. 13-4, and 26, 1. 3-4,
all stafe in practically identical wording that elements
enfer into composition by 'running through one anothér';
and we find from further fragments, 84 and 100, that Em-
pedocles has adopted Alcmaeon's theory of 'pores'. Ar-
istotle discusses this in de GC 324 b 26sq§. (which I
‘quote in English because of its length):

Some think that each thing i; acted upon when the

proximate (the most proper) agent enters through certain
pores and that we also see and hear and exercise our

other senses in this way; things are seen through air
and water and the transparent because they have pores,

invisible through their smallness, but close-set and in
rows, and the more this is so the more transparent they
are. : -
Some, then, e.g. Empedocles, held this theory about
certain bodies, not only about those acting and acted
upon, but also they say that mixture occurs between bod-
ies whose pores are symmetrical with one another.

Cherniss (p. 94) takes the last phrase to mean that

the pores of one body must be proportionate to the partic-

les of the'other.
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There now follows the passage summarised at p. 224
sup., after which Aristotle comments at 325 b 6:

Empedocles too is practically bound to say the
same as Leucippus;. for he must say that there are cer-
tain solids and that they are indivisible, unless there
are continuous pores throughout. But the latter is
impossible; for then there will be nothing solid over
and above the pores, but the whole will be void. It
is necessary, then, for the contiguous discretes to be
indivisible, while the interstices between them - which
he calls pores - must be void. This is also Leucip-
pus' view ...

Thus Aristotle's whole argument is that Empedocles
tried and failed to answer Parmenides without positing
void, and subsequently Leucippus openly posited it.

After another passage about the atomists Aristotle
returns to Empedocles at 326 b 6 - 28, a passage that may
- be summarised thus:- If the pores are filled, action
(sc. penetration) is not facilitated by them and we might
just as well call the whole body continuous. His ex-
planation of sight will fail if the pores are full in the
transpérent medium (penetration will not even be possible
between the inner surface of the pores and the surface of
the contents). If the pores are empty qua pores (i.e.
in thought), but in fact always full of matter, the result
is the same. And if they are too narrow to admit any

body, that is tantamount to saying that infinitesimal voids
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exist while denying the existence of 'big' voids. So
pores are superfluous. If action is not by contact,
pores are irrelevant, and if it is, then contact is pos-
sible even without the postulate of pores.

Aristotle misses the point, however. Admittedly
Empedocles did not mean his pores to be empty, and the
point about narrowness is only relative - some bodies
are prevented from entering while others are admitted.
But Aristotle has assumed that the pores are always fill-
ed with the same matter, while Empedocles' idea was sure-
ly that there is a continual flow of fresh matter through
them (cf. the phrase 'running through' and v. Frag. 100
inf.): in other words the mechanism is, as with motion,
mutual displacement by contiguous discretes. Intrusion
is effected by balancing extrusion.

However it is clear from this whole discussion
that Empedocles had not fully worked out all the implic-
ations of his theory, and that it is not absolutely self-
consistent.

Having now examined the basic theory of the six
primary entities and their interactions, we may now pro-
ceed to examine Empedocles' cosmogony and cosmology in

order to discover the physical properties of his air.
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The relevant fragments are, as with Parmenides,
scanty and not very informetive, while the doxography is
confused, It seems, however, that like his predecessors
Empedocles gave a cosmogony to explain the astronomical
phenomena, one that éhows the influence of the Milesians'
6Cvn_and of Anaximander's &xéxpioic.

Fragment 38 readé like an introductioﬁ to this sec-
tion of.Empedocles' works

el &’ Gye ToL AEEw =p®O’ T fjAtov bpyxhv T,

8E dv OfA’ &yévovto Td VUV &oopiuev dmavta,
vald te xal wévrvog moAvubuwv 16’ Vypdg diip
Tvtav: 48’ albfp ocplyywy mepl adxhov dravta.

The outlines of this cosmogony are given in the following:

"Euﬂsboxhﬁg Tov peEv albépa mplitov StLaxptdijval,
debtepov 6% Td wVp, 8¢’ & whv viv, && A¢c Gyav mepi-
opLyyouédvne TH Ppvum: Th¢ mepLoopldg dvaprvoar TO Vowp:
&€ od Ovptabfivar Tov 4dépa, xnal yevéodar TOHV udv
odpavdv &x tob alBépoc, TOV 6& NALov &x ToD wvpbc,
®LANOfvar o6& &x ThV Ay Ta replyeta.

Adt. II 6, 3, D. 31 A 49. Cf. Philo, de Provid.
II 60 p. 86, ibid.:-

eodem modo etiam mundi partes confici videntur,
ut dicit Empedocles. postquam enim secretus est aeth-
er, aer et ignis sursus volaverunt et caelum formatum
quod in latissimo spatio circum-ferebatur. ignis
autem, qui caelo paulo inferior manserat, ipse quoque
in radios solis coacervatus est. terra vero in unum
concurrens et necessitate quadam concreta -in medio
apparens consedit. porro circa eam undique aether,
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quia multo levior erat, volvitur neque umquam desistit.

quietis autem inde causa per deum (%), non vero per

sphaeras multas super se invicem positas, ... quia

circa eam (sc. terram) circumiectus est typi cuiusdam

gyrus mirabilis, ... ideo nec hus nec illuc cadit ista.

Noteworthy in these passages is the distinction
between air (Titdv al6%p) and water vapour (dypdc &ip).
ABtius says that aer 6vpiadfjvar from water, and so_this
w;rd has for Empedocles a connotation derived from its
original meaning of 'mist'. It really is water vapour,
produced by evaporation, and quite distinct from the elem-
entary air, whose name is 'ether'. (The commentators some-
times fail to observe this distinetion in nomenclature, as
we shall see.) We shall when discussing Frag. 100 see
that 'ether', the element, is invisible, but yet corporeal,
qtmos?heric-air - so in discussing Empedocles I can employ
the normal English spelling. |
The compression of the earth by rotation implies

e centripetal rather than a centrifugal force, which we
shoﬁld'have expected. The Ionian &(vn operates more like
a whirlpool, where the tangential velocity is the greater
the nearer to the centre, than like a cup whirled round
on & string. Aristotle, in de Caél, 295 a 10sq., says

that in liquids and in.the air (or, as we should say, in

gases) larger and heavier things move towards the centre
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of a vortex, and he is correct. The process of separ-
ation, by rotation, would have beeﬁ expeéted by modern
minds to imply that heavy bodies, having more momentum,
would be flung off further than light ones under the op-
eration of centrifugal force. The opposite theory, of
whirlpool-like action, was imposéd on the Greeks by the
necessity to save the phenomena, for fire or ether is at
the circumference and earth at the centre of their cosmos.

Aristotle (loc. cit.) goes on to mention the point
raised at the end of my quotation from Philo. He says
that Empedocles and his followers said that the speed of
motion of the rotating heaven prevents motion on the part
of the earth. He says that they compared the fact that
water in a cup does not fall out when the latter is swung
round in a circle. The point of this comparison is not
to demonstrate centrifugal force, but to show the tendency
of rapid motion to counteract a tendency to fall. 1In
reality the theory explains why the heavens do not fall
rather than-why the earth is at rest. *

% We of course know that centrifugal force is what

keeps the objects in the solar system from falling into
the sun; but this force is really only a name for a ten-
dency to fly off at a tangent - cf, Newton's Laws of
Motion,
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Fragments 51, 53, and 54 may perhaps refer to the
cosmogonical process that we are considering. The sub-
ject of Frag. 51 is fire and of 53 air, we are told in

the respective contexts:

51. xapraAlpwg &’ 4vématov ...
53. ovtw ydp ovvéxvpoe 6éwv TOoTE, TWOANGKL &’EAhwg.

54. alofp <&’ ad> paxnpfoe xatd x66va &veto PlLaic.

The shape of the outer firmament of the universe
produced by this process is apparently that of an egg
(cf. the Orphic Egg?), according to ABtius, II 31, 4, A
50s ‘

ees 0L TO OB WaparAnolwg TOV xbouov xetobat.
However there are within it two interesting if confusing
hemispheres as we are told in Ps. Plut. Strom. ap. Eus.

P. E. I8, 10 (n.b., aer is.wrongly employed for ether):

&x wpdhtng onol <fic Thv otoirxelwy xpdoewg 4xo-
xpLBévta TOV dépa mepLxvOfvar ubuAw+ ueTd 6% TOV
dépa TO wOp &xudpaudyv ual odx Exov &tvépav xdpav dvw
gxtpéyery Omd to¥ mept TOV &dépa wdyov. elva. &2
wOxhw wept TNV yfiv gepbueva Svo HAuiopalpra TO pwdv xad-
6Aov Tupbg, TO 6& uLuTdy &E &épog wal SACyov mvpbcg,
éxep otevar Ty voxnta elvar. Thv 6% dpxMv Tiic auvri-
cewg ovupfivatr 4xd Tol Tetvymxuevatr xatd <TL> TOV dBpoLo-
pov &xupploavrtog ToV Tvpbe. 6 8% fitog Ty ovoLy odx
gotL %Bp, &AML TOD mupdg dvravdxdraoug duola TH 4o’
¥6atog yuLvouévn. ceMvny &€ onoiy cvothival %00’
davthy &x To¥ dmoAngbévtog &épog RO ToU mvplbg.
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Tto¥tov yap mayfvar xaddrep xal ThHv xdraZav. TO 68
olc abdthv Exeirv dnd ToB HACov.
We shall deal with the various details in this
description piecemeal. First, then, is the (egg-shaped)
‘heaven. This.is crystalline, cf. Diog. Laert. VIII 77:

xal OV pdv AALéy gnor mwpde E6poiopa péya xnal
tfic oeMivng welZw: Thv 68 oedfynyv dtoxoei6f, adtdv
6% Ttdv odpavdy xpvotadioet off,

It is in fact composed of solidified air, as a group of
authorities tell us, D. 31 A 51, of which the most in-
formative is A8t. II 11, 2:

'E. otepéuviov elvatr tdv odpavdy &E dépoc ovp-
" qayévtog OO Wupde ApvOTaXAoel dlig, TO muvpldeg nal TH
deplideg &v éxatépy TOY MuiLoealplwy weptéxova.

Again the word 'aer' is wrongly employed. The solid-
ifying power of.fire is affirmed by Fragment-56:

dhg &mdyn PuxfioLv dwopévog fHerloio.
and referred to in Erégment,73:

dbg 68 téTe xO6va Kimpug, &mel t° &6(nvev &v duBpw,
el dea moumviovoa Ooph muvpl OBxe upatdvar ...

Within this heaven are the two hemispheres, one
for day and one for night, caused to rotate by the pre-

ponderance of fire in the former. A similar preponderance
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of air in a certain region caused the tilting of the cel-
estial axis. Burnet (E.G.P. p. 237), presumably relying
on Frags. 51, 53, and 54 sup., says: "In its upwards rush
Fire displaced a portion of the Air in‘the upper half of
fhe concave sphere formed by the froéen sky. This air
. then sunk d&wnwards, carrying with it a small portion of
the fire. In this way, two hemispheres were produced".
With this I am disposed to agree. Day and night are ‘
therefore explained without explicit reference to the sun.
But the darkness of night is not a.substance - the air
in the nocturnal hemisphere is not the aer of the Milesian
theories, but the elementary invisible-air,-solidified SO
as to form a éupport for the fixed stars, which consist
of lumps of the 'small portion of the fire', fixed to it,

in contrast to the freely moving planets:

'Eunedoxuific xdpiva (t. e. slval t& dotpa) éx Tol
mopddovg, Srep & dfp &v &avtd mepLéxwv EEavEONLYEe xaTd
TNV RpdTny OLéxpLOLY,

ABt. II 13, 2, D. 31 A 53,

.’Euﬂeéoxhﬁg Todg uev dmhavele dotépag ocvvbedéobal
T xpvotdAry, TOodg 6& TAaviitag &dvelobat.

ABt. II 13, 11, A 54.

The darkness is in fact at last correctly explained as
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the absence of light caused by the shadow of the earth
when we are on the side of it ofposite to the source of
daylight, as Frag. 48 affirms:
vixta 6% yvala T(6moLy dopLotauévn ¢adeaot <fHellov>.
Frag. 94 (preserved in Latin only) confirms that darkness
is just shadow:

et niger in fundo fluvii color exstat ab umbra,
atque cavernosis itidem spectatur in antris.

Here, then, we have a great advance. We have already
gseen that air and water vapour have been distinguished in
Frag. 38, and now darkness is distinguished from both.
The properties of either 'air' or 'aer' are now very far
from the same as those of either the Milesian aer-darkness
or the Pythagorean aer-void. (There is no void at all.)
So much for night and the stars. What of day and
the sun? Here we are on very slippery ground. The Ps-
Plutarch passage appeared to say that daylight is due to
the fiery hemisphere, and not to the sun itself. The
latter is 'not fire, but a reflection of fire like that
which comes from water'. Plutarch, in the context to

Frag. 44, de Pyth. Or. 12, p. 400 B, says:

duetec 6& Tol¥ udv Bumedoxléovg xatayeldte @dorovtog
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Tdv HAitov mepl yfiv dvaxrdoer owtdg odpavlov yevépevov
adbLc
‘dvtavyel mpdg “Oluvumov dtapBfitoLol %poowrotg.’

.It would appear, then, that the light from the
fiery hemisphere round the earth is reflected back from
the earth to the hemisphere in such a way that the rays
are concentrated so as to throw a disc-like image upon it,
the earth acting as a mirror. A¥tius, however, in II 20,
13, D. 31 A 56, says that Empedocies had two suns; one,
the archetype, was the fire of the whole fiery hemisphere,
the other, the phenomenal sun, was its reflexion in the
dark hemisphere, the earth refiecting it because it is
round. This cannot be right, for it would put the'phen-
omenal sun in the nocturnal hemisphere. The reflection
must be in the diurnal one. |

In fact Empedocles, who knew of the recent discov-
~ery that the moon has a reflected, 'borrowed' light (Frags.
43, 45, and 47; cf. Parmenides Frag. 14), has in typical
Greek enthusiasm for a new theofy extrapolated from the
known to the unknown, and misapplied the exzplanation to
the light of th; sun. One should not ask for complete
consistency in a hypothesis so far removed from the true

explanation. Certain Pythagoreans too seem to have made

a similar extrapolation.
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The moon is, according to Ps. Plutarch, sup., made
from the air cut off by the fire and solidified by its heat
as was the heaven, cf. the passages in D. 31 A 60, which
also inform us that it was not spherical but disé-shaped.
Once the true nature of darkness and shadow has been un-
derstood, the problem of eclipses is easily understood too.
Empedocles' Frag. 42 (in Diels' text) gives the correct
explanation of solar eclipses,.including the fact that the
eclipse is not everywhere visible: the moon intercepts
the rays of fhe sun and césts her disc-shaped (conical)

shadow upon a portion of the earth's surface:

... dneotéyaocev 8¢ ol aﬁydg,
got’dv Un xa0Vmepbev, dreonviowoe 6& yalng
T600ov Boov T’edpoc yYAavdriLdog EmAeTO UHVNMC.

In connexion with the -theory of the reflection or
interception of light, we must note that light travels,
even though we do not see it doing so because of its high
velocity, and that it is corporeal. - Aristotle frowns on
this:

odx 8pBlc ’Eumedoxific 0096’ el wig &Alog ovtwg
elpnxev, dc pepopévov ToB gwtdc xal yiyvouévov motd
nexakEd thg yhg xal To¥B weptéyxovtog, Muic 6& Aavbavévrog.

Ar, de An. 418 b 20, cf. de Sensu 446 a 26, D. 31
A 57. ' ' .
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The corporeality of light is added by Philoponus' commen-
tary on the de Anima passages

'E. 8¢ Eleyev droppéov Td ¢l¢ ofpa Ov &x Tob quwtl-
Zovtog obuatog ylveobal mplitov &v TH neTaEd TOR® T
Te vfic xal Tob odpavoB, elta dpuxvelobar mpdc Audc,
AavBdvetv 8¢ ThHv Totadtny-adtoB ulvnowv duLd TV Taxv-

tfita.

Phil, de An. 344, 34, D, 31 A 57; cf. Cod. Athen-
jens. 1249 XVIII 110, ibid.-

We must agree with Empedocles against Aristotle. Light
does travel; its velocity has been measured, and is in

fact one of the fundamental constants of the relativistic
explanation of the universe. Moreover Iight, in 'photons’,
acts in some respects in the same way as the (sub-atomic)
particles of matter, while the latter in turn manifest some
of the wave-motion properties of light. In fact both
photons and sub-atomic particles have alike been described
by the portmanteau word 'wavicles'.

Sublunar phenomena are dealt with in the normal
contemporary manner by Empedocles and add little that is
relevant to our enquiry, except that winds are presumably
made of ether (air) not aer (mist), and the cause of their
motion is the opposite motions of the two hemispheres

(Olympiod. in Meteor. A 13, 102, 1, D. 31 A 64). But one
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fresh phenomenon is dealt with by Empedocles: magnetism.
Alexander (Quaest. II 23, p. 72, 9, D. 31 A 89) says that
-according to Empedocles there are effluences from iron and
the lodestone, and the former are 'symmetrical' with the
pores of the lodestone. The effluences from the latter
push out the air from the pores of the iron and, so to
speak, uncap them. The effluences thus released from the
iron move into the pores of the lodestone, and the iron
follows their motion.

To sum up, the main points that arise in the cos-
mology are tﬂe distinction between ether and aer and the
explanation of darkness as shadow. The aer that is evap-
orated from water (p. 232 sup.) is no longer an element
in its own right: the element is invisible (atmospheric)
air, the proof of whose corporeal existence we shall soon
examine. Like Heracleitus, Empedocles interpreted the
atmosphere as a mixture, but instead of two constituents,
the exhalations, he postulated three: fire gives light
and heat, and acts as a solidifying agent; ether is the
newly proved invisible air, whose existence was suspected
by Anaximenes; and aer, the analogue of the dark exhal-
ation, is just a by-form of the element water, and is the

source of mists and clouds and rain. The element earth
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is a solid material, but not the only solid, for air is
solidified to form the heavens and the moon's disc, and
ice is frozen water.

Unfértunately the verbal distinction between ether
and aer does not appear to have become standard. Because
of the ancient use of the former for the bright upper air
of the sky, the abode of the gods, and the latter for the
misty air of the ground level, later writers tend to rev-
ert to the word aer for air in general, and to confine
the word ether to-things of a fiery nature. But from
now on the word aer, even when used in its original sense
of mist and not the new sense of atmospheric air, no lon-
~ ger contains the idea of substantial darkness.

To Empedocles, however, ether definitely is that
air which, though invisible and (when at rest) intangible,
transparent, non-inflammable, colourless, odourless, taste-
less, and in fact devoid of almost all the qualities and
propeffies normally associated with matter, is nevertheless
material and corporeal. The only easily observable prop-
erty of air is its resistance. We feel its pressure ag-
ainst us in a wind:. it resists our attempts to move fast:

it makes & balloon (or an inflated wine-skin, cf. Anaxag-

oras inf.,) feel firm: it offers resistance to water when
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we perform very elementary experiments of a type that we
should today call pneumatic or hydraulic. One such ex-
periment was described by Empedocles (also ascribed to An-
axagoras). (Perhaps 'observation' would be a better
word.) His reasons for describing it and some of the con-
clusions that he may have drawn from it were wrong (v. inf.)
but it was nevertheless of paramount importance for Greek
science, since it proved incontrovertibly that air is cor-
poreal, and as a consequence that all that is invisible
is not necessarily therefore composed of void.

Aristotle quotes Empedocles' description of the ex-
periment in the de Respiratione immediately after a remark-
able passage (473 a 2sq.) in which he rejects out of hand
the theory that respiration occurs in order that the inter-
nal fire may be nourished by the breath - a theory that,
although the Greeks could never have known it, is getting
very close to the modern explanation of respiration as
combustion, the inhaled breath supplying oxygen as Oxéx-
xavpa, to use Aristotle's own word, for the combustion.

Aristotle explains that Empedocles expressed the
idea that breathing is through pores (Aristotle calls them
'veins'), not full of blood, but having openings to the

air outside and giving an easy passage to air. The blood



-245-

moves up and down and pumps the air out and in. Aris-
totle takes puvdy in line 4 of Frag. 100, which he now
quotes in full at 473 b 9, to be genitive of PC¢, 'nos-
tril', instead of puvég, 'skin'; and consequently asks
how the fragment tallies with the facts of respiration
through the nose and mouth. But Empedocles thought that
the pores concerned were all over the skin, and a legit-
imate criticism would rather be to ask why we do not emit
bubbles from all over the body when we are under water.

I now give the fragment in English because of its
length and to indicate how I interpret its rather over-
poetical vocabulary. (In line 13 I read al8épog for
&&poc with Stein and Burnet, believing that Aristotle's
text contains a slip here since the rest of the passage
has consistently al6vip.)

All things inhale and exhale -in the following way.

All have pipes of flesh, lacking in blood, extended

over the surface of the body; and at the mouths of these
the outer extremity of the skin is perforated clean
through with close-set furrows (sc. pores) so as to

seal off the blood, while an easy passage is cut for

the air to pass through. Then, whenever the smooth
blood rushes back, the air, bubbling, rushes down in
with a raging surge; but when the blood courses up ag-
ain, the air blows out again, just as when, when a girl,
playing with a liquid-holder (clepsydra) of gleaming
bronze, sets the orifice of the pipe upon her shapely
hand and dips the vessel into the smooth mass of silver-

white water, no water flows into the vessel, but the
weight of air within, pressing upon the close-set holes,
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holds it back until she uncovers the compressed air-

stream: but then as the air escapes an equal volume

of water enters - and similarly, when water fills the

whole depth of the vessel and the orifice and passage

is blocked by human skin, the air outside, striving to

enter, keeps in the water by holding firm the surface

at the gates of the ill-sounding strainer until she

lets go with her hand; but then, as the air enters

again in the opposite direction to the previous one,

an equal volume of water flows down and out. In just

this way, then, when the smooth blood, surging through

the 1imbs, rushes back to the interior, the broad

stream of air goes down in, raging in its surge; but

when the blood courses back up again, an equal volume

of air blows back out again.

The xAey86pa in this context was not a water-clock

but a device consisting of a metal body, hollow, with a
strainer (#6uéc) at the bottom and a narrow pipe (adAéc)
at the top. It was employed for taking up liquid from
one vessel and transferring it to another, just as is done
now with a pipette. The explanation of the action of the
air given by Empedocles is correct: in the first instance
the pressure of the trapped internal air prevents the
water from entering, and in the second atmospheric pres-
sure prevents it from emerging. What Empedocles did not
know was that atmospheric pressure is due to the weight

of the atmosphere above.
Ps. Aristotle in Problems 914 b 9sq. attributes the
same observation to Anaxagores, and accepts in the main the

explanation for the first half given by Empedocles here,
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and by Anaxagoras, but adds the observation that if the
clepsydra is plﬁnged obliquely into the water the latter
will enter even if the pipe is blocked because some of
the holes in the strainer are above water and the air can
escape through these. The Aristotelian school do not
correctly understand gravity, so that the author of the
Problems explains the emergence of water in the last part
of the experiment not as due to its own weight but as in
part due to a force exerted by the air. He has the clep-
sydra inverted at this stage so that the water emerges
through the fipe, and says that the force of the air act-
ing from above (through the strainer) is greater than the
resistance of the air below, in the pipe, because of the
narrowness of the latter, although theoretically it ought
to be equal. He adduces the noise of &pvynéc as proof
of the action of the air.

Burnet, with this passage in mind, and because of
the epithet 'ill-sounding' and the varia lectio cdeuoto
in'line 19, thinks that Empedocles' clepsydra is also in-
verted so that the water emerges through the pipe. But
this is clearly not 'in the opposite direction to the pre-

vious one', and the water must both enter and leave by the

strainer to maintain the parallelism.
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Admittedly the first half of the experiment works
equally well with the clepsydra inverted, but the point
of the second half would be missed, for then it would be
a case of the hand itself preventing the egress of the
water irrespective of whether the vessel was a clepsydra
or not. ioreover the descriptions of this half of the
experiment that appear in Hero (Pneumat. A vii, 160) and
Philo (de Ing. Spir. xi, 310) make it plain that it was
performed in the manner that I have described, not in
that claimed by Burnet. [Hero states definitely that in
both halves of the experiment the air flows through the
pipe and the liquid through the strainer.

Aristotle himself (Phys. 213 a 22sq., D. 59 A 68)
blames those who performed this experiment (he names only
Anaxagoras) for believing that they were disproving the

existence of void. He says:

&xi deLvxviovor vap 8TL Eotr TL & dfip, OTpePrODVTEG
Tovg dorodg xnal Sevuvivreg dg (oxvpdg & &dhp, xnal &v-
axoAaupBdvovteg &v taleg xAeyddpalc.

In other words experiments such as this demonstrate that
air is corporeal and has resistance, but just because one
has shown that one apparently empty space in fact contains

a corporeal substance, air, one has not necessarily shown
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that no really empty space exists at all. - This is true,
but Aristotle is being slightly unfair. Empedocles and
Anaxagoras both accepted the logical arguments of Parmen-
ides as proof that void does not exist. The precise pur-
pose of the experiment in connexion with the void would
" not be to prove its absolute non-existence, as would be
necessary if one were opposing the atomists, but rather
to illustrate to opponents such as the Pythagoreans, who
believed in the void because they thought that air-filled
spaces were empty, that in one of the cases in which they
claimed to recognise the presence of void they were in
fact confusing it with air, which is corporeal. This is
legitimate and we can at least absolve Empedocles from
blame (although Anaxagoras' case is not so clear v. inf.).
But Empedocles was really more concerned with his theory
of respiration, which may explain Aristotle's failure to
mention him by name.

The experiment succeeds in proving that air exists,
but it does not, of course, really prove Empedocles' theory
of respiration. What it has achieved, however, is to
demonstrate the existence of the only one of his four el-

ements that cannot be actually seen to exist, for the air

in the experiment is the ether that is an element and has
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the properties listed on p. 243, propertieé that are also

those of the substance denoted by our modern word 'air'.

Empedocles, as we saw on p. 242, knew that the atmosphere

is a mixture, and clarified the distinction between water

vapour and the rest: he did not, end could not, know that
"the rest' was still a mixture of elements (oxygen, nitro-
gen etc.) and not itself an element.

Meanwhile he canonized as a real substance 'fire',
which we know to consist of ges (like his ether) that is
incandescent and not of any separate element.. When one
sees how the Greek concepts of earth, water, and aer or
ether correspond to-our concept of the three states of
matter, solid, liquid, and gaseous, one is puzzled by their
postulating a fourth state, 'fire'. This seems a queer
extrapolation. But the trué expianation of the states
of matter (the kinetic theory of matter, v. Introduction)
has not yet been given, though Anaximenes' progressive
rarefaction is on the right track, since it depends on
atomic theory, while fire continued to be a thorn in the
flesh of science until comparatively modern times (when
the phlogiston theory gave way to the explanation of com-

bustion as oxidization).,



-251-

Although this four element theory was a great ad-
vance, it was still open to criticism. Lucretius makes
two very pertinent points against elemental pluralists in
general and‘Empedocles'in_particular, among other points
not so cogent, in Book I, lines 753sq.:

huc accedit item, quoniam primordia rerum
1mollia constituunt, quae nos native videmus
esse et mortali cum corpore funditus, utque
debeat ad nilum iam rerum summa reverti
de niloque renata vigescere copia rerum;
quorum utrumque quid a vero iam distet hebebis. ...
denique quattuor éx rebus si cuncta creantur
atque in eas rursum res omnia dissoluuntur, |
qui magis illa queunt rerum primordia dici
quam contra res illorum retroque putari?
alternis gignuntur enim mutantque colorem
et totam inter se naturam tempore ab omni.
sin ita forte putas ignis terraeque coire
corpus et aerias auras roremque liquoris,
nil in concilio naturam ut mutet eorum,
nulla tibi ex illis poterit res esse creata,
non animans, non exanimo cum corpore, ut arbos,

I quote Bailey's comment (Op. Cit. p. 33): "These two
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criticisms taken together do in fact exhibit the real
weakness of the theory of the 'four elements'. On the
one hand it has destroyed the old idea of fundamental un-
ity, for it leaves the world fourfold in character, and
the permanence of its new basis is very doubtful: on the
other hand its pluralism is not thoroughgoing enough, for
it is in reality no easier to explain the world as we know
it with four 'elements' than with one. The true solution
must at once offer a greater permanence and unity, it must
be more konistic; and it must also afford far greater pos-
sibilities of complex combination and consequent variety,
it must be an infinitely more genuine pluralism".

Nevertheless the theory, suitably emended to suit
each man's basic tenets, hed many adherents, probably for
the reason given by Sherwood Taylor (Op. cit. p. 5): "Its
continuance was due, probably, to the fact that it was
vague enough to be stretched to explain, after a fashion,
almost any phenomena and, while it could not be proved,

it was extremely difficult to disprove".

.000.
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CHAPTER EIGHT
_ ANAXAGORAS

Our interest now shifts from Sicily to Athens, for
the first time. In approximately 480 b.c. Anaxagoras
ceme to Athens from Clazomenae in Ionia. He was slightly
older than Empedocles, but published his work later, ¥
He eventually left Athens for Lampsacus, but he had in
the meantime introduced the Athenians to a love of phil-
osophy that they never'subsequently abandoned.

Empedocles' four elemént theory was a view of mat-
ter that, after being acceptéd with modifications by Piato
and Aristotle, was adopted in oﬁe form or another (some-
times with a fifth element added, e.g. Aristotle's ether,
or sulfhur) right down to the Seventeenth Century, and
left a considerable mark on English literature (v. p. 3
sup.). It exerted, in fact, more and more lasting influ-
ence on posterity than other Greek theories actually near-
er to the truth., This was the triumph of one of the two
great schools of Western Greek thought. The 6ther school,

¥  According to one interpretation of Arlst Met 984
a 11, D. 59 A 3.
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the Pythﬁgorean, based its theory on that principle of
mathematiéally expressible structure that, in spite of
its use in the schools of Plato and Aristotle, was prac-
tically ignored until Newton and Leibnitz invented a cal-
culus that could express it, but that is now regarded as
all-important.

Anaxagoras was e member of the third great school,
the Ionian, and the last really great member of it before
the (Ionian) city of Athens became the home of philosophy.
His cosmology is, at least on the macroscopic scale, in
fact closer to that of Anaximenes than was that of Herac-
leitus, but his theory of matter on the microscopic scale
had no real predecessor - nor, apart from Archelaus, aﬁy
real successor; but it pointed the way towards the atomic
theory (also a product of Ionian thought), which many
centuries later triumphed over the four element theory
when it received a form expressible mathematically.

It is thus possible to see in the thought of each
school ideas that have been hailed by some as glorious
anticipations of modern science. It cannot be too highly
emphasized, however, that they were not real anticipations.

The Greeks would not have recognised their ideas in our



-255-..

science. They . were actually just as far from the truth
as we see it as were the men of what we Indo-Europeans,
blind to the greatness of Arabic science, like to refer
to as the 'Dark Ages'. In reality, after the Renaissance
thinking men embarked on speculations prompted indeed by
the..newly discovered Classics, but based on their own far
greater empirical knowledge, derived from experiment and
observation (never the Greeks' strong point), including
that of the alchemists and as%rologers. Such speculat-
ions, carried out by the scientific method that medicine
alone among the Greek sciences truly practised, were the
true origins of modern science. The Greeks did not
*anticipate' our knowledge: rather, they had certain
embryonic ideas of a type capable of growing to maturity
when implanted into the modérn mind. DMoreover they never
got beyond mere hypothesis wherees we can claim full know-
ledge in some fields, and a very high mathematical prob-
ability of being right in others.

Empedocles, then, postulated four elements capable of
explaining an infinite number of substances: one might
almost say that Anaxagoras postulated an infinite number

of substances-caphble of explaining the four elements.



-256-

I ﬁeqn that however truly elementary the four elements may
have been to Mediaseval thought we shall find that during
the rest of the Greek period, although they are often given
_prominence in cosmogony, or are regarded as pure substan-
ces of which others are compounded, they are not any more
regarded as basic and primary. Their.properties are re-
garded as needing explanation. I qﬁoted on p. 215 the
dictum of Plato that they are not 'even so low as sylleb-
- les'.

Anaxagoras had no elements in the Empedoclean sense.
The outline of his system is simple enough, but its details
are often obscure. It is by no means certain that Anax-
sgoras himself was aware of all the implications, and it
is manifest tﬁat commentetors of the calibre of Aristotle
and Lucretius were in error in their interpretations.
Modeén commentators are still far from agreement over the
precise nature of the fuﬁdamental entities and the manner
of their combination. Fortunately, since air is not to
Anaxagoras one of the fuﬁdamental entities, it will not
be necessary to enter exhaustively into the controversy
concerning the latter. loreover there is an excellent
summary of the views expressed up to 1928 in Appendix I

to Bailey's The Greek Atomists and Epicurus.
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Since Bailey wrote, further attempts have been made
to settle the problem, including those of Cornford, Vlas-
tos and Raven, * and I find myself more closely in agree-
ment with Raven than with any of the others.

Let us first consider Anaxagoras' position with
respect to his predecessors and contemporaries. He is
above all an Ionian, and we shall find that he retains the
Ionian infinite store of matter and that his cosmology is
clearly a descendent of the nilesians'. He accepts, how-
ever, the idea that the senses are not fully trustworthy,
Frags. 21 and 2la. [He agrees with Empedocles in accept-
ing Parmenides' arguments against generation and destruc-
tion, and like him accounts for them by the mixture or
separation of permanently existing entities, Frag. 17.

He differs from him, however, over the nature and number
of these entities.

He agrees with Parmenides that there is a constant
amount of matter in the universe (Frag. 5 expresses this
in wording that is slightly reminiscent of Parmenides),
but not that this amount is limited. The amount is in

Vlastos in Phil. Review, lix, 1950; Cornford and
Raven in Class. Quart., xxiv, 1930, and xlviii (new ser-
ies iv), 1954 respectively.
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fact infirite. Moreover this matter is infinitely div-
isible:

duo¥ mévta xpfiuata Av, 8xetpa xal wARGoc xal out-
xpétnTas  xal ydp TO ouLxpdy Exetpov fHv.

Frag. 1.
Yet in spite of this the amount is constant: the wording
of Frag. 5 is this time reminiscent of Frag. 3 of Zeno -
Raven may be right (Op. Cit.) that it is a direct answer
to Zeno and that to Anaxagoras Zeno's Frag. 1 demanded
the reply:
obte ylp ToD outxpol &otL TS ye EAdxLoTov, GAMN’
ghacoov del (Td yhp &dv odx Botit T phy) odx elvar) -
dAnd xal wob peydhov del dot. peiZov. wat Coov é&otl

TH opLxpd wAfOog, mpdg &avtd 6 Exaoctdv doTit xal udya
xal outxpdv.

Frag. 3.

You can go on halving a thing as many times as you can
double it: there is no 1imit-to divisibility, but this
does not, as Zeno thought, destroy the-reaiity of the
matter so divided, nor will the division reach a stage,
as it would for Empedocles, when your next cut will div-
ide your piece of matter into two different (elemental)
types of matter. The problem now is: how meny infin-

itély divisible material entities, and of what sort, are



-259-
necessary to explain change? Greek philosophy is now
interested in physiology, and so he poses this question
to himself with especial reference to the processes of

nourishment and growth:

nd¢ yap 8v &x uh Tpuxdc vévoito BplE -xal odpE
&x uM ocapxdc;

Frag. 10.

Now since all things are infinitely divisible, they
cannot be composed of a finite number of Empedoclean type
elements. As Aristotle pointed out (ecf. pp. 224 - 231
sup.), any theory of elements entails a limit to divisib-
ility. The number of substances in the phenomenal world
is infinite: so, too, must be the number of primary en-
tities.

But an infinite number of individual and separate
entities, each homogeneous and unchanging, could only
explain away an instantaneous universe. As soon as any
change occurs the theory will have broken down. Conse-
quently his entities are not homogeneous. Both on the
macroscopic scale (when 'all things were together') and
on the micfoscopic all things must contain a portion of
everything. The following fragments demonstrate this

and make it clear that it applies 'as in the beginning,
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so too even now'. I omit from Frag. 4 as irrelevant a

passage about animals and men and cities.

ToUtwy 62 oVtwe &xévtwv Yph Sdoxelv &velval moArd
Tte xal ®avtola &y ®AGCL Tolg ovyxptvouévoig xal oxép-—
pata wdvtov xpnudtwy xol (déac mavtolag .8xovra xal
xpotdc xatl Hdoviég.

xply 0% &moxptOfivar Talta mdvtwy Spuolb &6vtwyv o0dde
xpoth Evonhoc fiv oddepiar dmexndive yap ¥ oduptELg
wdvtwy yxpnudtwy, Ttod Te diepol nal To¥ Enpol xal Tol
Oeppob nal To¥ YyvxpoD xal Tob AaunpoT xol To¥ Zooepol,
xot yfic ®oAAfic &veobone xal oxepudtwv dxelpwv TAfBog
od6ey &oivxdtwy dANGAOLC. 006& vap THY GAAwY o0doEV
gouxne TO Etepov TH &tépw. TovTwWY OF oUTwg &x6VTWY
v Td odumavti xph Ooxelv é&velvar mdvrta yxpripata.

Frag. 4.

xal éte 6 VToar potpal elor Tod Te peyddrov xal
voD optxnpoB mAHOoc, xal obtwg dv eln &v maveli wdvta-
006¢ ywple Botiy elvar, &AAY ®dvta Tavtdg molpav
LETEXEL . 8te todAdxtotov uh Eotev elvatr, odx dv
o6BvaLto XwpLobfvat, o006’ dAv 8¢’ &avtol yevéobai, AAN’
rwonep &pxhv elvat xal vBv mdvto duob. &v =ior 62
®OAAL Eveoti xal Thv dmoxpiuvopévwv foa mAfi®oc &v Tolc
petZool we xal é&Adoocoot.

Frag. 6.

od xexdprotatl AAAGAwWY T& &v TH &vi ubouy odoE
droxéxontatr meréxet obte TO Oepudv dmd Tob Yvxpol
obte Td Yvypdv &nd ToD Oepuol.

Frag. 8.
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It is over the precise meaning of 'all things con-
tain a portion of everything' that commenéators especially
disagree. The two halves of Frag. 4 and the phrase from
Frag. 6 quoted at the bottom of p.-259 show that it applies
to both the origiﬁallmixtgre and every portion that has
separated off from it, however small. |

| Frag. 4 lists emong the contents seeds having all
sorts of shapes and colours and savours, all unlike each
other, and infinite in numbers, and also the hot and the
cold (cf. Frag. 8) and the wet and the dry (Anaximandér's
opposites).and the bright and the dark (Pythagorean) and
earth, to which Frag. 1 adds ether and aer (ether meaning
*fire') -and Frag. 16 adds water (giving Empedocles' four
elements), while Frag. 15 adds the dense and the rare
(cf. Anaximenes). When expressed in this way, the list
surely appears to be, as Raven also holds it to be, ex-
haustive in the sense that it includes absolutely every-
thing that anyone  appears ever to have thought of as hav-
ing real material existence.

I canﬂot therefore agree with Tannery and Burnet
who say that the sole contents were the traditional op-
posites, nor even with Cornford's indefinite number of

pairs of oéposites, or rather interconnected opposite
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quality-things, that can never be separated into single
opposites (cf. Frag. 8). I must, therefore, agree with
Simplicius, Lucretius and A¥tius (D. 59 A 41, 44 and 46),
and with Bailey, Cherniss and Raven, that the contents
include all the types of matter that there are.

The next point of disagreement is whether these
are contained juxtaposed in a mechanical mixture, even
though.there can be no minimal particles, as Ross and
Cherniss and Giussani agree however different their explan-
ations are otherwise, or in a closer union, more like a
chemical fusion, as Bailey puts it. I agree with Raven
that neither explanation can be correct. As he says,
neither a water-and-wine nor a sugar-and-sand illustrat-
ion is apposite. "The only possible analogy is that
which the influence of Zeno cleafly suggests, the analogy
of the infinite number of points contained in even the
shortest geometrical line" (Op. cit. p. 129). But unlike
the points, the parts of the mixture, however small, still
have some magnitude, and are not all alike. I do not,
however, believe that Anaxagoras, if pressed, could have
given a completely satisfactory solution to this problem.
I think that, like Empedocles, he had not fully worked

out the implications of his theory.
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Since we are considering the nature of .air, to en-
ter any more fully into this controversy would be point-
less. The main point is clear: air is not an element,
but a mixture of everything; and we mey now pass on to
the cosmogony in order to see how air is separated out
’ from the original mixture, and what part it has to play.

Fragment 4 described the original mixture - it had
no xpott, it did not look like any particular thing. 1In
other words it was more like the apeiron of Anaximander
that had likewise no specific characteristics than, say,

the aer of Anaximenes. But Frag. 12 says:

Etepov 6& 008év Eotuv Suolov oddevl, GAN’ STwy
- mAetota Evi, talrta &véniétata &v &xactov 8ottt xal fAv.

Consequently even though the senses could not have picked
out any individwual thing in the mixture it was vaguely
characterized by the fact that it contained more 'ether!

(fire) and air than anything else, as Frag. 1 states:

..xat whvtwy Suod Bévrwv oddEv Evomiov Ay dnd optx-
pétnToc: mhvta yép &p Te xal aldhp xaTeixev, 4uos-
Tepa Axelpa &6vrac Tabto yap wéytota EveoTiv &v Tolc
OVpRACL xal 7ANOetr xal peyébet. '

When the cosmogony started it was fire and air that first

separated out from the rest which is still described in
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.Frag. 2 in Milesian terminology as the 'surrounding bound-

less', the external store:

xal ydp &dhp Te xal aldNp dmoxplvovtor &xd Tob
moAAoU To¥ meptéxovrog, xal TS yve mepuLéxov dmelpov
¢otL Td WAfiBoc.

This separation that started the cosmogony was
caused By 'Mind', Anaxagoras' answer to Parmenides' query
about the moving cause., Miﬁd is described in maferial
terms (cf. Empedocles' Love and Sfrife) but in a way that
makes an even strongef impression that Anaxagoras was
striving after the description of a non-material éntity
- than we felt in the case of Empedocles. Again it is a
.case qf Greek vocabulary lagging behind thought. I give
the relevant fragment, No. 12, in English, becausé of its
length:

The other things contain a portion of everything,
but mind is not limited and controls itself, and is
mixed with no other thing, but is alone by itself.

For if it were not by itself but were mixed with any-
thing else, it would contain a share of all things if
it were mixed with any; for in every thing there is

a portion of everything, as I said before (Frag. 11).
The things with which it was mixed would prevent it
from controlling any thing, as it does in fact through
being alone by itself.

It is the rarest and purest of all things, and
it has complete cognizance of everything, and has the
greatest power., It has control over everything that
has life, both the greater and the smaller. Mind also
controlled the complete revolution, so that it began
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to revolve at the start. The revolution started to
revolve from some small beginning, but it now revolves
over a larger volume and will do so over an even larger.

uind also took cognizance of all the things that
are mixed together and separated off (4moxptvéupeva -
separated into masses of individual substances) and
split up (&raxpivépeva - split up into component parts).
kind set in order all such things as were going to ex-
ist and such as were in existence, things that are not
now in existence, and things that do now exist, and
such as will exist. It also set in order this revol-
ution in which there now revolve the stars and the sun
and the moon and the air and the ether (fire) that are
being separated off. The revolution itself caused the
separation off. The dense is separated off from the
rare, the hot from the cold, the bright from the dark,
and the dry from the moist. And many things have many
portions; but nothing is absolutely separated off or
split apart from anything else except Mind. liind is
completely homogeneous, both the greater and the small-
er. DNothing else is like anything else, but each in-
dividual thing is and was most manifestly those things
‘'of which it has most in it.

Thus the separation off of fire and air that is the
first step in the cosmogony was caused by this force call-
ed 'Mind' through the agency of a revolution that clearly
descends from the lilesian whorl. The descriptioh of the
expansion of the volume affected by the revolution reminds!
one of the modern idea of the evolution of the spiral neb-
ulae (the stellar universes) from a small beginning under
the twin influences of gravity and revolution, and_of the
theory of the 'expanding universe'.

Fire and air separated off foremost because they

were the 'things'of which it has most in it' when the
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following fragments, nos. 15 and 16:

TO pdv muivdy xal duepdv xal Yuxpdv xnal Td Zopepdv
£vBdde ocvvexdpnoev, EvBa viv <h yH>, Td 6& dpatdv xal
Td Oepudv xal ©d Enpdv &Eexdpnoev elc Td mpbow ToOb
alBépog.

dxd Tovtéwv dmoxptvopdvwy ovurfyvvtar yHie  &x udv
yap Thv vepehdv Vowp dmouplvetair, &x 6 To¥ Udatog vH,
gx o6& Tfic vfic M(OoL ovuxAyvvviar dnd To¥ Yvxpol, odrtot
8¢ &uxwpéovor pdrdov Tob Boatoc.

Aristotle several times states that al6ip ié the
name given by Anaxagoras to fire; and he critiéizes him
for. this sipce tbe apcieﬁts believed the primﬁf& body int
the uppermost_rggion,_called_by them_acaﬁp; to‘be differ;
ent from fire. ®* This ether/fire Frag. 15 locates in its
usual place at the periphery of the vortéx; * ﬁhile the
centre is the destination of that ﬁhich is dense etec.
(more accurately, ﬁhich contains more of the dense than
;hé r;fe, is most manifestlj dense etc.). This is still

the traditional centripetal vortex in a fluid or gaseous

Cf. de Caelo 270 b 24 and 302 b 4, Meteor. 339 b 21.
B The centre is 'here where the earth is now' but was
not then, if we read # ¥#; if not, it is 'here where the
dense is now', the fact that the earth is here as well
being irrelevant - the earth and the dense now share the
centre, for the -earth has the' dense-around it and even
inside it, in subterranean cavities.
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mediem (cf. pp. 253;4). Once, howevef; solids heee fo;;
med in Frag. 16 the revolution flings 'stones' off and
these move outwards more than do lieuids; becauee of the
action of centrifugal ferce which in their caee oeeroomes
the centripetal ferce that prevails in the fertex as a
ﬁhele.

The parallellsm between the metlon of the dense
to where the earth was not yet and that of the rare 'to-
wards the further part of the ether' might suggest ‘that
as the dense was not earth so too the rafe wae not ether,
perticulaPI& since it would seem more meeniﬁgful to eay
thet'the rare weﬁt towards the ethee than that the ether
wenthtowerds_the ether. If it were not for-Aristotle'e
identificatiee of ether with fire Qe could;,thee; ferhaps
say thatgyhe rare was fire and the dense wae water-vapour,
so that ﬁe should (after the formation of the earth) have
a eonsistent s&etem with ether and fire toéether at the
per;pher&-and earth epd vapour at the centre,-fire and
vapour haviﬁg iﬁ Frag. 15 lists of ingredients that cor;
respohd to ehe ettributes of Heracleitus' light and dark
exhalations, |

This or semethlng 11ke thls does 1n fact appear to

be the 1nterpretat10n of Bailey, who takes tether' to be
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'sky' and 'aer' to be 'mist' (cf.'K;anz'é tfahéiati$n¥
'Dunst'), and appears to take Frag. 15 to refer to fire
and water. ¥ (His account is not very clear;)

Apart, however, from the fact that ﬁe should expect
Frag. 15 still only to be dealing with the aer and ether
of Frags. 1 and 2, and that the rare ﬁould hafe to differ
ffom both fire and ether since ether.ig fire; the system
of ether and fire at the periphery and vapéur or water and
earth at the centre_does ﬂot'agféé with the deécription
in Diogenes Leertius II 8 (D. 59 A 1) of the state of the
ﬁﬁiversé aftef the developméhts éf Frags. 15 and 16

T®dy 0& ocwudTtwy TA pév Bapéa TOV udTw TéWOV, <bC
_Thy yfjy>, T4 68 noVoa Tdv dvw &muoxelv, d¢g Td =lp,

© ~In Op. cit. p. 548 he identifies the hot (from the
rare list of Frag. 15) -with fire and the moist (from the
dense list) with water. On p. 546 note 4 he says that
'aer' is the vaporous misty air-of Anaximenes and 'ether'-
the bright clear air of the sky, the. element of Empedocles.
On p. 41 he appears to take Frag. 15 to be chronologically
posterior to-Frag. 16. - He says that mist and sky separ-
ated off first; he proceeds: "Then 'from clouds water is
separated off, from water earth, and from earth stones are
solidified by-the cold'. Gradually these separated elem-
ents (sic) began to form themselves into a world". He
now quotes Frag. 15 in full, and rounds it off with the
phrase "and these formed the heavenly bodies". - This seems
to imply that he takes the rare etc., sc. fire, to be the
substance of the heavenly bodies and not, as-in the nor-
mal view, -the 'stones' of the end of Frag. 16 which he
leaves unquoted.
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Here Diogenes not only 1dent1f1ee the rare ete;
w1th flre but also by 1mpllcatlon (ex s11ent10) w1th efher;
an identification confirmed by Theophrastus de Sens. 59

(D. 59 A 70), where the dense is also identified with aer:

Td pév pavdy xal Aertdv Oepubv, ToO 6& wviHvdy ARai
raxd Yoxpbév, Worep ’AvoEaybpag diaLpet TOV 4dépa xatl
Ttov albépa.

Thus Dlogenes actually descrlbes & state when the
dense had parted from f1re 1n Frag 15 and had undergone
the separations ef Frag. 16 so as to give layers of air,
wete?, and earth. He is, in fact; saying that Anaxaéor;
as' cosmogony leads to the standafd stfatifieetion of the
universe consistently described b& Greek scientists wheth;
er they believed, like the Ioniaee; in_e eoffe#; ef, 1ike
Aristotle, in absolute weight end liéhtness; as the eause.

| Burnet accepts thls 1dent1f1cat10n of the rare and
dense w1th ether/fire and alr, and makes Frag. 15 descrlbe
a first stage, the separatlon of the great masses of Frag.

1 as in Frag. 2, and Frag. 16 the next stage, with phases

®.. The rare etc.-is called by Diogenes 'the light
things" - he is using Aristotelian terminology, -and he -
similarly substitutes the vertical for the radial direc-
tion although the former-—is appropriate only to Aristot-
les' - theory of relative weight, not to a vortex. Cf.
the second paragraph on this page.
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that follow fhe order of Anaximenes"density inoreéses~énd
produce cloﬁds; water; earth, and stones from air. This
interpretation is suppérted by Hippolytus (Ref; I8, 2,
D. 59 4 42): *® o

Td pev odv muxavdy xal dypdv xal Td oxotervdv xatl
Yuxpdv xnal wGvta Td Papéa cvverbelv &nl To péoov, EE
dv mayéviwv Ty yiiv dmootfivatrs & &’ dvtixelueva
TodToLe, TO Oepudv xail TO Aaumpdv xal TO Empdv xal Td
xoBgpov, elg Td mpbow Tol albépog Opufical.

This is clearly a paraphrase of Frag. 15 with a summary
of the origin of earth in Frag. 16 inserted after the
deﬁse list; shoﬁing that Hippolytus took ﬁater earth and
stones to be derived from the deﬁse etc. He éuotes the
aﬁkward phrase &¢ ©0 npSow Tob ateépog; which Burnet ren;

dered 'towards the further part of the aether' and inter-

% Here vyp6v replaces the less familiar Suepév of

Frag. 15, and oxotei.vév Zogepév, while ndvta 7d "Bapéa is
added to the dense list (cf. ©& pdv Bapéa in D.L.): in
the rare list 1o Aaumpév is added (since it is opposed to
Td Zogepév in Frags. 4 & 12 Schorn is probably right in
reading it in Frag. 15), while 13 xoBgov (again c¢f. D.L.)
replaces 10 dpatév instead of being added to the list.
The inserted phrase about earth may perhaps indicate that
# yf was in Hippolytus' text. The presence of this in
Frag. 15 or of the parallel &g <hv yfiv in D.L., is so-un-
certain that no interpretation should depend upon it. In
my interpretation (v: inf. and cf. p. 266 ad fin.) its’
presence or absence is immaterial.: '
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the phrase must on his-interpretatioﬁ mean that ether
went to' the further part of the ether., The phrase must,
if we accept that the rare etc. is ether/fire, be inter-
preted differently. ®

In Burnet's view, then, Frag. 2 states the fact of
the separatioﬁ from the mixture of Frag. 1 of its two
greatest components; fire and air; and Frag. 15 explains
it as -the separation from one another of some of the many *¥
iﬁgrédiénts that these components contain, namel& of the

* It could be said that Frag. 2 gives the first sep-

aration of ether and air from the mixture, so that there
is from the start ether contiguous to the 'surrounding
mass' at the periphery of the small revolving volume, and
that Frag. 15 gives a later-stage when more ether parts
from air within the now growing volume and moves towards
the ether that is already at the periphery. - Alternat-
ively, since this'is over-subtle and prejudges the ques-
tion whether Frag. 15 is a later stage, we might say that
the genitive is not partitive but possessive or defining:
the further region that belongs to, or, as Aristotle would
put it, is the proper place of, ether, Frag. 15 would -
then assert that the dense went, during or after the sep-
aration, 'here where it (either alongside or as the origin
of earth according to the reading) is now' and the rare
'towards the more distant ether-region', i.e. each to its
proper place. Frag. 15 need not then be later than Frag. 2.

X _ : . . L

' Fire and air are, of course, still mixtures not
elements: Frags. 4 & 6 (p. 260) and 12 (p. 264) make this
certain. Cf. Arist. de Cael. 302 a 28sq., where fire and
air-are said to be mixtures, and de GC 314 a 24sq., where
they and water and earth are mavoreppfar. After their
gseparation the rare etc. predominated in fire and vice versa.
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opposite éuality;things; each pair of %hich Frag. 4 states
to ha&e been preseﬁt iﬁ the griginal mixtﬁré; Meahwhile
Frag. 12 explains how the revolﬁtion stafted by Mind
caused the separation of these pairs; but Frag. 8 reminds
us that thej are never completely sundered. ¥

Then Frag. 16 describes the solidification of earthl
and stones #ia élouds and water &4xd Tovtéwv dmoxpivouévev.
What is the antecedent to Tovﬁéwv? Burnet says air: in
éthér ﬁords he takes the plural to refer to the members
of the dense list, aé did Hippolytus. xx Simplicius,
however, éuotes Frag. 16 (in Phys. 179, Sgé., D. 59 B 15
& 16) jﬁst after Frag. 15 with conneqting comments that
réfeﬁ to both the substances of Frag. 15 (which he calls
Tata) as dpxoeldfi and dmiovotata then st#te that things
mé& 'éolidify'.or ma& 'separate off' from them; ﬁheneupoﬁ

he quotes Frag. 16. It appears, therefore, that he took

For Burnet (cf. p. 261 sup.) the original mixture
conaisted'solelx"of the traditional opposites < in dis-
cussing them, however, he wavers between the notions of
opposite qualities and opposite things.

%% Burnet reads 4 yf in Frag. 15 and ignores &vedoe
in-his translationt "...come together where the earth is-
now"; - This is -connected with'his interpretation of Frag.
16, cf. my caveat in note to p. 270 sup..
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The earth is, in fact, giveﬁ as an examilé éf ﬁh;t
may separate off from the total contents of Frag. 15 by
Simplicius. Kranz's translation of‘Frag. 16; ' Aus die;
sen sich abscheidénden.Mggggg ;..', seems to show that
he understood it to'refer to the two great masses, and I .
too understand it so. ¥

I see no diffieculty in supposing that the clouds
could have separated off from fire as well as air; Fire
contains a predominance of the rare eté; ofer their op;
pbéites; it nevertheless also cﬁntaiﬁé portidns of th§se
;pposites. Similarly air is not absélutely dense etc;;_
alth&ugh it is 36 compared with‘fife; Fire and air are
moét manifestiy fire and air but, like everything elsé;
they contain pértiéns éf everything, and in fafticular of
éloud. Coﬁseéuently from both there éould separate off

something that would most manifestly be the clouds of

- *  There is no statement that Frags., 15-and 16 were
consecutive. - If they were, then the-demonstrative is -
. actually separated from the alleged antecedent, the dense
etc., by the rare etc. and so should be taken either with-
the rare etc., which is nonsense, or with all the neuters.
If they were not; then it might grammatically have'an{
antecedent that we care to supply, including the total .
contents of Frag. 15 that Simplicius supplies, or the words
tfire and air'. It could not have the singular 'air'.
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howeser small a percentage of their mass consisted of
cloud or earth it weuld be eneugh when sefareted off and
massed together to provide all the cloud water earth and
stones in the phenomenal universe; x

Moreover the theory that the clouds come only from
the dense etc. depends ‘upon the assumption that Anaxagor-
as' air is the dark misty air of the Ionians. 'The dense
and the moist and the cold and the dark' sounds it is true
like the Milesian and Pythagorean aer, the Parmenidean
night; or the Heracleitan dark exhaletien, all of whieh
had been opposed to fire, like, in other'sords, water
vapour rather than the true air that Empedocles called
'ether' and distinguished from vapour; but compared with
fire Empedocles' ether and eveh Anaximenes' invisible aer
(denser=thdn fire but rarer then mist) seuld be dense etc;
ahd since it; ltke.everything else except fire, leeks
light;-it ceuld legitimately be deseribed es dark; We

know ** that Anaxagoras was . as famlllar w1th the ecllpse

*  This-can‘be so even if the amount of cloud etec. is
1nf1n1te, for we already see in Frags. 1 & 2 that infinite
air and ether separate from the 1nf1n1te mlxture.

®*%  ¢f. Hipp. loc. ‘cit. Sec. 9 and ABt. II 29, 6, D. 59
a 77. It is truethat Anaxagoras speaks-of -'the dark'
but this is a concession to his predecessors, cf. p. 261;
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explanation that entails the non;corporeality of darkness
as ﬁas Empedocles, and this alone serfes to diétinguish
his aer from that of the lMilesians aﬁd Pythagoreans; The
latter also confused aer with void; but we know that An;
axagoras 'strained wineskins' and performed the clepsydra
experiment, and’ therefore knew that invisible air is cor-
poreal. ¥ He knew; therefore, of the reality and nature
of Empedocles' 'ether', of air in our sense of the word,
and of its difference from ﬁater vapour. So it would be
étartling if hié air were not descriétively similar to
the ether of,Empedogles, although not an-'element', and
diffefentl& named. i

horeover if the dense of Frag. 15 were vapour,

% Gf. Arist. Phys.213 a 22 and'Ps: Avist. Probl.

914 b 9, D. 59 4 68, 69, v. p. 249 sup.. It is not -
clear why he used these experiments, and he may in fact
be open to Arlstotle 8 crltlclsm, cf Chernlss P 147,

" Having adopted the-archaic use of the word alotip
(cf. p. 243) for that which is at the periphery, even
though as Aristotle complained he meant by it fire-and
not a special celestial substance; he would be forced to
use the word &#p for air, even though he-meant by it the -
true air called al67p by Empedocles and not mist. He may
have avoided the word =«Up in order to indicate that he-
meant something different from the fire of Heracleitus,
either because he knew this to be symbolic, or because,"
like Aristotle, he misunderstood it-as a sole element, or
because, being a mixture, his fire was more like the dry
exhalation than like 'pure' fire. :
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either it or the clouds of Frag. 16 would be otiose; The
ééﬁées éf Anﬁximenes ﬁére fire ; wind ; cl&ud'; wafer ;
earth ;-stones, and neither in the accéunt by Simpliocius
nor in that by Hippolytus (D. 13 A-5 & 7, pp. 50;1 & 65
sup;) does a stage of mist intervene betwéen wind end cloud.
'Wind;'between visible fire and visible cléud, must'éonsist
of his invisible form of aér, and must, if ﬁe are to press
the striking analogy betweeﬁ the tﬁo men's cosmologies'
phaées; be that ﬁhich corresponds to the dense 6f Frag;
15; ﬁhich.ig between ethen/fire and the cléﬁdé; 1f one
grahts invisibility_to Anaxﬁgoras' air (and it is certainQ
1& inviéible in Frag. 1), one should ﬁot, %hile explaining
jaﬁa&-the ‘dark' of Frag; 15 as on p;.274; také the 'moist!
liter#lly to indiéate water vﬁbour; for thé inﬁisible form
6f true ﬁatef vapour is éfeam, which ié_hot, but the dense
lisf includes the term 'coid', Thus the air of_Anaxag;
éfﬁé corresponds to; but is_nét identiéal ﬁith,-the ihvis;
ible aer of Anaximenes (which must have been hot sihce it
ié ohly one degree less fare than fire and rarity correl;
@teé with high temperature ; P. 5634; - ﬁlthéugh_he did
not alﬁays realise this himself);

There remains.to be explained the presence of 'the

moist'. Now fire is pre-eminently dry, and since the
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seperatton of fire and alr entalls the separatlon of .the
dry from the moist (tradltlonal opposites included in the
mixture in deference to Ana;agoras' predecessors, V. P.
261); the moist had to be given to air; But just as the
air is not as dense as cloud (aer) nor, oua invisible, as
dank as thunder;cloud, nor as eold as hail (from frozen
cloud), so too it is not as moist as cloud.

Ritter and Preller, indeed, and Burnet, who is too
mnch influenced by the apparent simtlarity between the
coemologiee of Anaximenes and Anaxagoras (although he does
not spot the point of p. 276), take the latter's air to
be mist; ao do Bailey and.Diels;Kranz; end thus to be the
sole eonrce of the olonds. Raven; honener; identifiee
it nith.the 'ether' of Enpedoelee; and so doee Chenniss;
with the wise ceneat (Op. cit. p. 120) that in neithen
cese ie atmoenhertc eir per se.meant; |

Atmospheric air was known by now to be a mixtuﬁe, X
and thlS 1nv151b1e alr was one of the components of the
mixture. For Anaxagoras moreover, though not for Emped-
oelee; it ‘was 1tse1f 8 mlxture.. Its proPertles we may

say to have been those given under Empedocles on p. 243,

(me 15t gp. 172-3 (Heracleitus) and 233, 2423, 250
pedocles
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to which we must add a dens1ty greater than that of £1re;
a 1ack of the absolute dryness that is character1st1c of
flre (the 1nf1uence of M11e31an and trad1t10nal 1deas
was 80 strong that ‘even after Empedocles air never qulte
broke clear from moistness in Greek thought even when
distinguished from vapour proper), and a lack of innate
heat and 1lght (which is as true of the invisible as of
the black). By contrast Anaxagoras' ether corresponds
to the fire which Empedooles confirmed as a real substence
(p. 250 sup.). It is the rarest (and lightest) form of
matter, possessing innate heat and brightness, and is dry.

It is not ouite clear whether the corporeal 1lght
of Empedocles (p. 240) is distinct from fire or not. It
is probably not; at any rate there is no such distinction
for Anaxagorae ; 1ight is an ingredient of the mixture
that constitntes fire. Aristotle specifically denies
that light is fire jnst before he objects to Empedocles’
theor& of light travelling (v. pe. 240), and in objecting
to Empedocles' and Plato's theorles of vision in de Sensu
437 b 123q he says that hot and dry are not propertles
of light. Consequently, although he does not name Anax;

agoras here, his criticism nevertheless applies to his

ether too.
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Supplementary note: -

There is a further point in which my interpret-
ation of Anaxagoras' cosmogony differs from that of Bur-
net and most if not all others. I give it here in the
form of this note since it is not strictly relevant to
the nature of ether or air themselves. :

- kost interpretations make the cosmogony proceed by
clear-cut stages in time analogous to the stages given by
Anaximenes. This is not necessarily correct, for the
following reasons.

Frags. 2 and 15 as we have seen apply to the same -
time, even for Burnet. Just as Frag. 4 explains the con-
tents of the mixture of Frag. 1, so Frag. 15 explains the
contents of the mixed substances of Frag. 2. Frag. 16
adds water and-earth to the air and fire, and so completes
the list of so-called elements, which are also in the mix-
ture as well as the opposites. Frag. 16 has been taken
as ‘a later stage, so that earth is posterior to water and
both to air and fire.. Yet Frag.-4 states in a striking
manner that the original mixture contained earth, a fact
that has troubled many scholars and led some to turn-a
simple genitive into an apparently irrelevant genitive
absolute.- Surely Raven is right in believing that the
contents: of the mixture include all previous so-called-
primary entities as a-condemnation of their alleged prim-
ary character and yet, as I believe, as a concession to
the fact they do appear to manifest themselves in the
sense world. o

Now Frag. 16 may be logically posterior, but I do
not believe it to be so chronologically. All its verbs
are in the present tense, following the present participle
(whereas the verbs of Frag. 15 are aorist). I interpret
it thus: "From these (sc. fire and-air) while they-are
being separated off-(over a period of time) earth is (dur-
ing that time) being massed together; for from the clouds
(that also arise from both fire and air during the  separ-
ation) water is being separated off (simultaneously), and.
from the water earth; and from the earth stones are being
massed together by the cold (that is an ingredient of the
air that is-at the centre alongside the water-and the earth
and is in contact with them), and these are moving outwards



-280-
more then is the water (because of the speed of the rev;
olution, cf. Frag. 9 and p. 2687)". These stones form
the heavenly bodies (v. inf.).

 + Frag. 12-shows the intimate connexion between Frags.
2, 8, 9, 13, 15, and 16: "Mind set in order everything
that was is and will be." (that is the sense, whatever the
true reading, cf. textual note in DK) "It also set in or-
der this revolution in which there now revolve the stars
and the sun and the moon and the air and the ether (fire)
that ‘are being separated off (or: are separating off).

The revolution itself caused the separation off. The
dense is separated off (present tense, contrasting with
the aorist used for the start of the revolution) from the
rare, the hot from the cold, the bright from the dark, -
and the dry from the moist... ‘but nothing is absolutely
separated off or split-apart from anything .else except
Mind". Note that instead of 'the revolution itself: caus-
ed the separation off', the reading of Schorn and DK, the
manuscripts read 'this revolution caused...'.

Here both-the substances.of Frag. 2, fire and air,
and the apparent end products of Frag. 16, the heavenly
bodies, are included in the same act of revolution ('this'
revolution according to the manuscript reading) and sep--
eration; an act in which the rare separates from the dense
end-so on (as in Frag. 15) - which would be strange if
opposites, elements, and stars belonged to separate stages.
Stars and air and fire are mentioned together here just
as the opposites and earth are together in.Fra%. 4, In -
none of these fragments is there any mention of chronolog-
ical differences other-than that-between the eras before
and after the revolution started. For this single act
of commencement we have the aorists of Frags. 12 and 13 -
and 15, all dealing with the motion, but for the separat-
ions we have either the present tense (even-in Frag. 2!),
which is- particularly noticeable 'in Frags., 9 and 16, or
the- imperfect (continuous) of Frag: 13, or the perfects
of state of Fregs:-5 and 8; -and even -in-the--latter-case.
the perfect is actually negatived, showing a lack of
completeness of the separation. - The-only relevant aor-
ist occurs in Frag. 13, and there only for a reason: "And
when mind began to cause motion, it was continually sep-
arating itself from all that was in motion, and all this
that (at that time) mind set in motion underwent a process
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of splitting up. While the motion and splitting up con-
tinued, the revolution continually caused the splitting
up greatly to increase". Here the emphasis is on the
commencement and continuation of the motion and of the -
consequent splitting up of the source materisl, the mix-
ture, and not on the separation off of the end-products.

Thus there was, is now, and will be, a continual
increase in the volume and mass affected by the revolut-
ion: the separation off of the products is likewise con-
tinual,-as the splitting up affects more and more of the
mixture. (This is reminiscent of F. Hoyle's theory of
' continuous creation' in our 'expanding universe'.)

I conclude that the various separations and mas-
sings together are concurrent over a period that covers
past present and future, and not successive and already
complete, and that the processes of formation of the dif-
ferent end-products -may occur simultaneously.- There is,
then, no set of successive stages (mixture - opposites -
fire and air - water - earth - universe) as Burnet and
Raven, and mutatis .nutandis Bailey, maintained, nor does
cosmology only deal with the 'elements' and physiology
with the 'opposites', as Peck claimed. '

We have several times recalled that in the list of
contents of the mixture Anaxagoras deliberately included
all the basic-entities of his predecessors. He embraced
earlier ideas, refined or corrected them, and either ad-
apted them to or explained them by his new theory (and in
doing so condemned by imglication‘their originator's '
handling of them). He did the same with their processes.
One single but complex process produced our universe, but
he split its explanation, as he split that of its contents
between substances and opposites, in such a way as to give
a reconciliation of the theories of his predecessors.

- The- opposites of Frag. 15-explain the formation of
the 'world-masses' of Heracleitus or the 'elements' of
Empedocles; and the process of formation of these is also
simultaneously that of the formation of the universe, -
which 1s consequently stratified as in the traditional
account (cf. p. 269), except that the heavens contain not
only fire but also visible and invisible solids - and even
these are paralleled by the 'earthy bodies' of Anaximenes.
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- The- cosmogony, then, was is and will be just one
process, as Heracleitus-also claimed (Frag. 30, p. 136 sup.).
It starts with a blend of the potentiality for separation -
of Anaximander's apeiron or Empedocles' sphere and the sub-
stantial nature of Anaximenes' aer, reinterpreted as a mix-
ture containing most manifestly fire and true air. It -
develops by a process of splitting up analogous to Anaxim-
ander's or Empedocles' in which there separate off a pair
of substances whose opposed ingredients have affinities
with the attributes of Heracleitus' exhalations or the
light and dark of the Pythagoreans and Parmenides, though
they far differ from them, and with the opposites of Anax-
imander. This separation also simultaneously causes cer-
tain parts of the whole to undergo changes parallel to the
density increases of Anaximenes and the Way Down of Herac-
leitus. As in the latter case, however, increased den-
sity is an incidental result not a basic process, even
though the proximate cause is the same as” for Anaximenes,
the cold - rather than the solidifying fire of Empedocles.

These changes, which produce a universe apparently
made of Empedocles' four elements, result from a separat-
ion that is itself not-a pure and complete sundering: for
simultaneous with it is a regrouping, as with Empedocles,
that can-be called mixing together-(cvpuloyesodair, Frag. -
17) or, when increased density results, massing together
(ovurfiyvvobar , Frag. 16). - These simultaneous processes
are summed up in the compound cvyxplvecdat (Frag. 4),
separation with recomposition, while the recomposition -
itself is called mpooxpCvecéar (Frag. 14), being the op-
gésite'of'the'splitting'up, 6baxp6véoeau'(Frag.'l3), that

eads to separation off, droxplvecbar (Frag. 2).

The process is, though single, just as much a mix-
ture as are the substances that it affects.,  Its compon-
ents proceed concurrently and, as with Heracleitus, there
is no point in time when any individual 'opposite' or 'el-
ement' -is -entirely isolated - only to Mind can-this oeccur:
(Frags. 6, 8, 12-and 13). As with Empedocles, the recom-

ositions may give the appearance of a sham physical law,
'%he attraction of like to like (cf. Hipp. Ref. I 8, 2, D.
59 A 42). The proximate cause of the complex of simul-
taneous processes is the revolution, as with the Milesians,
and the ultimate cause (demanded by Parmenides) is Mind,
Anaxagoras' major innovation.
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It will be seen from this note that Anaxagoras was
at once an eclectic and an innovator. He was willing to
incorporate into his very original theory notions found
in all types of previous theory, as if to say that one need
not totally abandon one's previous convictions in order to
accept his own: if one discards certain misconceptions,
one will find that the old theory will fit into the new,
provided that one accepts two new premises: that the Ur-
stoff is not a single element or a mixture of a few ele-
ments or opposites, but a mixture of the infinitely numer-
ous and infinitesimally small seeds of everything (includ-
ing one's own hitherto favoured entities), and that there
is a vortex that has a cause, the new'postulate Mind,
which includes in its complex method of operating whatever
method of change one has previouély postulated as the sole
method.

The remainder of the cosmological and meteorolog;
ical thought is less original, and is eqﬁally patently the
teaching of the liilesians, especially Anaximenes, bfought
up to date in the light of advances in‘empirical knowledge.
In Athens Anaxagoras was naturally credited with discov--

eries that had actually been made in Magna Graecia, known

to him but not, hitherto, to the common people of Athens,
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for example the reflected light of the moon and the ex-
planation of eclipses and darkness.

In view of the comparative lack of originality I
shail not quote the sources in full, but give a summary,
indicating the reference to DK by "A" passage numbers un-
less otherwise stated, and naﬁing-éhé authorities.

1. a. The earth is flat., 1, D.L.; 42, Hipp.;- 87,
Exc. Astron.; 88, Simpl.. n

b. Having come to the centre of the vortex, it
there floats on air because of its large surface area and
the resistance of the latter, 42, Hipp.; 88, Arist. Simpl.;
89, Arist.; 13 A 20, Arist., there being no void, 42, Hipp.;
68, Arist..

¢. The sea and rivers come from moisture that,
evaporated by the sun's heat, falls as rain and settles
upon the earth, and also from subterranean waters. The
salt is left behind by the evaporation. 1, D.L.; 42,
Hipp.; 90 ABt. etc.; cf. Arist. lieteor. 349 b 2.

2. a. The sun moon and stars are the 'stones' of
Frag. 16, flung off upwards and heated into incandescence
by the force of the revolution. 1, D.L.; 42, Hipp.; 12,
Plut.; 71, Abt.. '

b. The sun is referred to as:
podpov (red-hot mass, esp. of iron) Sidmvpov,
1, D.L.; 2, Harpocr.; 19, Olympiod.; 20a, Schol. Pind.
Schol. Eurip.; 72, Abt.. |
poAov (millstone) dudmvpov. 19, Joseph..
AOo¢ or métpogc. 3, Suid.; 12, Plut.; 20a
Schol, Pind.; 35, Plato; 42, Hipp.; 72, ABt.; 73, Xenoph..

¢. The moon is a otepéwua Stdmvpov 77, ABt., and
made of earth 35, Plato; 42, Hipp.; 77, Achill. ABt., or
of stone 42, Hipp.. -

d. Stars are made of rock. 71, Abt..
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e. There are also dark invisible heavenly bodies
(as Anaximenes thought) below the moon. 42, Hipp.; 77,
ABt.. (The order of height is: bodies, moon, sun, stars.)

£. At first the heavens revolved 'like a cupola’
(cf. Anaximenes), but later they received an inclination
(cause unexplained). 1, D.L.; 42, Hipp.; 67, Abt..

g. The '"turnings' of the sun and moon in declin-
ation are due to-air resistance (cf. Anaximenes). 42,
Hipp.; 72, Abt..

3. The moon shines by reflected light. Frag. 18;
42, Hipp.; 76, Plato; 77, Adt..

4, Ecligses of the sun are caused by occultation by
the moon, and of the moon by its falling into the shadow

of the interposed earth or by the dark bodies, while the
new moon is dark because it is in conjunction with the. .
sun. 42, Hipp.; 77, Adt, from Posidonius and Theophrastus.

5. The Milky Way is the light (1 and 42 wrongly say
reflected light) of stars that are not drowned by sunlight
when they are shielded from the sun by the earth. 1, D.L.;
42, Hipp.; 80, Arist. AbBt.. -

6. Comets are planets so clgse together that they
seem to-touch. 1, D.L.; 81, ABt, Arist..

7. Shooting stars are like sparks from the ether (1
says aer) that rebound owing to the revolution. 1, D.L.;
42, Hipp.; 82, Abt.. -

8. Wind is air rarefied by the.sun 1, D.L.; 42, Hipp.,
and -when things that are burning up recoil and are thrown
back up towards the pole. 42, Hipp.. Frag. 19 does not
imply that wind comes from water vapour, cf. Cherniss Op.
Cit. p. 128. Like Empedocles Frag. 50 it merely makes
8 weather-forecasting assertion: wind or rain follows the

rainbow,

9. Earthquakes are caused when the upper air falls
onto the earth or the air below the earth; for this being
moved causes the earth, which rests upon it, to rock.

1, D.L.; 42, Hipp.; 89, ABt.. Alternatively, the ether,
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which naturally moves upwards, is caught in hollows below
the earth and so shakes it, for though the earth is actu-
ally porous its surface is clogged up by rain. 89, Arist.,
who here rather misrepresents Anaxagoras, by referring the
cause to ether (though Seneca in 89 also seems to suggest
this) and by giving to it his own idea of natural upward
motion, v, Cherniss pp. 207-9.

10.  Clouds and snow are explained as by. Anaximenes.
85, ABt.. For rain cf. Frag. 19.

11.  Thunder and lightning occur when part of the up-
per ether (fire) descends from above into the clouds.
Lightning is the gleam of this fire, and thunder the his-
sing noise of its quenching in the cloud. 42, Hipp.;
84, Arist. ABt. Seneca. 1, D.L., oversimplifies.?

12.  Rainbow (also Mock Suns) is sunlight reflected
in clouds. Frag. 19; 86, ABt..

13. Hail comes when a cloud is thrust up into the
cold upper atmosphere so that the water freezes. It oc-
curs in summer and in warm countries since the greater
heat elevates the cloud further from earth. 85, ABt.
Arist. Alex.. _ -

14, Night gives clearer audibility than day because
the air, heated by the sun in the daytime, makes a hissing
noise, but is calmer in the night's coolness. The air,
when thus heated, has a vibratory motion, made manifest
by the motes in a beam of light, and it is these that make
the hissing noise. 74, Ps. Arist. Probl. and Plgt..

The most striking difference from the theories of
his immediate predecessors is Anaxagoras' assertion that
the heavenly bodies are stones flung off by centrifugal

force and made incandescent by motion, although the lower
ones (travelling in a cooler region) remain dark and in-

visible, No. 2 sup.. It obviously springs from the idea
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of Anaximenes about 'earthy.bodies' (13 A 7, Hipp. and
A 14, ABt.). Ps. Plut. Strom. 3, 13 A 6, incidentally,
while wfongly saying that Anaximenes' sun is of earth,
attributes its heat similarly to swift motion, while Xen-
ophanes gave the same explanation for his luminous clouds
(pp. 124-5 sup.). The reason why Anaxsgoras not only
returned to this idea of Anaximenes but also applied it
to all the heavenly bodies, which Aneximenes did not do,
instead of adépting the view of most of his immediate pre-
decessors that the latter are made of fire or of incan- |
descent aer, will have been that the famous Aegospotami
meteorite appeared to him as to others (e.g. Diogenes,
v. inf.) to confirm the view that he adopfed. Of course
the story that he predicted the meteorite's fall (of. 1,
D.,L.; 6, Philostr;; 11, Pliny etc.; 12, Plut.) must be
faise. | |

. The explanation of shooting stars (No. 7) is to us
surprising, for the Aegospotami meteorite was in fact a
large shdoting star - shooting stars are in faect solids
that are normally dark and invisible but that become in-
candescent through friction when they enter the earth's
atmosphere.at_speed. They are termed meteors or meteor-

ites according to their size: meteors are small and melt
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right away, but the occasional larger body survives the
heat in part so that the remnant crashes upon the earth
as a meteoritic stone. Anaxagoras thought,thaﬁ the stone
fell from the sun; but such objects are actually fragmgnts
of shattered comets., Comets are bodies composed of a
large nuclear head that is a fairly dense mixture of small
solid particles and gas and a tail, changeable in shape,
that is a similar mixture, but so rarefied and tenuous
that it is actually moved by the pressure of light photons
from the sun. Anaxagoras' explanation of their elongated
shape (No. 6) is quite wrong, and yet it is just meteors
and comets that in fact most closely correspond to his
definition of heavenly bodies as a whole.

Anaxagoras not only repeats the correct explanation
of eclipses, but also correctly accounts for the phases
of the moon (or at least for the new moon, No. 4). This
shows as we have seen that he knew that darkness is absence
of 1ight and not a substance, and this knowledge of how
the earth can occult the light of the sun enables him to
give a reasonably correct account of the Milky Way.

One of the consequences of Parmenides' denial of
the. void is that Anaxagoras retains the old Ionian idea

that the earth is flat and rests upon the air. The use
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made of this idea to explain earthquakes is ingenious,
but it shows that the Ionians over-estimated the résis-
tance of air - c¢f. p. 15 sup.: "Gases ... are extremely
compressible and elastic, but oféer little resistance to
a moving body unless compressed considerably". They were
right to attempt to explain the degree of reéistance by
postulating a large flat contact area, but as long as the
air beneath the earth could have free passage round the
edges of the latter, its weight would cause the earth:to
displace the air, and it would fall, ¥

The 'strained wineskins' experiment (1like attempt-
ing to flatten an inflated balloon) demonstrates the éom-
pressibility end elasticity of air and also the strength
of its resistance when compressed. But the conditions
are different from those of the air beneath the earth.
However Aristotle in de Cael. 294 b 13sq., D. 13 A 20, -
shows how the Ionians tried to circumvent the difficulty.
The flat earth acts like a 1id (or, as we should now say,
like a piston) and the air immediately below it has not

There is no absolute up and down in the vortex as
there is for Aristotle, only motion to and from the centre.
The earth is already rotating at the centre, so that Anax-
imander and Empedocles were, each in his own fashion, in
fact more consistent than Anaximenes and Anaxagoras.
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room to get round the edges as above, but is compressed
and stays still owing to the air still further below,
just as water rests on air in the clepsydra experiment.
Aristotle is speaking of Anaximenes, Anaxagoras and Dem-
ocritus, but the latter point is obviously particularly
relevant to Anaxagoras. After he had performed such ex-
periments the theory that. the earth floats on air would
seem more plausible than it had, for example, to Xenoph-
anes, to whose 'rooted' earth Aristotle had just referred
in this context.

In eddition to the propefties of air discussed on
pp. 277-8 we find in Nos. 8 and 13 sup. an explicit state-
ment of a property of air that must have been for a long
time known by observation, and that is implied in the Way
Up of Heracleitus: hot air rises. Winds may occur when
things burn and move up towards the pole, and hail is for-
med when heat pushes the clouds upwards, we are told.

Nobody who has seen the smoke of a fire or the
steam from a cauldron could fail to be aware of the prin-
ciple, but we now have it made the explanation of currents
of air that are not visible, in contrast to smoke and

vapour., The reason for the rise of hot air is that it

is expanded by heat -so that it is more rarefied and has
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less weight per unit volume than the surrounding cooler
air. It is consequently displaced upwards by that heav-
ier air. Anaxagoras was therefore on the right track in
his alternative explanation of wind: air rarefied by the
sun. The observation that such a rising air current may
1ift up a cloud is correct, in spite of Aristotle's lack
of agreement with Anaxagoras over the cause of hail.
There is usually a rising column of air below a cumulus
cloud, for example, as Daedalus may have discovered.

Quite remarkable is No. 14, the connexion of the
observation of motes that oscillate in a sunbeam with
the observation that audibility improves at night, leading
to the correct conclusion that heat causes irregular
shimmering movements in the air, which may be audible or
may adversely affect the transmission of sound. This is
an unusually good example of 'scientific method ' for a
Pre-Socratic philosopher.

To sum up, until the time of Empedocles air was
éither the primary substance itself or one of a limited
number of primary substances, so that it would have been
meaningless to enquire of what it is made. Anaxagoras
denied that it was an element, and so he had to answer

this enquiry. His answer was that it was made of all
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the things that there are, of 'portions' of everything.
Its presence was recognised by the fact that in what was
most manifestly air there was more air than there was of
all other things combined: but what this predominating
thing is was still not really explained. (It subsumed
certain of his predecessors' 'opposites', but in a new
and rather obscure way.) |

" Later thinkers abandoned the idea of a thing cont-
aining portions of everything, and explained the properties
of air by déscribing the type or types of primary entity
of which it is composed, just as we explain them by the
type of molecule or atom of which it is composed. Tﬁe
list of the ?roperties of air kmown in the time of Emped-
ocles and Anaxagoras, the first half of the fifth century,
is practically as complete as can be ascertained without
the use of modern laboratory methods and apparatus. In
future we shall expect to discover not further properties
of air, but advances in the theory of its composition and
of the reasons for its possessing those properties. We
shall, however, meet with some theories that are less
satisfactory than those of Empedocles and Anaxagoras, and
especially with theories in which air is still regarded

as a form of water vapour.
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The theory of Anaxagoras was at least as consistent
and rational as any that could be arrived at on Ionian
principles. The infinite store of matter is no longer
conceived of as 'breathed in' by the world as if the lat-
ter were glive. Motion is not now an intrinsic property
of matter, but is provided with an efficient cause. The
cosmogony is entirely materialistic, and strife and justice
no. longer rule., Its Ionian origin is manifest, but the
acquaintance of its author with Pythagorean discoveries
and mathematical theories, with the elements of Empedocles,
and with the logic of Parmenides and Zeno, has completely
transformed it. Concepts unknown to the Milesians are
included, for example recomposition (the shaﬁ physical
law of the attragtion of like to like) and infinite div-

isibility.

Yet it is a difficult theory (witness the widely
diverging modern reconstructions) and one that failed to
win lasting recognition. The microscopic aspect is not
satisfactory; to explain the infinite variety of phenom-
enal substances by an infinite variety of primary substan-

to insuperable difficulties.

.000.
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CHAPTER NINE
IONIAN MONISM IN DECLINE.

Infinite divisibiiity, important though it be to
mathematics, is unfruitful when applied to physical theor-
ies of'the constitution of matter, and Anaxagoras had few
followers (apart from Archelaus, v. inf.). There is, so
to speak, nothing for the physicist.to get hold of - no
minimal unit, no basic entity. Real progress was hence-
forward made by members of other schools of thought, who
believed that matter was composed of fundamental indiv-
‘isibles of some kind.

Before passing on to these, howevér, we must first
consider the final decay of Ionian monism. Aristophanes,
in the Clouds paséim, and Euripides, e.g. Troades 884sq.
and in some fragments, refer to theories now current in
contemPoféry.Athens thet base the universe on aer or ether
and even make it a god. Athens was not yet the leader
of Greek speculation that it became under Plato and Arist-
otle, but was already full of the ideas not only of Anax-
agoras, but also of men like Hippo,\Idaeus, Diogenes and

Archelaus. These were not original thinkers, but just
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eclectics, men of the second rank, vainly trying to fuse
ideas from an& gource into a workable Ionian system.

The abler among them still maintained the monistic
hypothesis and tried to mediate between one or the other
of the Milesians and Anaxagoras, while those of less abil-
ity frankly gave up the struggle and tried to build an
Ionian edifice upon the foundation of a pluralism derived
from Magna Graecia, In the mid fifth century the Pyth-
Iagorean communities were being scattered, and it is not
always easy to decide whether one of these minor philos-
opheré is a refugee Pythagorean or a man trained in the
purely Ionian tradition, a tradition that in the main goes
back to Anaximenes. |

Hipﬁo is an obscure figure. His name may even
have been'Hipponax, and his origin is variously given as
Samoé, Metapontum, Rhegium and Croton. His date-must be
‘later than that of Empedocles, for he criticized one of
the latter's theories (v. inf.). He held that the basic
substance was moisture, from which fire originated, thus
giving for the purpose of cosmogony two principles, the

hot and the cold, ¢f. Hipp. Ref. I 16, D, 38 A 3:

“I. 6% <b> ‘Pnyivoc &pyxdc Zom Yuxpdv Td Bowp xal
Bepudy TO wUp.  yvevvduevov 6 Td whp dwd Vdatog xava-
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vuxfioar Thv To¥ yevvhicavtog O6Bvauiv ovotfoal Te TOV
né0opoV. mﬁﬁ ot Yuxhv moté pév &yuéearov Aéyev, moTd
ot Yowpe xal vdp Td omdppa elvar Td gatvéuevov Aulv
&€ dypoB, &E od onou vvyhv ylvecbai.

Alexander, 26, 21, D. 38 A 6 (commenting on Arist.
Met. 984 a 3, A 7, where Hippo is stated to have been men-
tally inferior to Thales) says:

Irrwva otopoBory dpxhy dnAlg Td Vypdv &bLoplo-
Twe Yxo0éobal od SLacagricavta TSTepov Vowp d¢ Oafic
N &hp dbe AvoEwLpévng xal Avovévng.

There really is a doubt about the meaning of 'moisture’
here, which we must try to resolve. The other ancient
commentators too readily jumped to conclusions. ¥ Sim-
plicius (Phys. 23, 22, A 4) names Hippo along with Thales
as having posited Howp aS'the.principle, and (D. 11 A 13)
repeats the connexion between moisture (and its derivative
heat) and life and semen. Now this connexion is mention-
ed by Aristotle in Met. 983 b 17sq., D. 11 A 12, but he
gives it as Thales' own reason for choosing water as the
principle. In view of the Milesians' interest in wd
REeTEWPA, e.g. the evaporation cycle, in contrast to the

Sextus, Pyrrh. Hyp. III 30 and IX 361, D. 38 A 5,
gives both water and fire (its derivative) as his prlnclp-
les; Ioann. Diac., A 6, even gives earth! Philoponus,

de An. 88, 23, A 8, like Hippolytus- and Simplicius, names
¥ dwp rather than ©d dypév.
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physiological.interest introduced by_Alémaeén;.it‘is like-
ly that this régson was actually given by Hippo rather than
by Thales, and reaa into Thales by Aristotle since no true
account  of Thales' own reasons had survived.

Abtius, IV 3, 9, A 10, says that Hippo postulated
that the.soul is from water, and Aristotle, de An. 405 b
1 says:

Ty 6% popTLxwTépwy xal Vowp TLvic drepfvavio (T. €.
Thv dpxniv) xaédﬂep Trmwy . neLoBfvar & &olxacuy &x
afic yovfic 8TL mévtwy dypde xal ydp Eéyxe. Todc alua
pdoxovtagc Thy Yvxfv, 8tL A yovh ody afua Tadtny o’
‘elvar Thy ®pdTny Yvxhv.

Hippo appears to be attacking Empedoclés here (cf. p. 295).
At b 24 (A 10) Aristotle goes on to say that those who
posit two contrary principles, e.g. the hot and the cold,
equate the soul with one of these, and those who equate

it with the cold givé an etymological connexion between
yvx4 and xavdyvErc (here, the coolness of the breath).
Philoponus, ad loc. 92, 2, A 10, states that this refers
to Hippo. Menon, Anon. Lond. 11, 22, A 11,_says.thét
Hippo connected moisture with perception, 1ifé and health.
Disease comes when excess of heat or cold causes the mois-
ture within us to change its state. This change may be

one of rarefaction or condensation.
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The connexion with breath and 1ife in these pas-
sages and the mention of condensation and rarefaction put
one in mind of Anaximenes, and when one remembérs that
semen appears to be frothy (v. inf.) rather than truly
liquid, one is, I feel, led to conclude that Hippo prob-
ably postulated as his principle moisture, water vapour,
rather than water as such - something like the mist of the
later Milesians rather than the water of Thales., = He may
in;fécf Kave ﬁeen.gqrnecting Théleé.in the.light.of sub-
sequenf ananées: this is more 1ikely thén that he should
in Qpite of his awareness of the latter have gone blindly
back to Thales' original assumption.

He himself almost certainly employed the words <d
Svypév, as indeed Alexander states (loc. cit. p. 296) and
Menon's use of the later word dypétnc implies; and the
$6wp of the other commentators is probably due to their
being misled by the way in which Aristotle too readily
makes him merely an inferior imitator of Thales. He meay
possibly have avoided the word 4#p for this moist misty
substance either because he was formerly a Pythagorean
(cf. Iamblichus' catalogue, D. 38 A 1) and associated that
word with void or breath and.not with sensibly moist wat-

er vapour or because the work of Empedocles had rendered
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that word temporarily uncertain in meaning (cf. p. 275
note 2).

Hippo's interests seem to have been predominantly
physiological, and we have no information concerning his
cosmogony beyond the bald statement of Hippolytus quoted
on p. 295. Neither his physiological work nor his sole
extant fragment aré relevant, aﬁd we may leave him,

Ion of Chios was & poet with an interest in phil-
osophy. He was born about 490 b.c. and spent much time
in Athens. He wrote at least one cosmological work in
prose, and his theory was that everything went by threes,
including the elements, which were, he claimed, fire air
and earth (Isoc. XV 268 and thilop. de GC 207, 18, D. 38
A 8). In his theory of triads he shows the influence of
the Pythagorean triad: beginning middle and end.

Ion was one ahead of his compatriot Oenopides, a
younger contemporary of Anaxagoras, who was an astronomer
and geometrician. He preferred to postulate only two
elements, fire and air, like some of the early Pythagoreans
and Parmenides (Sext. Pyrrh. Hyp. III 30, D. 41 A 5).

He is credited with having discovered (or plagiarized
from Fythagoras) the obliquity of the ecliptic. - We have

no details of his generation of the world from fire and air.
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0f Idaeus of Himefa we again know very little.

His only mention in the commentators is in Sext. IX 360
(D. 63), where he is listed along with Anaximenes, Diogen-
es, and Archelaus, as a believer in aer as the sole elem-
ent. Yet Zéller-Nestle and, hesitantly, Diels attribute
to him, totally without evidence, the theory of an inter-
mediate element (vd petaZd), with which I shall be dealing
in connexion with Diogenes.

This Diogenes was a man of greater ability than
these others, and was the last major figure in the Ionian
school before it turned from monism to the atomic theory.
He was, according to Diogenes Laertius, a contemporary of
Anaxégoras, by which is probabiy meant a younger contem-
porary. He came from Apollonia, by which the FPhrygian
Apollonia (c¢f. Ael. V.H. II 31, D. 64 A 3 - where he is
nemed along with Hippo as an atheist) is almost certainly
meant, not the Cretan city. He must have come to Athens
at some time,vfor his views are clearly parodied in the
Clouds of Aristophanes (e.g. 225sq., 264sq., et passim)
and by Euripides (e.g. Troades 884sq.). Simplicius saw
a copy of one of his books, the On Nature, and also refers
to accounts by Theophrastus, Nicholaus of Damascus, and

Porphyry; Aristotle and ABtius also tell us much of him.
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The brief account of Diogenes Laertius (ix 57, D.

64 A 1) includes the following:

ovotxelov elvat todv &épa, udopovg drelpovg xal
xevdv dretpov: T6v Te dépa Turvovuevov xal dpatod-
pevov yevynTixady elvat v xéopwv: o062V &x To¥ pi
dvtog ylveodalL oddE elg Td uM Ov Pdelpecdat...

Here we obviously have the tradition of Anaximenes
with an addition made to satisfy the Eleatics. However
grafts of later ideas were made upon the original stock,

as Simplicius says in Phys. 25, 1, A 5¢

xal A. 88 & ’AmoAhlwvidtng, oxeddy vedtaTog Ye-
yoviig thv mepl Tafta oxoracdvtwyv, T& pdv wAelota cvu-
nepopnuévwe yYéypape T& pEv uatd ’Avagaydpav, Td o5&
AaTA AeVrLRROV Aédywve THY 68 ToU mavtde ¢vouy &épa
xal odtég gnoitv dmerpov elvar xal &cduov, &E od muivov-
uévov nal pavovpévov xat petapdilovroc Tolg wdbeot
TV By & \wv ylveobat popeiiv. wal Tabrta udv @sbdopac-
Tto¢ totopel mepl ToU Avoyévovg, xal Td elg &ud &rOOV
obyypapua Mepl Bdoewe &mtyeypaupévov &8pa capldc Aéyet
©d &8¢ od wévta yivevrar T& 8Ala. Nuubraoc wévror '
toUtov totopel petaEd mvpdg xal &dépoc ©d otouxelov
t(Ocobat , xal odtoL 6% T edmabic nal edarrolwtov
ol &époc el¢ petapordy &xiTndelwg éxevy &véuLoav-
6Ld Thv yijv Svoxlvntov xal SvopetdpAnTov odoav od
xGvv TL HEC(woav &pxfy dro8écOail+ xal obtwg pEv of

peav Aéyovteg Thv dpxhv ébnpéenoav.
That &hp was his principle is clear from Frags. 4

and 5, and I shall postpone discussion of the statement

of Nicolaus until I have dealt with them. That 1t was
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his principle is also stated by Aristotle (e.g. ket. 984
a 5, de An. 405 a 21), Fs. Flutarch (D. 64 A 6), Abtius
(A 7), and Sextus (D. 68). It was the substance of soul
(Frag. 4, Arist. loc. cit. and ABt., D. 64 A 20) and it

was referred to as a god (Frag. 5, if DK's text be sound,

and passagés in A 8).

| _Diog§nes' reasons for disagreeing witﬂ the plural-
ists, particulafly Empedocles, and adhering to monism are
given in Frag. 2 (which is summarised with approval by

Aristotle in de GC 332 b 12, A 7):

guol 6% OSoxetl ©d pdv Edumav elxelv wdvta To Svta
4nd To¥ adwob &tepotoBofai nal td adtd elvar. xal
vo¥to ebonrove el vlp T4 &v THoe TH x6opny &6vta viv,
Yﬁ xal Sowp xal &lp xal a¥p xal <& HAAa Soa galvevat
- &v TPde TH nbopy &6vta, el Todtwv TL v Etepov Tob
"&tépov, Etepov Ov tf) (6lg gboer, xal pY TO adTd &dv
peténinte moAhaxide xal &tepotoBro, oddaui obrte uloyeo-
6at dhhﬁhong fodvato, obte doéAnoig ©hH &tédpy <yevéooat
dxd wob &vépov> olite BAdBn, 006’ Av olte QuTdv &x
tfic vHic ¢Bvar obte Ziov olte dANo yevéobar 0d6év, el
u) obtw cvvlotato dote Tadtd elvar.  &ANYL mbvTa
Tabta &x To¥ adtoD &vepoiLodueva GAlote &AhoTa ylvetat
xat elc Td aﬁtb dvaxwpet .

Simplicius, ad loc. Phys. 151, 28, D. 64 B 2-8,
comments -that at first sight he took this to mean that
Diogenes' principle was something apart from the four so-

called elements, but that after Frag. 3, which states:

1 ]
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that the principle contains vénoig (cf. the volB¢ of Anax-
agoras; but while the latter and Empedocles distinguished
causes and elements Diogenes combined the two concepts),
Frag. 4 makes it clear that living creatures come from
this principle, which is aer, and get their soul and intel-
ligence from it. Frag. 5, he adds, makes this clear.

Frags. 4 and 5 show in fact that Diogenes' reason
for the choice of aer for his principle was similar to
that of Anaximenes (v. p. 50 sup.), while Frag. 5 shows
that this aer, although a material element, has some af-
finities with Anaxagoras' votc (and cf. the Heracleitan

fire). These fragments read thus in the text of DK:

L. gtL 6% mpdg TovToLg xal TAde peydha onueta. av-
dpwrot y&p xal T& AN Zda dvarvéovta Zdetr TH dépt.
xal ToBto adroic xal Yvxh 2ot xal vénoig, B¢ SedNAd-
cetal &v tHde TF ovyypao® &ugaviig, xat £4v Tolto 4m-—
aAlax0f), dmoOvhoxet xal 7 vénoig émirelmer.

5. aal pot doxel Td Thv vénovv Exov elvar & &hp xa-
Aodpevog Vrd TV dvOpdmwy, xal Oxd Tovtov mdvtag xal
xvBepviocdar xal wdvtwy xpateive adTd ydp por Tolto

6edg Ooxel elvar xal &xl xav doTxOar xal wdvto diati-
8évar nal &v mavtl &velvar. xal oty 006E v & TL

uh petéxetr wovtove uetéxel 68 oddE v duolwg TO ETe-
pov TH &tépy, AANL moAlol Tpbémot nual adTol Tol dépog

xal tfc vofoLég elowv: Eott ydp RoAdTpomog, nal Oep-
uétepog xal Yvxpdtepog xal Enpdtepoc xnal dypdrepog xnal
otactwudtepoc nal SEvtépny xlvnovv Exwv, xal drakat moAral
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étepordoreg Everol xal Hooviic xal xpoific Grevpou.  nal
wlvtwv TOY Zdwy O6& 7 ¢Uxﬁ.T6 adté éotiy, 4Np OepubTe-
poc utv Tod BEw &v § é&ompev, To¥ pévior mapd TH HMACw
KOANOY YuxpbTEPOC. duotov 8% ToUTo TO Oepudv oddevdg
@Y Zdwv Eotlv (Enel oddE TdV 4vOpdmwv dANfAOLG), &ANL
duagépet péya pdv oli, 4AN’ dove mapamificia elvat.

od pévitol dtpexdwe ve Suotov oddEV olév Te yeveo-
Bat Thv &tepotovuévwy gvepov TH Etépw, nptv TO avTd
vévntal. dte odv moAvtpdémov &ovong Tiic &tepotdoLoc
woAvTpora xal T4 Zipa xol moArd xal obte (6éav dAAHAotg
&ouvxbta oVte Slatvtav obwe vénoLy drd ToB TAOeoc THV
dtepordoewy. Ouwg 6& wdvta TH adTd xal ZH xai 6pd
xat dxoder, xal Thy EAAMY vémouv Exer &nd Tob adTod
rdvta.

Simplicius continues (Fhys. 153, 13, B 6) that Dio-
genes showed that semen is mvevpatindeg (cf. p. 298 sup.)
and that intelligence comes when the aer occupies the whole
of the body along with the blood via the veins (Frag. 6),
and concludes that his principle was 'that which men call
aer'. (In spite of his first impression that it was not
one of the so-called eiements.) He then comments thét
it was strange to say that other things come from changes
in aer and yet that aer is eternal (which is stated in
Frags. 7 and 8).

We are, as we have already seen, bound to agree
with Simplicius that aer is the principle. What, then,

of the statement of Nicolaus that it was petaEd mvpdg nal
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dépoc? Simplicius repeats the statement in Phys. 151,
20, A 4:

ExeLdN Ot 1) udv v mAelbdvwv totopla Avoydvmy
TOV 'ARoAAwviLdtny Suolwg AvaELuévelr toOV &dépa T(OeoBaL
T npltov otoLxelév ¢noL, Nuxbhaog 6& &v <f) Nepl @edv
wpaypatelq todtov (otopel Td petaEd wvpdg xat &époc
Thy dpxMv AdmogfivacOat .

Thig passage occurs shortly after a full discussion of

the point at issue in Fhys. 149, 5, D. 63, which is a com-
ment on Arist. Phys. 187 a 12 (quoted as passage no. 3 on
p. 32 sup., cf. p. 39). I give this discussion in trans-
lation because of its length:

For all postulate that this One is something cor-
poreal, but some made it one of the three elements,
e.g. Thales and Hippo water, Anaximenes and Diogenes
aer, Heracleitus and Hippasus fire ... , while others
made it something other than the three, which is denser
than fire and rarer than aer, or, as Aristotle says
elsewhere, denser than aer and rarer than water. Now
Alexander thinks that -Anaximander postulated as the
-principle the other kind of body apart from the elements,
but Forphyry says that as Aristotle divides those who
make the substrate body in an undefined sense from
those who make it either one of the three elements or
something else that is between fire and aer, Anaximan-
der was the one who said that the substrate was body,
apeiron, in an undefined sense, not defining its form
as either fire or water or aer, while he (Porphyry)
himself, like Nicolaus of Damascus, attributed the
intermediate to Diogenes of Apollonia. But it seems
more natural to me according to the text not to under-
stend it as body being divided from the elements and
the intermediate, but as body being rather divided up
into the three and the intermediate. For Aristotle
says: "... the substrate body, either one of the three
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or something else that is denser than fire and rarer

than aer", and he added concerning all the aforesaid

in common that such men 'generate the rest by rare-

faction and condensation', and yet Anaximander, as

Aristotle says, does not generate them in this way,

but by separation out from the apeipon. '
We must surely agree with Siﬁplicius rather than with
either Alexander or Porphyrj. | | | |

In-addition to the passage under review, Phys. 187
a 12, 6ther passages of Aristotle also mention an inter-
mediate between fire and aer, namely de GC 328 b 35 and
332.a 21 and Met. 988 a 30. An intermediate between aer
apd water occurs elsewhere, as Simplicius says, namely at
Phys. 203 & 18 and 205 & 27, de Cael. 303 b 12, de GC 332
a 21, and Met. 989 a 13, while one between fire and water
occurs st Phys. 189 b 1. R
Burnet, E.G.P. p. 55 note 4, says: "This ﬁarigtion

shows at once that he is not speaking histofically; If
any one ever held the doctrine of wd neTags, be must have
known which 'elements' he meant'. Burnet's conclusion,
in spite of “the distiﬁction betﬁeen the rarefiérs and the
separators pointed out by Simplicius, is that although the
word 'elements' is en anachronism Aristotle does indeed

mean Andximander when he refers to the intermediate, but

he is careless in stating which pair it was between.
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Joachim also (Op. cit. p. 224-5) takes the view
just stated and quotes Burnet with approval. Both he-énd
Burnet are convinced by the word mepiuéxetv, which occurs
in de Caelo 303 b 12 and de GC 332 a 25, for they take it
‘'to be an expression characteristic of Anaximandér - but
We have seen that it is a word widely used by or asbout many
of the Pre-Socratics.

Ross, note on Phys. 187 a 12, rejects the attribut-
ion of the intermediate to Anaximander because of the point
about separation made by Simplicius, and says that the view
in question is probably later, mediating between Hefacleit-
-us and Anaximenes, Thales and Anaximenes, or Heracleitus
and Thales. Thg theory is, because of the rarefaction,
in the tradition of Anaximenes. It is not the view of
Diogenes, for his principle is définitely aer, There is
no evidence for Zeller's conjecture about Idaeus. We must
therefore, says Ross, refer the belief to some member or
members of the school of Anaximenes, and account for Aris-
totle's variation by assuming (as, of course, do Burnet

and Joachim) that the view was implied rather than openly

stated.
Guthrie, note to de Caelo 303 b 12 in the loeb

edition, agrees with this. I agree also. To put the



-308-
view later than Heracleitus, when all three so-called
elements have been suggested but have failed to satisfy,
rather than immediately after Thales has suggested water
but before Anaximenes and Heracleitus have thought of sug-
gesting aer and fire (so that there is no pre-conceived
pair for Anaximandér to go in between), seems to me to
present far less of an anachronism than that which Burnet
is expressly prepared to accept.

I woﬁld add that although the variation sounds like
either carelessness on Aristotle's part or inference by
him from what was not explicit, it need not have been so.
There is one passage, de GC 332 a 21, in which he mentions
thinkers in the plural and specifies the intermediates be-
tween two of the pairs, fire and aer, and aer and water -
which reads mope-like attempted precision than careless-
ness. One might therefore as plausibly say that after
the time of Heracleitus there may have been a number of
members of the school of Anaximenes, all 'rarefiers' and
not 'separators', who postulated different points along
the scale fire - water (ultra-gas - liquid) as the basic
state of matter. The essence of this theory is that the
states of matter form a continuum of increasing density

or rarity, but one state is to be chosen as primary.
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Different choices of primary state would place the
'principle' at different intermediate stages either between
fire and aer or at aer or between aer and water; and all
choices would be intermédiate between fire and water.
Aristotle's statements need not then be careless although
they may well have been inferential.

This explanation particularly frees Aristotle from
censure in the case of the intermediate between fire and
water (Phys. 189 b 1). As a summary of the theories of
several Ionians with different choices it is a less un-
satisfactory phrase than it would be if it were what it
could literally be taken to be, a circumlocution for aer.

In this connexion Cherniss notes ® that Simplicius
in his comment on de Cael. 303 b 12 names Anaximander as
believing in that between aer and water, and *¥ that he
also names him at Phys 458, 23, commenting on Arist. Phys.
203 a 18. Cherniss, like Ross and Guthrie, takes the
Phys. 187 a 12 passage as decisive against Anaximander.
He points out **%® that in his note on the fire and water

Op. cit. p. 12 n, 52.

> Op. cit. p. 17 n. 70.

o Op. cit. p. 54 n. 215.
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passage Simplicius refers the intermediate concerned to
Diogenes. Cherniss says that the phrase could indeed in-
'clude aer,.which Simplicius knew to be the principle of
Diogenes, although Aristotle in fact meant something iﬁ
contrast to any of the four so-called elements, as his
very next sentence showed. Cherniss then proceeds:

It would be possible to consider it a reference
to Anaximander's apeiron; but the identification of
Simplicius which was that of Nicolaus (cf. Simpl. Phys.
25, 8-9) may have found support in such phrases of
Diogenes as & 4fp xalovuevog drd Thv 4vopdmwv (Frag.
5, 1-2) which could be made to imply that Diogenes
considered his principle to be not ordinary air but
something to which the term 4&rp was extended, though
wrongly, by men, perhaps a purer, less dense state of

the principle than that found in the atmosphere of the
earth., Warmth varies directly with rarity for him;
end the purest air, in his sense of principle, would

be that state of density and warmth midway between wat-
er and fire. Air in this state is the soul, which is
warmer (and rarer) than the atmospheric air, colder
(and denser) than the air about the sun where the elem-
ent is on the point of pessing from air to fire (cf.
Frag. 5, 12-13). Diogenes, then, made the principle
not air in a general sense, but that air which was mid-
way between water (or vapor) and fire, at the point
where it was in fact the soul. (In this manifestat-
ion it may vary in warmth but only very slightly - Frag.
5, 14-16. But whether Aristotle was aware of this
and means Diogenes here is uncertain. At liet. 984 a
5sq. he says Diogenes made air the principle.

Whatever we may think of the relevance of the pas-

sage of Aristotle or the comment of Simplicius, Cherniss

has given an excellent description of the aer of Diogenes,

one with which I entirely agree.
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As with Empedocles and Anaxagoras, we are dealing
with a purer form of air than that actually found in the
atmosphere. luch of what has just been said is also ap-
plicable to the aer of Anaximenes. The continuity of the
tradition from the irilesians to this latest of the Ionian

monists can also be seen in the phrase from Frag. 5:

xal YO TovTov mdvtag xal AvPepvdocdar kol wdvTwy
xpatelve adtd ydp pot ToVTo Bedc doxuet elval.

xBepvdv appears to be an Anaximandrian word (cf. D. 12 A
15), used also by Heracleitus and Parmenides, while its
near synonym xpotetv occurs in one of Diogenes Laertius’
apophthegms of Thales and was used in a similar sense by
Heracleitus, Empedocles and Anaxagoras. Both words were
later similarly used by the Stoic Cleanthes.

loreover Diogenes' use of the word oeé¢ is probably
similar to the wmilesians', implying eternity (cf. Frags.
7 and 8, where the words 4¢6vov and d6dvatov recall Frags.
2 and 3 of Anaximander); although it is even more similar
to Alcmaeon's use (cf. p. 113), for if the text of Diels
be accepted Frag. 5 asserts that aer is a god because it
controls everything and is immanent in everything, in other
words thaet it is in some literal sense divine. The kil-

esians were atheists in our sense of the word - they did
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not recognise any divinity at all: Diogenes and others
whom the ancients accused of being atheists; e.g. Hippo
and Anaxagoras, recognised the divinity of some sort of
principle or cause in some fashion, but refused, for their
science, to make any use of traditional conceptions of the
divinity of the Olympians. Their real crime was that
they substituted a physical entity for the Olympians, say-
ing that what men call 'Zeus' is just aer or ether. To
them the material principle was ‘active' -~ it could initi-
ate change, just as to Alcmaeon divinity was associated
with eternity of motion, a characteristic §f soul and of
the purest bodies in the region of ether.

Diogenes' cosmogony is, like Anaxagoras', of the
Ionian type, but with the same important exception: the
heavenly bodies are no ionger glowing masses of aer or
fire or collections of the bright exhalation - they are
solids. They are not, héwever, simply lumps of rock or
metal made incandescent by motion like those of Anaxagoras.
The dark invisible stars in which Diogenes also believed
are indeed of rock, and these may fall as meteorites; but
the luminous bodies are given a rather more complicated
explanation. The relevant passages, from ABtius, in D.

64 A 12-14, follow in this order: II 13, 5: II 20, 10:
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II 23, 4: II 25, 10.

Avoyévng xtonpoet 8 Th dotpa, dianvodc && adtd
voulZer to¥ xéouov. elvar 6% dudnvpa. CUUREPL -
pépecbal 6 Tolg gavepolg &otpoig doavelg AEBovg xatl

- map’ adtd Ttolt’ dvwvdpovg*s REmTovrtag O& WoAAdxic é&xi
1fic yHic oBévvvobal xabdxep TdV &v Alydc motapoic wvpo-
eLddg xatevexdévta dotépa TéTpLvov.

Avoydvng xwonmpoeudfi tOV fAvov, elg Ov dnd Tob
al6époc dxuttveg &vamootnplZovtal.

Avoyévng dmd Tob dvrirlRTOVTOG TH BepubTnNTL
YuxpoB oBévvvodal TdV HALov.

Avoyévng uLompoel dég dvappa THy oeAfivny.

The earth is still the central solid of an Ionian
vortex,.and like that of Anaxagoras (and Anaximenes) it
floats on the aer (cf. Schol. in Basil. harc. 58, D. 64
A 16a), a view parodied in Eurip., Troad. 884-8 and in

Aristoph., Clouds 264:

4 4

& yiic 8xnua xdxl yHc Exwv Edpav

Sotue motw’ el ob, dvotémaotoc eldévar,
Zebg, eit’ dvlyun ¢Bosoc elte volg Bpothv,
npoonvEGUNY oe. wdvTa ydp ot &ydpov
Balvwv xeledOov xatd &6Cxnv Td O6vHt’ dyeig.

& Séomot’ GvaE, duétpnt’ AWp, Oc Exetc THV Yiv
LETEWPOV...

Diogenes Laertius' summary (continued from p. 301 sup.)

A}

reads:

Thv YHiv otpoyydinv, fpetopédvny &v td péoy, Thy
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ovotaoctv elineviav xatd TV &x ToT Oepuob ﬂepn¢op&v
xol THELY dnd Tol Yuxpol.

From this we see that phe earth was solidified by
the cold as with Anaximenes. Empedocles' solidification
by heat finds no favour with Diogenes any more than with
Anaxagoras. The brief dbscription of the cosmogony in
Ps. Plutarch Strom. 12 (D. 64 A 6) shows the operatién of
the vortex according to éhe rarefaction and condensation
theory more clearly than we learned it from Anaximenes,
and at the same time reminds one of the commentaries on
Frag. 15 of Anaxagoras, except that here (wrongly as it
so happens) the author states that the lightest matter

formed the suns

xooponotet 6& oVtwge OTL TOoD Tavtdg x%Lvovuévov
xal f pév dpatoB § 6& mvavold yuvopdvov, Emov ocuvvexdpn-
oev T wuRVOY ovOTPoeT <ThHY YvHv> motfoar xal obtweg (.’
Aovmd xatdh TOV adtdv Abyov, Td <6E> xovebdtata THY dvw
TdELy Aapévta TtOV AALov droterdoatl.

It is only to this extent, that the light of the sun.is
due to the rays from the ether, sc. very rarefied incan-
descent aer, that are 'fixed in' (A%t. II 20, 10, sup.)
the pumice-like, sc. porous, solid sun, that Ps. Plutarch

wes correct in the assertion about the sun.
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I quoted as passage no. 10 on p. 34 part of the
difficult context the first two sections of Book II of
Aristotle's leteorologica, and discussed its relevance
concerning the theory of solstices to Anaximander on p.
45 and to Anaximenes on p. 67. I also quoted as passage
no. 10a the commentary of Alexander, derived from Theo-
phrastus, which states that the theory concerned was that
of Anaximander and Diogenes. Whether or not it has been
correctly interpreted by Theophrastus as far as solstices
are concerned, the whole context does appear to give a
reasonably authentic picture of the cosmogonical process
of Diogenes.

In addition to passage 10, there is at Meteor. 355
a 21 (D. 64 A 9) this similar passage:

Td &’ adtd ocvppalver xal Todroug Ghoyov xal Tolg
pdoxovotl ToO wpdtov dypic obong xal THc vHe, xal Tol
xéopov ToB wepl THY yHv dnd 0D HACov Oepuaivopévov,
&dépa vevéobal xal Tdv Srov odpavdv adEndfivai, nai
toUtov ®vebuatd Te mapéxecdar xat Thg Tpomlc adwoD
roLelv.

From this and passages 10 and 10a (of which a fuller ver-
sion appears at D. 64 A 17) we see that when the vortex
commenced to revolve (or a vortex - for Aktius says that

Diogenes believed in an infinity of universes), the
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progressive condensation, which proceeded in the order
described by Anaximenes, first gave rise at the centre of
the vortex to the moist, viz. to denser aer than that at
the periphery - just as Anaxagoras' solid earth was pre-
ceded (logically) at the centre by the dense. Subsequent-
ly continuing condensation produced solid earth, surroun-
ded by a region that was still moist., *

By this time the sun had formed - we are not told
how the pumice-like solid had reached the upper region,
but may guess that Anaxagoras' explanation applied - and
was emitting the implanted rays of ether. Its heat there-
fore caused evaporation (rarefaction) of this moist region.
Part was evaporated so as to produce the next rarer stage,
the atmosphere, while part remained to form the seas.
This subsequent rarefaction produced more material in much
the same state as the original rare matter that occupied
the peripheral region, and so 'the whole heaven was in-
creased'. The winds were also due to the same cause.
" The sea is salt because the sweet has evaporated.

The word used by Aristotle for 'region' in the pas-
sage quoted is x6opo¢. This use of the word supports my
interpretation of the same word in the footnote to passages
nos. 1 and la of Anaximander, p. 31, whom I do not believe
to have postulated an infinity of universes.
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It is noteworthy that Diogenes is backward in his
aétronomy compared with Anaxagoras in that he makes th;
moon shine with its own light (D. 64 A 14) and the sun be
quenched by the cold (A4 13). As for his meteorology, we
only have two short notices (4 16), both of which give
traditional explaﬁations of thunder and lightning, with
the addition that if wind rather than fire falls onto
cloud we hear thunder without lightning being visible.

Finally we may note that in Alex., Quaest. II 23,
D. 64 A 33, we see Diogenes' equivalént to the theory of
‘Empedocles concerniﬂg magnetism (v. p. 242). The lode-
stone, being rarer than iron, draws into itself the moist-
-ure from the iron (for all ductiles naturally give off and
absorb moisture), and the iron is swepf along by the speed
of motion of that moisture. This is clearly a plegiar-
izing of.the basic idea and a rephrasing in Ionian terms,
with the substitution of the Ionian concept of rarity for
the Western concept of pores.

The Hippocratic de Flatibus 3 (D. 64 C 2) contains
material derived from Diogenes that amélifies what we know
of his theories a little, and incidentally draws a verbal
distinction between ﬂ?eﬁua, breath within the body, and

4¥p, atmospheric air. The air is, though invisible, yet
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apparent to the reason because of its power. Wind, air
in motion, can uproot trees, raise waves on-the sea, and
wreck ships. In winter the atmosphere, the whole air-
filled interval between the earth and the heaven, is dense
and cold; in summer it is soft and calm. The heavenly
bodies move through air 'for the pneuma is nourishment for
the fire, and fire deprived of aer could not live'. This
is prqsﬁmably because aer when rarefied turns into fire,
but for aer read oxygen and, unwittingly, this theory that
air nourishes fire anticipates modern combustion theory -
by coincidence, of course, for the reason is wrong. Even
the sea, the passage continues, contains air, or else fish
could not survive (correct). The earth is the base for
air, and air supports the earth, nor is there anything
empty of air. (Cf. Frag. 5, line 5.)

This system of Diogenes is obviously Ionian theory=
brought up to date by one acquainted with the work of An-
axagoras, but yet refusing to abandon the traditiomal
monistic hypothesis as he had. Far more clearly thought
out.than its ancestor, the system of Anaximenes, it yet
retains certain childish features, and although it might
have been worthy of great acclaim had it been proposed a

century or so earlier it is in its age, from the physical
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point of view merely an awful example of science in decay.
It is a reactionary system produced in an age of progress.
The surprising thing is that its author is the same man
as he who wrote the impressive account of the veins in
the human body, preserved in Frag. 6.

Diogenes! contempor#ry Archelaus deserves consider-
ation, if there is any truth in the story that he was the
teacher of Socrates. He was himself a pupil of Anaxag-
oras; and Eusebius (P.E. 504, 3) says that he took over
the school at Lampsacus from him. He was probably an
Athenian by birth, the first native Athenian natural phil-
osopher (though some say that he was a lMilesian and the
first to bring Ionian physics to Athens ¥ ). Since he
~ 3id not follow Anaxagoras slavishly, Simplicius, in FPhys.

27, 23, D. 60 4 5, comments:

- &v udv 1% yevéoetr ToD ubopov xal wolg dAloug
rewpdtal Tv @épetv ToLov, Tdc bdpxlg 6% Tdc adThg 4dmo-
6(dwoLy donep AvaEayépac. odtoL utv odv dxelpovg TP
®AR0etr xal &vouoyevelg Thg dpxdc Aéyovor Tdg SpotLo-
pnepelac TLOévteg dpydc.

See Hipp. Ref. 1 9, 1, D. 60 A 4; Simpl. Phys. 27,
23, A 5; Sext. adv. ath. vii 14, A 6 and ix 360, A 7;
Epiph. adv. Haer. iii 2, 9, A 9; and contrast D.L. II 16,
A 1 and Suidas, 4 2.
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Although he agreed with Anaxagoras' original mix-
ture of seeds of everything, Archelaus went further than
Anaxsgoras, who derived from it two-important but not
basic substances, air and ether. Archelaus picked out
the hot and the cold and made of them efficient as well
as material causes, the hot being in motion and the cold
at rest, according to Hipp. Ref. I 9, 1sq., D. 60 A 4,
and Herm. Irris. 11, A 8. 'Mind' was therefore, says
Hippolytus, a mixture of some kind.

Moreover he made aer an active principle in some-
what the same way as Diogenes, although it was-derivative,
according to Sextus adv. Math. IX 360 and ABtius I 3, 6,
both in A 7. According to Hippolytus and D.L. II 17, A
1, aer, like earth, is derivative from water, though Abt-
ius says that fire and water are derived from aer by rare-
faction and condensation. In any case éer is a derivat-
ive'of the mixture.

These notices are confusing, but already we see in
Archelaus the typical eclectic. He added on to the the-
ory of Anaxagoras the most lasting of the traditional
Ibnian views, the opposition of the hot and the cold, and

also that of the rave and the dense if we may trust ABtius

The adoption of the hot and the cold as causes, even though
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they are derivative, may have been borrowed from Hippo,
for whom at least one of the pair is derivative, while
the emphasis on aer points to Diogenes.

It is not clear in what way the actions of the hot
and the cold, of aer, and of Mind as causes differ; but
aer appears to be in some way parallel to Mind, and tﬂe
latter may have been a mixture of the hot and the'cold as
Hippolytus thought, though a distinction is drawn by Aét-
ius, if we compare I 7, 14, A 12, with IT 4, 5, A 14:

’Apxéhraog 4dépa xal voBv wdv 6ebv, od névtoL xoopo-
xotdv Tdv vobv.

A. Ord Oeppob ual &uyvylag ovortfivar TOv udouov.

Here the hot and the cold perform an operation specific-
ally denied to Mind. Yet Clem. Protrept. 5, 66, A 11,
says that Archelaus and Anaxagoras both set Mind over the
infinite, and August. de Civ. Dei VIII 2, A 10, says that
the relation of Mind to the seeds was the same for both
men.

The account of Hippolytus mentions aer and the hot
and the cold in connexion with the generation of the phys-
ical universe, Mind and the hot and the cold in connexion

with that of living creatures. Abt. IV 3, 2. 4 17, says

that the soul is airy, while Philop. de An. 71, 17, A 18,
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says that Mind is the cause of motion and that to cause
motion is a function of soul. This is a comment on
Arist. de An. 404 a 25, where the air-soul of Diogenes
‘and some others', which both has knowledge and causes
motion, is being discussed; and Philoponus specifies Ar-
chelaus. _

These passages seem to suggest that aer and Mind
are two aspects of, even two names for, the same thing,
which in common parlance is called 'soul', a rational
cause that for Archelaus either is a blend of the hot and
the colq or else operates through these when they have
been separated out from the mixture. Archelaus learned
one name from Anaxagoras and the other from Diogenes, and
may possibly have called his cause 'aer' when dealing with
inanimates and 'Mind' when dealing with animates. I am
in agreement with Burnet (E.G.F. p. 360) that the replace-
ment of Mind as the generator of the universe by something
more physical and less rational was probably due to the
fact that Leucippus' advocacy of a totally irrational
cause, Necéssity, hed rendered a rational cause unneces-
sary.

In view of the lack of clarity over causes it is

not surprising that as with Hippo (v. p. 296) our sources
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differ: some make aer primary, others derivative from
water under the action of fire. It may be that Abtius
was correct after all in meking him derive fire and water
from aer. We saw on p. 310 a distinction in the case of
-Diogenes between elementary aer and the ordinery impure
aer of the atmosphere, an impurity already recognised by
Heracleitus, Empedocles and Anﬁxagoras. ¥ Archelaus ma&
have similarly thought of a primapy aer over and above
the impure aer derived from water. This primary aer
must, since we are told that Archelaus agreed with his
teacher over the constituents of the original mixture,
have been a mixture from whose many components the hot and
the cold could have separated in the manner described by
Anaxagoras and referred to by Hippolytus (loc. cit.).

Now the hot and fire are alike, and indeed the hot
was one of the constituents of Anaxagoras' ether/fire,
while his water included the cold among its constituents.
Moreover we saw on pp. 295-6 that Hippo's principles,
water and its derivative, fire, were identified with the
cold and the hot. It is not unreasonable, then, to sup-
pose that Archelaus made a similar identification.

See p. 277 and the references given there.
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If, now, we say that from the original mixture an
active principle known as 'aer' or 'lMind' separated out
two derivative principles (which in fact in its aspect
'aer' it separated out from itself - which may be the reas-
on for their possessing the'power to act aé principles),
and through them generated the universe, the hot, as fire,
acting on the cold, as water, to produce impure atmospher-
ic aer and solid earth, we obtain a coherent theory from
"~ all the confused authorities except one. Epiphanius,
adv. Haer. III 2, 9, D. 60 4 9, says that Archelaus' prin-
ciple was earth. (We may recall that Ioannes gave earth
as Hippo's principle.)

I suggest that the explanation for this lies in the
fact that Archelaus said that living creatures at first
sprang from the earth when it was warmed and the hot and
the cold mixed to form slime and that only later did they
commence to reproduce their own kind. _ The statement will
then be on a par with the statements of D. 21 A 36 refer-
red to on p. 122 that Xenophanes made earth his element,
and with his Frags. 27, 29 and 33.

This tradition of creatures springing from earth
mud or moisture, of spontaneous generation pfeceding repro-

duction, is an old one, represented in mythology by the
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Sparti (Sown Men) and by the liother Goddess Earth herself.
Philosophically it goes back to Anaximander (whose pAovol
surrounding the first creatures represent the same idea

as the 'wombs rooted in earth' of the Atomists and Lucret-
ius). From Xenophanes it proceeds through Parmenides and
Zeno, if the commentators are to be trusted, Empedocles,
Anaxagoras, Hippo, and Diogenes, to Archelaus, and from
him to the Atomists and Plato. ¥

From the hot and the cold Archelaus derived the
universe in a typically Ionian manner, and the account of
Hippolytus (Ref. I 9, D. 60 A 4), which I shall only sum-
marise because of its length, contains both vocabulary and
ideas reminiscent of Anaxagoras.

After stating the separation of the hot, which is
in motion, from the cold, which is at rest, Hippolytus
says that the water, on being 'melted', flowed to the
centre and there because of the heat aer and earth were
generated. The aer rose ;nd the earth settled below,
remaining at rest at the centre since it was, so to speak,

References: Anaximander, D. 12 A 30; Parmenides,
28 A 51; Zeno, 29 A 1; Empedocles, 31 A 72, 75 & 76, B 62;
Anaxagoras, 59 A 1, 42, 62 & 67, B 4; Hippo, 38 A 6; Dem-
ocritus, 68 A 139, B 5; Lucretius, V 783sq.; Plato, Aris-
tophanes' speech in the Symposium and the Politicus myth.
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'no part of the whole'. The aer produced by the heat
'took charge of the whole', and from its original combus-
tion came the heavenly bodies. The heaven was inclined
and so the sun 1lit the earth and made the aer transparent
and the earth dry. The earth was at first like a lake
with a ridge round the rim. Proof of this is that the
sun does not everywhere rise and set at the same time.
Hippolytus concludes with the generation of living creat-
ures that we have already discussed.

The brief report of Diogenes Laertius (loc. cit.)
confirms this account, and édds this interesting point:

np®toc 6% elme qQuviic yYéveouy THv Tob &épogc TARELV.

The cosmogony described in these accounts is clear
enough and its derivation from those of Anaxagoras and the
Ionians is plain. We can add only a few details: the
passages in D. 60 A 15-16a tell us that Archelaus' account
of the naturé of the stars, the cause of.thunder, and that
of earthquakes, was similar to that of his teacher. He
illustrated the account of thunder by the noise made when °
a hot stone is plunged into cold water.

Burnet well says (E.G.P. p. 360): "The cosmology
of Archelaus, like that of Diogenes, has all the charac-

teristics of the age to which it belonged - an age of
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reaction, eclecticism, and investigation of detail". We
can sum up the whole history of Ionian thought so far by
saying that the basic idea throughout has been evolution
from some infinite, originally amorphous, store of matter,
the apeiron of Anaximander, whose physical description, if
it is given one, is due to the presence in everyday exper-
ience of the amorphous and chaotic substance called 'mist';
or 'cloud'. This visibly undergoes transformations and
changes of state, one of which is the apparent change into
invisible atmospheric air. As a result some form of air
or some analogous entity was usually considered to be prim-
ary (or at worst especially important) and to be also the
substance of the soul and even of the gods.

This gaseous substance, as we should now refer to
it, seems to those who do not know that the atmosphere is
8 mixture to have several forms - all characterized by
motion so that either no cause for motion was deemed nec-
essary or the substance was thought to contein within its
own nature the principle of motion - and different members
of the school chose different forms as primary. Forms
corresponding to the names fire, air, and moisture (which

are actually three entirely different and unrelated things)

were normally chosen, but occasionally something that is
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intermediate between them was postulated. Between fire
and invisible air iies ether (in its original sense, not
in that used by Empedocles or by Anaxsgoras), which is
the clear bright upper air or sky, 'blue fire' as Burnet
calls it (Note to Plato's Phaedo 109 b 8), and‘between air
and moisture lies aer in the original sense of mist.

Evolution from this ofiginal substance produced,
by means of a vortex, our universe, the detailed descrip-
tion of which was continually amended as observation
progressed, but whose character remained much the same,
according to the picture of Anaximenes rather than that
of Anaximander. . The history of the school, then, is one
of continual advanée in physical knowledge, especially
astronomical knowledge, until a stage is reached in which
the now outworn original thesis can no longer support the
gsystem. When this fact was at 1§st reluctantly recog-
nised, Ionia devised the atomic theory to replace it.

It would appear that at this time in Athens there
was considerable public interest in philosophy. Not only
is the Periclean Age the age of sophistry; but also,
thanks to Anaxagoras and Archelaus, the age in which the

man in the street first became acquainted with the various

theories of the east and the west. Aristophanes and
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Euripides would not have made their allusions before an
audience uninterested and uninformed, and passages of
Plato such as Phaedo 96 A sq. and 108 C sq., which refer
to Pre-Socratic theories as if well known, attest the con-
tinuation of this interest. It is not surprising, then,
that so popular a subject should have engaged the minds
of men of the second rank such as the eclectics whom we
have just been considering, but they made no really use-

ful contribution to the Greeks' knowledge of the nature

of air.

.000.
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CHAPTER TEN
LATER PYTHAGOREANISH AND PLATO

The traditional Ionian monism having died a natural
death, Empedocles and Anaxagoras having failed to convince
with their versions of pluralism, and the Eleatic school
being aphysical, the Fifth Century closes with two major
attempts to give a satisfactory physical system, those of
the later Pythagorean and later Ionian (atomic) schools.
Since these existed concurrently and both had a long life
and lasting influence, it will be confusing if we adhere
to the method of discussion in chronological order. I
propose therefore to examine first the Pythagorean theory
together with its derivative, the Timaeus of Plato, and
then the atomic theory. The former concentrates mainly
on form and mathematical structure, the latter on matter
and motion.

In.both cases although we still have only fragments
of the work of the men themselves we have a voluminous am-
ount of comment in comparison with that concerning the
earlier thinkers. These men were of the same generation

as either Socrates or Flato, and members of both schools

were active contemporaries of Aristotle. Consequently
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they are not treated by Plato or Aristotle as 'primitives',
men whose work was half forgotten even in their day, but
as serious opponents whose theories are still alive and
familiar,

Since Plgto and, particularly, Aristotle tend to
be repetitive, and to be prolix in discussion, and since
the doxographers furnish a great deal of matter that sim-
ply repeats or complements what they have written, con- .
siderations of space will henceforward forbid a continuat-
ion of the method of fairly complete quotation of, or ref-
erence to, the authorities. This applies particularly
to the case of Plato himself, for not only do the ipsissima
dicta exist, but they are also easily accessible since
there is only one dialogue, the 1imaeus, with which I am
really concerned. I shall therefore quote or refer to
only passages of special interest or difficulty and sﬁch
as may stand as individual examples chosen from many that
contain the same thought.

The two schools concerned, and Plato and Aristotle
themselves, have received far more scholarly attention
than the earlier thinkers with whom we have dealt, and.I
shall necessarily be for the most part summarising that

which is already known in a form relevant to my discussion
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of gaées rether than stating anything new. Where I am
dealing with any point about which scholars are in com-
plete or nearly complete agreement I shall content myself
with dogmatic assertion, omitting even to give references
in cases where they would be obvious or well known.

First, then, we must examine the developments in
Pythagoreanism after the Eleatic attack had shown that
the theory outlined in Chap. 4 was untenable. It will
be recalled from pp. 8lsq. that Raven believes that there
was little change after the attack of Parmenides apart
from the abandorment of the equation of unity with limit
and the counter-attack that extra-cosmic void could exist
(for breathing in) even outside Parmenides' sphere. liel-
issus indeed postulated a spatially infinite One and re-
iterated emphatically the denial of the void (Frags. 3, 5,
and 7, cf. Arist. de GC 325 a 14), and his reason may
have been such a counter-attack.

It will also be recalled that Cornford and Cherniss
on the other hand both posit a form of 'number-atomism'
for this era. Cornford claimed that until Zeno's attack
geometrical magnitudes and sensible bodies were confused,
but that the void and the breathing in, and his 'fiery

pyramid', were abandoned immediately after Parmenides.
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Raven postula%ed a major recasting after Zeno that
led to a totally distinct third stage in which geometrical
solids and sensible bodies were still identified and ﬁat-
ter was infinitely divisible not atomic, being in effect
space (the unlimited) limited by points without extension
and lines and surfaces that gave it its form. I claim
that this is far too close an approach to the Receptacle
of Plato and to the informed matter of Aristotle, too ab-
stract an idea for the pre-Flatonic era.

Cornford, by contrast, believed that this stage
was one of clérification only. In it mathematical and
corporeal solids were eventually distinguished. He ad-
mitted that the association of four of the regular solids
with the four elements may have been made before FPlato by
these Pythagoreans (as Burnet claimed and Raven agrees).
Until this was effected they continued to believe in a
thorough-going number-atomism like that evoked for this
stage too by Cherniss.

Before embarking on a detailed discussion I shall
summarise my own view of the development of Pythagorean
theory. I agree with Cornford that Parmenides destroyed
the early theory and that Zeno faced a number-atomism

of the type that he and Cherniss postulate. 1 share the
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belief that Zeno's attack did not cause the commencement
of & totally distinct third stage; but I claim that there
was such a third stage nevertheless. For the number-
atomists came face to face not only with Zeno but also with
his contemporary Empedocles. ky third stage, then, con-
sists of a final realisation that void and breath (aer or
pneuma) are distinct and of a gradual assimilation (as
maintained by Burnet, E.G.F. p. 292) of'the'idea that four
substances are essentially primary on the macroscopic
scale. Simultaneously geometrical researches revealed
the, existence of certain regular solids (although their
construction was not in all cases fully understood), and
these were identified with the 'elements'.

There was also a fourth, post-Flatonic, stage in
which the Pythagoreans adopted the 'fluxion' theory of
numerical generation that gave the ultimate answer to
Zeno, who had, so to speak, been temporarily appeased by
the segregation of arithmetical number, geometrical mag-
nitude, and sensible body, that forms the main part of the
‘clarification' of Cornford's third stage. The third
stage ended at the point where Plato borrowed widely from
Pythagoreanism in the Timaeus, and our estimate of the

state of Pythagoreanism then will depend, as will be seen,
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upon our estimate of the extent of this borrowing and of
the degree of Flatonic originality.
In detail, then, we may first clear Zeno out of the
way. His arguments against the Fythagoreans were mainly

mathematical, and since their subject matter concerns

above all divisibility and motion their discussion is not
relevant to a dissertation on gases except in that void
was again denied and that their nature enables the advoc-
ates of number-atomism to deduce its form in the absence
of positive evidence (v. inf.).

lhe main positive consequence of Zeno's attack,
apart from the clarification referred to on p. 334, was
the adoption of the 'fluxion' or 'dynamic' theory of num-
erical generation in which the point 'flows into' a line,
the line into a square surface, and the square into a
cubic solid. This replaced the point-line-triangle-and-
pyramid theory. Numerical generation was eventually
realised to be logical rather than temporal, and geomet-
rical solids to be continuous while matter, sensible sol-
ids, are discrete. These realisations were probably
concurrent with the 'fluxion' substitution, and the latter
was probably finally effected in the 4th. century, even

though some members of the school may have made it earlier,



-336-
for the process was knownlto Flato and Aristotle but it
is to the earlier process fhat Speusippus Frag. 4, fol-
lowing Philolaus, refers (D. 44 A 13).

Of far more importance physically were: firstly
the attack on the void and on traditional theories of
'becoming' by Parmenides, and secondly the proof of the
existence of corporeal air by Empedocles. Between them
these two events completely destroyed the original theory.
Generation by breathing in had already been attacked by
- Xenophanes, and was rendered untenable by Parmenides and
Melissus, and the identification (or confusion) of void
and aer was vitiated (or clarified) by Empedocles'.cleps-
ydra. loreover generation by breathing in aer was no
longer satisfactory when aer had to be considered, thanks
again to Empedocles, to be on a par with fire water and
earth. For all these reasons I agree with Cornford that
by the time of Zeno's attack the Pythagoreans had replaced
their original theory by number-atomism, and with Burnet
that sooner or later the four 'elements' had to be assim-
ilated for prestige reasons. I refer the reader to
Cornford (0Op. cit. pp. 58sq.) for his reconstruction of

the number-atomism, which I have summarised on pp. 82 -

84 sup..
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There is little positive evidence for this number-
atomism and so we cannot deduce anything much about aer
from it. The denumeration procedure of Eurytus as out-
lined on p. 84 may well have been that of hypothetically
counting the point-atoms in an object, in which case it
would be evidence of a sort, but it may equally well have
been that of merely indicating the number of points in
the (three-dimensional) outline of an object, whether
considered as non-extended limits as by Raven or as points
with magnitude as By Cherniss. Aristotle's description
suits -the lafter interpretation better; Alexander's could
fit either (D. 45, 3).

Ecphaﬁtus of Syracuse, of unknown date but referfed
to between Xenophanes and Hippo by Hippolytus (Ref. I 15,
D. 51, 1) may possibly have been one of these number-
atomists, but he may equally possibly have heard of the
work of Leucippus and have tried to adapt atomism to Pyth-
agoreanism. At any rate Hippolytus and ABtius (I 3, 19
and ITI 3, 3, D. 51, 2 and 4) both state that he believed
in 'indivisible bodies' or 'atoms'; but whereas Altius
says: "“He was the first to show that the Pythagofean

monads were corporeal." he also says that he made the void

a principle as well: this could be an inference made by
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A8tius, for. Cornford claims that nuﬁber-atomism did not
postulate a void as did Leueippus, or at least that no-
- thing in Zeno shows that they did. If it is not:infer-
ence but fact, and if Cornford is correct, we should have
to say that Ecphantus was not a number-atomist. If it
is inference, or if Raven is right in thinking that the
Pythagoreans defended the void against Farmenides, he may
have been one. The account of Hippolytus, however, if
it has not been contaminated, clearly includes ideas due
to Leuciﬁpus and Democritus but differing in detail.
The phenomena are due to three mapaiiayal of the indivis-
ible bodies, péyeboc oxfina ddvapirc, not oxfiua 6éorg TdEig,
and the cause of motion is not Bdpog or mAnyt, the two
causes which the doxographers rightly or wrongly attrib-
ute to the atomists, but a divine power which he called
'mind' and 'soul'. loreover .ABtius (II 1, 2, D. 51, 3)
says that he posited just one uﬁiverse.l (He is also
noteworthy as having stated that the earth is not station- .
ary at the centre of the universe, but revolves round its
own axis.)

All this sounds very much like deliberate correc-

. tion of the atdmists, but it is hard to say whether it is

a case of Ecphantus adopting atomism with reservations
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or of a Pythagorean number-atomist'é reply to the new
theory, intended to show where the latter was wrong. On
the whole, especially in view of the statement of ABtius
quoted on p. 337, I am inclined to take the latter view.

This, then, is all the positive evidence one could
claim to have for number-atomism, apart from any infer-
ences that one may draw from Aristotle's comparisons of
Fythagoreanism with atomism proper.

A new stage in the development ensued when the
Pythagoreans had to face in addition to the Eleatic attack
the fact that Empédocles' four elements were gaining so
ﬁide an ear and did indeed seem to represent something so
basic in the universe that they had to be taken into ac-
count or explained away. The Pythagoreans were forced
to consider afresh the problems of the constitution of
matter and the apparent mutual transformations of the s0-
called elements.

Things must still be numbers, they would ponder,
but the precise connexion bétween things and numbers must
now be differently expressed from the old unit-point and
ger/void idea or from number-atomism, which takes no real
account of the basic differences between substances apart

from the difference in the numbers of atoms that they may
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Eontain. Different substances may have different propor-
tions of atoms, different Aéyo. wufZewc, but if the atoms
are all identical unit-points it is less easy to see how
qualitative differences may arise than it is in the case
of different proportions of Empedocles’ non-idenfical
e lements.

Even Ecphantus, who admitted differences in size
and shape in his atoms according to Hippolytus' account,
was constrained to add differences in 6¥vautc in order to
explain the objects of sense. This idea of 'powers' is
a Py£hagorean concept * that also appears in the Way of
Opinion of the renegade Pythagorean Parmenides *%, in the

.

medical writers **®, and in Plato's Timaeus (e.g. 33 A

and 52 E). These 'powers' are in fact the active aspect
of the traditional opposites, the hot and the cold etec.,

and may well have been drawn up in a table like the Table
of Opposites (cf. Cornford Op. cit. p. 47). Plato gives

such powers to the four elements as well as the special

This is another reason why I incline to the view
that Ecphantus was indeed a Pythagorean number-atomist.

% . :
* Parmenides, Frag. 9. Cf. p. 193 sup..

o The term is attributed to the Pythagoréan Alcmaeon

in connexion with 'isonomia' in ABt. V 30, 1, D. 24 B 4.
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shapes that he makes the Demiurge impose upon them - the
'powers’ are theirs by nature and not so imposed.

This mention of elemental shapes leads me to that
which I believe to have been the Pythagoreans' new solut-
ion to the problems that we are considering. In spite
of the appearance in the summary of Alexander Polyhistor
(D.L. viii 24-33, D. 58 B la, v. p. 107 sup.) of some
very early ideas and of the use of some anachronistic
Flatonic terms it is probable that its main contents are
relevant to the period under review (as Cornford, pp. 3,
13, 18 and 22, and Raven, pp. 159sq., agree). The sum-
mary is very long and covers much ground, -and for conveni-
ence I quote Cornford's translation of Sec. 25, missing
out the first two phrases as irrelevant and probably an-
achronistics

From the One and the Indefinite Two came numbers;

and from numbers, points; from points, lines; from
lines. plane figures; from plane figures, solid fig-
ures; from solid figures, sensible bodies, The elem-
ents of these are four:; fire, water, earth, air; these
change and are wholly transformed, and out of them
comes to be a cosmos ... .

Ignoring the (Platonic) indefinite dyad since we are only

interested in physics, we may start our examination at the

step from numbers to points. (The Pythagoreans who made

the new advance that we are about -to consider were trained
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as number-atomists, so that these points will have been
indivisible magnitudes.)

The successive steps from the One to the four el-
ements and the cosmos are given in more detail but in the
same order and in similar terms in Sextus Empiricus'
account of Fythagoreanism in adv. liath. x 276-283 (v. the
translation of Cornford, op. cit. p. 16). He states
that the plane and solid figures concerned are the tri-
angle and the pyramid and that the 'fluxion' theory was
later than this, and also that the mathematical points
have no extension so that the line is length without
~ breadth between two points. Whether we agree with Corn-
ford that this does not apply to sensible bodies and their
cﬁmponent points or with Raven that it does (v. inf.),
these two statements between them prove that thé.theory
concerned was held later than Zeno and earlier than Speus-
ippus. The conclusion of the account contains this sen-
tence, which may be compared with Alexander's summary:

In this way, with numbers taking the lead the sol-
id bodies are produced; and from these finally sensible

bodies also: earth, water, air, fire, and in general
the cosmos.

With these two similar passages we may compare again the

order of the list of Pythagorean Tetractyes given by Theo
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of Smyrng (v. Raven pp. 155 and 158-9 where the relevant
parts of the Greek text, 93, 19sqq., are quoted). The
tetractyes concern respectively:
1. The numbers 1 - 4,

2. (Theo's addition to the original list relevant to
the Timaeus and not to our theory.)

3. Numbers and the point, line, plane, and solid.
4. Numbers and the 'elements': fire, air, water, earth.

5. Fire, air, water, earth, and the pyramid, octahed-
ron, icosahedron, and cube.

6. Numbers and the growth of living creatures from the
seed to the three-dimensional complete body.

The remaining five tetractyes are irrelevant here. Apart
from the intrusive second, those I have referred %o fol-
low the same sequence of steps up to the four elements as
the accounts of Alexander and Sextus.

As far as geometfical solid figures we are on the
familiar ground of the generation of the tetrahedron; but
we must now decide whether the points did have magnitude
or not. This decision will affect our interpretation of
the next step, from solid figureé to sensible bodies.

Although Raven's arguments (e.g. p. 107) for the
interpretation of the line at this time as length without

breadth between two limiting points without magnitude and
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for analogous interpretations of the plane and the solid
are very strong, and in fact convincing, I still cannot
accept his conclusion that they apply to sensible as well
as to geometrical solids and their components. He claims
on p. 149: "The difference between geometrical solid and
sensible body was a difference of degree rather than of
kind. The nature of a sensible body was held to lie in
its limiting surfaces; and so, in this respect at least,
it was thought to differ from a geometrical solid only
because it was less regular and more complicated. ... the
geometrical solid too ..., like the sensible object, must
be embodied in matter". As I have already said, his in-
terpretation of body is too Platonic, and the last phrase
even reads suspiciously like Apistotle's informed matter
or emmattered form.

I grant that geometrical magnitude eventually, after
Zeno's attack had had time to penetrate, became regarded as
continuous and infinitely divisible as Raven argues and as
Cornford admitted (Op. cit. p. 59). But I agree with the
latter that the result of Zeno's attack was not the complete
réinterpretation of figures and bodies alike, but the even-
tual distinguishing of these, which had been confused be-

fore, the continuous geometrical figures being regarded
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a8 the result of only logical generation, not actual
generation in time, and sensible bodies as discrete and
reducible to the indivisible magnitudes of which they
were composed. If their unit-points had no magnitude,
they would be "nothing', and so would the bodies themsel-
ves.

The step from solid figures to sensible bodies, %hen,
that Raven considered to be no real transition was no real
transition in Cornford's earlier stages either (when the
geometrical solid was also discrete), but it is now a step
over a major obstacle, as Aristotle saw. (In Met. 989 b
29sqq. D. 58 A 22, among other points, he asked how math-
ematical figures could acquire motion and weight.) To
cross this obstacle we need a bridge, a bridge between
geometrical figures and the four Empedoclean elements, in
fact, since these now have to be taken into account. It
is-the same obstacle as that which Parmenides had to
bridge between his Way of Truth and his Way of Opinion,
cf. pp. 190sq..

At this p&int Raven demands no bridge, of course,
but he nevertheless requires a 'subsidiary explanation

that will 'account for the palpable differences, other

than those of size and shape, that exist between one body
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and another' to replace the earlier explanation of qual-
itative differences that he postulates, the varying pro-
portions of Lhﬁit and the Unlimited in the Xéyog KCEewg
(Raven, p. 180). |

The 'suBsidiary explanation' advaﬁced by Raven is
the same as that which I #dvance éé the necessary 'bridge’,
and is of the same kind as that which Burnet advanced to
account for the four-elements for prestige reasons and as
that which Plato employed in the Timaeus. It appears
in the fifth tetractys of Theo (p. 343 sup.): . it is the
ascription to each of the four so-called elements of the
form of one of the regular solids of geometry.

If these solid figﬁres were in this context regar-
ded not as continuous geometrical magnitudes but as dis-
crete sensible solids composed of the appropriate number
of unit-points with magnitude arranged in shapes simiiar
to those of the corresponding mathematical figures, our
obstacle has been bridged. |

Plato's bridge differed in purpose, although not
in kind, from that which I postulate and the 'subsidiary
explanation' of Raven; for Plato's figures are there to
provide only the element of limit.or form, which is-intel-

ligible, and to explain the mechanism of change, while he
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had to have recourse to the 'powers' (p. 340) for the
purpose of providing causes for our sensations (v. Corn-
for@, Op. cif. p. 15). Yet it is for just that purpose,
to explain the 'palpable differences', that Raven, for
whom the FPythagorean solids, both geometrical and sensible,
already have, as well as space for matter, limits for form
and essence, believes the ascription of the figures to the
elements to be serviceable to the Pythagoreans. |

I reiterate that Raven's interpretation of body
smacks too much of Plato's form and receptacle, and now
add a further objection to his theory: he has used the
ascription for a purpose for which Plato found it inade-
quate. It is far more serviceable to the Pythagoreans as
providing a necessary link between (logically generated)
geometrical figures and discrete sensibles that can also
succeed where number-atomism per se had failed - in accoun-
ting for the four elements, as Burnet says. It was in;
deed used to explain qualitative differences too: but not,
as we shall see, v. p. 354 inf., in the manner suggested
by Raven (p. 157), who reverts for this explanation, once
he has ‘obtained his four elements, to the idea of a Aéyoc
uCEewg concerning them - a proportion that worked in the

same way as that of Empedocles.
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The ascription to the four elements of the regular
solid figures appears, as we saw, in Theo's fifth tetrac-
tys:

N udv vlp wvpaplc oxfiua wpbc, O 6¢ dxtdedpov dépog,
10 6 elxoocdedpov Ydatoc, ubPoc o6 yHc.

Speusippus is said by Theolog. Arith., 82, 10sq. (D. 44 A
13) to have included in a book on Pythagorean numbers
mostly based on Fhilolaus an account wep( Te thv mévte
oxnudtwy, & Tolg xooutxotg &modldoTal oToLXElOLG. (We
shall examine shortly the question what is meant by the
fifth figure.) Abtius (II 6, 5, D. 44 A 15, from Theo-
phrastus) confers the whole theory on Pythagoras himself
with the comment that in this Plato 'pythagorizes':

Mveaybépac wévte oxnudtwy Sviwy otepedv, Grep
xahetTtar ol padnuatixd, &x uév tob udBov gnol yeyo-
vévalr Thv vhv, &x 8& Tfic wupauldog Td 7Bp, &x O& Tob
dxtaédpov TdV dépa, &x 6 To¥ elxocaédpov TO Vowp, £x
o6& 1ol owdexaédpov THY Tol mavtdc coatpav.

The attribution of a theory involving the Empedoclean
elements to Pythagoras is obviously absurd, and Burnet
(p. 292 n. 2) says that Achilles in his extract from the

same source says of Mubaydbpetot.

Cornford stated in Plato's Cosmology, p. 210;
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that so far as we know no earlier thinker had ;nticipated
Plato's assignment of these figures to the elements, but
later changed his mind and admitted in Plato and Parmen-
ides, p. 15 n. 2, 'it is not impossible'. Raven accepts
the assignment as we have-seen, while Burnet bglieved that
the elements were indeed built up from some of the geomet-
rical figures, but not in just the way described here.
Others have thought that Plato was definitely the origin-
ator of the theory.

Of course, on the supposition that the Timaeus is
nothing more than an exposition with hardly any original
additions of the doctrine of a Pythagorean predecessor
(with whom Plato did not necessarily agree) the point does
not arise: however even if we refuse to accept this, to
me, absurd view, I see no reason why we should not attrib-
ute at least the germ of the theory to the late fifth
century Pythagoreans and say that they allocated the fig-
ures to the elements in the way stated by Theo even though
they did not fully understand the mathematical analysis
of the figures themselves. iy reasbns for this conclus-
ion are given in the following note:

Raven (p. 150sq.) refers to two main grounds on

which the attribution of this theory to Philolaus or to
any other Pre-Socratic has been disputed. The first is
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that the scholia on Euclid xiii 1, Vol. 5 p. 654, 1 Hei-
berg, quoted as conclusive by Burnet, p. 284 n. 1, say
that only three of the figures were <&v NuvBayopefwy, the
cube, pyramid, and dodecahedron, while the octahedron and
the icosahedron were ®cavtftov. The genitives here are
interpreted by those of this persuasion as meaning 'the
discovery of'. This view is supported by the words of
Suidas s.v. Theaetetus: xpitoc 6& T4 mévte xarovueva
oteped Bypaye. Raven's answer to this is complete: "But
whatever its meaning (sc. &ypaye) it cannot mean 'discov-
ered the existence of'; for in any case it is universally
admitted that three of the regular solids were known at a
considerably earlier date. It is most likely that The-
agtetus first completed the theoretical construction of
the figures; and that, as Cornford says (P. and P., p. 15,
n. 2), is an entirely different matter either from the
knowledge of their existence or from their association
with the elements".

In passing we may note that the dodecahedron is
associated with Hippasus. Iamblichus more than once (v.
D. 18 A'4) says that the reason for his death was the
revelation of this figure. D.L. viii 79sq., D. 47 A 1,
if the manuscript reading be right, says that Archytas
first ' discovered the cube, as Flato says in the Repub-
lic'. Diels doubtfully refers this to Rep. 528 B where
Plato says that 'the dimension of cubes and of everything
that has depth' ... 'does not appear to have been inves-
tigated yet'. There is no mention of Archytas here.

It mey be that what Diogenes is referring to here is the
solution of the problem of the duplication of the cube.
The third of the figures concerned, the pyramid or tetra-
hedron, was of course familiar to the school from early
times.

The second ground is that since A8tius' list of
figures is the same as that in the Timaeus it is evident
that the former is derived from the latter. Raven points
out that this is an ambivalent argument that could equally
support the opposite contention, which I agree with Raven
to be actually the case.

Yet another argument is offered by Burnet. He took
the Rep. 528 B passage translated above to refer to the
delay in discovering the octahedron and icosahedron. “Bu?
Shorey in his note ad loc. in the Loeb edition says: "This
is not to be pressed. Plato means only that the progress
of solid geometry is unsatisfactory", and says that he may
or may not be referring to the duplication of the cube.
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The only other possibly negative evidence that I
know of is the statement of Aristotle in Liet. 990 a 14
that the Pythagoreans said nothing about fire or earth or
the rest since, he supposes, they have nothing original
to say about sensibles.. I agree with Raven that the ex-
istence of Pythagorean astronomical theories proves that
they did talk about sensibles and about fire and the rest,
and I would add that the statements of Alexander, Sextus,
and Theo that we are discussing rule Aristotle out of
court.

There appears at first sight to exist one piece of
positive evidence that our theory was held by the Pythag-
oreans of the generation of Philolaus. Frag. 12 attrib-
uted to Philolaus reads: =xal Td pdv tlc opalpag oduata
névte &vil, T &v 18 ooalpq wUp <xal> Bowp xal yd xal &hp,
xal & td¢ ogalpag OAxagt, méumtov. Burnet and Raven, un-
like Diels ?v. inf.), confidently assert that this fragment
refers to the five regular solids. Burnet, because he
believes that Philolaus knew of only three of these, takes
it to be one more proof that the so-called fragments of.
Philolaus are spurious. Cherniss (p. 386) agrees with
this, and so does Rey (ilaturite p. 9). Raven says that
irrespective of the question of the genuineness of the
fragment all the above arguments prove that Philolaus
could have held such a view. Since the fragment is, as
I believe, probably spurious, and since its text is in
any case doubtful, one had better say that it proves no-
thing either way.

If Philolaus himself or his contemporaries did,
as the above note shows to be at least possible and as I
believe to have béen the case, hold the view in question,
what factor does the dodecahédron represent that some
sources mention, since the elements are but four? 1t is
most probable that it was associated with the sphere of
the heavens; It is the figure that fits most closely
into the sphefe in which all the figures can be inscribed,

and a spherical ball can in fact be made of twelve pieces
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of flexible material sewn together in the fashion of a
dodecahedron. This is said to be the shape of the earth
in the Phaedo myth (110 B) - the 'earth' here refers to
the whole ideal world not just to this planet. In the
Timaeus (55 C) too the dodecahedron is associated with
the universe. As the 'hull of the sphere' (Philolaus
Frag. 12) the dodecahedron has affinities with the dxo-
Zdpata of the Republic (616 C), and we may compare the
use of the word cpéni¢ in connexion with the sphere of
" the whole in ABt. II 4, 15, D. 44 A 17. In the passage
quoted on p. 348 ABtius states that the sphere of the
whole is from the aodecahedron.

This seems straighforward enough; but Diels em-
phatically refers Frag. 12 not to the solid figures at
all but to a five element theory. The 'hull of the
sphere' would then have to represent a fifth element.
Aﬂtiué II 6, 2 says that Pythagoras made the universe
4nd mupdc xual Tod méumtov otoiyelov. Raven (pp. 154-5)
admits that though the above interpretation is the more
plausible this one is possible. There is no doubt that
the fifth element was not an invention of Aristotle. It
appears in Epinomis 981 C in the form of ether, and if

not by Plato at least this work was by a member of the
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Academy. Plut. de E Delph. xi attributes the theory to
Plato, with the dodecahedron representing heaven, light,
or ether, or 'the fifth substance, the only body to which
circular motion is natural ...'. Cornford in Plato's
Cosmology p. 220-1 gives other similar réferences includ-
ing some derived from Xenocrates. We even find that the
fifth element is attributed to Occelus of Leucania, a Pyth-
agorean whom several authorities state to Eave been plagi-
arized by Aristotle in the de GC and one, Syrianus, when
commenting on Aristotle's complaint that the Fythagoreans
do not say anything about the objects of sense, says to
have been the source of the Timaeus as well. It is Sextus
(adv. Math. x 316, D. 48, 3a) who says that Occelus antic-
ipated Aristotle's £ifth element. Olympiodorus (D. 42,
5) associates Pythagoras (of. ABtius sup.) with Hippocrat-
és of Chios in the belief that heavenly bodies are made
of a fifth element.

What are we to make of this? It is likely that
at the end of his life Plato believed in a fifth element
and possible that certain late Pythagdreans did too. It
is certain that in the Timdeus the dodecahedron is not to
be associated with it, but with the sphere of the universe.

Tt is possible that the Fythagoreans other than any who
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may have adopted both a fifth element and the ascription
of solid figures to the elements - and such men must have
beeﬁ few since there is no proof that the school took
either step - ascribed four of the figures to the Emped-
oclean elements and the fifth to the universe as did Flato;
but it is equally possible that they only employed four of
the figures, as in Theo's tetractys, and that the appear-
ance of the dodecahedron in some of the passages referred
to is an anachronism due to confusion with Flato.

I conclude, then that the Pythagoreans of Philolaus'
generation proceeded along the path subsequently followed
by the Timaeus at least as far as the association of four
of the figures with the elements, even though %hey did not
know the theoretical construction of more than three of
them (while Theaetetus worked out thét of the other two),
and even though they did not necessarily use them to ex-
plain qualitative differences and change in precisely the
same way as Plato did. I shall try to show that they
may have given a relatively crude explanation that might
yet have served as a hint towards Plato's more refined
explanafion, rather than have given an explanation along

lines suggested by Empedocles as Raven seems to think (cf.

p. 347 sup.).
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Burnet (E.G.P. p. 293), accepting that they knew
and used only the first three figures and employed one of
them - the dodecahedron - for the sphere-of the Whole;
believed that they only made the equations of fire with
the tetrahedron end earth with the cube. Following this
hint Plato, according to this view, will then after the
'discovery' of Theaetetus have added the figures of air
and water in such a way that this pair could be transmuted
into fire and vice versa while earth cannot be transmu;ed
at all (cf. Timaeus 54 C).

On this assumption Burnet maintains for our period
too a Pythagorean dualism, with fire still serving as omne
element as it was for Hippasus, but with earth as the
other and not air as it was in the Way of Opinion of Par-
menides, which Burnet believes to have been purely Pyth-
agorean - air in the Pythagoreans' early sense will have
lost favour because of Empedocles' demonstration of its
true nature. Burnet claims that it was the existence of
this fifth cenfury dualism of fire and air that misled
Aristotle into his misinterpretation of Parmenides' Night h
as earth (cf. p. 195 sup.). Cherniss demonstrated the
fallacy in this last point, and although the whole idea

is ingenious it is untenable, as I now hope to show, and
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must be rejected along with Taylor's hypothesis that Plato
in the Timaeus is teaching a fifth century Pythagofeanism
that has amalgamated with Empedoclean biology.

Alexander Polyhistdrﬁs summary (v. p. 341 sup.)
definitely attests to the fact that all four elements a-
like petapblArerv xal Ttpéreodar 6.’ SAwv, and makes no ex-
ception in the case of earth. The naming of the four
most- basic substances 'elements' in our sources, and pos-
sibly even by the Pythégoreans themselves, is obviously
due to Empedocles; but in the latter's view they can never
be transmuted or transformed - each is as permanent as
Parmenides' One. Zeller claimed that the idea of the
mutual transformation of all four is a Sfoic contamination,
but Delatte and Wellmann showed that it is a Heracleitan
idesa (v. Cornford P. & P., p. 13, and Raven, p. 161), and
I agree. lioreover Anaxagoras evidently believed in their
mutual transformations (Frag. 16) and so did Anaximenes
and Diogenes. Although members of different schools ex-
plained the mechanism of transformation differently, none
of theﬁ specifically excluded earth, while all of them,
like these Pythagoreans, believed the four 'elements' not
to be in fact elemental. I believe in fact that these
Pythagoreans accepted from Empedocles the idea that these
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four substances were physically - viz. on the macroscépic
scale - the most fundamental, and from Heracleitus (or
from Ionian thought in general) the idea that all four
could undergo mutual transformation, and that they then
put forward a theory intended to explain these ideas by
postulating for the four substances four regular solid
forms that could be transformed into each other. If one
or, in the case of the tetrahedron and cube, more of the
figures were broken up into the component unit-points with
magnitude, lines, and planes, these could then be reformed
into one or more of the other figures.

This theory preserves the idea 'things are numbers',
for the figures consist of a number of unit-points, and
also gives a meaning to the Aéyog mlEewg: this could refer
to numerical ratios between the figures concerned, e.g.
the octahedra of air have 6 points and the icosahedra of
water 12, so that 1 particle of water could break down and
reform into 2 of air and so on. Similar ratios could
exist between the numbers of lines in the figures, but to
Pythagoreans trained in number-atomism the breakdown into
points seems the more natural. We shall see how Plato
employed the numbers of surfaces similarly. I believe

this use of surfaces to have been Flato's amendment.
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Raven admits (p. 162) that this regular solid the-
ory permits transformations; but cautiously says that the
Pythagoreans may have been aware of this and content with
it (as Aristotle was not) but that the doctrine of trans-
formation may equally possibly have been inserted into
the Pythagorean framework by some little;known eclectic.
Raven's interpretation of matter as space bounded by lim-
iting points without magnifude does not, of course, bear
with the idea of breakdown into points as well as does the
rather more atomic interpretation that I suggest.

I maintain that the ¥ythagoreans were not just
(as Raven says) 'content with' the possibility of trans-
formations, but deliberately used them to explain qualit-
ative change. I also maintain that criticisms by Aris;
totle such as those in iet. 1028 b 16 and 1090 b 5 that
the Pythagoreans thought of surface and line and point as
being real entities, and more so than body and the solid,
could well have been apposite to just such a theory as
that which I have suggested.

If a complete breakdown into points, or even only
as far as lines, were postulated, the difficulty that

three of the figures have faces based on the equilateral

triangle while those of the cube are based on the square
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would not be a difficulty at all, and earth could take
part in the transformations. There is no need to reject
the evidence of Alexander Polyhistor because of the dis-
" tinction drawn by Plato in the limaeus or because Burnet,
like Taylor, believed that Plato is giving the views of
a Pythagorean predecessor with whom he himself does not
in fact at all times agree.

~ If my interpretation is correct, then, air was, in
the form of an octahedron, one of four primary substances
whose structure explained how 'things are numbers' and
'the universe is a harmony'. It was capable of being
transformed into fire or water or earth by the mathemat-
ical rearrangement of its component parts, which were in
my view indivisible magnitudes spiritually descended from
number;atoms.

Whereas in early days fire may have been in the
sense discussed on pp. 96 and 104;5 the primary substance
(at least to Hippasus and his followers) while aer played
the part of a void separating the units of fire, air (I
no longer spell it 'aer') and fire are noﬁ both eéually
members of a series of bodies that are composed of specif-
ic structures, and these structures explain their chemical

behaviour. I refer the reader back to what was said on
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pp. 110-1 concerning the debt owed by science to the Pyth-
agorean emphasis on quantitative and structural analysis.

Having discovered as far as we can the néture and
sfructure of air in later Fythagorean theory, we ought
now to proceed to examine its properties and behaviour in
our normal manner by examining the cosmology and meteor-
ology. Unfortunately information is almost totally iack-
ing for the reasons given on pp. 75 and 106 and also bec-
ause one can hardly expect confirmation of this sort from
the authorities for a theory which we have failed to find
detailed in those authorities and have had to infer for
ourselves. Our best source for this period should be
Yhilolaus; but in view of the spurious nature of some if
not all of the fragments attributed to him he must be used
with caution, and even from him we can learn little that
is germane,

Concerning the cosmological views of other great
figureé, such as Eurytus and Archytas, we know little or
nothing. There is one matter of sublunary interest that
is raised by a theory held according to Theo_(v. D. 47 A
19a) by Eudoxus and Archytas. Frag. 1 of Archytas argues
at length with several pieces of observational or exper-

imental evidence a thesis also argued in slightly less
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clear fashion bv Aristotle in de An. 420 a 30: the thesis
that velocity and pitch are connected in sound. Accor-
ding to Archytas high pitch is produced when the blow
(struck or breathed) that originates the sound is quick
and strong, low pitch when it is slow and weak, and the
stronger sound carries further and faster because the air
gives way to it more. Aristotle puts it from the hearer's
point of view: high pitch penetrates (like a stab) a long
way in a short time and vice versa. Both these views
appear to indicate that the velocity of the transmission
of sound through air as a medium varies with pitch (though
Aristotle hedges a little over this ); but modern theory
is that the velocity of transmission is constant, but the
frequency varies with pitch. The frequency is determined
by the number of 'blows' per second in the (vibrating)
source of sound, in other words by the velocity of the
movement of the source. Archytas' viewpoint is therefore
nearer to the truth than is Aristotle's. Considering the
lack of modern measuring.instruments it is a very credit-
able performance of the Pythagoreans to have come so close
to the truth.

This thesis has, however, taught us nothing fresh

about air itself, only about what happens when it is used
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as a medium., Incidentally it will be recalled that it
was in connexion with an earlier Pythagorean, Alcmaeon
(v. p. 204), that we first met this capacity of air for
transmitting sound. It was natural that a school two of
whose major practical interests were medicine and music
should consistently interest itself in the theory of sound
and hearing.

The little information that we cen gather about
astronomical matters is hardly more helpful to our pur-
pose than the theory of sound has been. We have already
discussed on p. 100 the cosmogony attributed to Philolaus
and seen it to employ air in a more or less Ionian manner.
We have also seen on p. 102 that Philolaus is creditea
with the belief that the purpose of respiration is to c061
the body by drawing in air; and we have seen how Cornford
showed the connexion between the cosmogony and the physi-
ology. So far air seems in practice to have had Ionian
properties.

To this we must add a connexion with Empedocles.
ABtius (II 20, 12, D. 44 A 19) ascribes to Philolaus a
development of Empedocles' 'double sun' éheory (cf. p. 239
sup.). The actual heavenly body is & glass-like mirror

that reflects to us the light and heat of the cosmic fire
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that is in the heavéh (whatever that fire may be). That
fire represents a prior sun, the glass-like body a second,
and the reflected beam that we actually see is, so to say,
yet a third sun. The famous Pythagorean theory of a Cen-
tral Fire round which the earth revolved was also probably
a development of the Empedoclean extrapolation from the
correct explanation of lunar light, and in fact Burnet (p.
298) claimea that the cosmic fire of the Abtius passage
referred to this Central Fire, 'the heaven' being a refer-
ence to the sublunar region. I make no claim to decide
the question whether or not Fhilolaus believed in the Cen-
tral Fire, but whatever his belief I do not think that
Agtius was referring to that theory here but to a separate
Pythagorean 'treble sun' theory. We know that more than
one astronomical theory was current in the school, and we
also know that the Pythagoreans paid attention to the views

of Empedocles.
Another obscure passage of ABtius (II 5, 3, D. 44

A 18), dealing with the destruction and nourishment of the
universe, mentions 'exhalations' which reminds us of the
influence of Heracleitus on the school.

it remains to state that whatever the status of the

earth, whether it was a particularly important planet- or



-364-
the actual central body of the universe, the one thing
that none of the Pythagoreans of the era believed about
it was that it was a flat body floating on air as was be-
lieved by Anaxagoraé and his fellow Ionians.

From these scanty notices it is probably safe to
conclude that in concentrating mainly on positional astron-
omy the Pythagoreans were content to take over what seemed
best in Ionian or Empedoclean astrophysics. Consequently
‘on the macroscopic scale, since they had certainly accep-
ted Empedocles' &nd Anaxagoras' demonstrations of the
error of their ways in their former interpretation of aer,
they will presumably have now thought that the properties
and behaviour of air were as described by those thinkers _
and the contemporary Ionians.

To conclude, the Pythagoreans' particles of air and
the others, in spite of their capacity for mutual trans-
formation, have some affinities with the atoms of Leucip-
pus, and so do the units, the indivisible magnitudes, from
which they are generated. If Flato had not intervened
and, as we shall see, deliberately reformed the theory in
such a way as to oppose it to atomism, I think it very

probable that not only Leucippus but the Pythagoreans too,

men of the cast of Ecphantus and of the little-known
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Xuthus, would have arrived at an atomic theory. (Xuthus
is said to have been a Fythagorean, and to have been assoc-
iated with an argument in favour of the void, but whether
he argued thus before or after the work‘of Leucippus is
not known.) The details of such a theory would have dif-
fered, for there would have been a greater emphasis on
structural regularity and change would have been explained
in a way capable of giving rise to numerical formulae.

The direction of development would have been away
from the idea that mathematical objects, points etc., can
be the elements of the bodily and in a diametrically oppos-
ite way from that taken by Plato on the question 6f-the
existence of the void. Whatever we may think of the
bridge between geometrical solid and sensible body that I
have suggested to have been built during the period just
reviewed, Aristotle's attitude, which can be summed up as
'things that consist of their points or figures are not
solid enough', seems justified. But what would he have
thought of our own non-material sub-atomic basic entities,
our particle-wavicles?

Had the Pythagoreans been able to proceed undis-
turbed by the Timaeus, and had this dialogue not had such

a great influence on European thought, it is possible
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that atomic theory would have been established permenently
by the Greeks - even though it would still have had to wait
at least nearly as long as it did before assuming its mod-
ern form. Instead the enthusiastic experimenters of the
early alchemical age were forced by the deadening influence
of Neoplatonism into the mystical nonsense that character-
ized the 'science' of the kiddle Ages.

It is in this connexion (as in a very few others)
that [ can find some sympathy with the view often expressed
during the past few decades by historians of science who
are not professional classical scholars that Plato was a
disaster of the first magnitude for the history of science.
Some classical scholars have felt this too, but the recent
trend in criticism seems to be in the direction of absol-
ving Plato from much of the blame he has been apportioned

for discouraging the use of 'scientific method'.

.00o.
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Section ii.

In Plato's Timaeus we shall find little of value
for physical science though much of interest for mathemat-
ics and scientific method. Plato strongly advocated the
theoretical sciences, e.g. pure mathematics and astronomy,
and harmonics; but, regarding the phenomenal world as less
worthy of study, he tended rather to discourage the obser-
vational and experimental methods of empirical science. *

The only real world for Plato was the world of
Ideas, of which our world is an imperfect copy whose con-
tents at best resemble or participate in the eternal and
immutable Ideas. These are the only possible objects of
true knowledge; the things of the sense world are appar-
ently always changing and subject to becoming and perish-
ing, so that they can only be objects of opinion. Plato
accepted from the Heracleitans and Cratylus the idea of
flux, but restricted it, as he restricted the relevance
of the relativistic dictum of Protagoras, to the sense

world. We cannot, as several Pre-Socratics had said,

trust the senses:; therefore physics can be no more than

They were not completely discouraged. Aristotle
must have acquired from the Academy the interest in the
method of classification shown in his biology.
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a 'likely story', so that there cannot be any profit in
concentrating too much on the establishment of a consis-
tent system of fhysics and cosmology.

The Timaeus gives therefore not a scientific cos-
mology but a myth of creation by & demiurge. This can
not be interpreted point by point by the substitution of
scientific terms for allegorical names as can be done with
the poem of Empedocles. The creation is presented as a
sequence of past events, but this does not necessarily
qorréspond to any order in time in which Plato considered
the events to have actually occurred. It is a logical
sequence arrived at by successively abstracting different
elements from the universe and considering them on their
own. Internal evidence from the dialogue shows that the
events cannot have happened in time in the given order.

Belief with Cornford ¥ that the demiurge is a sym-
bol for a real element in the world as it exists, the el-

ement of reason and order, and that the creation story

% There has been much discussion of the meaning and

purpose of Plato's demiurge and of the relation of the
latter to Plato's general religious views. The fullest
discussions in English are by Taylor, Archer-Hind, and
Cornford; and since [ find myself in substantial agree-
ment with Cornford (Plato's Cosmology), I do not propose
to discuss the matter in detail.
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is not to be taken literally does not alter the fact that
this introduction into philosophy of the idea of deliber-
ate creation by a rational creator was a new factor that
considerably influenced later thinkers, who did take the
idea iiterally.

The dialogue is one of Plato's later works, &nd
Timaeus of Locri, the Western philosopher and statesman,
may (forgeries of works bearing his name notwithstanding)
have been invented by Plato as a mouthpiece for the dog-
matic statement of a doctrine that I believe to have been
Plato's own, much of it original in spite of the obviously
Pythagorean origin of parts of it and in spite of the
arguments of Taylor and Burnet. It is a development of
a Pythagorean theory (in what sense I have tried to show
in the last section) but it also contains elememts der-
ived from the Eleatics, Empedocles, and others, and an
occasional direct denial of a Pythagorean view. It dif-
fers in important respects from the type of Pythagorean
theory just discussed in spite of the over-all similarity,
and however unoriginal the parts may be, the integrated
whole has an original cast of its own.

Of the three main sections of the dialogue, Td 6ud

No¥ o&ednuiovpynuéva (29D - 47E), <& 6u’ ’'Avdéyxung yuyvépeva,
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(47E - 694), and the combination of these in the human
being (694 - end), the first, possibly the most important
for Plato, is the least scientific, the second will be
our main concern, and the third belongs to the history of
medicine and psychology.

To commence, then, the demiurge is good, and he
desired that all things should as far as possible resemble
" himself. Consequently (304):

The god took over all that is visible - not at
rest, but in discordant and unordered motion - and
brought it from disorder into order, since he judged
that order was in every way the better. ¥

To accomplish this he fashioned the world as a living
creatﬂre with a body that contains soul and reason. In
doing so he copied the eternal model that is in the world
of the Ideas. The copy, like the model, is unique: only
one universe exists (314). |

The body of the world, qua bodily, must be visible
and tangible. The former imblies the existence in it of
fire, the latter of earth. Being three-dimensional it
needs, according to Platonic mathematics, two means to con-
nect the extremes fire and earth; and this is the raison

I shall cite Cornford's translation rather than the
Greek text since the latter is easily obtainable.
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d' etre of air and water. Fire : air :: air : water ::
water : earth. ¥ Here Plato uses an argument derived
from the perfection that he saw in the geometrical pro-
portion to prove the necessity for the existence of just
those four substances that Empedocles had regarded as
'given'.  (All Greek cosmogonies start from something
'given', e.g. the apeiron, aer, the 'mixture', eternal '
motion, and Plato's own 'all that is visible' of 304.)

Plato rejects the Ionian and Pythagorean infinite
external store of matter (32Csqg.). The universe is
unique, all-inclusive and everlasting, which it could not
be if it were exposed to the attacks from outside of 'hot
things and cold and all things that have strong powers'. kX
It is spherical, and is described in terms strongly remin-
iscent of Xenophanes and Parmenides; while there is 8
specific denial of the growth and 'breathing in' postul-
ated by Anaximenes and the early Pythagoreans. The whole

Cornford (P's Cos. p. 51) plausibly argued that
the proportion meant is that of the total volumes of the
four, the greatest being that of fire. Empedocles' doc-
trine that the four are equal in quantity was thought not
to provide enough matter for the present universe.

*% Such 'attacks' would make the body of the world

sick - an allusion to iMelissus' argument (Frag. 7) that
the One cannot suffer pain. For the 'powers' v. p. 340.
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outlook of this passage (32C - 344) is Eleatic, and oppos-
ed to the ideas of Ionia, the Pythagoreans, and the atom-
ists and others who had admitted the possibility of the
plurality or destructibility of worlds. Plato has agreed
with Parmenides and Empedocles against the very Pythagor-
eans whom Taylor would have us believe him to be quoting.

Two differences from the Eleatic sphere are admitted,
however: it-has parts and it has uniform rotatory motion
(cf. Laws 897C). This is for Plato as for Aristotle that
mode of motion that above all belongs to reason and intel-
ligence. 1otion implies soul in Plato's philosophy (ecf.
Alcmaeon, p. 113 sup., and Phaedrus 245C with Timaeus 34
A-B and 404-B), and so the next part of the dialogue des-
cribes the soul of the world. Here Plato departs from
science completely, although a great deal of the argument
is couched in mathematical or astronomical language. *

After the world-soul has been constituted it is fit-

ted to the body of the world and its connexion with time

*  The soul-stuff (compounded of Being, Same and Other)

is divided up into intervals whose choice depends upon the
mathematical principles underlying musical harmony. We
can see the influence of Pythagoreanism here. Out of the
result of this process a system of circles is constructed,
and these serve to explain in detail the motions of the
heavenly bodies, motions of which they are the causes.
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is explained. Time is inseparable from the periodic
motions of the heavenly bodies, being‘in fect produced by
them.. (38E)

There are four regions in the world, each with its
own inhabitants: heaven and the gods, air and the birds,
water and the fish, earth and the animals. Each region
corresponds to one of the 'elements', and so the divine
beings of the heavenly region, viz. the stars, are for the
most part made of fire. (They also contein some earth,
for solidity, and air and water as means (cf. 31B), but
fire predominates. Cf. Epin. 981D.) The stars are
gods, the only living beings created by the demiurge him-
self, and that disposes of the science of astronomy.

For this context the earth counts as one of the heavenly
bodies. The latter are spherical in shape and their
built-in souls are the cause of their motions, which in-
clude both circular motion through space (except for the
earth) and axial rotation (40A-C).

The remainder of the section concerning the works
of reason, up to 47E, concerns the creation of the three
non-divine types of living creatures, particularly man,

and their souls, and is irrelevant to our purpose.. With
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the proof (on non-scientific grounds) of the necessity
for four elements, or rather four basic substances, the
statement of the composition of the stars, and the account
of planetary motions as the sole 9qntributions to physical
science of the work of reason it is with relief that the
scientifically minded will turn to what comes about of
necessity (47Esq.).

The demiurge was a symbol for one element in the
universe: chaos is the symbol for the other. It is that
which was 'given', to use a geometer's term, when the demi-
urge started his 'construction' (cf. p. 371). It corres-
ponds to the unexplained infinite store and eternal motion
of the Ionians (anq)replaces them) and to the tenuous mass
of hydrogen of modern theories of nebular and stellar
evolution, which is subject to random motions, cf. p. 55.
The demiurge was described in 30A as taking over all that
was visible, which was in disorderly motion. He had to
operate on a chaos that limited the extent to which he was
able to give to his created world the properties that he
desired it to have. He could only make %he world as good
as possible, not perfect. He was confronted with the

Errant Cause, namely Necessity. It will be worth-while

to quote the opening of this section nearly in full (484).
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For the generation of this universe was a mixed
result of the combination of Necessity and Reason.
Reason overruled Necessity by persuading her to guide
the greatest part of the things that become towards
what is best; in that way and on that principle this
universe was fashioned in the beginning by the victory
of reasonable persuasion over Necessity. If, then,
we are really to tell how it came into being on this
principle, we must bring in also the Errant Cause - in
what manner its nature is to cause motion. ...

We must, in fact, consider in itself the nature
of fire and water, air and earth, before the generat-
ion of the Heaven, and their condition before the Heav-
en was. For to this day no one has explained their
generation, but we speak as if men knew what fire and
each of the others is, positing them as original prin-
ciples, elements (as it were, letters) of the universe;
whereas one who has ever so little intelligence should
not rank them in this analogy even so low as syllables.
... We are not now to speak of the 'arche' or 'archae'
- or whatever name men choose to employ - of all things.
... But holding fast to what I said at the outset -
the worth of a probable account - I will try to give
an explanation of all these matters in detail, no less
probable than another, .but more so, starting from the
beginning in the same manner as before.

We have seen (pp. 215-6) the importance of part of
this passage for the theory of what is an element, and we
may note how the fresh starting point is marked by Plato's
again emphasizing thet his theory is only a 'probaﬁle ac-

count'.

We must, it seems, reject the Pre-Socratic idea of
what an element is: above all we must not think of an
element as embodying a cause of motion within itself -

that .is a characteristic of soul alone. Before Plato
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cén deal with the so-called elements he has to discuss
chaos, the work of Necessity that is to be overruled by
Reason., Necessity was not to the Greeks of Flato's day,
as it is to us, a name for an inexorable natural law or
for the connexion of cause and effect, in other words for
order in the universe; it was .rather the random irrational
and disordered element in the universe. It was, when it
bore this meaning, linked in Greek minds with the notions
of chance and spontanéity, and did not imply for Plato
either determinism or purpcse. ¥*

Necessity is the '"Errant Cause'. The data upon
which the demiurge had to operate possessed of themselves
certain 'powers': they acted in certain ways and moved
in certain directions of their own nature - blindly, and
not through the direction of purpose. That is why the

cause is 'errant'. The name 'Necessity' sums up the

seemingly chaotic and disorderly behaviour of the data

¥ 1 follow Cornford's interpretation (Flato's Cosmol.

pp. 162-177). Some scholars do not accept the associat-
ion of Necessity with the random. Taylor and Archer-Hind
would have had it that with fuller knowledge than we actu-
ally possess we should be able to account for necessity
and explain away its results rationally. This may have
been Democritus' conception.of Chance, but it was not
Plato's conception of Necessity.
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before Reason controlled them. In other words, since
we are to discount the description of a time;sequence as
myth, 'Necessity' sums up the other factor in the universe
besides reason or purpose, namely the natural powers and
motions of the four so-called elements and the character-
istics of énother concept now introduced for the first
~time, namely the Receptacle or the Nurse of Becoming of
494, *

The four so;called elements are not in fact real
permanent immutable substances in the sense in which the
elements of Empedocles were so described or the tradition-
al opposites so regarded. Water seems (this word is
emphasized fér reasons that appear later) to change into
earth by condensati@n or compacting, or into air by rare;
faction or dispersal. In fact there appears to be a
~ complete cyclical transmutation of the ‘'elements', which
Plato describes (49B-C) in the order of Heracleitus'

Ways up and Down and in térms meant to recall critically
both the rarefaction and condensation of Anaximenes and
Diogenes and the sgparation and mixing of Empedocles and

¥ The ﬁames given to the Receptacle include the fol-

lowing: + oGexonévm, 7 SeEauévn, TO Oexduevov, WLNTPa.
TL01Mvn, E6pa, Vmodoxrh, éxuayetov.
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Anaxagoras. Each 'element' is actually t® twotoftov, a
'quality' that recurs in recognisably the same form as
the cycles run their course, and the only to%7o is that
in which all four such qualities come to be and from which
they pass away (49D-E).

In direct opposition to Ionia Plato holds that there
is change of quality without the existence of any perman-
ent material substrate or dwoxeuuévov, to use Aristotle's
term. That which is permanent is that in which those
qualities or powers appear, the Receptacle. This is not
'bare matter': it is not that &£ ol things are made, but
that &v § &yyiyvépeve gavtdZetar. 31B (v. p. 370 sup.)
made it clear that <o cwpatoetdég, being visible and tan-
gible, consists of fire and earth and their means; but
though constituents of the corporeal these are not, as
components of the 'data', in any sense particulate. 1In
the sequential mythical phraseology, they have not yet
been gi%en their shapes by the demiurge (cf. Cornford, p.
180-1). GClaghorn (Aristotle's Criticism of Plato's
'"Timaeus', Chap. II) has shown that there are several
points of similarity between the Receptacle and the wmpdtn
. ¥An of Aristotle, but these must not blind us to the vital

difference, the entirely non-material nature of the former.
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The Receptacle is compared with a sculptor's lump
of gold: it is a matrix for receiving imposed qualities
(50A-C). But gold is corporeal and has qualities of its
own, and this is not so with the Receptacle. A better
comparison is to liken it to the mother, the model (the
Idea) to the father, and the resultant sense-object to
the child (50D). In current Greek thought the father
was the begetter while the mother only provided room for
the embryo and acted as nurse. ¥ |

Just as the mother does not mould the characteris-
tics of the child, so too the Receptacle has no qualities
of its own that it could impose on the things that it re-
ceives into itself. It is 'invisible and characterless'
and an object not of the senses. but only, in some- 'bastard’
way, of rational thought (514, 52B). The qualities that
fleetingly appear in it, so that when it has been made,
for example, fiery we call it 'fire', are copies of the
Ideas of fire and the rest (SiB-E). The copies are al-
ways in motion and fleeting, while the Receptacle is Space
(xdpa), everlasting and indestructible. Space, then,

Cf. Aeschylus, Eumenides 660sqg., and Aristotle,
de Gen. An. 763 b 30 (re Anaxagoras) et alibi.
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unlike time, was not a result of the demiurge's creative
activity, but was one of the data with which he had to
deal. It is to be regarded as 'place' and not as 'void',
for Plato followed the Eleatic and not the Pythégorean
view of the existence of the latter. Space is where
things are, at least potentially.

Having made this clear, Plato then describes the
state of affairs before the creation commenced - in other
words, gives his picture of the universe as it would be
if the element of order were abstracted. The demiurge
was faced with three data: Being, Space, and Becoming.
The description (52Dsq.) runs as follows:

Now the nurse of Becoming, being made watery and
fiery and receiving the characters of earth and air,
and qualified by all the other affections that go with
these, had every sort of diverse appearance to the
sight; but because it was filled with powers that were
neither alike nor evenly balanced, there was no equi-
poise in any region of it; but it was everywhere swayed
unevenly and shaken by these things, and by its motion
shook them in turn. And they, being thus moved, were
perpetually being separated and carried in different
directions ... and it separated the most unlike kinds
farthest apart from one another, and thrust the most
alike closest together; whereby the different kinds
came to have different regions, even before the order-
ed whole consisting of them came to be. Before that,
all these kinds were without proportion or measure.
Fire, water, earth, and air possessed indeed some ves-
tiges of their own nature, but were altogether in such
a condition as we should expect from anything when
deity is absent from it. Such being their nature at
the time when the ordering of the universe was taken
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in hand, the god then began by giving them a distinect
configuration by means of shapes and numbers. That
the god framed them with the greatest possible perfec-
tion, which they had not before, must be taken, above
all, as a principle we constantly assert.

Just where we begin to hope for some science in the
account of the actual nature of air and the others we are
brought up against an intrusive ethical principle. The
account of creation will be seen to be based on theoret-
ical principles of formal excellence, even though facts
patent to even elementary observation will prove to have
been ignored. The subservience of science to ethics or
religion is a well known phenomenon (best exemplified by
the vicissitudes of the heliocentric hypothesis in the
history of astronomy).

The passage just quoted describes the primaeval
chaos, ruled by Necessity or the Errant Cause. As the
random.element Necessity has points of affinity with the
concept of entropy in modern thermodynamics. To ‘illus-
trate this in non-mathematical terms, coﬁsider & gas.
Different parts of this may originally be at different
temperatures (which means that the molecules have differ-
ent veloéities of motion) and be moving relatively to each

other (swirling about). Initially, in other words, its

molecules may have velocities of motion and kinetie
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‘energies of any magnitudes and directed in any directions
whatsoever. The gas will, however, according to the laws
of thermodynamics, rapidly approach a state where thé dis-
tribution of velocities energies and directions is, stat-
istically, perfectly definite, and independent of the
initial motions. This state is that of thermodynamic
eéuilihrium. In this every part of the gas is at the
same temperature and of uniform density. The velocities
' and,energiés have averaged out and as many molecules are
moving in one direction as in that directly opposite to
it. The state is one of the greatest possible disorder.
The entropy, which is then at a maximum, is simply the
measure of the degree of disorder.

The difference between the state of maximum entropy
and the state of Platé's errant chaos is that the former
resembles the state of the sphere of Empedocles when Love
is in complete charge while thellatter resembles that
~ sphere when Strife is in charge.

The reason for the difference is that in a state
whefe *there was no eéuipoise in any region of it; but it
was everywhere swayed unevenly' the operation of the laws
of thermodynamics would actually impose an 'equipoise'

and bring the mass to equilibrium, whereas the Necessity
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of Plato, because Plat§ was ignérant of these lawé, reliéd
on the sham law of the attraction of like to like, and im-
posed instead a state of maximum order, or would have done
so had not the demiurge intervened, through a process re-
calling that of Frag. 15 of Anaxagoras that would lead to
the state of Empedocles' sphere of strife.

Plato's excuse might be that Empedécles' elements
were all equal in quantity but there was a lack of quan-
titative balance between his own that might be said to
have upset the equilibrium. Apart from that excuse, he
has completely reversed the true state of affairs. The
laws of thermodynamics assert that a state of imbalance
will in the absence of any external cause develop of
necessity into a state of equilibrium and complete mixture,
whereas Plato infers that it will develop 'of nécessity'
into a state of cémpléte separation. To use Eddington's
phrase, Plato has reversed 'Time's arrow'. ¥* Anaxagéras
is innocent of this charge. He has, it is true, chaﬁged
the state of affairs from equilibrium (Frag. 1) and mixture
through the state of Frag. 15 that resembles the present
passage of Plato to the ultimate state of maximum order

of Empedocles' strife-sphere, but he has not brought this

--------------------------------------------------------

Eddington: The Nature of the Physical World, Chep. IV.
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about 'of necessity'. It is for just this purpose that
he invoked what I called above 'an external cause', viz.
Miind. Mind produced order out of chaos, a chaos that
like Anaximander's and Anaximenes' shows similarity with
our modern conception qf the primaeval state of the uni-
verse (cf. p. 55 sup.).

Modern ideas on the relation between chance and
causality, order and chaos, time and entropy, nature and
determinism, are very clearly discussed in non-mathematic-
al language in the book of Eddington referred to in the
last footnote, and this book merits careful study by any
historian of Greek science.

Plato abandoned the Milesian idea that material
telements® cén themselves be causes of-change and motion,
and disagreed too with Empedocleg and Anaxagoras, whose
‘causes' were still described in more or less material
end certainly physical terms. The 'elements' are con-
nected wifh the irrational, and they derive at least the
ordered part of their motions from the fact that they, as
parts of the body of the world, are pervaded by soul, a
non-material cause of motion, and the only one.

Note: If we interpret Plato'é chaos literally, we

are presented with natural motions of the elemental
'powers' even before the demiurge endowed the body of
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the world with soul. This appears to involve an in-
consistency with the principle that soul is the sole
cause of motion (Phaedrus 245C, cf. p. 372). See
Cornford (Cos. p. 203sq.) for a discussion of the im-
plications of this. To that discussion I would add
firstly that 34Asq. hints that we must not take the
time-sequence literally, secondly that even in making
the world-soul the demiurge was operating on 'data’
not creating ex nihilo so that the irrational element
in that soul posited by Cornford may be due to one of
the components out of which soul is compounded, and
thirdly that it is eternal circular motion that is
particularly characteristic of the divine, so that in
performing his abstraction Plato would appear to have
had at any rate some justification for associating
rectilinear motions with the random element by includ-
ing them among the 'powers' of the 'elements'.

Having dealt with the random element inseparable
from the four basic substances in his description of chaos,
Plato is now free to proceed in 53C - 55D to construct the
Ideal shapes of the 'most perfect' bodies, viz. of the
regular figures copies of which will be imposea on those
substances in order to provide them with their element of
rationality. ©Plato's theory is, as Cornford says (p. 210-
211), é deliberate correction of Democritus; whose atoms
could have any chance shape, by relating shape to reason
and perfection. In outline the scheme is simple enough,
and we have seen reason to attribute the simplest form of
the theory to the Pythagoreans - but oniy the simplest
form. Theaetetus was definitely the first to complete

the mathematical analysis of the regular solid figures,
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end Plato the first to work out the full details of the
physical processes of generation and change.

The figures ére here constructed from the 'best!
triangles, namely the'half equilateral for three of the
figures and the half square for the cube, and not from
full equilaterals and squares as might have been expected.
The reason will appear later. This method excludes the
dodecahedron (which has pentagonal faces); but there are
only to be four 'elements', and the intransigent figure
can be made of flexible matérial and turn;d into the
gsphere of the whole (v. pp. 351-3 sup.). The figures
form the only aspect of the 'elements' that is due to the
demiurge, to reason.

In 55Dsq. the figures are assigned to the 'elements'.
Both figures and 'elements' are, I repeat, only copies of
their Ideas. Earth is the cube, 'the most immobile and
plastic', and the most stable, since it has square faces
to act as a base. Water is the icosahedron, the least
mobile and largest of the remainder. Fire is the pyramid
or tetrahedron, the mos£ mobile, smallest, sharpest, and
lightest. Air is the octahedron, intermediate in all

respects. (In this context largeness and smallness are

relative to a given size of basic triangle.)
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The bodies formed by the imposition of copies of
the ideal figures upon the hitherto amorphous substances
whose 'vestiges' obtained their characters from the 'pow-
ers' that were part of their nature as they appeared in
the receptacle (v. p. 380) are individually invisibly
small and can only be seen in aggregates. Their numbers,
motions, and powers, the god 'adjusted in due proportion,
when he had brought them in every detail to the most exact
perfection permitted by Necessity willingly complying with
Persuasion' (56C).

We have seen that the proportions (relative emounts)
and powers (qualities) and motions (rectilinear) were
'data' belonging to Necessity, but at least the demiurge
did the best that he could with them. Again this is
ethics not science, and it was also ethics that decided
the choice of basic triangles that is responsible for the
statement that earth cannot enter into the process of
transformation by breakdown and recombination of the fig-
ures. (We are reminded at 54B that at 49B-C it was
stated that earth appears to undergo transformations, v.
p. 377.)

The cube of earth is formed from the 'best' of all
kinds of triangles, the half square, while the other shapes
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are formed from the next best. This is a quite arbit-
rary denial both of the evidence of observation (which
Plato has admifted to be against him) and of the common
Ionian idea of complete transformations. Plato recurs
to the point in 56D:

Earth, when it meets with fire and is dissolved
by its sharpness, would drift about - whether, when
dissolved, 1t be enveloped in fire itself or in a mass
of air or of water - until its own parts somewhere
encounter one another, are fitted together, and again
becgge earth; for they can never pass into any other
kind.

But when water is divided into parts by fire, or
again by air, it is possible for one particle of fire
and two of air to arise by combination; and the frag-
ments of air, from a single particle that is dissolved,
can become two particles of fire.

For Plato the breakdown proceeds only as far as
triangles. These are the only things to which Plato
would give the name 'elements'. This serves Aristotle
as the starting point for a strong criticism of this part
of Plato's theory. I quote Guthrie's translation of de
Caelo 306 a 2sqq. from the Loeb edition:

But if the process is one of analysis into sur-
faces, there is the absurdity of not allowing all the
elements to be generated from each other. ... But for
one element alone to have no part in the change is
neither logical nor apparent to sense. ... These phil-
osophers find themselves, in a discussion about phen-
omena, making statements with which the phenomena con-
flict. This is because they have a wrong conception
of primary principles, and try to bring everything into
line with hard-and-fast theories...
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After a little more in the same vein, Aristotle critic-
izes in detail several of the points in the theory with
which we shall soon be dealing; but some if not all his
arguments are valid not so much against Plato as against
any Pletonists who may have taken a rather Pythagorean
view and thought of_simply triangles and emptiness, ignor-
ing the Receptacle and solidity, or expressed sensible
quality as simply a function of shape and size, ignoring
the ‘powers', in the Democritean manner. ¥ To the crit-
icism quoted on p. 388, however, I have nothing to add
but complete agreement.

The details of the process of transformation by
resolution into elementary triangles and recombination
are somewhat obscure owing to the compressed nature of the
account in the Timaeus: Cornford (Cos. pp. 224 - 257) has
put forward an explanation that I find entirely satisfac-
' tory, and I propose to accept that explanation without
further argument.

The essential nature of the process is straightfor-
ward. The particles of an element are broken down into
their elementary constituents, the half equilateral or

¥ (Claghorn, Op. cit. pp. 31-7 discusses these critic-
isms at length.
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right-angled isosceles triangles, which are then adrift
in space until they recombine into solid figures, the
latter again into cubes, the former into any of the othér
three figures.

Here lies a major difference between Plato and the
Pythagorean theory that I postulated. I claimed (p. 357)
that the nyhagoreans' breakdown proceeded through planes
and lines right down to points, or at least as far as
lines. Such a resolution permits complete transformat-
ions, as I pointed out. ©Plato asserts definitely in 53D
that it is the triangles (planes) that are the 'first
beginning of fire and of the other bodies' according to
the 'likely account’.

He admits, however, that 'principles yet more remoté
than these are known to Heaven'. 53B contains a hint as
to the nature of these: "The god then began By giving them

a distinct configuration by means of shapes and numbers".

This recalls the Pythagorean procedure. Credibly enough
Cornford refers the hint to indivisible lines. He

quotes (p. 212) the paper in C.Q. xxx p. 125 of Miss A.T.
Nichol, who, after referring to the synthesis from indiv-

isible lines through indivisible surfaces and indivisible

solids to sensible solids of Laws 894A, wrote: "“The
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Timaeus is a myth of the physical world, and therefore
has no need to go further back than the surface, the stage
where in descending from the &px® the third dimension be-
comes possible; for without the third dimension there is
no sensation".

Plato's choice of triangles as the elementary en-
-tities was therefore quite arbitrary - as arbitrary as the
isolation of earth that results from it. If taken liter-
ally the theory of planes, which, as Aristotle points out
in de Caelo 299 a 2sq., clearly should admit a further an-
alysis into lines and points (cf. de GC 315 b 31 et al.),
is open to all the objections, especially those about
weight; that Aristotle raised throughout his physical tre-
atises, in connexion with the generation from mathematical
objects, against the Pythagoreans. It is also open to
the further objection (de Caelo 299 b 24sq.) that surfaces
may be piled flat on top of each other, and the Timaeus
does not allow for this. (The result would either be a
pfism or nothing at all according to whether the surfaces
are built up in the number;atomist manner or as Raven
believes.)

It is to be noted that in 54Dsq. we learn that the

equilateral triangles that compose the planes of three of
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the figures are made up of six not of two half equilater-
als, while the cubic square surfaces are from four not
from two half squares. For this apparently arbitrary
departure from what was to be expected we shall find an
explanation 1atef.

tleanwhile we learn how the transformations take
place (56Dsq. quoted in part on p. 388). Fire can re-
solve earth into its triangles. In other words, on the
macroscopic scale, heat will break down solid bodies, but
they are not then transmuted. On cooling they revert to
the same solid state. The remainder of the transform-
ations are treated in an order that (apart from the isol-
ation of fire) recalls the Ways Up and Down of Heracleitus
and the successive rarefactions and condensations of
Anaximenes.. In the first case the tetrahedra of fire,
being shapéd for sharpness and mobility, can break up the
figures of air and water. The 20 faces of the water
icosahedron can reform into 2 octahedra of air plus 1
tetrahedron of fire. Mécroscopically fire boils water
giving vapour, which our senses perceive turning into air,
or the sun can evaporate water. In each case the resul-
tant air is warmer than the neighbouring air because of

the presence of the fire particle. In modern terminology
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one molecule of water under the action of heat disinteg-
rates into two molecules of air with the liberation of
one equivalent of heat enmergy. The reaction is, we say,
exothermic.

If the application of heat continues, the two octa-
hedra resulting from the first reaction may then be split
into a total of four tetrahedra. It must be remembered
in interpreting this that, as I pointed out on p. 250, the
Greek concept 'fire' was a misconception. Fire, as flame,
is incandescent gas not a separate substance, and as heat
per se it is pure energy - completely non-corporeal. 1In
fact matter and energy are convertible, the death of one
being the birth of the other, as Heracleitus might have
put it. Consequently in putting this part of Plato's
process into modern terms one may either say that the two
molecules of air are converted into heat energy or say
that they become incandescent - which involves no actueal
trensmutation; one must not say that which Plato really
meant, that two molecules of air turn into four molecules
of another substance called 'fire'. _

On the way down (56E) a large mass of the bulkier
particles (even earth) is conceived of as enveloping the

particles of a much smaller mass of fire. All is in



-394-

motion and strife since fire is struggling to get up to
its own proper region. Fire loses the unequal contest.
Its tetrahedra are shattered, and the resultant triangles
are reformed into the octahedra of air in the proportion
of two of fire to one of air. Water is produced simil-
arly from air in the proportion of five particles of air
(which may have come from ten of fire) to two of water.
Macroscopically the process is presumably the formation
of mist and cloud and of dew and rain.

leither the upward nor the downward process need
stop until the limit, fire or water, is reached; but be-
yond that limit no further change is possible. The act-
ive 'power' of an element can only act upon what is differ-
ent from itself. The hot cannot disintegrate the hot.

It should be noticed that numerical ratios exist
only between the surfaces concerned in the figures trans-
formed, not between the relative volumes. The volume
changes are not in integral ratios, a point that will as-
~ sume importance later. |

We may note that Aristotle complained of the 'sus-
pension of triangles in space' (de Caelo 306 a 21) and ”
Simplicius (de Caelo 647, 9, quoted by Guthrie ad loc. in

the Loeb edition) makes a similar complaint (unjustified
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in the case he cites - four triangles left 'suspended’
when water turns into air). 'We must not, however, téke
Plato literally over these suspended triangles, as Corn-
ford warns (p. 229), any more than we should ask him what
is inside the figures, or if they are hollow. All that
he could say would be that they are full of 'powers', the
powers that are characteristic of the bodv of the world,
and that enable the figures to move against each other
and break each other up. We may be able to account for
the suspended triangles later (v. p. 408). 1In any case,
all is only a 'likely account'.

We learn in 57C - 58C why the world, as a result
of the intervention of the demiurge, is not like either
of the spheres of Empedocles. Tirstly, while the random
motions in the chaos had sorted apart the main masses of
the elements into their separate regions, these transfor-
mations interfered with the sorting process. Some of
the particles that were in their proper region became
transformed and then had to seek a new 'proper region'.
Even so, the sorting might eventually become complete,
leading to Plato's version of thermodynamic equilibrium,
the four separate masses, were it not for a second factor.

Uomogeneity, the state of our thermodynamic equilibrium
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when entropy is at a maximum and there is the utmost ran-
domness of motion, entailed for Plato as for Parmenides
not motion but a state of absolute rest. Heterogeneity
leads to motion, and that heterogeneity is present since
the world contains not simply four types of substance
associated with four regular figures, but an endless div-
ersity of substances, because each regular figure, as we
now learn for the first time, occurs in several sizes,
so that the number of possible compounds is far greater
than Empedocles' theory would allow.

Not only are the sizes and amounts of the elements
unbalanced, their powers are also unbalanced. As a res-
ult, the sorting process is again impeded. Even this,
however, does not complete the list of reasons for the
lack of complete sorting.

The universe has been moulded by the demiurge as
a rotating spherical plenum. Its spherical shape limits
the available space, and its closed rotatory movement per-
mits no vacant intervals, no internal void, to be formed
as would be formed if the particles were free to fly off
at a tangent or in a spiral (Cornford p. 244). Being con-
fined in a closed sphere the elements have not complete

freedom of motion - they are packed together as closely
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as possible. Aristotle argued (de Caelo 308 b 3) that
the geometrical figures cannot be packed so as not to
leave any interstitial void, but Plato says that the less
bulky particles are thrust into the interstices between
the larger ones. Consequently as each particle tries to
move towards its proper region through the attraction of
like to like the smaller, pressed into the larger by the
'condensation' process, will shatter the larger.

It is.not only the condition of the rotating sphere
that causes the thrusting together of the particles and
the comseouent shattering. We saw that the relative vol-
umes in the transformations are not proportional. This
means that as two tetrahedra combine into an octahedron
the total volume is increased because one octahedron
takes up more room than two tetrahedra with sides of the
same length. Consequently the 'condensation' that forms
the way down is in a sense an expansion. But it is not
the same sort of expansion as that in rarefaction, which,
although Anaximenes did not realise it, really involves
particles of constant vglume that increase their distance
from each other. Plato's expansion is one where the p#r-
ticles remain as close as possible to each other but in-

crease their volume. The result is greater density, and,
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if there is inadequate room, a shattering of the smaller
particles between the newly formed large ones. It is an
expansion corresponding on the macroscopic scaie to the
greater volume of the ice formed than of the water that
formed it, rather than to the expansion of matter when
heated. On the whole it is density rather than over-all
volume that is increased, and this explains why Plato did
not need to postulate void to ffll his interstices.

We may note how the traditional Ionian theories,
whose literal interpretation was rejected at 49B-C, are
explained away by this theory of condensation with simul-
taneous and compensating expansion in which the ways up
and down presumably balance, as they did for Heracleitus,
so that condensation with expansion here is countered by
rarefaction with contraction there, and the total volume
is constant.

As a result of this close packing and restricted
movement and the consequent shattering, together with the
already mentioned continual changes of direction of mot-
ion consequent upon the transformations and the attract-
ion of like to like, the heterogeneity and imbalance that
are the conditions for motion are always maintained, and

so inhibit the uniform operation of the Platonic version
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of entropy that would, according to his belief, culminate
in a state of absolute rest in which the universe would
resemble the sphere of strife of Empedocles.

In the course of this explanation a very important
point was mentioned en passant (57D, v. p. 396): the tri-
angular surfaces out of which the four figures are con-
structed are not all of the same size. Cornford (Op. cit.
p. 234) explains this by means of another point mentioned
on p. 392 (54D): the equilateral triangles actually used
by the demiurge contain 6 basic triangles, not 2, and the
squares 4, not 2. In Cornford's view, which I accept,
Plato was making the demiurge construct an average or typ-
ical equilateral or square. Smaller than average surfac-
es could be constructed out of just 2 basic triangles,
and larger ones by the use of more triangles still.

The consequence of this is (58C) that there are a
number of different types of eacﬂ so-called element. To
put it another way, for Plato, as really for most of the
Pre-Socratics even though they did not always realise it,
the names 'fire air water and earth' really refer not to
individual substances but rather to states of matter:
igneous (no true modern equivalent), airy (gaseous), moist

(liquid), and earthy (solid).
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A further consequence is, as already stated, the
possibility of a greater diversity of compounds than that
provided by the theory of Empedocles. There will not be
merely compounds of just four elements, which would be few
unless one were willing to postulate formulae having rid-
iculously high numbers of each component,‘but rather com-
pounds of any number of different species of each element.

Every particle of, for example, air consists -of the
'powers! of air (which account for most of its sensible
qualities, but v. inf.) upon which reason has imposed the
form of an octahedron (which accounts for its chemical
behaviour, its transformations), which is in turn pervaded
by soul (which accounts for its kinetic or potential ener-
gy). But, owing to the variety in size of the basic fig-
ures, there are various kinds of each 'element' (58C-D):

Next we must observe that there are-several vari-

eties of fire; flame; that effluence from flame which
does not burn but gives light to the eyes; and what is
left of fire in glowing embers when flame is quenched.
And so with air: there is the brightest and clearest.
kind called 'ether', and the most turbid called 'murk’
and 'gloom', and other nameless kinds, whose formation
is accounted for by the inequality of the triangles.
The use of the three terms in inverted commas, for which
the Greek is al6%p, OulxAn, and oxévtoc, is a deliberate

reference to terminology and concepts that we have fre-

quently met in the Pre-Socratics.
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The last phrase of the quotation is obscure. It
may mean that the varieties of an element differ in that
each variety is composed of particles of uhiform size,
which differs from the size of those of any other variety,
or in that within each variety there are particles of dif-
ferent sizes.

In the case of fire, three varieties are named here.
Flame is, I repeat, a substance: gas heated to incandes-
cence, emitting electromagnetic radiation some of which is
visible as light and some of which is invisible (infra-red)
but perceptible as heat. The second variety is described
. also in passages concerned with vision (45Bsq., and 67Csq.).
To Plato it is the substance of the 'visual ray': to us it
is 'light' itself - an electromagnetic radiation that is
not material since it is a wave-form, and yet particulate
since it occurs in photons, and is also subject to gravit-
ational attraction. Of course the sub-atomic particles
from which we construct matter are themselves non-material
in analogous ways, so close is the connexion between mat-
ter and energy. The important point about light for Plato
is that it does not give rise to the semsation of heat.

The third variety of fire is the glow from embers.. This

again is to us radiation - light plus infra-red.
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The type of fire that comes as an effluence from
bodies to join the visual ray is subdivided in 67Csq.:
particles of the same size as those of the ray itself
are 'transparent'; larger ones,'which contract the ray,
are black colour; smaller ones, which dilate it, are white
colour; another variety, more piercing, is bright colour;
and an intermediate variety is red colour.

The two types of air mentioned in the passage quot-
ed obviously correspond to the ancient distinction between
ether and aer. The former will consist of the smallest
and most mobile octahedra, the latter of larger and more
sluggish ones. Intermediate kinds are here termed name-
less. |

The passage on odours, 66D-67A, is not quite con-
sistent with this. It contains the following sentences:

The veins of smell have a structure too narrow for

earth and water and too wide for fire and air; hence

no one has ever perceived any odour in any of these bod-
ies; odours arise from substances in process of being
liquefied or decomposed or dissolved or evaporated.
They occur in the intermediate stage when water is
changing into air or air into water. All odours are
vapour or mist, mist being that which is on the way
from air to water, vapour what is on the way from water
to air; consequently, all odours are finer than water,
grosser than air. Their nature is plainly seen when

a man forcibly inhales the air through something that

obstructs the passage of the breath: then no odour f£il-
ters through with it; nothing comes but the air robbed

of all scent.
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From this passage, in which Plato, who elsewhere
in the dialogue has gone against the evidence of the sen-
gses, surprisingly adduces observational evidence of the
filterability of odours, we learn that although we have
previously been told that water aﬂd éif particles exist
in several sizes, no particle of either, nor of any other
element or compound of elements, is of the right size to
penetrate the passages connected with smell - passages
similar to those postulated by Alcmaeon. iioreover we
~were told in 58D that éutyan, with oxétog is a kind of
air. Here we are told that éulxAn and xamvég, which
Cornford here translates 'mist' and 'vapour' respectively,
are not varieties of air, but intermediate between air
and water. They are finer than water and grosser than
air.

That no ordinary regular figure will fit into the
'veins of smell' is astonishing, while this is the first
mention in the dialogue of intermediates. Cornford haz-
ards the guess that the self-correction in this passage
is intended to introduce the idea of recombination into
irregular, transitional, solids as an intermediate stage
in the transformation from one regular solid to another,

irregular solids that could use up the surfaces 'suspended
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in space' of which Aristotle and Simplicius complained
(cf. p. 395, and Cornford, Op. cit. p. 273-4).

This is a plausible suggestion. But granted that
Plato wanted to include a section on intermediate figures,
why did he choose to put it in the section on odours, and
in such a way as to conflict both with common sense and
his own previous statements? I do not think that Corn-
ford has sufficiently answered this.

I suggest that Plato realised that in the account
in 58D he had not given an adequate account of air. He
had stated that that which the Ionians classed as ‘murk'
or 'gloom', sc. as forms of 'aer', was in fact a kind of
air. But Plato knew that Empedocles had distinguished
between true air and water vapour, and had explained dark-
ness as shadow. He knew, in other words, that 'murk’,
i.e. mist or vapour, does not consist of elementary air
at all, and that the Milesian ‘aer' was really more akin
to water than to true air, although not having the phys-
ical form normal to the liquid state.

Consequently, he inserted a self-correction at 86E
instead of expanding 58D. The latter passage, by reason
of its general vagueness and imprecision, gives me the

impression of having been written casually as a connecting
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link between two passages thét held greater interest for
Plato: the earlier was the long account of motion and
heterogeneity that casually introduced the different sizes
of triangle and the idea (shortly to be discussed) of a
thrust; the later was the account of the different types
of water and earth that makes use of those two new ideas.
A longer discussion of the nature of air would have broken
the continuity of thought at this link.

In 66E, therefore, Plato places xaﬂvég xal  SulyAn
more accurately as Td uetafd air and water, as in a sense
he might have put al6fip a8 ©d pevaZs air and fire (cf. pp.
805-310). lists and vapours, then, of which the former
'is on the way from air to water' and the latter 'is on:
the way from water to air', are in the same position as
Heracleitan exhalations that are on the downward or upward
path. (This may have been the reason why in 66E Plato
couples SulxAn not with oxétoc but with the Heracleitan
term xaxvéc, if indeed it is Heracleitan - v. p. 170.)

But whereas the Ionians and Heracleitus could in
their various ways explain the existence of intermediates
without difficulty, because their processes of transfor-
mation were continuous, Plato has to explain away some-

thing between an octahedron and an icosahedron.
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Archer-find suggested that the explanation was by
means of intermediate irregular polyhedra. Cornford
adopted this explanation, showing how figures of 10, 12,
14, 16, or 18 faces could be constructed. He added the
suggestion that the construction of these would absorb
the surplus 'suspended' triangles. Such figures would,
by their instability and inevitable constant flux, serve
to explain the amorphous and fleeting nature of mists and
odours.

A1l this, then, exﬁlains why a self-correction was
necessary and why the section on odours was appropriate
for it. It still fails to explain why Plato claimed here
that regular figures or their compounds could not fit into
the nasal passages. It may be that Plato had in mind
some peculiarity of the mechanism of smell discussed by
the Sicilian school of medicine, with whose opinions he
was familiar. Had they perhaps discovered by dissection
peculiarities in the shape of the passages through the
nasal bone or the sinuses?

Let us turn to firmer ground by considering the
passage on the various types of water and earth and their
compounds (58D - 81C). Our subject is gases, not liquids

and solids, so that some of the details are irrelevant,
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but there is still much of interest to us.

We mentioned on p. 399 that the names of the four
so-called elements have in the history of Greek.science
the connotation of states of matter rather than of partic-
ular substances known to the man in the street under those
names. We have seen how the principle of Hippo was prob-
ably not the water that we drink; and we had to distingu-
ish between the air of the atmosphere and the pure aer of
Empedocles, Anaxagoras and Diogenes.

We now find that the terms 'water' and 'earth' for
Plato have not tﬁe connotation of drinkable fluid or soil.
But whereas his predecessors' 'water' was always in some
sense liquid, Plato's use of the term has a wider applic-
ation. It applies (58D) not only to matter that is actu-
ally in the liquid state, but also to matter that is pot-
entially so, viz. to fusible substances, and in particular
to metals. 'Earth' by contrast refers to non-fusible
solids such as stone and earthenware and to water-soluble
solids such as salt and soda. The latter Plato consid-
ered to be 'only half-solid' (60D). Yet other solids,
which are non-metallic but fusible, such as glass and wax,

are compounds of water and earth.
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'Water', then, subsumes not only natural liquids
but also substances that may become liquid when heat is
applied but-revert to the solid state on cooling. = There
is sense in this. It is only an accident, due to the
fact that fhe temperature of our planet rises only to a
certain degree, that metals appear in nature as solids.
On the moon or on the inner planets whose temperatures
are higher some or even all of the metals are naturally
in the liquid state, and even on Earth the metal mercury
(quicksilver) is so.

In order to understand Plato's physical chemistry
we must remember that, since there is no void, the inter-
stices between the large figures of water or earth are’
occupied by the smaller figures of air and, especially,
fire.

True liquids are mobile because their figures-are
of the sﬁaller grades, although not all of the same grade.
Fuéibles, on the other hand, have larger grades of icosa-
hedron, and in each substance the figures are all of the
sane grade, so that they are firm and stable. But fire
can get into the interstices and break down the figures
into those of smaller grades. Consequently the figures

become smaller and of varying grades, the condition for
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fluidity. meanwhile particles of fire also get in between
the particles of the surrounding air and force them apart.
The air consequently expands, and having no void to move
into, since the world is & plenum, it exerts a 'thrust'
on the fusible substance. This thrust causes the latter,
now in the condition for fluidity, actually to flow. The
whole of this process is called 'melting’'. .

From this important passage (58E) we learn two
things of interest. Firstly, larger grades can be broken
down into smaller grades of the same shape (and vice versa
as 59A shows), in other words transformations can occur be-
tween the different types of the same 'element'. Second-
iy, air when heated expands. This occurs in the neigh-
bourhood of fire that is heating a body: it also occurs
when a body is cooling, for that body is then losing heat
by radiation, in other words by expelling tetrahedrs into
the surrounding air. In this case, too, a 'thrust' con-
sequently develops; and this serves to contract a cooling
fusible into the solid state (594).

Water proper has of necessity fire within it to
£fill up its interstices, and this fire assists the slight-
ly unstable shape of its bases in giving it its mobility.

There may be some air in the interstices also. If, now,
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the fire, and the air if any, are-expelled the water cools,
and a thrust of the same type from the surrounding air
forces its icosahedra to transmute to the larger grade so
as to fill up the interstices left by the departing fire.
This is how water 'freezes' into hail or snow, ice or frost.

The cubes of earth do not all lie flat against each
other. They lie at all angles and leave quite large inter-
stices in which icosahedra will fit. If such a mixture
of earth and water is disturbed, the water may be broken
up and transmuted to air. The latter will try to go up
to its proper region, and will consequently give a thrust
to the surrounding aif that is already a plenum. As a
result there is a downward pressure on the earth, and this
forces the cubes so close together that icosahedra can no
longer get between them. This is how stones are formed
- aﬁd why they are insoluble. If the cubes are small and
uniform in size we get transparent stones, if not, opaque
ones. If the loss of water is hastened by the applicat-
ion of heat, we get pottery frbm clay. If the water loss
and compression are not complete, we get soluble solids
like salt and soda. (60B - 60E.)

The 'thrust' that Sccurs when a body moves into the

air that surrounds it because that air is a plenum is of
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great importance to Plato. It is used not only to ex-
plain changes of physical state, but also to explain res-
pirationl(along with Empedocles' principle of transpirat-
ion through 'pores'), the action of medical cupping in--
struments, the process of swallowing, and the movement of
projectiles (79A - 804). In these latter cases it is a
'circular thrust' that is involved. If a body moves into
aif it is not moving into empty space, but is displacing
air. The displaced air in turn displaces that near to
it, and so on, until the air is all thrust round and enters
the place out of which the body moved. "All this goes
on similtaneously, as when a wheel is driven round, be-
cause there is no vacancy' (70B). The Greeks, ignorant
of forces that can act at a distance, of the nature of
acceleration, and of Newton's law that once set in motion
a body will continue to move with constant velocity unless
some external force acts upon it, had always been troubled
by the motion of projectiles, and Plato's solution is that
the air continuously thrusts itself against the projectile.

Plato completes his account of physical chemistry
by explaining why things like glass and wax are melted by

fire but not dissolved in water.
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Earth in its normal state is not dissolved by fire
or air because the interstices between the cubes are so
large that the small tetrahedra and octahedra can pass
right through. Icosahedra, on the other hand, have to
force their way through, and in doing so may break down
the particles of the earth and so dissolve it. If the
earth is compressed, however, air and water cannot get
into the interstices at all, and only fire can then dis-
solve it. Similarly compressed water can only be.broken
down by fire, but normal water can be dispersed by air's
getting into its interstices and transmuted by fire's
attacking its actual figures. Compressed air is only
subject to transmutation by fire, while normal air can
be 'dissolved' by fire (i.e. have the grades of its fig-
ures .altered).

Things like glass and wax are compounds of earth
and water (the latter contaeining more water). Water
cannot dissolve them, for it cannot get into the inter-
stices since these are already occupied by the water that
is part of the compound. They can be melted, however,
for fire particles can get between the particles of the

compounded water and drive them apart. This completes

our account of physical chemistry (61C).
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The four 'elements' have been seen to be not elem--
ents at all, but geometrical forms constructed in space,
pervaded by soul, and possessed of powers and motions.

It is now necessary for Plato to show how such 'elements'
can give rise to observed qualities. We know that the
powers should give the elements their qualities, but Plato
here ascribes the latter to the figures and their proper-
ties. DPresumably the powers make the figures exercise
their properties.

The sensation of heat is due to the swiftness,
sharpness, and smallness of the tetrahedra of fire (61E).
Cold is due the the attempt of icosahedra to fit into
interstices in the skin left by the departure of fire and
air. They cause an unnatural contraction, and this,
together with the body's attempts to expand back to its
natural state, leads to the vibration that we call by the
name 'shivering'.

Hardness is due to a thing's having particles with
& large base, like the square of earth, or to the resis-
tance consequent upon density, and softness to.the reverse
of this. Roughness and smoothness are similarly explain-
ed. Weight is merely relative. In a spherical universe

there is no absolute up or down. Each element has its
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own region where the main mass of it is located. The
~ attraction of like to like causes a smaller ﬁass to move
towards a larger. Heaviness is felt when a thing tries
to move 'down' towards the main mass of its kind, and vice
versa. What is 'heavy' in one region is 'light' in en-
other. The amount of the heaviness or lightness is a
function of the size of the thing. The smaller of two
masses of the same element tends to move towards its par-
ent mass more weakly. This account substitutes for our
'gravity' (itself a sham according to the theory of relat-
ivity) the attraction of like to like. There is no ab-
solute lightness or weight, and the origin of our sensat-
ion of the latter is the resistance that we feel when we
try to restrain a thing from reaching the region proper
to it or to remove it from that region.

After discussing these general sense quelities,
Plato considers the mechanism of particular senses from
the point of view of their connexion with the structure
of the elemental figures (65Bsgq.). We have already looked
at the relevant points in the passages on sight and smell. .
Plato's theory of sound is étrongly reminiscent of that

of Archytas (v. p. 361) and nothing more need be said ex-

cept that in 80A the 'circular thrust' is connected with
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the transmission of éound.. The theory of taste containé
nothing that is relevant here. |

We find that this discussion of sensible qualities
deals with the shapes, permanent physical properties of
the 'elements'. Yet the doctrine of the Theaetetus (in
1564sq.) is that sensible qualities aré'pot permanéntly
possessed by objects. The objects have only the power
of acting and being acted upon, and so have the sense'or-
gans. It is when the object and the organ undergo mutual
'affection' that the object 'becomes' the possessor of
such and such a sensible quality. The birth of a per-
ception always coincides with the birth of the quality
perceived. How then can Plato in the Timaeus ascribe
these evanescent qualities to the shapes, which are per-
manent? If the theories of both the Timaeus and the The-
aetetus are Plato's omn, as I believe them to be, there
appears to be inconsistency here (cf. Cornford, Op. cit.
pPp. 259sq.).

It should have been enough, in order to provide
objects with the ability always to produce the same sen-
sation whenever an act or perception takes place, to as-
cribe to objects their 'powers'. It seems that in the

Timaeus Plato was emulating the atomists, who ascribed
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sense qualities to the functions of shape. To compete
with this, perhaps, Plato decided to give an explanation
by means of shape, in spite of the fact that one would
rather have expected'him to concern himself with the
'motions and powers' that preceded even the demiurge.
These would, however, be too permanent to fit in with the
instantaneity of perception, whereas; believing in the
Heracleitan .flux, Plato could argue that even the shapes,
permanent though they seem to be in comparison with the
act of perception, were in fact fleeting, since the pro-
cesses of transformations along the ways up and down are
going on all the time.

The description of the physics of sense perception
concludes the section on the works of Necessity. The
remainder of the dialogue deals with the cobperation of
reason and necessity; and, consisting as it does of Plato's
medical and psychological theories, it may be postponed

to the appendix on those subjects. What is relevant to

physics has already been referred to above.

.000.
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CHAPTER ELEVEN.
THE ATOMIC THEORY

From the theory of the Timaeus we turn to another
that has in some respects great similarity to it, but that
in other respects contrasts sharply with it. We have al-
ready seen that Plato was in some sense consciously setting
himself up as a rival to the atomic theory.

The atomic theory was first conceived by Leucippus,.
who, once a shadowy figure in whom some ancients and mod-
erns even disbelieved, has become clearer through the work
of Diels, Burnet, Bailey, and others. It is now possible
to trace a number of points in which.his successor Democ-
ritus differed from him. These two, the former of Miletus
and the latter of Abdera, probably flourished about 430
and 420 b.c. respectively (or Leucippus perhaps a little
earlier). Between them they established the main tenets
of atomism.

Democritus was followed in turn by Nessas, Metro-
dorus of Chios, Diogenes of Smyrna, Anaxarchus, Pyrrho,
Nausiphanes, Qnd Epiéurus; but of these we shall only be

concerned with the last, for the others were either more

interested in Democritus' moral philosophy, or men who
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as far as we know made no important improvements on the
atomic theory, merely passing it on with slight amendments
of details.

The differences between the theory as Democritus
‘handed it on and the original theory of Leucippus were
mainly of two kinds: +the amplification of, or the addit-
ion of extra arguments in favour of, points raised by
Leucippus, and the correction of details where Leucippus
seemed to have erred. (These corrections were not always
subsequently accepted by Epicurus.) The corrections were
usually slight, and for the most part had no bearing on
the nature of air. It will, then, be sufficient simply
to deal with what we may call 'Pre-Platonic Atomism',
without treating Leucippus and Democritus separately.
There is a difference of tone between them, that between.
any pair related as daring innovator and confident con=-
solidator, particularly as Leucippus seems in character
to be a typical Ionian 'physicist' - he is indeed a Mil-
esian - while Democritus more resembles Aristotle in his
encyclopaedic interests. This difference does not at
all affect the theory itself, only its expression. I

shall mention any relevant points in which we can say

with confidence that their opinions differed, and that
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will suffice. - It is no part of my purpose to expound
the mature theory of Epicurus or of Lucretius, since
my interest lies in the Pre-Socratics.

There will, however, be occasions in which the .
fragmentary nature of our sources would leave a gap in.-
our understanding if we did not-fill it by.considering’
the later atomists, or where it is of special interest
to follow the development of an idea that is only embry-
onic in the Pre-Socratic era. It will also be of in-
terest to examine a few cases where Epicurus had to dec-
ide between alternative proposals of Leucippus. and Dem-
ocritus.

Epicurus did indeed greatly advance the theory as
a whole, but his main achievement in the realm of physics
was not the putting forward of essentially new ideas, but
rather the giving for the often merely dogmatic statements
of his predecessors more or less cogent proofs, or demon-
strations depending on observatiog._

We have prolific sources for early atomism thanks
to the interest in it displayed by Aristotle and his com-
mentator Simplicius, and by Theophrastus, and for atomism

in general through the writings of Epicurus and Lucretius,

and even the comments of Cicero.
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The best introduction to Greek atomism has already
been written by Aristotle in the form of two passages that
compare it with its forerunners. The first passage is

Phys. 187 a 1:

gvioL &’ &vébdooav Twol¢ Abyoic dugotépoig, TH udv
8t. wdvta 8v, el Td Ov &v onualver, Otr &otr Td uf) Ov,
Th 68 &x vfic duxovonlag, droua moifoavteg ueyéom.

I agree with Ross, note ad loc. and Burnet, E.G.P. p. 335,
that in view of the second passage that I am about to
quote this refers to the atomists, and I refer the reﬁder
to Ross' account of the arguments involved. Briefly,

the first 'account' is that of Parmenides, to which the
atomist reply is that 'being' has more than one sense so
that 'not-being' can exist, and the second 'account!' is
that of Zeno whose arguments against the Pythagorean plur-
ality are incidentally such as to destroy the infinite
divisibility of Anaxagoras and lead to the postulation of
*indivisible magnitudes’'.

The second Aristotelian passage also refers, spec-
ifically under the name of Leucippus, to atomist replies
to the Eleatics, but brings in Empedocles as well. It
is Chap. 8 of de GC Book I, parts of which have been

summarised or quoted on pp. 224 and 229-231 sup.. The
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most important paragraphs appear as D. 67 A 7.

The most methodical theory of action and passion,
says Aristotle, is that of Leucippus and Democritus. The
Eleatics, believing in an unchanging 'one' and denying
the void and motion, and plurality, criticized the theory
of discretes in contact (Empedocles, v. p. 224), that of
plurality and void (the Pythagoreans), and that of in-
finite divisibility (Anaxagoras). Ignsring the senses,
they asserted the above belief, some (ifelissus) also hold-
ing that the One is infinite since a limit implies exter-
nal void. (Melissus, Frag. 5.) |

Leucippus however, Aristotle continues, conceded
‘becoming, perishing, motion, and plurality' to the senses,
and to the Eleatics that there could be no motion without
2 void (cf. Mielissus, Frag. 7), that concession appearing
in the form of an agreement that the void is 'not-being’
and that nothing of what 'is' is 'not-being'. From fhis

Leucippus drew the folloWing conclusions:

Td vap nvplwg 8v wapumAfipec Sv. aan’ elvatr o
toitoUtov odx &€v, &AN’ &mevpa TO WAfiBog xal dbpata Sud -
outxpbtnta Ty Syxwy. tadta &’ &v Th xevd pépeocbat
(%evdy vop elvar), xal ocvviotdueva uév yéveouv woLety,
dtadvdpeva 68 @Bopdv. wovelv 6& xal wdoxelv § Tvyxdv-
ovoty dntéuevas Tadty ydp ody Ev elvan. wal ovvtL-
68ueva 0% xal mepiLTAexbueva yevviv.
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According to this theory, then, there is no gener-
ation of a lMany from a frue One or vice versa; but change,
dissolution, perishing, and growth happen through the void,
'when solids slip in' (sc. into the void between other
solids) - just as if into the pores of Empedocles. There
follows a passage comparing Leucippus and Empedocles (part
is quoted on p. 230 sup.), and then (325 b 24) Leucippus
and Plato are compared. Both have indivisibles determined
by their shapes, but Leucippus' are solids with an infinite
number of shapes while Plato's are planes with a finite
number. Leucippus makes becoming and dissolution occur
through the void and through contact, for bodies are div-
isible at the point of contact, but Plato through contact
only, for he admits no void. ¥* |

The chapter concludes with Aristotle's discussion
of the atomisté' nofion that the atoms are each 4ma6éc and
undevde mounTixndy wdOovg, and with his criticism of the
pores of Empedocles (cf. pp. 230-1).

Aristotle is concerned to show how action and pas-
sion come not from active or passive properties of the mat-
ter of the atoms but only from their contact. At 323 b
10 he has said that for Democritus action and passion are
the same - if apparently different things are affected by
each other, it is because they share some identical pro-

perty.
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Philoponus (D. 67 A 7) has a valuable comment con-
cerning contact: it is not meant literally; it means that
the atoms are close together and have not much interval
between them - for they are completely separated by void.
That is why this discretes in contact theory does not in-
cur difficulties over the problem of the One and the Many:
the contact does not involve fusion (v. inf.).

The passages that we have considered seem to show
that Aristotle regarded the genesis of atomism as an at-
tempt to answer the Eleatics' answer to the Pythagoreans.
This is enough for Burnet, who also regards the cosmology
as an attempt to fit old Ionian ideas to this new theory
(E.G.P., p. 349). 'hen, however, one considers that even
Aristotle cannot avoid referring to Empedocles and Anax-
agoras, wﬂile, as we shall see, the theory of sensation
and the cosmology clearly contain ideas derived from the
latter pair and others similar to items in contemporary
Ionian thought (e.g. that of Diogenes), one is drawn more
towards Bailey's view (Greek Atomists and Epicurus, p. 69)
that Leucippus was in general theory and cosmology alike
a mediator between the views of all his predecessors, and
in particular between those of the Eleatics and the Plur-

alists.
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Note: It is true that considerations of Eleatic
logic would lead Leucippus to argue about atoms and void
in terms of 'being' and 'not-being'; but the physical side
of the theory needs no derivation from the aphysical Ele-
atics. On the one hand there is the Pythagorean replace-
ment of a primitive plurality-and-void theory by a numbers
atomism so close to Leucippan views in some respects that
we are at a loss to decide to which school Ecphantus be-
longed (pp. 337sq9.). On the other hand there is the
contrast between Empedocles, whose 'pores' theory,.in the
view of Aristotle, entails 'discretes in contact', and -
whose limited plurality did not go far enough, and Anax-
agoras, whose infinite plurality went too far in that it
admitted infinite divisibility. Take plurality from all
three, void from the P{thagoreans, infinity from these and

ivisibility from these and a conclusion
drawn from, though not by, Empedocles, and contact from
the latter, together with separation and mixing from both
pluralists, and you have the physical basis of atomism
" without explicit reference to Elea.

In connexion with Leucippus' attitude to the Ele-
atics, it is worth noting that the Greeks were not the
only thinkers who were led by the consideration of concepts
such as divisibility to theories of the atomic type.

This also occurred in Indian thought. At an early, but
uncertain date, the Vaicesika Sutra and the Aphorisms of
Kanada expound a system of elastic structured atoms of

four elements (corresponding closely to the Empedoclean).

(For details v. Bailey, Op. cit., p. 64.)

We have now seen the origin of atomism. The cruc-
ial point in the theory is the existence of void, of 'mot-
being'. This is asserted in Frag. 156 of Democritus,
quoted by Plutarch:

i thhov Td 6&v f} O pndeév elvar.
Plutarch explains &év as a name coined for olpa as an op-
posife to undév, which represents td xevév, since this too

has ¢doLy TLvd xal dxéotacity (6Cav. This fragment is
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paraphrased in D. 67 A 6 by Aristotle and in D. 67 4 8 by
Simplicius in terms of ©& 8v and ©d uh &v. ¥ The former
attributes the idea to both Leucippus and Democritus, the
latter specifically to Leucippus. Probably the form (no
more X than Y) is Leuéippan and the expression by means
of the newly coined word is Democritean (cf. D. 68 A 37).

Leucippus' void has none of the attributes of thé
corporeal (cf. Timaeus 31b: visibility and tangiﬂility),
but, argued Leucippus, this does not mean that it has no
existence at all. It exists as something non-corporeal.
In asserting the existence of both Being and Not-being
he did not incur a charge of dualism - there is only one
fully real, physically perceptible, existent, and the
baéic unity of the Universe is preserved (cf. Bailey, p.
75). |

In addition to this quasi-logical argument, physics
provided Leucippus with what may appear stronger 'proofs’
for the void. We saw on p. 186 that Parmenides' state-
ment that motion is impossible was invalid even for his

- Since there is such a profusion of source material
I shall for brevity refer in this chapter normally to Diels-
Kranz numbers, with the author's name where relevant, and
where I give several references for a single point they
are intended to be typical but not necessarily exhaustive.
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own plenum-sihce mot ion by mutual displacement is possible
even without void. We also saw on p. 211 that Empedocles
accepted Parmenides' denial of the void but not that of
motion for this.reason, as did Anaxagoras (and Plato and
Aristotle). ¥

| Melissus, in reply, strongly reaffirmed the denial
of the void, and even more strongly claimed that motion
ehtails void and that 'no void' entails no moéion'(Fragﬁ
7). ‘Leucippus, in conceding motion to.the phenomena, con-
‘ceded -this very point to the Eleatios (p. 421 sup.5, so
that the common-sense acceptance of motion 'proved' the
void. (Cf. Simpl., 67 A 8.)

Aristotle discusses this at length in Phys. IV, and
especially at 213 a 27sq. (67 A 19). After drawing a
distinction between 8udotnua, &v § undév &oti oldua alo-
entév and dfp, which appears to be void, he comments that

those who argued against the void (e.g. Anaxagoras with

* Note that the word x¢wnoic often connotes d&Miolwoig
as well as ¢opd, and when considering the arguments of the
Eleatics or their opponents one must bear this in mind.

To the pluralists as to the atomists 'alteration' wes not
qualitative change but 'separation and coming together' -
a form of motion. (Cf. Arist., 67 A 46a: a criticism
of this idea in the light of the bursting power of steam
- interpreted as water changing into aer - and its appar-
ent implication of expansion and the void.)
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the clepsydrae snd wine-skins, v. pp. 248-9) did not go to
the root of the problem. They sﬂould not have shown that
aer is a thing, but that there is not any void internal
to body so that it is not continuous, as Leucippus and
Democritus. and others (sc. Xuthus, Ecphantus, Metrodorus
of Chios?) claimed, nor any void external to continuous
body,as the Pythagoreans claimed. Those in favour of the
void kept more to the point. They had four main ‘proofs':

1. From motion (a plenum has no room to admit anything

or one might get two or more bodies in one place.

Frag. 7 of Melissus is referred to).

2. TFrom compression (cf. the wine-cask problem, Arist.,
Probl. 938 b 14).

3. From growth (similar argument to that in No. 1).

4. From absorption (cf. the ashes problem, Arist.,
Probl. 938 b 24).

The first and third proofs were used by Leucippus
(cf. p..422),'and the other two may well have been used
by him or Democritus, though we have no direct evidence. ¥
Aristotle's definition of sudotnua, the fact that
it makes bodies p¥ ocvvexsc (cf. 67 A 7 sup., Simpl., 67 A
14, Arist. de Cael., 67 A 19), and the description of void

They certainly were by Epicurus and Lucretius, who
added a fifth: what happens when two surfaces in contact
are swiftly separated - cf. Lucr. I 384sq..
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as pavéy (67 A 6, attributed to Leucippus and Democritus),
make it clear that the early atomists conceived of the
void as 'interval', as 'space' in the sense of that which
is by nature empty of and opposite to body, and not as
‘place' or 'extension', as 'space' in the sense also given
to it in ancient and modern times.of that which may or may
not be occupied by matter or of that which Pythagoreans
and modern mathematicians deal with in their abstract the-
ories.

Space, then, is not the whole universe as it is for
some modern astronomers: it exists both within and without
that which the atomists signified by the term 'the cosmos'
(Simpl., 67 A 20), and it is infinite in extent (ABt., 67
A 15, cf. 67 A 16, 68 A 37 and A 43). Some ancient com- .
mentators confusé the senses of 'space' just discussed so
that they speak of the void as a 'place' (68 A 37, A 43)
in which there may be atoms or cosmoi (87 A 21), using it
as a synonym for the Ionian ‘apeiron' (67 A 16); but though
Epicurus may at times have thought of it in this way, it
is clear that Leucippus did not. The void is that which
is in between particles 6f the Real, it is Not-being.

Given that Not-being exists in this sense, two

exioms of vital importance to atomism have to be stated.
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They are the outcome of Farmenidean logic (cf. Par. Frag.
8, 62-69K, p. 184 sup.), and appear in D.L. ix 44 (68 A 1):

1.  pnodév we &x wob ph 8vwog ylveobar. (Cf. 68 A 57.)

2. undt elc T4 uf Ov ¢delpecoat.
To these Epicurus added a third axiom, and 'proofs' for
81l three. The new axiom, reminiscent of Heracleitus as
well as of Parmenides, is that the sum of all things is
constant (c¢f. Lucr. II 303) - the Law of the Conservation
of kiatter. We find that there is in fact an ipfinite
amount of matter (cf. D.L., 67 A 1, et al.); but it is a
constant amount, for thefe is no way in which matter can
be CPeated or destroyed: in other words, the third axiom
is not really an addition, but a deduction from the first

two.

Note: This third axiom survived until very recent-
ly, when the astrophysicists, in order to explain the
source of stellar energy, postulated the annihilation of
matter with the production of an equivalent amount of en-
ergy. The law then became the Law of the Conservation
of Energy, and matter and energy were considered to be
equivalent, two aspects of one principle. (The latter
law, at least as far as it applies to kinetic energy, was
in a sense stated by the ancients also, v. Lucr. II 297sq.).
The annihilation of matter conflicts with the second ax-
iom. Very recently, again, the work of Cambridge math-
ematicians, especially Bondi, Gold, Lyttleton and Hoyle,
has resulted in the postulate of the continual creation
of matter (Hoyle, Nature of the Universe, p. 104). This
conflicts with the first axiom, and the two innovations
together destroy the third. It is ironic that refine-
ments of the Atomic Age should destroy the declared found-
ations of the original theory.
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derives matter from non-material non-extended principles).
Leucippus, however, accepted it, and postulated indivis-
ible magnitudes. Just as Anaxagoras himself admitted
that in sensation there is a minimum sensible, so too in
material existence there must be a minimum existent. ¥*
katter is therefore ultimately indivisible, 'not one, but
infinite in number ahd invisible owing to the smallness
of the bodies' (v. p. 451). ¥%

The consideration of plurality leads to the same
conclusion. telissus, in Frag. 7, had argued against the
pluralists for an eternal, infinite, unique, homogeneous,

and immutable Real, motionless because there is no void

Anaxagoras Frag. 21; cf. Frag. 1 and D. 59 A 43,
46, and 92. See Bailey, p. 73, and c¢f. Simplicius in
67 A 13.

It was felt necessary to give physical as well as
logical reasons for the indivisibility of the atoms.

The atoms are 4xobetg: 67 A 13, 68 A 1, 49, and
57. This is explained by Simpl. in 67 A 14 as being so
61d ©d vaothc (cf. 68 A 46) elvar xal dpolpove Tob xevod.

Other reasons were given also, but the atomists
did not agree over them. L. gave 1d outxpdv xal duepéc
67 A 13, cf. 68 A 49 and 48 respectively. D. did not
accept smallness (v. inf.); and E. objected, like Aris-
totle, to the latter idea, which might be taken to entail
lack of magnitude (v. Bailey pp. 79 and 125-6), while re-
taining 'apathy'. D. concentrated on the atoms' indis-
soluble firmness and solidity, i.e. their oteppéing 68
A 1, 43, 56, and 57, or their oxAnpétng: 68 A 49 - Galen
says here 'the Epicureans', but may mean to include D. who

certainly thought thus.
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into which it could move, and had comcluded: "It is nec-
essdry, therefore, that it be full if void does not exist.
if, therefore, it is full, it does not move".

In Frag. 8 he adduced further arguments for unity:
if there were a plurality,'each member would have to bé
just 1like he said the One to be (sc. immutable): the sen-
ses affirm a plurality - each perceptible must therefore
b; immutable; yet the senses also affirm change: this is
a contradiction; therefore we must reject the senses.

That is melissus' conclusion. He ends the fragment
by saying that if there has been change, Being has perished
and Not-being has come to be; but even in the event of this
being so, his premise still stands:

el moAAd efmn, voraBta xph elvar, ofév mep TO Ev.

To those who disagreed with lielissus' conclusion,
and 'conceded becoming, perishing, motion, and pluraiity
to the senses' (p. 421 sup.), lielissus had himself given
several hints about the result. The real must be 'full’,
motion entails void, and matter must consist of a plural-
ity of indi#isibles,.each of which must have all the prop-
erties of the Eleatic One except uniqueness and kielissus'
infinite extent. These indivisibles are called ab atouol

or t4 &vtopa. Every perceptible body contains a number
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of them that is theoretically denumerable (cf. Eurytus'
'number 6f the thing') separated by diaotduata of ©d
xevév.

Let us now leave the origin and theoretical basis
of atomism and consider the general theory itself. Sim-
plicius in D. 67 A 8 (from Theophrastus' Phys. Op. Frag.
8), after referring to Eleétic views, gives thé outline
of the theory in a form specifically attributed to Leuc-
ippus, using words and turns of expression that appear
to be quotations or paraphrases of those of Leucippﬁs.
Some of these we have already met (v. pp. 424-5 and 431)
and others we shall discuss later. For this reason it
is worth quoting in Greek:

oVtoc 8mevpa nal del utvovueva Inédeto orouxafa
tdg dtéuovg nat Ty &v adrolg oxnudtwy aﬂéupov o TAf-
Boc 65L& Td undEv pdAlov ToitoBrov fj TtoioBrtov elvair xal
yéveory xal petaportv &dtdheimtov &v Tolg odaoL Ocwplv.
gtL 6% odo&v udarov Td Ov 7 Td uf v dwbpyxerv, nal
altia duolwg elvar Toic yivoubvorc Huow.  ThHY Yap THV
dtéuwy odolav vaorhv xal wAfjpn dmoTLOéuevoc 8v Ehevev
elvar xal &v 10 xevd @épecbal, Emep uh 8v &xdret nal
odx Erattov Tob Bvtoc elval onot.

Simplicius then introduces the theory of Democritus as
similarly postulating as principles td mAfpeg xal Td -

xevéy (68 A 38).
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We can confirm and amplify this outline from other
sources. The two principles represent b 8v and ©& uy
8v, for which Democritus used the names &8v and odd8v or
undév, ¥ and their respecti#e natures were to be =Afjpec
and xevév, terms actually used as names for them. ¥¥ It
- may be that Leucippus used these words with the =mAéwv and
xevéy of lielissus (Frag. 7) in mind, as Burnet suggested
(E.G.Y. p. 337).

Atoms and void are the only true existents, and
everything else in the phenomena is dependent upon them,

cf. Democritus, Frag. 125:

véuw xpotvf, véuw yAvxd, véugp wixpbdv, &tef, &’
dvoua xal xevév.
Galen, Sextus, and Diogenes Laertius, quoting this, say
that it was an attack on the senses' appreciation of
qualities. ®*¥* In 68 A 49 Galen amplifies this: the
qualities, apparently perceived by the senses are in fact

subjective, voutotl xal wpdg ﬂudé, while objective reality

®  Cf.D.67 A6, 7; 68 A 37, 38, 40, 44, 45: and v.

Frag 156 and 68 A 37 and 49,

Gf. 67 A 1, 6, 8 (Cicero), 10, 12; 68 A 38, 40, 44,
45, 60.

® Galen 68 B 125: Sextus 68 B 9: D.L. 68 B 117.
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is only possessed by o&v xal undév. ¥ This notion,
shared by Diogenes (cf. 67 A 32), expressed as it now is
in the terminology of the Sophists, may derive from the
attitude to the senses of Anaxagoras (cf. 59 A 95-7).

‘The two principles, therefore, serve as the only
really existing material causes (to use Aristotelian
terminology) for the phenomena; they are consequently cal-
led gvouc and are treated d¢ Hanv. **¥

The atoms are eternal, ungenerated and indestruc-
tible, immutable, and eternally moving in the void. As
a result change and becoming are also eternal, as is time
itself. *¥%*%X  The atoms are also homogeneous, not only
individually, but also as a whole. They have pcav ¢ﬁouv
(67 A 19), < vévoc &v (Arist. Fhys. 184 b 21), and a
xoLvdy obpa (68 A 41, cf. Arist. ket. 1042 b 12), and are
dpoguete (68 A 61) and dsudpopor (68 A 57).  There is

Cf. 67 A 32, 33; 68 A 1, 64, 112, 123-5, 130, 134-5.

¥ altia d¢ Banv: 67 A 6. otouxeta: 67 A 1, 14;
68 A 37. 4pyal: 67 A1l, 68 A1, et passim. gloug:

68 A 37, 58. ¢ danv: 68 A 38.

®XX Fternal: 68 A 37, 39, 49. Indestructible: 68 A
43, Immutable: 68 A 1, 39, 49, 57. Eternal motion:
67 4 1, 10, 14, 16-8, 24; 68 A 1, 37, 40, 49, 57-8.
Eternal change: 67 A 10. Time: 68 A 71.
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therefore no problem of the One and the wany (cf. pp. 422,
423 and 425) because the atoms, though one in nature, are
many in number, and in perceptible bodies are not fused
into a single mass, but remain in close juxtaposition,
retaining their individuality. *

The atoms are not merely 'many in number', but in
fact infinite. ®  Aristotle in 67 A 15, after the pas-
sage referred to in the first footnote and after & compar-

3

ison of the atoms to the Pythagorean numbers, *** goes on:

¢xel SLapépetr T4 oduata oxfuactv, Gretpa 6 TL
oxfinata, Greipa xal Td 47AE odpatd eacty elvai.

The reason for asserting that the shapes (v. inf.) are
infinite is given by him in 67 A 9:

gnel 6’ Bovwo TdANOE¢ &v TH galvecdal, &vavtla
6¢ xal dxevpa Td gatvéueva, Td oxfuate dretpa &rolnoav.

It follows, incidentally, that an infinity of atoms needs

cf. 87 A 7, 15; 68 A 37, 42.

Xk - oo
cf. 87 4 7-10, 14, 15, 17, 21, 28; 68 A 1, 37, 38,
43, 57.

333 : '
- This comparison (cf. iket. 1039 a 3) is particularly
apt if we accept number-atomism. The only basic differ-
ence would then be that the Pythagorean indivisible magnit-
udes were pure megnitude while the Leucippan atoms posses-
sed material solidity as well.
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an infinite extent of space to contain it since the atoms
have magnitude. This argument is characteristic of Leuc-
ippus (cf. Bailey, p. 76-77), resembling the argument from
minimum sensible to minimum existent (p. 431 sup.), and
appears in place of the more obvious argument - not spec-
ifically attributed to him - that since 'the All is infin-
ite' (67 A 1), therefore 'the atoms are infinite in number,
and the void infi%}te in magnitude' (67 A 15).

What can be predicated of these atoms besides eter-
nal immutable existence and plurality? They are, of
course, (a) &dvalpeta, (b) oteped, i.e. full of real mat-
ter, also termed (c) nvxvé and (d) vaotd. * They have,
however, apart ffom solidity (and shape and size, v. inf.,
which are obvious ﬁroPerties of the solid) no other per-
ceptible qualities; for, as we have seen, qualities are
subjective and, as we shall see, they depend on four non-
qualitative differentiae of the atoms. **

Since the material of the atoms is one in nature

‘Refs.: (a) 67 A 7, 9, 13-15; 68 A 48b, 49, 60,
101, 104: (b) 67 A 6, 7; 68 A 45, 60, cf. 68 A 1, 43, .
56, 57; (c) 68 A 135: (d) 67 4 8, 14; 68 A 37, 46, 47,
125.

Cf. the refs. given on p. 434; and also 68 A 49, -
57, 59, 124, 125, 135.
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and they have no perceptible qualities, the only way in
which the& can themselves be differentiated so as to be
able to be called the atoms of such and such a phenomenal
substance is by difference of shape or size (though we
shall see that in compound bodies, molecules in modern
terminology, their dispositions relative to each other
can also serve to differentiate). In 68 A 120 Simplic-
ius compares Democritus' use of these two differentiae
with the Fythagorean (he means their figures built from
planes as in the Timaeus - cf. de GC 325 b 24, p. 422
SUp.).

Atoms of different shapes form themselves into
phenomenal bodies with different apparent qualities. ®
‘We saw on p. 436 the argument for an infinite number of
shapes from the infinite number of phenomena (67 A 9).
Infinity of shapes is asserted for Leucippus in 87 A 7
and 8, for Democritus in 68 A 38, and for both in 67 A 9,
15, and 28. Simplicius in both 67 A 8 (quoted on p. 433)

end 68 A 38, which are from Theophrastus, paraphrases or

perhaps quotes a further argument for an infinity of

Cf. 67 A 6, 14, 15, 19, 24, 32; 68 4 37, 38, 41,
45, 47, 125, 135.
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shapes: §L& Td undév pdrlov toiLoBtov 7 wotoBtov elval.
It is formally the same as the argument:of Frag. 156 of
Democritus (v. p. 425), and Diels and Bailey consider -it
to be Democritean, presumably for this reason; but .in dis-
cussing that fragment I concluded that it was the newly
coined word in that fragment that was typically Democrit-
ean, and that the form was probably Leucippan: I am sim-
ilarly prepared to accept Simplicius' word for it that
our present argument _.is Leucippan.
Bailey contradicts himself over this. On pp. 81-

82 he states correctly (in view of Aristotle's statement
in 67 A 7) that Leucippus asserted that:the number of dif-
ferént shapes was infinite (saying that having established
the fundamental unity of substance. against Empedocles and
Anaxagoras he took.the opportunity of securing variety in
other ways). On p. 127, however, he says: ™Leucippus

. observing the great variety in things, had been led
to assume many different shapes;...-Democritus-... seems
to have followed out the idea to its conclusion and asser-
ted that the number ... was 'infinite'". The only reason

he can give for the latter statement is that 'it sounds

more like' Democritus!
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Note:  several passages name. some of the shapes.
67 A 11: levia aspera rutunda angulata hamata curvata
adunca. 68 A 80: aspera levia hamata uncinata. 67 A
24: mepupepH Aeta ed6ALo6a. 68 A 37: oxaAnvd dyxio-
Tpwdf xotha xvptd. 68 A 45: ywvla £b060 mepLoecpég .
68 A 129: oTpoyydrov Tpaxdv moAvydviov dueieepd SEDV
ywvoeo 6ff xaurdrov oxoritdv {cooxer® Aetov Aemtév. - 68 A
132 adds dEvydvia. 68 A 135 adds ogatpoet 66g wOAVKAURR
mhated and defines oxaAnvd as drep meplralaELv Bxet R®pdc
GaAnAa xal ocvumioxtv.

We gather from 68 A 129-135 that shape is involved.'
to a greater or lesser extent in most perceptible qualit-
ies, and particularly in taste and colour.

So much for the shapes of the atoms. An infinite
number of shapes implies that some of them would be lérge
enough to be visible (c¢f. Bailey, p. 81-2), but this was
not realised by Leucippus, all of whose atoms were invis-
ibly small (cf. 67 A 7, 29 and, for Epicurus, 68 A 43).
Epicurus realised it and consequently made the number in-
conceivablj great but not infinite (Ep. i 42, c¢f. Lucr.

11 480-2).

Democritus on the other hand appears to have real-
ised it and. to have accepted the implication. Although
invisibility is asserted for him in 68 A 37 and A 64 by
Simplicius and Alexander, Diogenes Laertius in 68 A 1 says
that the atoms 'are infinite with respect to size and num-

ber', which is the result of following the infinity of

shapes to its logical conclusion, but is an over-statement.
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According to ABtius (Doxog. Graeci, p. 311, 21-22) Democ-
ritus said that it was possible for an atom to be the size
of-a whole world. In 68 A 43 we have the more cautious
statement of Dionysius that he said that some atoms were"
'very large', with which Epicurus disagreed. This is
probably the true account.

Although, then, all of Leucippus' and most of Dem-
ocritus' atoms were very small, ¥ there were differences
in size between them, and these acted as a second, though
less important, differentia alongside shape. ¥*¥ Aris-
totle criticized this differentia in de Cael. 303 a 25
(68 A 60a) - unfairly, see Cherniss, Op. cit.,p. 119 -
and it does not appear to have been employed to the same
extent as was size or the other differentiae that we are
about to consider. any of the passages purporting to
give a list of the differentiae omit it. In fact there
are only two passages that contain the complete list that
includes it: that of Simplicius in 67 A 14 and that of
Theophrastus in 68 A 135.

We mey now turn to the other members of the list,
which are not differentiae of the atoms themselves as
individuals but of their dispositions in molecules, and

serve alongside shape and size to explain sense qualities.
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For these the locus classicus is Arist., het. 985
b 4sq., 67 A 6. After stating that the full and the empty
are the elements, quoting the argument that Not-being ex-
ists no less than Being, and comparing atomism to ililesian

monism, Aristotle proceeds:

tdv adTdv Tpbémov xal odtor Thg SLagopldc alwlac
Todv Gawy elval Qactv. Tadtac pévtol Tpelg elvat
Aéyovor, oxfiud te xal TdELv xal B8olv: dLapépeLy ydp
paoci & 6v Pvopd xal dvadiyf xal Tpoxy povov. ToVTWY
o0& & piv pvopdeg oxfud &otiv, B O SLabiLyh TdELg, B O
Tporh 6éoig- Orapépet ydp T puév A tod N oxfjuati, To
6 AN ToD NA tdEet, td 68 I 1o¥ H 6éoet.

ABtius (67 A 32) points out that only atoms and void exist
pboetL , and these differentiae explain the apparent proper-
ties of things as our senses perbeive them.

Aristotle says in de GC 315 b 33 that the three
major differentiae, shape (oxfiua), position (or orientat-
ion ; 0éoiLg), and arrangement (or order - wdEig), account
for becoming and alteration; and Simplicius says in 67 A
14 that the complete list accounts for becoming, explain-
ing the mechanism and giving examples (v. inf.). The
same author in 68 A 38, while making a similar statement,
shows how they can explain the infinity of phenomens.
Hermias in 68 A 44 likewise accounts for becoming by shape

and position.
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Aristotle emphasizes in wet. 1042 b 12 that these
are differentiae of a matter that alwavs retains its own
single nature, and Alexander makes the same point in 68
A 64 in connexion with mixtures.

There is, however, as we have seen, a fundamental
difference between shape and size on the one hand and pos-
ition and arrangement on the other. VFor example in 68
A 45 Aristotle explains that position refers to e.g. up-
wards, downwards, forwards, and backwards, viz. to pos-
ition (orientation) relative to other atoms, and shape re-
fers to e.g. straight, bent, and rounded, viz. to the
shape of an individual atom. This distinction appears
in the phenomena: shape and size tend to account for be-
coming and position and arréngement for alteration, cf.
Aristotle in 67 A 9 and 68 A 38. This distinction was -
ignored in the passages referred to on p. 442.

As far as sensible qualities are concerned, shape
naturally tends to affect them all, but is particularly
relevant to taste, and to a less extent to colour and to
temperature: size is particularly relevant to phenomenal
weight (v. inf.): position and, to a less extent, arrange-
ment are of primary importance in colour (cf. 68 A 120-135).

So much for the moment for the differentiae, but v. inf..
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We have referred on pp. 438 and 441 to compound
bodies, to which I have applied the modern term 'molecul-
es'. DPerceptible bodies are in fact congeries of atoms,
interconnected as in our molecules,.but larger than these.
A body to which we give a name, e.g. air or water, since
we recognise some specific nexus of éualities in it, may
actually contain atoms of all sorts and sizes - it is, as
it were, a mavomepula (cf. 67 A 15 and 28). That word
recalls Anaxagoras to mind; and there is similarity between
the theofies on this péint. The body's perceptible qual-
ities depend upon the differentiae of the majority of the
component atoms: they are an epiphenomenon of the statis-
tical distribution of differentiase, just as an Anaxagorean
body most manifestly is that of which it has most in it.

How do these congeries of atoms in contact form?
For the answer we must look to the cosmogony. | The process
of formation of a universe and a molecule is one and the
same: ovuxdoxf and mepuwdraEie (Arist. in 67 A 15).

We have a number of accounts of the details of the
process, some written from the macroscopic point of view
and some from the microscopic; and they are unusually con-
sistent. lioreover they almost all employ identical ter-

minology, so that it is obvious that atomism established
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for itself a technical vocabulary that found general ac-
ceptance. Therefore it will not be-necessary to quote,
examine, and interpret in detail each source. I shall
give one connected account that is in the main a synthesis
of the following: 67 A1, 8, 7, 9, 10, 14, 15, 23, 24,
and 68 A 1, 37, 38, 43, 47, 49, 56-8, 61; B 167, 13¢. Of
these the most important are Aristotle in 67 A 7, 15; 68
A 37: Simplicius in 67 A 14; 68 A 37, 58: Diogenes Laer-
tius in 67 A 1: Hippolytus in 67 A 10: Altius and Epic-
urus in 67 A 24.

In the beginning there is.an apeiron surrounding
the place where a universe or a molecule is about to be
generated. This consists of a boundless extent of space
cbntaining atoms in random distribution and with random
motions. Some parts of this void are more full or empty
of atoms than others.

By &movopty &x Tfic drelpov many atoms of all sorts
of shapes and sizes move el¢ péya xevév. They can move
freély in this since the void yields and does not resist.
Their random motions are referred to as mepimdraEig, from
rnepurahdooecbar.  For the cause of motion v. p. 449.

many of these varied atoﬁs collect together (&e-

polZeobat ) and form a vortex (&(vn) as they flow along
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together (ovppetv). The cause of the vortex is Necessity
(v. p. 449). Owing to their disordered fush ( d6un &Tax-
tog) they catch each other up (&muxatahaupdverv) and col-
lide with each other (mpooxpoveiv, ovurlrteitv, dAAMAOTLR-
etv), as they circle round in all sorts of ways. Some
rebound (dmomdrrecbor) and separate (dvaxplveddat), others
combine (ovurAéxecbai), the process being one of like to
like (in shape or size), somewhat as in the processes des-
cribed by Anaxagoras and Flato. ¥

When the.atoms can no longer whirl in equilibrium
because of the congestion, the finer bodies are sifted out
( sLattdodal) or séueezed out (&xO6A(Becdat) into the outer
void. This squeezing of the smaller, rounder, smoother
atoms out from between the larger has, as it were, a =Anx-
Tund) d¥vaptc, which lasts for some time. fHeanwhile the
remainder of the atoms become entangled (mepumAéxecbar),
for they catch on to each other (&muAauBdvecéar) and co-
here (ovppéverv) and unite their motions (ovyxavatpéxeiv)
because they are, so to speak, hooked (&yx.otpdon), and

For Anaxagoras cf. pp. 264 sq.. For Plato cf.
Timaeus 52D sq., p. 380 sup.. Flato's account has both
similarities and significant differences. Cf. with the
congestion and sifting of the next paragraph Timaeus 584
(oplyyevv) and 52E and see my p. 396 and the words of Corn-

ford ad locec..



;447-
when they come into contact (ovuyadverv) they hold on to
each other (&vtéxecbal) by fitting into each other and
clinging together (&zmaAiayal xal dvtirfiveig) because of
their symetry (ovuuetpla) - cf. Empedocles' symnetrical
pores p. 229 sup..

The outward thrust temporarily ceases, and the co-
hering bodies merge together into a first spherical system
like a membrane or cloak (dufv, xi.wdv) enclosing (=ept-
éxevv) all sorts of atoms. This membrane becomes thinned
out because the atoms within it are in continuous contact
(&xtyavorg) in the whirl, and so, because of the resis-
tance of the middle (% To¥ péoov dvtépeioig) characteris-
tic of the eddy type of vortek; the larger tend to be car-
ried towards the centre, where they cohere to form the
earth.

The membrane, however, is now increased (aBEZeoc6al )
as additional atoms separate out from outside (&xéxxpioig),
for it adds these on to itself (&nuxtdodat) as it comes
into contact with them through its whirling motion. It
also catches the lighter of the bodies that have been
squeezed outwards, and prevents them from moving inwards
again. Cohesion occurs among these additional bodies so

that lumps, which will be the stars, form on the membrane,
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which will be the heaven. These secondary 'systems' are
at first moist and muddy, but as thev whirl round they dry
out and are inflamed. ideanwhile other atoms are continu-
ing to move outwards from the middle by the process of
gxOALYLC.

These, after the heaven has been formed, make up
air and fire. The process makes the air windy (mvevpa-
Toduevoc), and it carries the stars along with it in its
motion in the vortex, and maintains them in their orbits
aloft. Other matter left on the earth is condensed by
the wind and the stars' rays and is compressed (mpod®A(-
Beobat); the smaller-shaped parts of this form moisture,
and this, being fluid, finds its own level in the hollows
of the earth. Thus are the infinite universes formed.
They grow and decay and pass away of Necessity, their pas-
sing away being by dispersion (svacetelv, Suaomelpeiv).

On the microscopic scale individual molecules are
compounded by the same process as that described on p.
448-7: collection, collision, entanglement, cohesion, and
unison of motion through confact by fitting into and cling-
ing to each other. Thus these &6potopata, OF dvvup(uama,
(molecules) are formed by obyxpioig (ovvfotacdar, cvvri-

6ccbal ), which is the process of yéveoig. The result is
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a obvbetov (compound). Conversely, if Necessity scatters
the compound, the process of dudxupiovg, or Sitdrvoig, leads
to ¢6opd.

lieanwhile the slipping in or mixing in (dxeiLoddeo-
6aL, &uuelyvvodatr) of extra atoms into the Suaotfuata of
void within a compound may cause aB&noig if they fit well,
daAolwoug if they cause a redistribution (affecting the
6éovc and tdELg of the atoms), and ¢6foug, or even OSudAv-
ovg if they fit badly and split the compound.

Within a compound moelecule there is still atomic
motion (marpde, mepimdragig). Thus motion of the atoms
is indeed 'eternal'. As to its cause, I refer the reader
to Burnet and Bailey, with whom I entirely agree. Weight
may have been the cause for Epicurus, but for the early
atomists weight is a subjective epiphenomenon of size and
of amount of contained void; and as such it only manifests
itself within a vortex. The original motions before a
vortex forms are quite random, and if a cause must be giv-
en it is Necessity - the law of the atoms' own nature, cf.
p. 376.

But for Leucippus at least no cause need be sought,
for those who seek a cause (e.g. Empedocles and Anaxagoras)

start from a homogeneous mass of some sort and have to
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explain separation by a cause, but Leucippus' atoms are
already separate and already in motion throughout time,
which is eternal and uncreated, so that no 'moving cause'
is required, while their directions of motion are random
and disordered, and so needgno cause, Cherniss (Op. cit.
p. 403) suggests also that Melissus' claim (Frag. 7) that
a commencement of motion contradicts the law of identity
causes Leucippus to revert to the old idea of a causeless
eternal motion held by the kilesians.

Although these original motions are either causeless
or (for Democritus) caused by Necessity, the falling into
a vortex motion appears to be due to chance, at least for
Democritus; but he conceived of chance as an operation of
Necessity, but an operation that is &omrov alrCav dvepw-
x{vw Aoyvou®d (v. 68 A 70, and 59 A 66, where the same idea
is attributed to Anaxagoras).

Note: Epicurus gave weight as the cause of the or-
iginal motion, no longer conceived of as random, but as
tdownwards' (better: towards the centre - but of what?
There is no vortex yet, and infinity has no centre or bot-
tom, cf. 88 A 58, Cicero). He used language remarkably
similar to that of the modern theory of infinitesimals to
show that the velocity of this fall must be inconceivably
great, since it is unimpeded by the void. uoreover he
realised that in a void all bodies will fall with equal
velocities whatever their weight. See 68 A 61, where his
own words are given, and cf. Lucr. II 215sq.

In order to account for free will in a system in
which even the humen soul is made of material atoms (v.
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inf.), and possibly also in order to account for contin-
gency in inanimate nature, he introduced the 'exiguum cli-
namen' that causes the freely falling atoms to collide with
each other. Then, because of their variations in shape,
they can become entangled and form compound bodles as for
Leucippus.

The blows that they deal each other as they swerve
and collide cause changes of direction. Thus after a num-
ber of them has collided they will have motions in all pos-
sible directions. In other words Epicurus gives a cause
for the original causeless random state postulated by Leuc-
ippus. The collisions do not cause any change in veloc-
ity. Vhere modern kinematics have the law of conservat-
ion of momentum, Epicurus has conservation of velocity.

The Greeks never reached that conception of mass as oppos-
ed to gravitational weight that is essential to any true
theory of momentum and inertia.

Since the velocity of the freely moving atoms is
regarded as constant and of the highest possible magnitude,
and since it is the same in no matter which direction the
atom may be moving, ‘it is to Epicurus in very much the same
position as the velocity of light is to modern relativity
theory.

About the marpée (p. 449) there is yet more to be
said. Within a molecule the atoms are more or less en;
tangled. But there is always a certain amount of void
between them (Philoponus in 67 A4 6): there is no idea of
coalescence. Thus far the theory is parallel to our own.
But the Greek atoms, unlike ours, have no separable parts,
and are unacting and unacted upon. Our atoms cohere be-
cause Ssome §f the éuter orbital electrons rotate round the
entire molecule and not merely round their own individual
atoms. The Greek atoms can form into molecules only when

their shapes are such that they become entangled. Even
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when they are actually hooked together, the diameter of
the 'eye'! into which the 'hook' of the hooked atom fits
will be greater than the cross-section of the material of
that hook itself, so that the interlocked atoms can rattle!
Therefore, as in modern science but for a different reas-
on, sub-molecular atomic motion is still possible owing
to the interstitial void that is contained even by appar-
ently static and solid bodies. This 'vibration' repres-
ents that degree of the original random motions that the
constituent atoms of a compound may still retain in spite
of the entanglement that compels them to share in the
joint motion of the whole compound. The standard analogy
for this vibratory motion is the motion of motes in a sun-
beam (cf. Anaxagoras' use of this analogy p. 291 sup., and
Arist. de Anima 404 a 1-25, where it is attributed to Dem-
ocritus and to the Pythagoreans in connexion with the soul).

Since we lack detailed discussions of this vibrat-
ion in our source material for the early atomists, we must
turn to Epicurus and Lucretius (remembering that they will
presumably have amplified and refined the original account).
Only by doing so can we fully appreciate the atomists'
conception of the gaseous state of matter. I shall quote

in translation first Epicurus, Ep. i 43 (Bailey p. 331),
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and then Lucretius, ii 95sqg.:

The atoms move continuously for all time. ... Some
are borne on, separating to a long distance from each
other, while others again have the 'vibration', when-
ever they happen to be checked by the 'entanglement!’
or to be covered over by atoms interlaced round them.

Since this is agreed, surely no rest is granted
to the atoms throughout the profound void, but rather,
driven by incessant and varied motions, some leap back
with great intervals after beinﬁ pressed together, and
others after the blow are tossed about within a narrow
space. Those which, being in a more condensed combin-
ation, collide and rebound over tiny intervels, checked
by the complexity of their own shapes, form the strong
roots of stone and the fierce bodies of iron and other
things of their kind. There are few that travel free-
lv through the great void. The rest leap and rebound
8 long distance over long intervals: these supply the
rare air for us and the bright light of the surn. ...
(Lucretius continues with the motes in the sunbeam.)
Here with wonderful clarity we are given a full ex-
position of the 'kinetic theory of matter' described in
modern terms in Chap. 1 sup.. The gaseous state with its
long mean free paths, and the solid state with its small
vibrations, are accurately described, while the verb 'to
be covered over' may possibly represent Epicurus' notion
of the surface tension of a liquid. Even if this is not
so, even if neither passage in fact describes the liquid
state, it is there by interpolation from those actually
given. This is a startling achievement, perhaps indeed
arrived at through the contemplation of the motes, or per-

heps by pure thought. For all that modern science coined
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the actual word 'gas', there is no doubt that the atomists
fully understood the physical reality that the word denot-
es.

In addition to the 'vibration' in short, intermed-
iate, or long mean free paths in random directions, of
course, all the atoms in a molecule share in the joint
motion of the whole. Vortical horizontal movements,
downward movements due to 'resistance of the middle', and
upward movements due to 'squeezing out' and others due
sinply to rebounds after a collision are all occurring.
The direction and velocity of the compound's motion is the
statistical resultant of the individual motions. Veloc-
ity and direction are a function of the number of collis-
ions, so that: "Anticope is the inverse determinant of
speed" (Bailey, p. 335).

We have now had one half of the answer to the ques-
tion 'how did the atomists explain air?': it is a odyxpu-
wo that is, as it were, a mavomepufa of various types of
atoms (infinitesimal portions of 'the full') and that con-
tains interstitial void as a result of which the atoms can be
oscillated with a considerable mean free path. Although a
ravorepila, it is characterized by containing a majority

of a certain type of aton.. The other half of our answer
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to the question consists of a description of this majority
type. Lack of detailed source material will make it seem
vaguer, and again it will be necessary to have recourse
to the opinions of the later atomists, with the same men-
tal reservations.

Our first clue is that air is something like fire
and something like the soul; so let us first examine these.
Aristotle's account (de Anima, 404 a 1 - 405 a 13) is too
long to quote: I give W.S.Hett's rendering of the relev-
ant parts from the Loeb edition: |

Democritus argues that the soul is fire in some
sense and heat. For forms and atoms being countless,
he calls the spherical ones fire and soul, like what
are called 'motes' in the air, which can be seen when
the sunbeams pass through our windows; the whole =mav-
orxeputa of which he calls the elements of which all nat-
ure is composed. And Leucippus adopts a similar pos-
ition. It is the spherical atoms which they call the
soul, because such shapes can most readily pass through
anything, and can move other things by virtue -of their
own motion, supposing, as they do, that the soul is
that which imparts motion to living things. They con-
sider that this is why respiration is the essential
condition of life; for the surrounding atmosphere ex-
erts pressure upon bodies and thus forces out the atoms
which produce movement in living things, because they
themselves are never at rest. The resulting shortage
is reinforced from outside, when other similar atoms
enter in the act of breathing; for they prevent the
atoms which are in the bodies at the time from escaping
by checking the compression and the hardening; and an-
imals can live just so long as they are competent to

do this.

Aristotle now compares this theory with the early theory
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of the Pythagoreans, some of whom identified the soul with
the motes. We can recognise the attitude to respiration
as being essential to life and the idea that soul can be
breathed in. The Milesians, the Pythagoreans, and Herac-
leitus thought along these lines. Aristotle next con-
siders the pluralists and the Timaeus, and returns to Dem-
ocritus at 405 a b:

Democritus has explained with greater precision
why each of these things is so; for he identifies the
soul and the mind. This, he says, consists of prim-
ary and indivisible bodies, and its power of producing
movement is due to the smallness of its parts and its
shape; for he calls the spherical the most easily moved
of all shapes; and this characteristic is shared by
mind and fire.

We appear to have here a perfectly clear picture.
The soul is fire (cf. ABt. IV 3, 7, D. 67 A 28). Fire
atoms are spherical, and that is why the soul can initiate
novement. These spherical atoms are found in the free
state in atmospheric air, and can be breathed in.

The spherical shape of fire atoms is confirmed by
Aristotle in de Cael. 303 a 13, 87 A 15, where he unfairly
accuses the atomists of having made no use of shape except

for fire:

rotov 6& xal T é&xdotov Td oxfijua t®dv ovouvyxelwv,
006ty &xiLoudproav, EAAY wévov TH wupl THY ogalpav dré-
dwxav. d&épa 62 xal Yowp xal TIANa peyéber xal wuxpd-
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TnTL duetiov, d¢ odoav adtly Thv ¢doLv otov mavomepulav
rdvtwy Thv otoLxelwy.

The spherical shape of soul atoms is assured by the argu-
ment from mobility. Aristotle and the tradition that
followed him are not correct, however, in identifying the
soul with fire. The individual atoms of both were spher-
ical, but bodies get their characteristics from the posit-
ion and arrangement of compounded atoms, not just from the
shape. Fire and the soul have similarly shaped atoms,
and consequently share mobility; but they do not share any
other differentiae, so that they are not identical.

The above passage purports to say that the distin-
guishing mark of air is its size rather than its shape.
Yet from the cosmogony one could infer that since air and
fire behave similarly (p. 448) in undergoing 'squeezing
out' the atoms of air as well as of fire are 'smaller,
rounder, smoother' (p. 446). That they have 'finer parts'

is confirmed by Hermias in Irris. 12, D. 67 A 17:

xal T& pEv Aemtouepf] Gvw ywphoavta nbp xal &dépa
vevéobat, T4 6% mayxvuep® xdtw dmoordvrta Vowp xal yHv.

Simplicius, however, says in Phys. 38, 1, 67 A 14:

xaTd THY T®V oxnudtwy advtidv xal THe 6écewg nal Tfig
TdEewg Otagpopdv T udv Bepud yCvecbat xal wipta ThY ow-
pnétwy, Soa 2E dEvtépwv xal Aemtouepeotépwy xal xaTd Op-
ofav 6401y xetpnévwy odyxetTal THV TpdTwv ocwudtwy, Td O
Yoxed xal d6aTddM, Ooa &x THV Evavilwv...



;458—

The expression 'sharper' must surely be wrong. It
fits the Pythagorean-Platonic fire pyramids, not the sphere.
The sphericity of fire is certaint it is mentioned again
and again, e.g. in 68 A 74 (ABtius), A 102 (id.), A 108
(Aristotle - a passage that amplifies the theory of res-
piration given in the de Anima passage on p. 455 sup., and
that states definitely that atmospheric air contains a
great quantity of 'mind' and 'soul' atoms).

In spite of the denial of characteristic shapes to
any other so-called element but fire in de Cael. 303 a 13
(p. 456 - a denial repeated at 303 a 25, 88 A 60a where
again size is made the differentia) Aristotle admits else-
where that other shapes were specified, even naming some
in Frag. 208, which is quoted by Simplicius in 68 A 37.
But in default of any explicit statement of the shape of
air atoms, we shall have to infer what that shape must '
have been.

We have already seen that air is a mixture of all
sorts of atoms (p. 444) and we now learn from the passages
about respiration that the mixture contained free fire
and soul atoms, i.e. free spherical atoms that could link
together in different positions and arrangements so as to

form molecules of either soul or fire. Could they also
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link up in yet a third way so as to form molecules of pure
air? That is a possibility, for as we have seen the cos-
mogony derives fire and air (and also the heaven) from the
same type of atom: Adtius' description of this type in
his long account (67 A 24) is: "Small and round and smooth
and slippery".

Another possibility is that the atoms of air are
similar to those of fire, but larger (cf. Aristotle's com-
ment) and perhaps a little coarser ] less 'fine-parted',
smooth, and slippery - and with not so perfectly spherical
a shape. Perhaps too, since Greek science regards the
fiery state as ultra-gaseous and the soul, when considered
as corporeal, as the least bodily body (Arist. de An. 405
a 5, 88 4101), the molecular arrangements may have given
these an even greater mean free path than had the air at-
oms. In other words, fire and soul molecules may have
had more void per unit volume.

The smoothness of air atoms and the comparatively
large amount of interstitial void explains its relative
lack of resistance to moving objects, as is stated in

Plut., Quaest. 734F, 68 A 7T:

. 01’ 4époc Nelov Tfic @opldg adTolg Yiyvouévne
dxwrvtov xail Tayxelag.
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The point here is that air permits the passage of 'idols’,
sc. the effluences from objects that are emitted as in the
theory of Empedocles and pass through the air as the veh-
iéle of sight. They are open-structured atomic films, so
to speak; and we now realise that atmospheric air conteins
these too as part of the mixture. It also contains the
'idols' of sound. (This simple statement about 'idols;
probably adequately represents Leucippus' theory - Democ-
ritus made the matter more complicated by having his idols
'stamped' on the air.)

It is a fair inference from the description of the
mechanics of sensation and of the differentiae as regards
their contribution towards the perception of sense-qual-
ities in Theophrastus, de Sens. 49sq., 68 A 135, that it
is the diffuse arrangement of air that makes it colourless,
for the atoms are nbt close enough for colour to be mani-
fested; for this is a function of position (especially)
and arrangement as well as of shape. moreover the trans-
parency of air is obviously due to the very fact mertioned
above, that the idols .can pass through because of the dif-
fuse arrangement. The atoms are also presumably too
smooth and too distant from each other for taste or odour

to be appreciated. But this is all guesswork.
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Let us turn to the later atomists in order to try
to gain a little more certain information. We have been
speaking of air as a mixture containing soul atoms. Epi-
curus in Ep. i1 63 puts it the other way round making soul
a mixture. Tle says:

The soul is a body with fine parts, dispersed all
over the body, and most closely resembling pneuma' that
has a certain admixture of heat, in some parts like
to one of these and in others to the other. ... All
this is made clear ... by what we lose as we die.

It is, of course, heat and breath that we lose at
the monent of death. To these Stob. Ecl. ;. 798 adds a
further pair, aer and the nameless element:

Epicurus (sc. said that the soul is) a mixture of
four things: it consists of the fiery, the airy, the
breathy, and a fourth nameless thing; the latter was
its perceptive part. Of these, the breath effects
motion, the aer rest, the heat the warmth that appears
in our bodies, and the fourth our sensation. For sen-
sation is in none of the three that have names.

(Cf. Lucr. iii 231-245.)

This last pair must have been Epicurean additions to the
original theory; but it is interesting to note the same
distinction between pneuma as air in motion and aer as air
at rest that we have noticed in the pre-Socratics.

It is not surprising to find that the soul is here

treated as a mixture containing heat (not, therefore, pace

Aristotle, identical with soul) and air. For not only
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Epicurus' soul and Democritus' air, but all phenomenal
things alike are mixtures, being molecules compounded of
all sorts of atoms. Heat, too, is 2 mixture. In dis-
cussing 'fumum nebulas flammasque' in ii 457sg. Lucretius
says that such hot things are not necessarily completely
composed of spherical fire atoms. They are dispersible,
and so do not contain complicated shapes that could lead
to great entanglement; but they burn or scald and penetrate
stones, so that they must contain an admixture of sharp-
pointed atoms. This recalls Simplicius' error (p. 458
sup.) and may explain both it and another passage, Theo-
parastus, de Ign. 52, D. 68 A 73, which links sharpness
and the pyramidal shape with fire.

In general one may say that the atmospheric air is
a mixture: a mechanical mixture containing above all at-
oms that_are smooth and round and small and far apart,
some of which are so smooth and round that they could com-
bine into fire or soul molecules, and others less so.
There are also, however, atoms of other shapes; but these
tend to be of a small and pointed character rather than
large and complicated and in danger of entanglement.

This mixture is extremely inconstant. Atoms es-

cape into it from other bodies by squeezing out, evaporation,
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or plain kinematic escape, and the converse process con-
tinually occurs also (cf. Luer. v 273sq.). The charac-
teristics of what we call ‘'air', then, will be the stat-
istical resultant of the various tendencies of the contents
of the mixture. For example the normal atmosphere will
have a temperature lower than that of fire but higher than
that of the 'vis frigida venti'. The average air atom
will be coarser énd less smooth and well-rounded than
those of fire, but finer and smoother and better rounded
than those of other things.

The idea of atmospheric air as a mixture is already
familiar. We have seen it in Heracleitus, Empedocles,
Anaxagoras and others. Even Diogenes of Apollonia saw
that air must exist in different degrees of purity.

The properties of air are explained by the verious
differentiae. The size and shape correspond to our dif-
ferentia of 'atomic numbér', which subsumes both the size
of an atom (depending on the number of sub-atomic partic-
les) and its layout (depending on the various orbits in
which the outer electrons can revolve). The position
and arrangement correspond to our chemical formulae for
molecules. To position (orientation) corresponds our

isomeric differences (laevo- and dextro-compounds etec.)
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and to arrangement our molecular diagrams. These dif-
ferentiae explain the properties, then; and the list of
the properties of air known to the Greeks in the times
of Democritus and Plato differs, apart from what can be
discovered only in the modern laboratory with its advan-
ced equipment, but little from the list of those known
now.

Between the atomic school and the Academy there is
the greatest possible contrast. Democritus was, like
Plato, a moral philosopher who decided to give his ethics
as scientific a basis as possible. Plato decided from
his ethics what he wanted his science to be like, and made
it so at the expense, if necessary, of the phenomena.

The atomists, on the other hand, believed that we must
support the evidence of the senses as far as possible.
Democritus, a materialist, found this not difficult. Epi-
curus, who believed in free will, found it more difficult.

Lote: The main point in which Epicurus has met
criticism 1s in the introduction of the 'exiguum clinamen'
to explain free will. I would answer that at least, al-
though perhaps attemting the impossible, he managed to ar-
rive in one simple step from the swerve to the picture of
random atomic motions from which Democritean materialism
starts, and his ethical principle has not caused him to
abandon the phenomena. wmodern thought has attempted to
achieve very much the same thing. Heisenberg's Principle

of Indeterminacy has been elevated by some into the same
position as that occupied by the swerve, and often by men
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who understand that principle far less well than the Epi-
cureans understood their swerve.

Epicurus' theory of the criteria of truth caused
some of his practical science to be inadequate, but only
to the extent of his refusing to choose between two obser-
vationally possible alternative explanations, and not to
the Platonic extent of advancing explanations that were
observationally quite impossible.

The atomic theory was the acme of Greek science.
Some of its bases have not stood the test of time: some
of its details were already known to be wrong at the time
when modern science was ripe for receiving inspiration
from it. Our atomic theory has developed by a combinat-
ion of a few brainwaves and a very great deal of hard work
in the laboratory. To have arrived at so good a theory
* by pure thought aided by only the most elementary methods
of observation and without the benefit of the calculus and
wave-mechanics must be hailed as one of the greatest of
human achievements. I have insistently argued that the
Greek atomic theory itself is not an 'anticipation' of
ours. I am bound, however, to admit that the kinematic
theory of the states of matter was such an anticipation,
and so was the idea of equél gravitational velocity in
vacuo.

We find in the theories of the contemporaries and

successors of the atomists no further great advances, and

in some we find a considerable deterioration in quality.
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Even Aristotle incurs such a charge. His weakness as a-
critic has been displayed by Cherniss. As a positive
physical scientist he is hampered by an inadequate ability
in mathematics, and by a stubbornness that tends to make
him try to twist the facts or the theories of others in
order to make them fit into his own theories. (I imply
nothing here about his ability as a logician or philosoph-
er or biological scientist - I am considering him solely
from the point of view of a student of the physics and
chemistry of the atmosphere and the heavens.)

The post-Aristotelians, apart from the later atom-
ists - who were, after all, not original thinkers but im-
provers - are a great disappointment to the scientist.
There are a few interesting points in Stoicism, great im-
provements, admittedly, in technology and in descriptive
astronomy, and significant discoveries in mathematics,
but in the theory of matter and in cosmogony or cosmology
there is little or nothing to admire. We leave Greek

science, therefore, at its highest peak. .

.000.
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APPENDIX.

This appendix contains a brief account of the part
played by aer in certain psychological and physiological
theories. I propose to treat this subject fully in a
later paper, and only a very general outline is given here.
The major sources for this subject are the de Anima of
Aristotle, the de Sensu of Theophrastus, and the doxology
that descends from them (the relevant passages are grouped
together by Diels for each thinker), and the Hippocratic
Corpus.

.000.

Section A
The Air and the Soul and Life.

We saw on p. 23 that the Orphic Poems said that the
soul was breathed in from outside and that it was bormne
by the winds. This idea of the soul as something of the
nature of air was widespread in early days for the reasons
given on pp. 48-9, where we saw that Anaximander and Anax-
imenes (along with Anaxagoras and Archelaus) were said to
have believed that the soul was 'air-like'. We saw too

that a parallel was drawn between the microcosm and the
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macrocosn, with both man and the universe, as living creat-
ures, breathing in the life-giving pneuma or the soul, and
that the first breath and the 'last gasp' were considered
as the termini of life, as they still were by the atomists
(p. 455).

This parallel and the connection of respiration and
air in the form of pneuma with life and the soul was in
fact characteristic of both the whole Ionian school and
the early Pythagoreans, as well as of the Orphics. The
Pythagoreans and the atomists both drew attention to the
motes in the sunbeam in this connexion (de.Anima 404 a 1lsqgq.).

For Anaximander (probably) and for Anaximenes and
Diogenes of Apollonia (certainly) the soul was aer, cf. pp.
50, 303-4, and 310. Such a soul, though a material sub-
stance, was both cognitive and a source of motion.

Even when fhe soul was not actually ser, it was
something similar. For Heracleitus it was the bright pure
exhalation from the sea, cf. pp. 173-8, and we saw that
for him too there was a connexion with respiration even
though his universe did not breathe.

For some at least of the early Pythagoreans the
soul consisted of a mixture of 'the hot aether and the

cold aether', which we saw to represent fire and air, cf.
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pp. 108-9. Parmenides' soul may have been of this type
too, as he was an ex-Pythagorean, cf. p. 2C0.

Anaxagoras stood apart from all others in the eyes
of Plato and Aristotle. His 'uind' was not aer, but was
something quite separate. But although he appears to
have been striving to express the concept of a non-material
entity, his actual words describe a very pure and subtle
material substance. In this sense the word ‘air-like'
referred to on p. 467 is fitting. Archelaus' mind or
soul was half way between that of Diogenes and that of An-
axagoras, cf. pp. 320-2. ° Hippo's principle was 'moisture'
and we saw reason to believe that by this he meant some-
thing like Anaximenes' aer and that he connected it with
breath and life, cf. pp. 297-8. Finally, we saw that the
atomists made fire, air, and the soul of atoms of similar
shape.

Even when, therefore, an Ionian or early Pythagor-
ean did not equate the soul with aer, he at least made it
'air-like'; and all these notions of the soul have in com-
mon the equation of it with a physical substance that was
very subtle and tenuous, the 'most bodiless of bodies' as
Aristotle puts it. All except Anaxagoras connected the

soul with respiration or aer-pneuma with life and motion.
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The idea that we can breathe in reason was a common tenet
in fonian thought, and so was the notion of soul as a mob-
ile form of matter that could cause motion in other matter.
If this notion was analysed at all, the conclusion was
that the mobility was due to the 'fineness of its parts'.

The Western school had a different type of soul.
In the case of Empedocles our information is uncertain.
Cherniss has shown that Empedocles seems to have tried to
separate body and soul. e attempted to explain even
thought and sensation mechanistically, and soul stands
apart as consciousness and as a personality that car sur-
vive and undergo metempsychosis. If there were no soul
sensation would continue but consciousness would not.
Aristotle made an unsuccessful attempt to equate Empedo-
cles' soul with a mixture of the four elements or with a
ratio or 'harmony' applied to them. There is also the
suggestion that Empedocles equated soul with blooed (cf. p.
287), but this is an ancient misinterpretation of Frag.
105. The blood round the heart was the seat of the mech-
anistic cognition.

The other great Western theory, the later Pythagor-
ean, also had an immaterial, non-air-like, soul. Alcmae-

or had an immortal soul akin to the divine, whose chief
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attribute was eternal motion, which implied immortality,
cf. p. 113. The soul's immortality was, of course, stan-
dard in Pythagoreanism as in any theory that postulated
metempsychosis.

liature Pythagoreanism (?Philolaus?) seems to have
postulated that the soul is a 'harmony' (of opposites?).
The meaning is unclear. In a sense the same could be said
of Plato's soul, one part at least of which was immortal
and connected with eternal motion and the divine as with
Alcmaeon's, and was, according to the Timaeus, constructed
out of immaterial principles (logical in origin) by a math-
ematical process analogous to the construction of a scale
or 'harmony'. This type of immaterial soul does not con-

cern us since it in no way resembles aer.

.000.
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Section B

The Air and Sensation.

We have no real information about liilesian theories
of sense-perception, if indeed there were any. It had al-
ready been realised at the time when our knowledge starts
with the early Pythagoreans and Alcmaeon that air acts in
some way as a medium for the transmission of light, sound,
and odour - with touch and taste we shall not be concerned
as they involve either direct contact or a liquid medium.
For the details of the mechanism of these three sensations
I am much indebted to Beare's Greek Theories of Elementary
Cognition.

Greek theofies of vision sprang from three observat-
ions: the 'image in the pupil' (to which I shall refer
for brevity by the word 'emphasis') that one can see in the
eye of another - which is actually a reflection and not
concerned with the mechanism of sight at all; the 'flash'
or 'fire' seen when the eye is pressed - which is actually
caused by the pressure's acting as a retinal stimulus, and
is therefore also not concerned; and the 'water' inside
the eye - which, again, is not really concerned, being ac-

tually just a medium.
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The result of this concentration upon three compar-
ative irrelevancies was that the Greeks, even those who
had moderately sound ideas about light, never satisfactor-
ily explained sight.

From the 'flash' the early Pythagoreans seem to have
inferred that the eye contains fire, which issues from the .
eye as a 'visual ray' that apperceives the object. To
look at a thing is to direct a physical visual ray at it.
Such a theory is attributed to Archytas (D. 47 A 25).

Alcmaeon combined this idea with the idea that the
eye also contains water, which reflects the image, giving
the emphasis. His unconvincing combination of the two
ideas is discussed on p. 114. |

Empedocles believed that like is perceived by like.
Effluences come from the objects of sense and fit the pas-
sages, the pores, with which they are symmetrical, cf. p.
229, so that they are conveyed to the seat of cognition,
the blood round the heart, by such passages. The eye con-
sists of fire in the middle with air and water around it
and an outer shell of earth (the cornea). In the latter
are pores symmetrical with fire and water arranged alter-
nately, for the fire can pass through to the outside as in

a lantern. By the fire we perceive light things, and by
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the water dark, as the correct effluences enter each type
of pore. The fire passes outwards as a visual ray, but
we are not told how far. I agree with Beare and Cherniss
against Zeller and Burnet that it probably only went as
far as the outside surface of the cornea where it would
meet the effluences. As for the light perceived, we have
seen on p. 241 that Empedocles arrived at a moderately suc-
cessful account of the properties of light, which was a
form of 'fire'.

For Plato too the visual ray was a form of 'fire!'
known as light. This form was not associated with heat,
cf. p. 401. The visual ray on emerging from the eye is
in some way coalesced with the light of day, which is akin
to it, along the line of sight. The resultant homogene-
ous whole, in a receptive state, meets the effluences from
the object, which represent colour and are themselves re-
flexions of light from the object, and coalesces with them
too, conveying them back to the soul. Light thus acts as
a medium, situated in, or travelling through, the air.
This third factor is a refinement on the dual scheme of
Empedocles. That the two theories are akin is shown by
the fact that Plato refers to colour (the effluences) as

a symmetrical flame. However Plato seems to have combined
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the accounts of Archytas, who concentrated upon the visual
ray, and Empedocles, who concentrated upon the effluences
and whose 'fire' probably did not go out to meet the latter
(v. sup.). | It is to be noted that the emphasis plays no
part in any of these theories.

Again there is a contrast between East and West,
for in Ionian thought the emphasis assumed great importance.
Anaxagoras (who opposed Empedocles' perception of like by
like) said that vision was the reflexion in the pupil of
an image by that which was of contrary colour to that of
the image. Of course the colour concerned in each case '
was the one 'most manifest' in the mixture. Colour is
thus an attribute of a substance, not something separable
as an effluence.

Diogenes also believed in reflexion by opposites
that resulted in the emphasis. The external aer conveyed
the image to the eye, and this incoming aer mixed with the
internal aer to give the emphasis. This impression was
then conveyed to the air passages of the brain and thence
to the heart by the air.

Leucippus reverted to the perception of like by
like, and, believing that the mechanism of all senses is

touch, said that the eye is moist and porous, and conveys
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incoming images to the soul (which is dispersed throughout
the body in the form of spherical atoms). These images
are material effluences, atomic 'idols' given off by bod-
ies like films, which travel through the medium of the air
since the void interstices between air atoms are large en-
ough for them to pass through. Reflexion of these images
by the water of the pupil acting as a mirror gives the
emphasis.

Democritus strained this theory by positing an im-
pression of the idols that was 'stamped upon' the air be-
tween the object and the eye. This stamping compresses
the air, and it is the compressed air that enters the eye,
not the original idol. Vision is therefore at second
hand, and the impression that we receive may be blurred
by the air since it is subject to atomic collisions en
route. Hence come optical illusions: Democritus was
concerned to explain awaj the apparent fallibility of the
genses, which he trusted for knowledge of reality more
fully than did his opponents - in a vacuum vision would
be perfect for there would be no.intervention by air and
the idols would arrive unimpaired. Democritus was also
concerned to distinguish between primary and secondary

qualities. Colour is basically a function of shape and
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position - but these are 'by nature' whereas our appreci-
ation of colour, as of other qualities, is 'by convention'.

We have already examined Alcmaeon's account of hear-
ing and odour. We saw that sound is transmitted by the
motion of the air and perceived by resonance within the
ear, and that odour is received by inhaling. "e also saw
on p. 361 that by the time of Archytas the Pythagoreans
(who were from the start interested in acoustics) had re-
fined this theory into one almost acceptable today apart
from the association of pitch with velocity instead of with
frequency. Plato's theory clearly derives from the same
gsource. It is that sound (originating as air set in mot-
ion by blows from the source) is the blow inflicted by air
on the brain and blood through the ears and passed on to
the soul; the motion that it causes, starting in the head
and ending in the region of the liver is hearing. A rapid
motion produces a high pitched sound and vice versa. Reg-
ularity of motion is connected with purity of timbre (cor-
rect if one substitutes 'wave-form' for imotion'). Vol-
ume is connected with the degree of motion (amplitude, as
we term it). Sound is transmitted in the same manner as
that in which projectiles are kept moving, by the 'circular

thrust', cf. p. 410-1. It is therefore not a true case
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of transmission through an elastic ﬁedium as in the case
of our compression-wave theory, but rather of the motion
of particles of air from the source to the ear as if they
were projectiles. It is the surface of these moving por-
tions of air that impinges upon the brain and blood, so
that Plutarch can speak of the sound of 'Pythagoras, Plato,
and Aristotle' as being incorporeal and moved together with
bodies (Beare p. 108). Plato's account of odour has al;
ready been referred to on pp. 402-6. Odours are vapour
or mist.

Other Greek accounts of sound are less impressive
than the one just discussed. Empedocles believed that
hearing was caused by the impact of pneuma on the cartil-
age that is hung inside the ear like a gong, which is
struclt and oscillates (Beare's interpretation contra Zel-
ler). Empedocles' 'effluences' were in this case por-
tions of air; and they excited resonance in the inner ear,
The 'gong' analogy corresponds to the 'lantern' analogy
in vision. The 'cartilage', described by Theophrastus as
a 'fleshy shoot' will have been something discovered by
Empedocles by dissection, probably the eardrum.

Odour for Empedocles again consisted of effluences,

which came from fine and light bodies, were carried in by
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respiration, and passed into those pores in the nasal pas-
sages into which they would fit.

Anaxagoras' account of hearing is still wider of
the mark. Sound rushes into the hollow formed by the bone
round the brain. The sound of the voice is produced by
the pneuma (air in motion), which collides against the aer
(*firm' air, air at rest), and by recoil from the blow is
borne along into the organ of hearing in the same way as
that in which echo is produced - by resonance. Odour is
intrbduced by respiration. It may have consisted of rare
air; but Anaxagoras' account is not clearly handed down.

Diogenes used the ear as an organ to receive.in its
internal air the impression of the sound from the external
air, and to pass this on (via the brain) to the heart.
Odour, whose nature he did not specify, entered along with
the inspired air, and was symmetrical with the air around
the brain. It then entered the porous brain's veins and
thence was conveyed to the heart.

To the atomists sound, like sight, came from idols
thrown off by the source and conveyed by the air as a med-
ium to the organ and thence to the soul. The ear is not
the only part of the bodyv receptive to sound (correct).

The density of the outer ear prevents the atomic idols
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from slipping out and being lost; that is why the ear is
the best part of the body at hearing. After Leucippus
had formulated the theory, Democritus again complicated
it by introducing the idea of 'stamped' impressions in the
intervening air. Odour, of which Democritus left no det-
ailed account, was due to fine effluences from what was
heavy, which were inhaled. Like all the other senses
smell was basically a mode of touch.

From this section we see that all early Greek ac-
counts of the three senses that normally operate through
the air as a medium at least agree that air was the med-
ium, even though they do not consider it as an elastic med-
ium through which electromagnetic waves can pass (although
'idols' can pass through it).Some make the air a mere med-
jum through which some other tenuous entity passes, while
others identify a particular type or conformation of air
with the light, sound, or odour concerned. In the case
of light and odour air is in fact a true mediur through
which something else passes (light or aromatic vapour),
but in the case of sound air is more vitally involved,
being itself the vibrating body. Light and odour could
penetrate a vacuum; sound could not. Those thinkers who

spoke of recoil or rebounding or of a blow in connexion
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with air were getting close to the addition of elasticity
as a property of air alongside mere resistance.
As I have said, taste and touch do not directly

involve aer, and so this concludes my account of theories

of sensation.

.00o.
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Section C

The Air and Respiration.

It is necessary, finally, to consider respiration,
not from the anatomical point of view - we are not concer-
ned with the respiratory system itself - but from the point
of view of its purpose, in order to answer the question
'what does the body use air for?'.

We have already either in the body of the text or
in Section A of this appendix answered that question on
behalf of many of the Greek philosophers, and shall now be
mainly concerned with the medical theoreticians.

Nothing more need be said concerning the typically
Tonian connexion with life and the soul in the early days
except to call attention to pp. 177-8, where I discuss the
possibly Heracleitan theory that breathing in the bright
exhalation may be equivalent to breathing in reason, and
to say that respiration would have the result of replenish-
ing the body's stock of the matter that the soul is compos-
ed.

There was a school of Heracleitans, and they may
have been responsible for the theory referred to loc. cit.

that Sextus attributed to Heracleitus himself. This same



-483-
school either contained or influenced the writer of the
Tippocratic treatise Mutriment of about 40C b.c. which,
alongside many obviously Heracleitan notions, includes
the idea that air is food passing through the arteries from
the heart while blood passes through the veins from the
liver. This introduces us to a serious flaw in Greek
studies of the respiratory and circulatofy systems. The
most commonly available type of corpse for doctors to
study or dissect would be one that had bled to death from
war wounds. In such a corpse the arteries might be emp-
ty of blood or at least full of a mixture of air and
blood. The inference would be that the arteries were
air vessels - they are included among the 'pores' which
we have so frequentl& encountered - into which sometimes
blood had seeped because of the wound.

Consequently it is a commonplace of Greek medicine
to find the arteries included in the respiratory system,
and even the heart too, since they are connected to it.
This explains why we find the Greeks believing in transpir-
ation through 'pores' as well as respiration through the
nostrils and mouth, and why the 'pores' are sometimes
called 'veins'.

We have already on pp. 244sq. examined the mechanics
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of Empedocles' theory of transpiration. He shares with
Alcmaeon the honour of having given the impetus to the
formation to the tradition known as the Sicilian school
-of medicine,

I can do little better than quote Cornford's account
of this school, whose theories in fact combined bad anat-
omy with bad dynamics. 1t appears in Plato's Cosmology,
p. 307:

Empedocles' doctrine was reproduced by Philistion,
who taught that the purpose of respiration is to cool
the natural heat of the body and that health depends on
the unimpeded passage of the breath, not only through
mouth and nostrils, but all over the body. Diocles
also held that the body has a natural heat residing in
the blood, which conveys life and movement in the veins
throughout the whole frame. His account of the cycle
of respiration was the same as Plato's: inhalation (or
exhalation) through mouth and nose coincides with ex-
halation (or inhalation) through the pores. In oppos-
ition to the Coan school, which held that the breath
first reaches the brain and is then dispersed through-
out the rest of the body, the Sicilians taught that the
heart is the central seat of the breath of life or
breath-soul, which passes thence to the rest of the
body through the veins and is the power that moves the
limbs. This breath also conveys sense-perception.

It is in perpetual motion, circulating through the veins
together with the blood. According to this doctrine,
then, the breath and the blood travel together through
the same channels: respiration and the circulation of
the blood are a single process; and since the blood ac-
tually consists of the digested food, the same system
conveys to all parts of the body their proper nourish-

ment.

Respiration, then, has as its main purpose the cooling of

the innate heat of the body.
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Diogenes would not have agreed with this. For him
aer is the prime element (and the matter of soul), and as
such is responsible for all bodily affections. We live
by Breathing aer, whence comes our soul and intelligence,
and deprived of it we die. The Hippocratic On Breaths
is in this spirit, and its author works out in great det-
ail and in a rather sophistic manner a theory of air as
the sole cause of disease in the body.

Philolaus, from what we know of him, would have
agreed with the theory of respiration as a means of cool-
ing, cf. p. 102. But the atomists would not. We saw
on p. 455 that they, like Diogenes, believed that respir-
ation was a life-preserver. It prevented the escape of
soul atoms and replenishes the body's supply.

dowever the main opponents of the Sicilian school
were the members of the school of Cos. Kot only did Hip-
pocrates and his followers believe that the air goes to
the brain and is then dispersed to the rest of the body
(v. p. 484), but also that the arteries contain air only,
not air and blood together. Air excreted from ill-diges-
ted food caused disease, pain arising when the 'wind'
within us in its motion through the hollow parts of the
body impinges upon tender fleshy blood-filled parts like

the liver.
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The major cause of disease, however, was not air
(except in so far as adverse climatic, atmospheric, con-
ditions could induce it), but a state of imbalance between
the 'powers' associated with the four 'humours'. These
powers are the familiar ones that descend from the oppos-
ites of Anaximander. 'The Coan idea of four humours with
certain powers contrasts with the Sicilian four (Empedoc-
lean) elements, whose imbalance similarly caused disease.
Both traditions of healthy balance presumably spring from
Alcmaeon's notion of 'isonomy' between his (many) opposit-
es.

To sum up, we have found two main traditions, again
associated with East and West. The former is that air in
respiration maintains life because it réally is soul (and
intelligence) or because it is analogous to soul, snd is
consequently in truth 'the breath of life'. The latter
is that air is a refrigerating agent. There is also a
minor tradition that air, or at any rate bad air, is a
cause, or the cause, of disease. We seek in vain, apart
from one or two hints mentioned in the body of the text,
for any connexion of respiration with combustion (which
is analogous to it chemically) or with the removal of waste

(sc. carbon dioxide) or with the provision of fuel (sc.
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oxygen). ‘e cannot blame the Greeks for this, however.
Although medicine was the one Greek science that did em-
ploy modern scientific methods, it did not have the tools
(e.z. microscopes) or conditions (live bodies operated upon
while under safe ansesthetics) that would have enabled it
to observe accurately and interpret its observations cor-
rectly, and it had no laboratory chemists to provide in-
formation about the true nature and properties of the sub-
stances of which the body is composed.

It will be seen that a consideration of Greek med-
icine does not add appreciably to our list of the propert-
ies of air known to the Greeks; but the very lack of prac-
tical knowledge about the behaviour of air in a sphere of
great importance to human well-being gives us a salutary
warning lest we enthuse too greatly over the theoretical
achievements extolled at the conclusioﬁ of the body of

the text.

.00o0.



