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Part 1

The science which has to do with nature clearly concerns itself for
the nost part with bodi es and magnitudes and their properties and
novenments, but also with the principles of this sort of substance,
as many as they may be. For of things constituted by nature sone are
bodi es and magni tudes, sone possess body and magni tude, and sone are
princi pl es of things which possess these. Now a conti nuumis that
which is divisible into parts always capabl e of subdivision, and a
body is that which is every way divisible. A magnitude if divisible
one way is a line, if two ways a surface, and if three a body. Beyond
these there is no other magnitude, because the three di mensions are
all that there are, and that which is divisible in three directions

is divisible in all. For, as the Pythagoreans say, the world and al
that is in it is determ ned by the nunber three, since beginning and
m ddl e and end give the nunmber of an '"all', and the nunber they give

is the triad. And so, having taken these three fromnature as (so

to speak) laws of it, we make further use of the number three in the
worship of the Gods. Further, we use the ternms in practice in this

way. OF two things, or nen, we say 'both', but not "all': three is

the first nunber to which the term'all' has been appropriated. And
inthis, as we have said, we do but follow the |ead which nature gives.
Therefore, since "every' and 'all' and 'conplete' do not differ from
one another in respect of form but only, if at all, in their matter
and in that to which they are applied, body al one anbng nagnitudes

can be conplete. For it alone is determned by the three di nensions,
that is, is an '"all'. But if it is divisible in three dinensions it

is every way divisible, while the other nagnitudes are divisible in

one dinmension or in two alone: for the divisibility and continuity

of magni tudes depend upon the nunber of the di mensions, one sort being
continuous in one direction, another in two, another in all. Al magnitudes,
then, which are divisible are also continuous. Whether we can al so

say that whatever is continuous is divisible does not yet, on our
present grounds, appear. One thing, however, is clear. W cannot pass
beyond body to a further kind, as we passed fromlength to surface,

and fromsurface to body. For if we could, it would cease to be true
that body is conplete nagnitude. We coul d pass beyond it only in virtue
of a defect in it; and that which is conplete cannot be defective,
since it has being in every respect. Now bodi es which are classed

as parts of the whole are each conpl ete according to our formula,

since each possesses every di nension. But each is determined relatively
to that part which is next to it by contact, for which reason each

of themis in a sense many bodi es. But the whole of which they are
parts must necessarily be conplete, and thus, in accordance with the
meani ng of the word, have being, not in sone respect only, but in

every respect.

Part 2
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The question as to the nature of the whole, whether it is infinite

in size or limted inits total mass, is a matter for subsequent inquiry.
We will now speak of those parts of the whole which are specifically
distinct. Let us take this as our starting-point. Al natural bodies
and nmagnitudes we hold to be, as such, capable of |oconotion; for
nature, we say, is their principle of novenent. But all novenent that
is in place, all loconption, as we termit, is either straight or
circular or a conbination of these two, which are the only sinple
nmovenments. And the reason of this is that these two, the straight

and the circular line, are the only sinple magnitudes. Now revol ution
about the centre is circular notion, while the upward and downward
nmovenments are in a straight |line, 'upward neaning notion away from
the centre, and 'downward' notion towards it. Al sinple notion, then
nmust be notion either away from or towards or about the centre. This
seens to be in exact accord with what we sai d above: as body found
its conpletion in three dinmensions, so its novenent conpletes itself
in three forms.

Bodi es are either sinple or conpounded of such; and by sinple bodies
I mean those which possess a principle of novenent in their own nature,
such as fire and earth with their kinds, and whatever is akin to them

Necessarily, then, novenents also will be either sinple or in sone
sort compound-sinple in the case of the sinple bodies, conpound in
that of the conposite-and in the latter case the notion will be that

of the sinple body which prevails in the conposition. Supposing, then
that there is such a thing as sinple novenent, and that circular nmovenent
is an instance of it, and that both novenent of a sinple body is sinple
and sinple novenment is of a sinple body (for if it is novenent of

a conpound it will be in virtue of a prevailing sinple elenent), then
there nust necessarily be sonme sinple body which revolves naturally

and in virtue of its own nature with a circular novenent. By constraint,
of course, it may be brought to nove with the notion of sonething

else different fromitself, but it cannot so nove naturally, since
there is one sort of nmovenent natural to each of the sinple bodies.
Again, if the unnatural novenent is the contrary of the natural and

a thing can have no nore than one contrary, it will follow that circular
novenent, being a sinple notion, nmust be unnatural, if it is not natural
to the body noved. If then (1) the body, whose novenent is circular

is fire or sone other elenent, its natural notion nust be the contrary
of the circular notion. But a single thing has a single contrary;

and upward and downward notion are the contraries of one another

If, on the other hand, (2) the body nmoving with this circular notion
which is unnatural to it is sonething different fromthe el enents,

there will be some other notion which is natural to it. But this cannot
be. For if the natural notion is upward, it will be fire or air, and

if downward, water or earth. Further, this circular notion is necessarily
primary. For the perfect is naturally prior to the inperfect, and

the circle is a perfect thing. This cannot be said of any straight
line:-not of an infinite line; for, if it were perfect, it would have
alimt and an end: nor of any finite line; for in every case there

is sonething beyond it, since any finite line can be extended. And

so, since the prior novenent belongs to the body which naturally prior,
and circular novenment is prior to straight, and novenent in a straight
line belongs to sinple bodies-fire nmoving straight upward and earthy
bodi es strai ght downward towards the centre-since this is so, it follows
that circular novenent al so must be the novenent of sone sinple body.
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For the movenment of conposite bodies is, as we said, determ ned by

that sinple body which preponderates in the conposition. These preni ses
clearly give the conclusion that there is in nature sone bodily substance
other than the formati ons we know, prior to themall and nore divine
than they. But it nay also be proved as follows. W may take it that

all novenment is either natural or unnatural, and that the novenent
which is unnatural to one body is natural to another-as, for instance,
is the case with the upward and downward novenents, which are natura
and unnatural to fire and earth respectively. It necessarily follows
that circular novenent, being unnatural to these bodies, is the natura
novenent of some other. Further, if, on the one hand, circular novenent
is natural to something, it nmust surely be sonme sinple and primary

body which is ordained to nove with a natural circular notion, as

fire is ordained to fly up and earth down. If, on the other hand,

the novenent of the rotating bodies about the centre is unnatural

it would be renmarkabl e and i ndeed quite inconceivable that this nmovenent
al one shoul d be continuous and eternal, being nevertheless contrary

to nature. At any rate the evidence of all other cases goes to show
that it is the unnatural which quickest passes away. And so, if, as
some say, the body so noved is fire, this novenent is just as unnatura
to it as downward novenent; for any one can see that fire noves in

a straight line away fromthe centre. On all these grounds, therefore,
we may infer with confidence that there is sonething beyond the bodies
that are about us on this earth, different and separate fromthem

and that the superior glory of its nature is proportionate to its

di stance fromthis world of ours.

Part 3

In consequence of what has been said, in part by way of assunption

and in part by way of proof, it is clear that not every body either
possesses |ightness or heaviness. As a prelimnary we nust explain

in what sense we are using the words 'heavy' and 'light', sufficiently,
at |l east, for our present purpose: we can exam ne the terns nore closely
| ater, when we conme to consider their essential nature. Let us then
apply the term'heavy' to that which naturally noves towards the centre,
and 'light' to that which noves naturally away fromthe centre. The
heaviest thing will be that which sinks to the bottom of all things

t hat nove downward, and the |lightest that which rises to the surface

of everything that noves upward. Now, necessarily, everything which
noves either up or down possesses |ightness or heaviness or both-but

not both relatively to the same thing: for things are heavy and |ight
relatively to one another; air, for instance, is light relatively

to water, and water light relatively to earth. The body, then, which
noves in a circle cannot possibly possess either heaviness or |ightness.
For neither naturally nor unnaturally can it nove either towards or

away fromthe centre. Mvenent in a straight |line certainly does not
belong to it naturally, since one sort of novenent is, as we saw,
appropriate to each sinple body, and so we should be conpelled to
identify it with one of the bodies which nove in this way. Suppose,
then, that the nmovenent is unnatural. In that case, if it is the downward
nmovenment which is unnatural, the upward novenent will be natural

and if it is the upward which is unnatural, the downward will be natural
For we decided that of contrary novenents, if the one is unnatura

to anything, the other will be natural to it. But since the natura
movenment of the whole and of its part of earth, for instance, as a
whol e and of a small cl od-have one and the same direction, it results,
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in the first place, that this body can possess no |ightness or heaviness
at all (for that would mean that it could nove by its own nature either
fromor towards the centre, which, as we know, is inpossible); and,
secondly, that it cannot possibly nove in the way of | oconotion by

being forced violently aside in an upward or downward direction. For
neither naturally nor unnaturally can it nove with any other notion

but its own, either itself or any part of it, since the reasoning

which applies to the whole applies also to the part.

It is equally reasonable to assunme that this body will be ungenerated
and indestructible and exenpt fromincrease and alteration, since
everything that comes to be cones into being fromits contrary and

in some substrate, and passes away |ikewi se in a substrate by the
action of the contrary into the contrary, as we explained in our opening
di scussions. Now the notions of contraries are contrary. If then this
body can have no contrary, because there can be no contrary notion

to the circular, nature seens justly to have exenpted fromcontraries
the body which was to be ungenerated and indestructible. For it is

in contraries that generation and decay subsist. Again, that which

is subject to increase increases upon contact with a kindred body,
which is resolved into its matter. But there is nothing out of which
this body can have been generated. And if it is exenpt fromincrease
and di mi nution, the sane reasoning |l eads us to suppose that it is

al so unalterable. For alteration is novenment in respect of quality;
and qualitative states and dispositions, such as health and di sease,
do not cone into being wthout changes of properties. But all natura
bodi es whi ch change their properties we see to be subject without
exception to increase and dininution. This is the case, for instance,
with the bodies of animals and their parts and with vegetabl e bodi es,
and simlarly also with those of the elenments. And so, if the body
whi ch noves with a circular notion cannot adnmit of increase or dimnution
it is reasonable to suppose that it is also unalterable.

The reasons why the primary body is eternal and not subject to increase
or dimnution, but unaging and unalterabl e and unnodified, will be

clear fromwhat has been said to any one who believes in our assunptions.
Qur theory seems to confirmexperience and to be confirned by it.

For all nen have some conception of the nature of the gods, and al

who believe in the existence of gods at all, whether barbarian or

Greek, agree in allotting the highest place to the deity, surely because
t hey suppose that immortal is linked with inmmortal and regard any

ot her supposition as inconceivable. If then there is, as there certainly
is, anything divine, what we have just said about the primary bodily
substance was well said. The nere evidence of the senses is enough

to convince us of this, at least with human certainty. For in the

whol e range of time past, so far as our inherited records reach, no
change appears to have taken place either in the whole schenme of the

out ernost heaven or in any of its proper parts. The commopn nane, too,

whi ch has been handed down from our distant ancestors even to our

own day, seems to show that they conceived of it in the fashion which

we have been expressing. The sane ideas, one nmust believe, recur in
men's minds not once or twi ce but again and again. And so, inplying

that the primary body is sonething el se beyond earth, fire, air, and

wat er, they gave the highest place a nanme of its own, aither, derived
fromthe fact that it 'runs always' for an eternity of tinme. Anaxagoras,
however, scandal ously misuses this name, taking aither as equival ent

to fire.
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It is also clear fromwhat has been said why the number of what we

call sinple bodies cannot be greater than it is. The notion of a sinple
body nust itself be sinple, and we assert that there are only these

two sinple notions, the circular and the straight, the latter being
subdi vided into notion away from and notion towards the centre.

Part 4

That there is no other formof notion opposed as contrary to the circular
may be proved in various ways. In the first place, there is an obvious
tendency to oppose the straight line to the circular. For concave

and convex are a not only regarded as opposed to one anot her, but

they are al so coupled together and treated as a unity in opposition

to the straight. And so, if there is a contrary to circular notion,
notion in a straight |ine nmust be recogni zed as having the best claim
to that nane. But the two fornms of rectilinear notion are opposed

to one another by reason of their places; for up and down is a difference
and a contrary opposition in place. Secondly, it may be thought that

the sanme reasoni ng which hol ds good of the rectilinear path applies

also the circular, movenment from A to B bei ng opposed as contrary

to movement fromB to A But what is neant is still rectilinear notion.
For that is limted to a single path, while the circular paths which
pass through the sane two points are infinite in nunber. Even if we

are confined to the single semicircle and the opposition is between
nmovenment fromC to D and fromD to C along that senmicircle, the case

is no better. For the notion is the sane as that along the dianeter,
since we invariably regard the di stance between two points as the

l ength of the straight line which joins them It is no nore satisfactory
to construct a circle and treat motion 'along one semicircle as contrary
to notion along the other. For exanple, taking a conplete circle,

notion fromE to F on the semicircle G may be opposed to notion from
Fto Eon the semicircle H But even supposing these are contraries,

it in no way follows that the reverse notions on the conplete circunference
contraries. Nor again can notion along the circle fromA to B be regarded
as the contrary of motion fromA to C. for the notion goes fromthe

same point towards the same point, and contrary notion was distinguished
as notion froma contrary to its contrary. And even if the notion

round a circle is the contrary of the reverse notion, one of the two
woul d be ineffective: for both nove to the sane point, because that
which noves in a circle, at whatever point it begins, nust necessarily
pass through all the contrary places alike. (By contrarieties of place

I nmean up and down, back and front, and right and left; and the contrary
oppositions of nmovenents are determ ned by those of places.) One of

the notions, then, would be ineffective, for if the two notions were

of equal strength, there would be no novenent either way, and if one

of the two were preponderant, the other would be inoperative. So that

if both bodies were there, one of them inasnuch as it would not be
moving with its own novenent, would be useless, in the sense in which

a shoe is useless when it is not worn. But God and nature create nothing
that has not its use.

Part 5
This being clear, we nmust go on to consider the questions which renain

First, is there an infinite body, as the majority of the ancient phil osophers
t hought, or is this an inpossibility? The decision of this question
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either way, is not uninportant, but rather all-inportant, to our search
for the truth. It is this problemwhich has practically always been

the source of the differences of those who have witten about nature

as a whole. So it has been and so it nust be; since the least initia
deviation fromthe truth is nultiplied later a thousandfold. Admt,

for instance, the existence of a m ni num magni tude, and you will find
that the mni mum which you have introduced, small as it is, causes

the greatest truths of mathematics to totter. The reason is that a
principle is great rather in power than in extent; hence that which

was small at the start turns out a giant at the end. Now the conception
of the infinite possesses this power of principles, and indeed in

t he sphere of quantity possesses it in a higher degree than any other
conception; so that it is in no way absurd or unreasonable that the
assunption that an infinite body exists should be of peculiar nonent

to our inquiry. The infinite, then, we nust now di scuss, opening the
whol e matter from the beginning.

Every body is necessarily to be classed either as sinple or as conposite;
the infinite body, therefore, will be either sinple or conposite.

But it is clear, further, that if the sinple bodies are finite, the
conposite nust also be finite, since that which is conposed of bodies
finite both in nunber and in magnitude is itself finite in respect

of nunber and magnitude: its quantity is in fact the sane as that

of the bodies which conpose it. What remains for us to consider, then
is whether any of the sinple bodies can be infinite in magnitude,

or whether this is inpossible. Let us try the primary body first,

and then go on to consider the others.

The body which noves in a circle nust necessarily be finite in every
respect, for the follow ng reasons. (1) If the body so noving is infinite,
the radii drawn fromthe centre will be infinite. But the space between
infinite radii is infinite: and by the space between the radii | nean
the area outside which no magnitude which is in contact with the two
lines can be conceived as falling. This, | say, will be infinite:

first, because in the case of finite radii it is always finite; and
secondl y, because in it one can always go on to a width greater than
any given width; thus the reasoning which forces us to believe in
infinite nunber, because there is no maxi mum applies also to the

space between the radii. Now the infinite cannot be traversed, and

if the body is infinite the interval between the radii is necessarily
infinite: circular notion therefore is an inpossibility. Yet our eyes
tell us that the heavens revolve in a circle, and by argunent al so

we have determ ned that there is sonething to which circular nmovenent
bel ongs.

(2) Again, if froma finite tine a finite time be subtracted, what

remai ns nust be finite and have a beginning. And if the time of a

journey has a beginning, there nust be a beginning also of the novenent,
and consequently al so of the distance traversed. This applies universally.
Take a line, ACE, infinite in one direction, E, and another line,

BB, infinite in both directions. Let ACE describe a circle, revolving
upon C as centre. In its novenent it will cut BB continuously for

a certain tine. This will be a finite time, since the total tine is
finite in which the heavens conplete their circular orbit, and consequently
the time subtracted fromit, during which the one line in its notion

cuts the other, is also finite. Therefore there will be a point at
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whi ch ACE began for the first tine to cut BB. This, however, is inpossible.
The infinite, then, cannot revolve in a circle; nor could the world,
if it were infinite.

(3) That the infinite cannot nove may al so be shown as follows. Let

A be a finite line noving past the finite line, B. O necessity A

will pass clear of B and B of A at the sane nonent; for each overl aps
the other to precisely the sane extent. Now if the two were both noving,
and noving in contrary directions, they would pass clear of one another
nore rapidly; if one were still and the other noving past it, |ess

rapi dly; provided that the speed of the latter were the same in both
cases. This, however, is clear: that it is inmpossible to traverse

an infinite linein a finite tine. Infinite tine, then, would be required.
(This we denonstrated above in the discussion of novenent.) And it

makes no difference whether a finite is passing by an infinite or

an infinite by a finite. For when A is passing B, then B overl aps

A and it makes no difference whether B is noved or unnmoved, except

that, if both nove, they pass clear of one another nore quickly. It

is, however, quite possible that a noving |line should in certain cases
pass one which is stationary quicker than it passes one noving in

an opposite direction. One has only to inmagine the novement to be

sl ow where both nove and nmuch faster where one is stationary. To suppose
one line stationary, then, nmakes no difficulty for our argunment, since
it is quite possible for Ato pass B at a slower rate when both are
nmovi ng than when only one is. If, therefore, the time which the finite
nmoving |line takes to pass the other is infinite, then necessarily

the tinme occupied by the motion of the infinite past the finite is

also infinite. For the infinite to nove at all is thus absolutely

i mpossi bl e; since the very snallest novenent conceivable nust take

an infinity of time. Moreover the heavens certainly revolve, and they
conplete their circular orbit in a finite time;, so that they pass

round the whol e extent of any line within their orbit, such as the
finite line AB. The revolving body, therefore, cannot be infinite.

(4) Again, as a line which has a limt cannot be infinite, or, if

it isinfinite, is soonly in length, so a surface cannot be infinite

in that respect in which it has a linmt; or, indeed, if it is conpletely
deternminate, in any respect whatever. Whether it be a square or a

circle or a sphere, it cannot be infinite, any nore than a foot-rule
can. There is then no such thing as an infinite sphere or square or
circle, and where there is no circle there can be no circular novenent,
and simlarly where there is no infinite at all there can be no infinite
nmovenent; and fromthis it follows that, an infinite circle being

itself an inpossibility, there can be no circular nmotion of an infinite
body.

(5) Again, take a centre C, an infinite line, AB, another infinite

line at right angles to it, E, and a noving radius, CD. CD will never
cease contact with E, but the position will always be sonething |ike

CE, CD cutting E at F. The infinite line, therefore, refuses to conplete
the circle.

(6) Again, if the heaven is infinite and noves in a circle, we shal
have to admit that in a finite time it has traversed the infinite.
For suppose the fixed heaven infinite, and that which noves within
it equal to it. It results that when the infinite body has conpl eted
its revolution, it has traversed an infinite equal to itself in a
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finite time. But that we know to be inpossible.

(7) I't can also be shown, conversely, that if the time of revolution
is finite, the area traversed nust also be finite; but the area traversed
was equal to itself; therefore, it is itself finite.

We have now shown that the body which noves in a circle is not endl ess
or infinite, but has its limt.

Part 6

Further, neither that which noves towards nor that which noves away
fromthe centre can be infinite. For the upward and downward notions

are contraries and are therefore notions towards contrary pl aces.

But if one of a pair of contraries is determ nate, the other nust

be deterninate al so. Now the centre is determ ned; for, from whatever
poi nt the body which sinks to the bottomstarts its downward notion

it cannot go farther than the centre. The centre, therefore, being
deternminate, the upper place nust also be determ nate. But if these

two places are deternmined and finite, the correspondi ng bodi es must

also be finite. Further, if up and down are deternmi nate, the internediate
pl ace is al so necessarily determ nate. For, if it is indeterm nate,

the novenent within it will be infinite; and that we have already

shown to be an inpossibility. The middle region then is determ nate,

and consequently any body which either is init, or mght be init,

is determinate. But the bodies which nove up and down may be in it,
since the one noves naturally away fromthe centre and the other towards
it.

Fromthis alone it is clear that an infinite body is an inpossibility;

but there is a further point. If there is no such thing as infinite
weight, then it follows that none of these bodies can be infinite.

For the supposed infinite body would have to be infinite in weight.

(The sane argunent applies to lightness: for as the one supposition
involves infinite weight, so the infinity of the body which rises

to the surface involves infinite lightness.) This is proved as foll ows.
Assume the weight to be finite, and take an infinite body, AB, of

the weight C. Subtract fromthe infinite body a finite nmass, BD, the

wei ght of which shall be E. E then is less than C, since it is the

wei ght of a | esser mass. Suppose then that the snaller goes into the
greater a certain nunber of tines, and take BF bearing the same proportion
to BD which the greater weight bears to the smaller. For you may subtract
as nmuch as you please froman infinite. If now the nasses are proportionate
to the weights, and the | esser weight is that of the | esser nass,

the greater nust be that of the greater. The weights, therefore, of

the finite and of the infinite body are equal. Again, if the weight

of a greater body is greater than that of a |less, the weight of GB

will be greater than that of FB; and thus the weight of the finite

body is greater than that of the infinite. And, further, the weight

of unequal masses will be the same, since the infinite and the finite
cannot be equal. It does not matter whether the weights are comrensurable
or not. If (a) they are inconmensurable the sanme reasoni ng hol ds.

For instance, suppose E multiplied by three is rather nore than C

the weight of three nasses of the full size of BDwll be greater

than C. We thus arrive at the sane inpossibility as before. Again

(b) we nmay assunme wei ghts which are commensurate; for it namkes no

di fference whether we begin with the weight or with the mass. For
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exanpl e, assunme the weight E to be commensurate with C, and take from

the infinite mass a part BD of weight E. Then let a nmass BF be taken

havi ng the sane proportion to BD which the two weights have to one

another. (For the mass being infinite you may subtract fromit as

much as you please.) These assuned bodies will be commensurate in

mass and in weight alike. Nor again does it nake any difference to

our denonstration whether the total mass has its weight equally or
unequal ly distributed. For it nust always be Possible to take from

the infinite mass a body of equal weight to BD by di m nishing or increasing
the size of the section to the necessary extent.

From what we have said, then, it is clear that the weight of the infinite
body cannot be finite. It nust then be infinite. We have therefore
only to showthis to be inpossible in order to prove an infinite body
i mpossible. But the inpossibility of infinite weight can be shown

in the follow ng way. A given weight noves a given distance in a given
time; a weight which is as great and nore noves the sane distance

in aless tine, the times being in inverse proportion to the weights.
For instance, if one weight is twice another, it will take half as

| ong over a given novenent. Further, a finite weight traverses any
finite distance in a finite time. It necessarily follows fromthis
that infinite weight, if there is such a thing, being, on the one

hand, as great and nore than as great as the finite, will nove accordingly,
but being, on the other hand, conpelled to nove in a tine inversely
proportionate to its greatness, cannot nove at all. The tinme should

be less in proportion as the weight is greater. But there is no proportion
between the infinite and the finite: proportion can only hold between

a less and a greater finite tine. And though you may say that the

time of the novenent can be continually dimnished, yet there is no
mnimum Nor, if there were, would it help us. For sone finite body

coul d have been found greater than the given finite in the sanme proportion
which is supposed to hold between the infinite and the given finite;

so that an infinite and a finite weight nust have traversed an equa

di stance in equal tine. But that is inpossible. Again, whatever the

time, so long as it is finite, in which the infinite perforns the

nmotion, a finite weight nmust necessarily nove a certain finite distance

in that same tine. Infinite weight is therefore inpossible, and the

same reasoning applies also to infinite |lightness. Bodies then of

infinite weight and of infinite |lightness are equally inpossible.

That there is no infinite body may be shown, as we have shown it,

by a detail ed consideration of the various cases. But it nay al so

be shown universally, not only by such reasoning as we advanced in

our discussion of principles (though in that passage we have already
determ ned universally the sense in which the existence of an infinite
is to be asserted or denied), but also suitably to our present purpose
in the following way. That will lead us to a further question. Even

if the total mass is not infinite, it my yet be great enough to admt
a plurality of universes. The question m ght possibly be rai sed whet her
there is any obstacle to our believing that there are other universes
conposed on the pattern of our own, nore than one, though stopping
short of infinity. First, however, let us treat of the infinite universally.

Part 7

Every body nust necessarily be either finite or infinite, and if infinite,
either of simlar or of dissimlar parts. If its parts are dissimlar
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they must represent either a finite or an infinite nunmber of kinds.

That the kinds cannot be infinite is evident, if our original presuppositions

remai n unchal | enged. For the primary novenents being finite in nunber,
the kinds of sinple body are necessarily also finite, since the novenent
of a sinple body is sinple, and the sinple novenents are finite, and
every natural body nmust always have its proper notion. Now if the
infinite body is to be conposed of a finite nunber of kinds, then

each of its parts nust necessarily be infinite in quantity, that is

to say, the water, fire, &c., which conpose it. But this is inpossible,
because, as we have already shown, infinite weight and |ightness do

not exist. Mreover it would be necessary also that their places should
be infinite in extent, so that the novenents too of all these bodies
woul d be infinite. But this is not possible, if we are to hold to

the truth of our original presuppositions and to the view that neither
t hat whi ch noves downward, nor, by the sane reasoning, that which

noves upward, can prolong its novenent to infinity. For it is true
inregard to quality, quantity, and place alike that any process of
change is inpossible which can have no end. | nean that if it is inpossible
for a thing to have cone to be white, or a cubit long, or in Egypt,

it is also inpossible for it to be in process of com ng to be any

of these. It is thus inpossible for a thing to be moving to a pl ace

at which inits notion it can never by any possibility arrive. Again,
suppose the body to exist in dispersion, it may be nmi ntai ned none

the less that the total of all these scattered particles, say, of

fire, is infinite. But body we saw to be that which has extension

every way. How can there be several dissimlar elenents, each infinite?
Each woul d have to be infinitely extended every way.

It is no nore conceivable, again, that the infinite should exist as

a whole of simlar parts. For, in the first place, there is no other
(straight) novenment beyond those nentioned: we nust therefore give

it one of them And if so, we shall have to adnmit either infinite

weight or infinite |ightness. Nor, secondly, could the body whose
novenent is circular be infinite, since it is inpossible for the infinite
to nove in a circle. This, indeed, would be as good as saying that

the heavens are infinite, which we have shown to be inpossible.

Mor eover, in general, it is inpossible that the infinite should nove
at all. If it did, it would nove either naturally or by constraint:
and if by constraint, it possesses also a natural notion, that is

to say, there is another place, infinite like itself, to which it
will nove. But that is inpossible.

That in general it is inpossible for the infinite to be acted upon
by the finite or to act upon it may be shown as foll ows.

(1. The infinite cannot be acted upon by the finite.) Let A be an
infinite, Ba finite, Cthe time of a given novenent produced by one

in the other. Suppose, then, that A was heated, or inpelled, or nodified
in any way, or caused to undergo any sort of nopvenent whatever, by
inthe tine C. Let D be less than B; and, assuming that a | esser agent
noves a | esser patient in an equal tine, call the quantity thus nodified
by D, E. Then, as Dis to B, sois E to sone finite quantum W assune
that the alteration of equal by equal takes equal tinme, and the alteration
of less by less or of greater by greater takes the sane tinme, if the
quantity of the patient is such as to keep the proportion which obtains
between the agents, greater and less. If so, no novenent can be caused
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inthe infinite by any finite agent in any tinme whatever. For a |ess
agent will produce that novenent in a |less patient in an equal tine,
and the proportionate equivalent of that patient will be a finite
quantity, since no proportion holds between finite and infinite.

(2. The infinite cannot act upon the finite.) Nor, again, can the
infinite produce a novenent in the finite in any tine whatever. Let
A be an infinite, Ba finite, Cthe time of action. In the time C,

D will produce that nmotion in a patient |ess than B, say F. Then take
E, bearing the sane proportion to D as the whole BF bears to F. E
wi Il produce the motion in BF in the time C. Thus the finite and infinite

effect the same alteration in equal tinmes. But this is inmpossible;

for the assunption is that the greater effects it in a shorter tine.
It will be the sane with any tine that can be taken, so that there
will no time in which the infinite can effect this novenent. And,

as to infinite time, in that nothing can nove another or be noved

by it. For such tinme has no limt, while the action and reaction have.

(3. There is no interaction between infinites.) Nor can infinite be
acted upon in any way by infinite. Let A and B be infinites, CD being
the tine of the action A of upon B. Now the whole B was nodified in

a certain time, and the part of this infinite, E, cannot be so nodified
in the sane tine, since we assunme that a less quantity nakes the novenent
in aless tine. Let E then, when acted upon by A conplete the novenent
inthe tinme D. Then, as Dis to CD, so is Eto sonme finite part of

B. This part will necessarily be noved by Ain the tine CD. For we
suppose that the same agent produces a given effect on a greater and

a smaller mass in | onger and shorter tinmes, the times and masses varying
proportionately. There is thus no finite time in which infinites can
nove one another. Is their time then infinite? No, for infinite tine

has no end, but the novenent comuni cated has.

If therefore every perceptible body possesses the power of acting

or of being acted upon, or both of these, it is inpossible that an
infinite body should be perceptible. Al bodies, however, that occupy
pl ace are perceptible. There is therefore no infinite body beyond

the heaven. Nor again is there anything of linmted extent beyond it.
And so beyond the heaven there is no body at all. For if you suppose

it an object of intelligence, it will be in a place-since place is

what "within' and 'beyond denote-and therefore an object of perception
But nothing that is not in a place is perceptible.

The question may al so be examined in the |ight of nore general considerations
as follows. The infinite, considered as a whole of sinmlar parts,

cannot, on the one hand, nove in a circle. For there is no centre

of the infinite, and that which noves in a circle noves about the

centre. Nor again can the infinite nove in a straight line. For there

woul d have to be another place infinite Iike itself to be the goa

of its natural novenment and another, equally great, for the goal of

its unnatural novenent. Moreover, whether its rectilinear novenent

is natural or constrained, in either case the force which causes its

notion will have to be infinite. For infinite force is force of an
infinite body, and of an infinite body the force is infinite. So the
notive body also will be infinite. (The proof of this is given in

our discussion of movenent, where it is shown that no finite thing
possesses infinite power, and no infinite thing finite power.) If
t hen that which noves naturally can al so nove unnaturally, there wll
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be two infinites, one which causes, and another which exhibits the
atter notion. Again, what is it that noves the infinite? If it noves
itself, it nust be animate. But how can it possibly be conceived as
an infinite animal? And if there is sonething else that noves it,
there will be two infinites, that which noves and that which is noved,
differing in their formand power.

If the whole is not continuous, but exists, as Denocritus and Leuci ppus
think, in the formof parts separated by void, there nust necessarily
be one novenent of all the multitude. They are distingui shed, we are
told, fromone another by their figures; but their nature is one,

i ke many pieces of gold separated from one another. But each piece
must, as we assert, have the sane notion. For a single clod noves

to the same place as the whole nmass of earth, and a spark to the sane
pl ace as the whole nass of fire. So that if it be weight that al

possess, ho body is, strictly speaking, light: and if |ightness be
uni versal, none is heavy. Mreover, whatever possesses weight or |ightness
will have its place either at one of the extrenes or in the niddle

region. But this is inpossible while the world is conceived as infinite.
And, generally, that which has no centre or extrenme limt, no up or

down, gives the bodies no place for their motion; and w thout that
nmovenment is inpossible. A thing nust nove either naturally or unnaturally,
and the two novenents are determ ned by the proper and alien places.
Again, a place in which a thing rests or to which it noves unnaturally,
nmust be the natural place for sone other body, as experience shows.
Necessarily, therefore, not everything possesses weight or |ightness,

but some things do and sonme do not. Fromthese argunents then it is

clear that the body of the universe is not infinite.

Part 8

We nust now proceed to explain why there cannot be nore than one heaven-the
further question nentioned above. For it nmay be thought that we have

not proved universal of bodies that none whatever can exist outside

our universe, and that our argunent applied only to those of indeterm nate
extent.

Now al | things rest and nove naturally and by constraint. A thing

noves naturally to a place in which it rests w thout constraint, and
rests naturally in a place to which it noves w thout constraint. On

the other hand, a thing noves by constraint to a place in which it

rests by constraint, and rests by constraint in a place to which it

noves by constraint. Further, if a given novenment is due to constraint,
its contrary is natural. If, then, it is by constraint that earth

noves froma certain place to the centre here, its novenent from here

to there will be natural, and if earth fromthere rests here w thout
constraint, its novenent hither will be natural. And the natural novenent
in each case is one. Further, these worlds, being simlar in nature

to ours, nust all be conposed of the sane bodies as it. Moreover each

of the bodies, fire, | nean, and earth and their internediates, nust

have the sane power as in our world. For if these names are used equivocally,
if the identity of nane does not rest upon an identity of formin

these el enments and ours, then the whole to which they belong can only

be called a world by equivocation. Clearly, then, one of the bodies

will move naturally away fromthe centre and another towards the centre,
since fire nust be identical with fire, earth with earth, and so on

as the fragnments of each are identical in this world. That this nust
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be the case is evident fromthe principles laid down in our discussion

of the novenents, for these are limted in nunber, and the distinction

of the el enments depends upon the distinction of the novenents. Therefore,
since the novenents are the sanme, the elenents nust al so be the sanme
everywhere. The particles of earth, then, in another world nove naturally
also to our centre and its fire to our circunference. This, however,

is inpossible, since, if it were true, earth nmust, in its own world,

nove upwards, and fire to the centre; in the same way the earth of

our world rmust nmove naturally away fromthe centre when it noves towards
the centre of another universe. This follows fromthe supposed juxtaposition
of the worlds. For either we nust refuse to admit the identical nature

of the sinple bodies in the various universes, or, admtting this,

we nust meke the centre and the extremty one as suggested. This being
so, it follows that there cannot be nore worlds than one.

To postulate a difference of nature in the sinple bodies according

as they are nore or |less distant fromtheir proper places is unreasonable.
For what difference can it nmake whether we say that a thing is this

di stance away or that? One woul d have to suppose a difference proportionate
to the distance and increasing with it, but the formis in fact the

same. Mreover, the bodies nust have some novenent, since the fact

that they nove is quite evident. Are we to say then that all their
novenents, even those which are nutually contrary, are due to constraint?
No, for a body which has no natural novenent at all cannot be noved

by constraint. If then the bodi es have a natural nmovenent, the novenent

of the particular instances of each form nust necessarily have for

goal a place nunerically one, i.e. a particular centre or a particular
extremity. If it be suggested that the goal in each case is one in

form but numerically nore than one, on the anal ogy of particulars

whi ch are many though each undifferentiated in form we reply that

the variety of goal cannot be linmted to this portion or that but

nmust extend to all alike. For all are equally undifferentiated in

form but any one is different nunerically fromany other. Wat |

mean is this: if the portions in this world behave simlarly both

to one another and to those in another world, then the portion which

is taken hence will not behave differently either fromthe portions

in another world or fromthose in the sane world, but simlarly to

them since in formno portion differs fromanother. The result is

that we nust either abandon our present assunption or assert that

the centre and the extremty are each nunerically one. But this being

so, the heaven, by the sanme evidence and the sane necessary inferences,
nmust be one only and no nore.

A consideration of the other kinds of novenent also nakes it plain
that there is sone point to which earth and fire nove naturally. For
in general that which is nmoved changes from sonething i nto sonething,
the starting-point and the goal being different in form and al ways
it is afinite change. For instance, to recover health is to change
from di sease to health, to increase is to change fromsmallness to
greatness. Loconotion nust be simlar: for it also has its goal and
starting-point--and therefore the starting-point and the goal of the
natural nmovenent nust differ in formjust as the novenent of coning
to health does not take any direction which chance or the wi shes of
the nover may select. Thus, too, fire and earth nmove not to infinity
but to opposite points; and since the opposition in place is between
above and below, these will be the limts of their novenent. (Even
in circular nmovenent there is a sort of opposition between the ends
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of the diameter, though the novenent as a whole has no contrary: so
that here too the novenent has in a sense an opposed and finite goal.)
There nust therefore be sonme end to | oconotion: it cannot continue

to infinity.

This conclusion that |ocal novenent is not continued to infinity is
corroborated by the fact that earth noves nore quickly the nearer

it istothe centre, and fire the nearer it is to the upper place.

But if novenent were infinite speed would be infinite also; and if

speed then weight and |ightness. For as superior speed in downward

novenent inplies superior weight, so infinite increase of weight necessitates
infinite increase of speed.

Further, it is not the action of another body that nakes one of these
bodi es nove up and the other down; nor is it constraint, |ike the
"extrusion' of some witers. For in that case the larger the mass

of fire or earth the slower would be the upward or downward novenent;
but the fact is the reverse: the greater the mass of fire or earth

t he quicker always is its novenent towards its own place. Again, the
speed of the nmovenent would not increase towards the end if it were
due to constraint or extrusion; for a constrained novenent al ways

di m ni shes in speed as the source of constraint becones nore distant,
and a body nopves wi thout constraint to the place whence it was noved
by constraint.

A consideration of these points, then, gives adequate assurance of

the truth of our contentions. The sanme could al so be shown with the

aid of the discussions which fall under First Phil osophy, as wel

as fromthe nature of the circul ar novenent, which nust be eternal

both here and in the other worlds. It is plain, too, fromthe follow ng
consi derations that the universe nust be one.

The bodily elenents are three, and therefore the places of the elenents
will be three also; the place, first, of the body which sinks to the
bottom nanely the region about the centre; the place, secondly, of

the revol ving body, nanely the outernost place, and thirdly, the internedi ate
pl ace, belonging to the internmedi ate body. Here in this third place
will be the body which rises to the surface; since, if not here, it

will be elsewhere, and it cannot be el sewhere: for we have two bodi es,
one wei ghtl ess, one endowed with wei ght, and below is place of the

body endowed with weight, since the region about the centre has been
given to the heavy body. And its position cannot be unnatural to it,
for it would have to be natural to sonething else, and there is nothing
el se. It nust then occupy the internmediate place. What distinctions
there are within the internediate itself we will explain |ater on.

We have now sai d enough to nake plain the character and nunber of
the bodily el enents, the place of each, and further, in general, how
many in nunber the various places are.

Part 9

We nmust show not only that the heaven is one, but also that nore than
one heaven is and, further, that, as exenpt from decay and generation
the heaven is eternal. We nmay begin by raising a difficulty. From
one point of view it mght seeminpossible that the heaven shoul d
be one and unique, since in all formations and products whet her of
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nature or of art we can distinguish the shape in itself and the shape

in conbination with matter. For instance the formof the sphere is

one thing and the gold or bronze sphere another; the shape of the

circle again is one thing, the bronze or wooden circle another. For

when we state the essential nature of the sphere or circle we do not
include in the forrmula gold or bronze, because they do not bel ong

to the essence, but if we are speaking of the copper or gold sphere

we do include them W still nake the distinction even if we cannot
concei ve or apprehend any other exanple beside the particul ar thing.

This may, of course, sometines be the case: it might be, for instance,
that only one circle could be found; yet none the less the difference
will remain between the being of circle and of this particular circle,
the one being form the other formin matter, i.e. a particular thing.
Now since the universe is perceptible it nust be regarded as a particul ar
for everything that is perceptible subsists, as we know, in matter.

But if it is a particular, there will be a distinction between the

being of 'this universe' and of 'universe' unqualified. There is a

di fference, then, between 'this universe' and sinple 'universe'; the
second is formand shape, the first formin conbination with matter

and any shape or form has, or nay have, nore than one particul ar instance.

On the supposition of Forms such as sone assert, this nust be the

case, and equally on the view that no such entity has a separate existence.
For in every case in which the essence is in matter it is a fact of
observation that the particulars of like formare several or infinite

in nunber. Hence there either are, or nay be, nore heavens than one.

On these grounds, then, it mght be inferred either that there are

or that there m ght be several heavens. W nust, however, return and

ask how rmuch of this argument is correct and how nuch not.

Now it is quite right to say that the fornmula of the shape apart from
the matter nust be different fromthat of the shape in the matter,

and we nmay allow this to be true. W are not, however, therefore conpelled
to assert a plurality of worlds. Such a plurality is in fact inpossible
if this world contains the entirety of matter, as in fact it does.

But perhaps our contention can be nade clearer in this way. Suppose
"aquilinity' to be curvature in the nose or flesh, and flesh to be

the matter of aquilinity. Suppose further, that all flesh cane together
into a single whole of flesh endowed with this aquiline quality. Then
neither would there be, nor could there arise, any other thing that

was aquiline. Simlarly, suppose flesh and bones to be the matter

of man, and suppose a man to be created of all flesh and all bones

i n indissoluble union. The possibility of another man woul d be renpved.
What ever case you took it would be the sanme. The general rule is this:
a thing whose essence resides in a substratum of matter can never

come into being in the absence of all matter. Now the universe is
certainly a particular and a material thing: if however, it is composed
not of a part but of the whole of matter, then though the being of
"universe' and of 'this universe' are still distinct, yet there is

no other universe, and no possibility of others being nade, because

all the matter is already included in this. It remains, then, only

to prove that it is conposed of all natural perceptible body.

First, however, we nust explain what we nean by 'heaven' and in how
many senses we use the word, in order to rmake cl earer the object of
our inquiry. (a) In one sense, then, we call 'heaven' the substance
of the extrenme circunference of the whole, or that natural body whose
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place is at the extrene circunference. W recognize habitually a specia
right to the nane 'heaven' in the extremty or upper region, which

we take to be the seat of all that is divine. (b) In another sense,

we use this name for the body continuous with the extreme circunference
whi ch contains the noon, the sun, and some of the stars; these we

say are 'in the heaven'. (c) In yet another sense we give the nane

to all body included within extrene circunference, since we habitually
call the whole or totality 'the heaven'. The word, then, is used in

t hree senses.

Now t he whol e included within the extreme circunference nmust be conposed
of all physical and sensible body, because there neither is, nor can
cone into being, any body outside the heaven. For if there is a natura
body outside the extreme circunference it nust be either a sinple

or a conposite body, and its position nust be either natural or unnatural
But it cannot be any of the sinple bodies. For, first, it has been

shown that that which noves in a circle cannot change its place. And,
secondly, it cannot be that which noves fromthe centre or that which
lies lowest. Naturally they could not be there, since their proper

pl aces are el sewhere; and if these are there unnaturally, the exterior
place will be natural to some other body, since a place which is unnatura
to one body nust be natural to another: but we saw that there is no

ot her body besides these. Then it is not possible that any sinple

body shoul d be outside the heaven. But, if no sinple body, neither

can any m xed body be there: for the presence of the sinple body is
involved in the presence of the m xture. Further neither can any body
come into that place: for it will do so either naturally or unnaturally,
and will be either sinple or conposite; so that the sanme argunent

will apply, since it nakes no di fference whether the question is 'does
A exist? or 'could A come to exist? Fromour arguments then it is
evident not only that there is not, but also that there could never

cone to be, any bodily mass whatever outside the circunference. The
world as a whole, therefore, includes all its appropriate matter,

which is, as we saw, natural perceptible body. So that neither are

t here now, nor have there ever been, nor can there ever be forned

nore heavens than one, but this heaven of ours is one and uni que and
conpl ete

It is therefore evident that there is also no place or void or tine
outsi de the heaven. For in every place body can be present; and void

is said to be that in which the presence of body, though not actual

is possible; and tine is the nunber of novenment. But in the absence

of natural body there is no novenent, and outside the heaven, as we
have shown, body neither exists nor can cone to exist. It is clear

then that there is neither place, nor void, nor tinme, outside the
heaven. Hence whatever is there, is of such a nature as not to occupy
any place, nor does tinme age it; nor is there any change in any of

the things which Iie beyond the outernost notion; they continue through
their entire duration unalterable and unnodified, |iving the best

and nost selfsufficient of lives. As a matter of fact, this word 'duration
possessed a divine significance for the ancients, for the fulfil nent

whi ch includes the period of |ife of any creature, outside of which

no natural devel opnent can fall, has been called its duration. On

the sane principle the fulfilnment of the whole heaven, the ful fil nment
which includes all tinme and infinity, is '"duration'-a nane based upon
the fact that it is always-duration immortal and divine. Fromit derive
the being and |ife which other things, sone nore or |less articulately
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but others feebly, enjoy. So, too, in its discussions concerning the

di vi ne, popul ar phil osophy often propounds the view that whatever

is divine, whatever is primary and suprene, is necessarily unchangeabl e.
This fact confirms what we have said. For there is nothing else stronger
than it to nove it-since that would mean nore divine-and it has no
defect and | acks none of its proper excellences. Its unceasing novenment,
then, is also reasonable, since everything ceases to nove when it

cones to its proper place, but the body whose path is the circle has
one and the sanme place for starting-point and goal

Part 10

Havi ng established these distinctions, we may now proceed to the question
whet her the heaven is ungenerated or generated, indestructible or
destructible. Let us start with a review of the theories of other
thinkers; for the proofs of a theory are difficulties for the contrary

t heory. Besides, those who have first heard the pleas of our adversaries
will be nore likely to credit the assertions which we are going to

make. We shall be less open to the charge of procuring judgenent by
default. To give a satisfactory decision as to the truth it is necessary
to be rather an arbitrator than a party to the dispute.

That the world was generated all are agreed, but, generation over,

some say that it is eternal, others say that it is destructible Iike
any other natural formation. Others again, with Enpedliocles of Acragas
and Heraclitus of Ephesus, believe that there is alternation in the
destructive process, which takes now this direction, now that, and
continues without end.

Now to assert that it was generated and yet is eternal is to assert
the i npossi ble; for we cannot reasonably attribute to anything any
characteristics but those which observation detects in many or al

i nstances. But in this case the facts point the other way: generated
things are seen always to be destroyed. Further, a thing whose present
state had no begi nning and which could not have been other than it

was at any previous nmonment throughout its entire duration, cannot

possi bly be changed. For there will have to be sonme cause of change,
and if this had been present earlier it would have nmade possi bl e another
condition of that to which any other condition was inpossible. Suppose
that the world was formed out of elenments which were fornerly otherw se
conditioned than as they are now. Then (1) if their condition was

al ways so and coul d not have been otherwi se, the world could never
have cone into being. And (2) if the world did conme into being, then
clearly, their condition nmust have been capabl e of change and not
eternal: after conbination therefore they will be dispersed, just

as in the past after dispersion they came into conbination, and this
process either has been, or could have been, indefinitely repeated.

But if this is so, the world cannot be indestructible, and it does

not matter whether the change of condition has actually occurred or
remains a possibility.

Sonme of those who hold that the world, though indestructible, was

yet generated, try to support their case by a parallel which is illusory.
They say that in their statements about its generation they are doing
what geonetrici ans do when they construct their figures, not inplying
that the universe really had a begi nning, but for didactic reasons
facilitating understanding by exhibiting the object, |ike the figure,

Get any book for freeon:  www.Abika.com



ON THE HEAVENS

as in course of formation. The two cases, as we said, are not parallel

for, in the construction of the figure, when the various steps are
conpleted the required figure forthwith results; but in these other
denonstrations what results is not that which was required. |ndeed

it cannot be so; for antecedent and consequent, as assuned, are in
contradiction. The ordered, it is said, arose out of the unordered;

and the sanme thing cannot be at the same tine both ordered and unordered;
there nust be a process and a | apse of tine separating the two states.

In the figure, on the other hand, there is no tenporal separation

It is clear then that the universe cannot be at once eternal and generated.

To say that the universe alternately conbines and di ssolves is no

nore paradoxical than to nake it eternal but varying in shape. It

is as if one were to think that there was now destruction and now

exi stence when froma child a man is generated, and froma man a child.
For it is clear that when the elenents conme together the result is

not a chance system and conbi nation, but the very sanme as before-especially
on the view of those who hold this theory, since they say that the
contrary is the cause of each state. So that if the totality of body,
which is a continuum is nowin this order or disposition and now

in that, and if the conbination of the whole is a world or heaven,

then it will not be the world that comes into being and is destroyed,
but only its dispositions.

If the world is believed to be one, it is inpossible to suppose that
it should be, as a whole, first generated and then destroyed, never
to reappear; since before it cane into being there was al ways present
t he conbination prior to it, and that, we hold, could never change

if it was never generated. If, on the other hand, the worlds are infinite
in nunber the viewis nore plausible. But whether this is, or is not,
i npossible will be clear fromwhat follows. For there are sonme who
think it possible both for the ungenerated to be destroyed and for
the generated to persist undestroyed. (This is held in the Tinaeus,
where Plato says that the heaven, though it was generated, will none
the less exist to eternity.) So far as the heaven is concerned we
have answered this view with argunments appropriate to the nature of

t he heaven: on the general question we shall attain clearness when
we exami ne the matter universally.

Part 11

We nust first distinguish the senses in which we use the words 'ungenerated

and 'generated', 'destructible' and 'indestructible'. These have nany
meani ngs, and though it may make no difference to the argunent, yet
sonme confusion of mind nmust result fromtreating as uniformin its
use a word which has several distinct applications. The character
which is the ground of the predication will always remain obscure.

The word 'ungenerated' then is used (a) in one sense whenever sonething
now is which fornerly was not, no process of becom ng or change being

i nvol ved. Such is the case, according to some, with contact and notion,
since there is no process of comng to be in contact or in notion

(b) It is used in another sense, when sonething which is capabl e of

comng to be, with or without process, does not exist; such a thing

is ungenerated in the sense that its generation is not a fact but

a possibility. (c) It is also applied where there is general inpossibility
of any generation such that the thing nowis which then was not. And
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i mpossibility' has two uses: first, where it is untrue to say that
the thing can ever conme into being, and secondly, where it cannot

do so easily, quickly, or well. In the sane way the word ' generated

is used, (a) first, where what fornerly was not afterwards is, whether
a process of becom ng was or was not involved, so |long as that which
then was not, nowis; (b) secondly, of anything capable of existing,
'capable' being defined with reference either to truth or to facility;
(c) thirdly, of anything to which the passage fromnot being to being
bel ongs, whether already actual, if its existence is due to a past
process of beconing, or not yet actual but only possible. The uses

of the words 'destructible" and 'indestructible are simlar. 'Destructible'
is applied (a) to that which formerly was and afterwards either is

not or mght not be, whether a period of being destroyed and changed

i ntervenes or not; and (b) sonmetinmes we apply the word to that which
a process of destruction nmay cause not to be; and also (c) in a third
sense, to that which is easily destructible, to the 'easily destroyed'
so to speak. OF the indestructible the sane account holds good. It

is either (a) that which nowis and now is not, w thout any process

of destruction, |like contact, which w thout being destroyed afterwards
is not, though formerly it was; or (b) that which is but m ght not

be, or which will at sone tine not be, though it nowis. For you exi st
now and so does the contact; yet both are destructible, because a
time will come when it will not be true of you that you exist, nor

of these things that they are in contact. Thirdly (c) in its npst
proper use, it is that which is, but is incapable of any destruction
such that the thing which nowis |ater ceases to be or m ght cease

to be; or again, that which has not yet been destroyed, but in the
future may cease to be. For indestructible is also used of that which
is destroyed with difficulty.

This being so, we nust ask what we nean by 'possible" and 'inpossible'.
For in its nost proper use the predicate '"indestructible is given
because it is inpossible that the thing should be destroyed, i.e.

exi st at one tinme and not at another. And 'ungenerated' also involves

i mpossibility when used for that which cannot be generated, in such
fashion that, while formerly it was not, later it is. An instance

is a comrensurabl e di agonal. Now when we speak of a power to nove

or to lift weights, we refer always to the maxi num W speak, for
instance, of a power to |lift a hundred talents or walk a hundred stades-though
a power to effect the maximumis also a power to effect any part of

the maxi mum since we feel obliged in defining the power to give the
[imt or maxinum A thing, then, which is withinit. If, for exanple,

a man can lift a hundred talents, he can also |ift two, and if he

can wal k a hundred stades, he can also walk two. But the power is

of the maximum and a thing said, with reference to its maximum to

be i ncapabl e of so nuch is also incapable of any greater amount. It

is, for instance, clear that a person who cannot wal k a thousand st ades
will also be unable to wal k a thousand and one. This point need not
trouble us, for we may take it as settled that what is, in the strict
sense, possible is determined by a |linmting maxi mum Now perhaps the

obj ection mght be raised that there is no necessity in this, since

he who sees a stade need not see the smaller measures contained in

it, while, on the contrary, he who can see a dot or hear a small sound
wi |l perceive what is greater. This, however, does not touch our argunent.
The maxi mum may be determined either in the power or in its object.

The application of this is plain. Superior sight is sight of the smaller
body, but superior speed is that of the greater body.
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Part 12

Havi ng established these distinctions we car now proceed to the sequel
If there are thing! capable both of being and of not being, there
nust be sonme definite maximumtinme of their being and not being; a
time, | nean, during which continued existence is possible to them
and a tinme during which continued nonexi stence is possible. And this
is true in every category, whether the thing is, for exanple, 'nman',
or 'white', or "three cubits long', or whatever it may be. For if
the time is not definite in quantity, but |onger than any that can
be suggested and shorter than none, then it will be possible for one
and the sane thing to exist for infinite tine and not to exist for
anot her infinity. This, however, is inpossible.

Let us take our start fromthis point. The inpossible and the fal se
have not the sane significance. One use of 'inpossible' and 'possible',
and 'false' and '"true', is hypothetical. It is inpossible, for instance,
on a certain hypothesis that the triangle should have its angl es equa
to two right angles, and on another the diagonal is comrensurable.

But there are al so things possible and inpossible, false and true,
absolutely. Now it is one thing to be absolutely false, and anot her
thing to be absolutely inpossible. To say that you are standi ng when
you are not standing is to assert a fal sehood, but not an inpossibility.
Simlarly to say that a man who is playing the harp, but not singing,

is singing, is to say what is false but not inpossible. To say, however,
that you are at once standing and sitting, or that the diagonal is
commensurable, is to say what is not only fal se but al so inpossible.
Thus it is not the same thing to make a false and to make an i npossible
hypot hesi s, and fromthe inpossible hypothesis inpossible results
follow. A man has, it is true, the capacity at once of sitting and

of standi ng, because when he possesses the one he al so possesses the
other; but it does not follow that he can at once sit and stand, only
that at another tine he can do the other also. But if a thing has

for infinite tinme nore than one capacity, another tine is inpossible
and the tinmes nmust coincide. Thus if a thing which exists for infinite

time is destructible, it will have the capacity of not being. Now
if it exists for infinite tinme let this capacity be actualized; and
it will be in actuality at once existent and non-existent. Thus a

fal se conclusion would foll ow because a fal se assunpti on was made,
but if what was assunmed had not been inpossible its consequence woul d
not have been inpossible.

Anyt hi ng then which al ways exists is absolutely inperishable. It is

al so ungenerated, since if it was generated it will have the power

for sone tinme of not being. For as that which formerly was, but now

is not, or is capable at some future time of not being, is destructible,
so that which is capable of fornmerly not having been is generated.

But in the case of that which always is, there is no tinme for such

a capacity of not being, whether the supposed tine is finite or infinite;
for its capacity of being nmust include the finite time since it covers
infinite tinme.

It is therefore inpossible that one and the sane thing should be capable
of al ways existing and of always not-existing. And 'not always existing'
the contradictory, is also excluded. Thus it is inpossible for a thing
al ways to exist and yet to be destructible. Nor, sinmlarly, can it
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be generated. For of two attributes if B cannot be present without

A, the inpossibility A of proves the inpossibility of B. \What always
is, then, since it is incapable of ever not being, cannot possibly

be generated. But since the contradictory of "that which is al ways
capabl e of being' 'that which is not always capable of being' ; while
"that which is always capable of not being' is the contrary, whose
contradictory in turn is '"that which is not always capabl e of not
being', it is necessary that the contradictories of both terns should
be predicable of one and the same thing, and thus that, internediate
bet ween what always is and what always is not, there should be that
to which being and not-being are both possible; for the contradictory
of each will at tinmes be true of it unless it always exists. Hence
that which not always is not will sonetinmes be and sonetines not be;
and it is clear that this is true also of that which cannot al ways

be but sonetines is and therefore sonetines is not. One thing, then
wi |l have the power of being, and will thus be internedi ate between

t he ot her two.

Expresed universally our argunent is as follows. Let there be two
attributes, A and B, not capable of being present in any one thing
together, while either A or C and either B or D are capable of being
present in everything. Then C and D nmust be predicated of everything

of which neither A nor Bis predicated. Let Elie between A and B

for that which is neither of two contraries is a nmean between them

In E both C and D nust be present, for either A or Cis present everywhere
and therefore in E. Since then Ais inpossible, C nust be present,

and the sanme argunment holds of D

Nei t her that which always is, therefore, nor that which always is

not is either generated or destructible. And clearly whatever is generated
or destructible is not eternal. If it were, it would be at once capable

of always being and capabl e of not always being, but it has already

been shown that this is inpossible. Surely then whatever is ungenerated
and in being nmust be eternal, and whatever is indestructible and in

bei ng must equally be so. (I use the words 'ungenerated' and 'indestructible
in their proper sense, 'ungenerated' for that which nowis and could

not at any previous tinme have been truly said not to be; 'indestructible’
for that which nowis and cannot at any future tinme be truly said

not to be.) If, again, the two terns are coincident, if the ungenerated

is indestructible, and the indestructible ungenearted, then each of
themis coincident with "eternal'; anything ungenerated is eterna

and anything indestructible is eternal. This is clear too fromthe
definition of the terns, Whatever is destructible nust be generated;

for it is either ungenerated, or generated, but, if ungenerated, it

is by hypothesis indestructible. Whatever, further, is generated nust

be destructible. For it is either destructible or indestructible,

but, if indestructible, it is by hypothesis ungenerated.

If, however, 'indestructible' and 'ungenerated are not coincident,
there is no necessity that either the ungenerated or the indestructible
shoul d be eternal. But they nmust be coincident, for the follow ng
reasons. The terns 'generated' and 'destructible' are coincident;

this is obvious fromour former remarks, since between what al ways

is and what always is not there is an internediate which is neither,
and that internmediate is the generated and destructible. For whatever
is either of these is capable both of being and of not being for a
definite time: in either case, | nmean, there is a certain period of

Get any book for freeon:  www.Abika.com



ON THE HEAVENS

23

time during which the thing is and another during which it is not.

Anyt hing therefore which is generated or
Now | et A be that which always is and Bt
C the generated, and D the destructible.
between A and B. For in their case there
of either limt, in which either Ais not

destructible nust be internediate.
hat whi ch al ways is not,
Then C nust be internedi ate
is notime in the direction
or Bis. But for the generated

there nust be such a tinme either actually or potentially, though not
for Aand Bin either way. Cthen will be, and also not be, for a

limted length of tinme, and this is true
Therefore each is both generated and dest

al so of D, the destructible.
ructible. Therefore 'generated

and 'destructible' are coincident. Now |l et E stand for the ungenerated,

F for the generated, G for the indestruct

ible, and H for the destructible.

As for F and H, it has been shown that they are coincident. But when
ternms stand to one another as these do, F and H coincident, E and

F never predicated of the sane thing but

one or other of everything,

and G and H |likew se, then E and G nust needs be coincident. For suppose

that E is not coincident with G then F will be, since either E or
F is predictable of everything. But of that of which F is predicated
Hwll be predicable also. Hwll then be coincident with G but this

we saw to be inpossible. And the same argunent shows that G is coincident

with E.

Now the relation of the ungenerated (E) t

o the generated (F) is the

same as that of the indestructible (G to the destructible (H). To

say then that there is no reason why anyt

hi ng shoul d not be generated

and yet indestructible or ungenerated and yet destroyed, to inmgine
that in the one case generation and in the other case destruction
occurs once for all, is to destroy part of the data. For (1) everything

i s capabl e of acting or being acted upon
for an infinite, or for a definitely |im
infinite time is only a possible alternat

of being or not being, either
ted space of tinme; and the
ive because it is after a

fashion defined, as a length of tinme which cannot be exceeded. But

infinity in one direction is neither inf

nite or finite. (2) Further

why, after always existing, was the thing destroyed, why, after an

infinity of not being, was it generated,

at one nmonment rather than

another? If every nonent is alike and the nonments are infinite in
nunber, it is clear that a generated or destructible thing existed

for an infinite tine. It has therefore for an infinite time the capacity
of not being (since the capacity of being and the capacity of not

being will be present together), if destr
destruction, if generated, in the tinme af

uctible, in the time before
ter generation. If then we

assune the two capacities to be actualized, opposites will be present

together. (3) Further, this second capac
first at every nonent, so that the thing

ty will be present like the
will have for an infinite

time the capacity both of being and of not being; but this has been
shown to be inpossible. (4) Again, if the capacity is present prior
to the activity, it will be present for all tinme, even while the thing

was as yet ungenerated and non-exi stent,

t hroughout the infinite time

in which it was capable of being generated. At that time, then, when

it was not, at that sane tine it had the
bei ng then and of being thereafter, and t
of tine.

It is clear also on other grounds that it
shoul d not at sone time be destroyed. For
be at once destructible and in actuality

capacity of being, both of
herefore for an infinity

is inmpossible that the destructible
otherwise it will always
i ndestructible, so that it

will be at the sane tinme capable of always existing and of not al ways
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exi sting. Thus the destructible is at some tine actually destroyed.
The generable, simlarly, has been generated, for it is capable of
havi ng been generated and thus al so of not always existing.

W may also see in the follow ng way how i npossible it is either for

a thing which is generated to be thenceforward indestructible, or

for a thing which is ungenerated and has always hitherto existed to

be destroyed. Nothing that is by chance can be indestructible or ungenerated,
since the products of chance and fortune are opposed to what is, or

comes to be, always or usually, while anything which exists for a

time infinite either absolutely or in one direction, is in existence

ei ther always or usually. That which is by chance, then, is by nature

such as to exist at one tine and not at another. But in things of

that character the contradictory states proceed fromone and the sane
capacity, the matter of the thing being the cause equally of its existence
and of its non-existence. Hence contradictories would be present together
in actuality.

Further, it cannot truly be said of a thing nowthat it exists |ast

year, nor could it be said |ast year that it exists now It is therefore
i npossi bl e for what once did not exist later to be eternal. For in

its later state it will possess the capacity of not existing, only

not of not existing at a time when it exists-since then it exists

in actuality-but of not existing |last year or in the past. Now suppose
it to be in actuality what it is capable of being. It will then be

true to say now that it does not exist |ast year. But this is inpossible.
No capacity relates to being in the past, but always to being in the
present or future. It is the sane with the notion of an eternity of

exi stence followed | ater by non-existence. In the later state the
capacity will be present for that which is not there in actuality.
Actualize, then, the capacity. It will be true to say now that this

exi sts last year or in the past generally.

Consi derations al so not general |ike these but proper to the subject

show it to be inpossible that what was formerly eternal should |ater

be destroyed or that what formerly was not should | ater be eternal

What ever is destructible or generated is always alterable. Now alteration
is due to contraries, and the things which conpose the natural body

are the very sanme that destroy it.

BOOK 11
Part 1

That the heaven as a whol e neither cane into being nor admts of
destruction, as some assert, but is one and eternal, with no end or
begi nning of its total duration, containing and enbracing in itself
the infinity of tine, we may convi nce ourselves not only by the argunents
al ready set forth but also by a consideration of the views of those
who differ fromus in providing for its generation. If our viewis

a possi ble one, and the nmanner of generation which they assert is

i mpossible, this fact will have great weight in convincing us of the
imortality and eternity of the world. Hence it is well to persuade
oneself of the truth of the ancient and truly traditional theories,
that there is some imortal and divine thing which possesses novenent,
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but novenent such as has no linmt and is rather itself the limt of

all other nmovenment. Alinmt is a thing which contains; and this notion,
bei ng perfect, contains those inperfect notions which have a linmt

and a goal, having itself no beginning or end, but unceasing through
the infinity of tine, and of other nobvenents, to some the cause of
their beginning, to others offering the goal. The ancients gave to

the Gods the heaven or upper place, as being alone imortal; and our
present argunent testifies that it is indestructible and ungenerated.
Further, it is unaffected by any nortal disconfort, and, in addition
effortless; for it needs no constraining necessity to keep it to its
path, and prevent it fromnoving with sone ot her novenent nore natura
to itself. Such a constrained novenent would necessarily involve effort
the nore so, the nore eternal it were-and would be inconsistent with
perfection. Hence we nust not believe the old tale which says that

the worl d needs sone Atlas to keep it safe-a tale conposed, it would
seem by nmen who, like later thinkers, conceived of all the upper
bodi es as earthy and endowed with wei ght, and therefore supported

it in their fabul ous way upon ani mate necessity. W nust no nore believe
that than foll ow Enpedocl es when he says that the world, by being

whirl ed round, received a novenent quick enough to overpower its own
downward tendency, and thus has been kept from destruction all this
time. Nor, again, is it conceivable that it should persist eternally
by the necessitation of a soul. For a soul could not live in such
conditions painlessly or happily, since the novenent involves constraint,
bei ng i nposed on the first body, whose natural notion is different,

and i nposed continuously. It nust therefore be uneasy and devoi d of

all rational satisfaction; for it could not even, |ike the soul of
nortal animals, take recreation in the bodily relaxation of sleep

An I xion's |lot nmust needs possess it, without end or respite. If then
as we said, the view already stated of the first notion is a possible
one, it is not only nore appropriate so to conceive of its eternity,
but also on this hypothesis alone are we able to advance a theory

consi stent with popul ar divinations of the divine nature. But of this
enough for the present.

Part 2

Since there are some who say that there is a right and a left in the
heaven, with those who are known as Pyt hagoreans-to whom i ndeed t he
view really bel ongs-we must consider whether, if we are to apply these
principles to the body of the universe, we should follow their statenent
of the matter or find a better way. At the start we nmay say that,

if right and left are applicable, there are prior principles which

nmust first be applied. These principles have been analysed in the

di scussi on of the novenents of animals, for the reason that they are
proper to animal nature. For in sone aninals we find all such distinctions
of parts as this of right and left clearly present, and in others

sonme; but in plants we find only above and below. Now if we are to
apply to the heaven such a distinction of parts, we nust exect, as

we have said, to find in it also the distinction which in animls

is found first of themall. The distinctions are three, nanely, above
and below, front and its opposite, right and left-all these three
oppositions we expect to find in the perfect body-and each nay be
called a principle. Above is the principle of length, right of breadth,
front of depth. Or again we may connect themw th the vari ous novenents,
taking principle to nmean that part, in a thing capable of nmovenment,
from whi ch novement first begins. Gowth starts from above, |oconotion
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fromthe right, sensenmovenent fromin front (for front is sinply the
part to which the senses are directed). Hence we nust not | ook for
above and below, right and left, front and back, in every kind of

body, but only in those which, being aninmate, have a principle of
novenment within thenselves. For in no inanimate thing do we observe

a part fromwhich novenent originates. Sone do not nove at all, sone
nove, but not indifferently in any direction; fire, for exanple, only
upward, and earth only to the centre. It is true that we speak of

above and below, right and left, in these bodies relatively to ourselves.
The reference may be to our own right hands, as with the diviner

or to sonme simlarity to our own nenbers, such as the parts of a statue
possess; or we nmay take the contrary spatial order, calling right

that which is to our left, and left that which is to our right. W
observe, however, in the things thenselves none of these distinctions;
indeed if they are turned round we proceed to speak of the opposite
parts as right and left, a boy |land below, front and back. Hence it

is remarkabl e that the Pythagoreans shoul d have spoken of these two
principles, right and left, only, to the exclusion of the other four

whi ch have as good a title as they. There is no | ess difference between
above and below or front and back in animals generally than between
right and left. The difference is sonetinmes only one of function,
sonetines al so one of shape; and while the distinction of above and

bel ow is characteristic of all animte things, whether plants or animals,
that of right and left is not found in plants. Further, inasnuch as
length is prior to breadth, if above is the principle of length, right
of breadth, and if the principle of that which is prior is itself

prior, then above will be prior to right, or let us say, since 'prior'

i s anmbi guous, prior in order of generation. If, in addition, above

is the region fromwhich novement originates, right the region in

which it starts, front the region to which it is directed, then on

this ground too above has a certain original character as conpared

with the other fornms of position. On these two grounds, then, they

may fairly be criticized, first, for omtting the nore fundanental
principles, and secondly, for thinking that the two they nentioned

were attributable equally to everything.

Since we have already determned that functions of this kind bel ong
to things which possess, a principle of novenent, and that the heaven
is ani mate and possesses a principle of novenent, clearly the heaven
must al so exhi bit above and below, right and left. W need not be
troubl ed by the question, arising fromthe spherical shape of the
world, how there can be a distinction of right and left withinit,
all parts being alike and all for ever in nmotion. W nust think of
the world as of sonething in which right differs fromleft in shape
as well as in other respects, which subsequently is included in a
sphere. The difference of function will persist, but will appear not
to by reason of the regularity of shape. In the same fashion mnust

we conceive of the beginning of its novement. For even if it never
began to nove, yet it nust possess a principle fromwhich it would
have begun to nove if it had begun, and fromwhich it would begin
again if it came to a stand. Now by its length | nean the interva
between its poles, one pole being above and the other below, for two

hem spheres are specially distinguished fromall others by the imuobility

of the poles. Further, by 'transverse' in the universe we commonly
nmean, not above and below, but a direction crossing the line of the
pol es, which, by inplication, is length: for transverse notion is
notion crossing notion up and down. O the poles, that which we see
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above us is the lower region, and that which we do not see is the
upper. For right in anything is, as we say, the region in which | oconotion
originates, and the rotation of the heaven originates in the region
fromwhich the stars rise. So this will be the right, and the region
where they set the left. If then they begin fromthe right and nove
round to the right, the upper nust be the unseen pole. For if it is

the pole we see, the nmovenment will be leftward, which we deny to be

the fact. Clearly then the invisible pole is above. And those who

live in the other hem sphere are above and to the right, while we

are below and to the left. This is just the opposite of the view of

t he Pyt hagoreans, who nmake us above and on the right side and those

in the other hem sphere below and on the |eft side; the fact being

t he exact opposite. Relatively, however, to the secondary revol ution

I nmean that of the planets, we are above and on the right and they

are below and on the left. For the principle of their novenent has

the reverse position, since the novenent itself is the contrary of

the other: hence it follows that we are at its beginning and they

at its end. Here we may end our discussion of the distinctions of

parts created by the three di mensions and of the consequent differences
of position.

Part 3

Since circular notion is not the contrary of the reverse circul ar
notion, we nust consider why there is nore than one notion, though

we have to pursue our inquiries at a distance-a distance created not

so much by our spatial position as by the fact that our senses enable
us to perceive very few of the attributes of the heavenly bodi es.

But let not that deter us. The reason nust be sought in the follow ng
facts. Everything which has a function exists for its function. The
activity of God is imortality, i.e. eternal life. Therefore the novenent
of that which is divine nust be eternal. But such is the heaven, viz.

a divine body, and for that reason to it is given the circul ar body
whose nature it is to nove always in a circle. Wiy, then, is not the
whol e body of the heaven of the sane character as that part? Because
there nust be sonething at rest at the centre of the revol ving body;
and of that body no part can be at rest, either el sewhere or at the
centre. It could do so only if the body's natural novement were towards
the centre. But the circular nmovement is natural, since otherw se

it could not be eternal: for nothing unnatural is eternal. The unnatura
is subsequent to the natural, being a derangenent of the natural which
occurs in the course of its generation. Earth then has to exist; for

it is earth which is at rest at the centre. (At present we nay take
this for granted: it shall be explained later.) But if earth nust

exist, so nmust fire. For, if one of a pair of contraries naturally
exists, the other, if it is really contrary, exists also naturally.

In some formit must be present, since the matter of contraries is

the sane. Also, the positive is prior to its privation (warm for

i nstance, to cold), and rest and heavi ness stand for the privation

of lightness and novenent. But further, if fire and earth exist, the

i nternedi ate bodi es nmust exist also: each elenent stands in a contrary
relation to every other. (This, again, we will here take for granted
and try later to explain.) these four elenents generation clearly

is involved, since none of themcan be eternal: for contraries interact
with one another and destroy one another. Further, it is inconceivable
that a movabl e body should be eternal, if its novenent cannot be regarded
as naturally eternal: and these bodies we know to possess novement.
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Thus we see that generation is necessarily involved. But if so, there
nmust be at | east one other circular notion: for a single novenent

of the whol e heaven woul d necessitate an identical relation of the

el ements of bodies to one another. This matter al so shall be cleared
up in what follows: but for the present so nmuch is clear, that the
reason why there is nore than one circular body is the necessity of
generation, which follows on the presence of fire, which, with that
of the other bodies, follows on that of earth; and earth is required
because eternal novenment in one body necessitates eternal rest in
anot her .

Part 4

The shape of the heaven is of necessity spherical; for that is the
shape nobst appropriate to its substance and al so by nature prinmary.

First, let us consider generally which shape is primry anong pl anes
and solids alike. Every plane figure nust be either rectilinear or
curvilinear. Now the rectilinear is bounded by nore than one line,

the curvilinear by one only. But since in any kind the one is naturally
prior to the many and the sinple to the conplex, the circle will be

the first of plane figures. Again, if by conplete, as previously defined,
we nean a thing outside which no part of itself can be found, and

if addition is always possible to the straight line but never to the
circular, clearly the line which enbraces the circle is conplete.

If then the conplete is prior to the inconplete, it follows on this
ground also that the circle is primary anmong figures. And the sphere
hol ds the same position anmong solids. For it alone is enbraced by

a single surface, while rectilinear solids have several. The sphere

is among solids what the circle is anong plane figures. Further, those
who divide bodies into planes and generate them out of planes seem

to bear witness to the truth of this. Al one anpng solids they |eave

t he sphere undivided, as not possessing nore than one surface: for

the division into surfaces is not just dividing a whole by cutting

it into its parts, but division of another fashion into parts different
in form It is clear, then, that the sphere is first of solid figures.

If, again, one orders figures according to their nunbers, it is nost
natural to arrange themin this way. The circle corresponds to the
nunmber one, the triangle, being the sumof two right angles, to the
nunber two. But if one is assigned to the triangle, the circle wll
not be a figure at all

Now the first figure belongs to the first body, and the first body

is that at the farthest circunference. It follows that the body which
revolves with a circular novenent nust be spherical. The sane then

will be true of the body continuous with it: for that which is continuous
with the spherical is spherical. The sane again holds of the bodies

bet ween these and the centre. Bodi es which are bounded by the spherica
and in contact with it nmust be, as wholes, spherical; and the bodies

bel ow the sphere of the planets are contiguous with the sphere above
them The sphere then will be spherical throughout; for every body

within it is contiguous and continuous w th spheres.

Agai n, since the whole revol ves, palpably and by assunption, in a

circle, and since it has been shown that outside the farthest circunference

there is neither void nor place, fromthese grounds also it will follow
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necessarily that the heaven is spherical. For if it is to be rectilinear
in shape, it will followthat there is place and body and void w thout
it. For a rectilinear figure as it revolves never continues in the

sane room but where fornerly was body, is now none, and where now

is none, body will be in a noment because of the projection at the
corners. Simlarly, if the world had some other figure with unequa
radii, if, for instance, it were lentiform or oviform in every case

we should have to admit space and void outside the noving body, because
t he whol e body woul d not al ways occupy the sanme room

Again, if the notion of the heaven is the neasure of all novenents
what ever in virtue of being alone continuous and regul ar and eternal
and if, in each kind, the neasure is the m ninum and the m ni mum
novenment is the swiftest, then, clearly, the nmovenent of the heaven
nmust be the swiftest of all novenents. Now of |ines which return upon
t hemsel ves the |ine which bounds the circle is the shortest; and that
novenent is the swiftest which follows the shortest |ine. Therefore,
if the heaven noves in a circle and noves nore swiftly than anything
el se, it nust necessarily be spherical

Corroborative evidence may be drawn fromthe bodi es whose position

is about the centre. If earth is enclosed by water, water by air

air by fire, and these simlarly by the upper bodi es-which while not
continuous are yet contiguous with themand if the surface of water

is spherical, and that which is continuous with or enbraces the spherica
nmust itself be spherical, then on these grounds also it is clear that

t he heavens are spherical. But the surface of water is seen to be
spherical if we take as our starting-point the fact that water naturally
tends to collect in a hollow place-'hollow nmeaning 'nearer the centre’
Draw fromthe centre the lines AB, AC, and let their extremties be
joined by the straight line BC. The line AD, drawn to the base of

the triangle, will be shorter than either of the radii. Therefore

the place in which it termnates will be a hollow place. The water

then will collect there until equality is established, that is unti

the line AE is equal to the two radii. Thus water forces its way to

the ends of the radii, and there only will it rest: but the |ine which
connects the extrenmities of the radii is circular: therefore the surface

of the water BEC i s spheri cal

It is plain fromthe foregoing that the universe is spherical. It

is plain, further, that it is turned (so to speak) with a finish which

no manufactured thing nor anything else within the range of our observation
can even approach. For the matter of which these are conposed does

not admit of anything like the sanme regularity and finish as the substance
of the envel opi ng body; since with each step away fromearth the matter

mani festly becones finer in the sane proportion as water is finer

t han earth.

Part 5

Now there are two ways of nmoving along a circle, fromA to B or from

A to C, and we have al ready expl ai ned that these novenents are not
contrary to one another. But nothing which concerns the eternal can

be a matter of chance or spontaneity, and the heaven and its circul ar
notion are eternal. We nust therefore ask why this notion takes one
direction and not the other. Either this is itself an ultinmate fact

or there is an ultimate fact behind it. It my seem evidence of excessive
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folly or excessive zeal to try to provide an expl anati on of sone things,
or of everything, adm tting no exception. The criticism however,

is not always just: one should first consider what reason there is

for speaking, and al so what kind of certainty is |ooked for, whether
human nmerely or of a nore cogent kind. When any one shall succeed

in finding proofs of greater precision, gratitude will be due to him
for the discovery, but at present we nust be content with a probable
solution. If nature always foll ows the best course possible, and,

just as upward novenent is the superior formof rectilinear novenent,
since the upper region is nore divine than the |lower, so forward novenent
is superior to backward, then front and back exhibits, like right

and left, as we said before and as the difficulty just stated itself
suggests, the distinction of prior and posterior, which provides a
reason and so solves our difficulty. Supposing that nature is ordered
in the best way possible, this may stand as the reason of the fact
mentioned. For it is best to nove with a novenent sinple and unceasing,
and, further, in the superior of two possible directions.

Part 6

We have next to show that the novenent of the heaven is regular and

not irregular. This applies only to the first heaven and the first
novenment; for the |l ower spheres exhibit a conposition of several nobvenents
into one. If the novenent is uneven, clearly there will be acceleration
maxi nrum speed, and retardation, since these appear in all irregular
notions. The maxi num may occur either at the starting-point or at

the goal or between the two; and we expect natural nmotion to reach

its maxi mum at the goal, unnatural nmotion at the starting-point, and

m ssiles mdway between the two. But circular novenent, having no
beginning or linmt or mddle in the direct sense of the words, has
nei t her whence nor whither nor mddle: for intinme it is eternal

and in length it returns upon itself without a break. If then its
novenment has no maximum it can have no irregularity, since irregularity
is produced by retardation and accel eration. Further, since everything
that is noved is noved by sonmething, the cause of the irregularity

of nmovenent nust lie either in the nmover or in the noved or both.

For if the nover noved not always with the same force, or if the noved
were altered and did not remain the same, or if both were to change,

the result mght well be an irregular novenent in the noved. But none

of these possibilities can be conceived as actual in the case of the
heavens. As to that which is noved, we have shown that it is primary

and sinpl e and ungenerated and indestructible and general ly unchangi ng;
and the nover has an even better right to these attributes. It is

the primary that noves the primary, the sinple the sinple, the indestructible
and ungenerated that which is indestructible and ungenerated. Since

then that which is noved, being a body, is neverthel ess unchangi ng,

how shoul d the nover, which is incorporeal, be changed?

It follows then, further, that the notion cannot be irregul ar. For

if irregularity occurs, there nust be change either in the novenent
as a whole, fromfast to slow and slowto fast, or in its parts. That
there is no irregularity in the parts is obvious, since, if there
were, sone divergence of the stars would have taken place before now
inthe infinity of tine, as one noved slower and another faster: but
no alteration of their intervals is ever observed. Nor again is a
change in the novement as a whol e adnissible. Retardation is always
due to incapacity, and incapacity is unnatural. The incapacities of
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ani mal s, age, decay, and the like, are all unnatural, due, it seemns,

to the fact that the whole animl conmplex is made up of materials

which differ in respect of their proper places, and no single part
occupies its own place. If therefore that which is primary contains
not hi ng unnatural, being sinple and unnixed and in its proper place

and having no contrary, then it has no place for incapacity, nor
consequently, for retardation or (since acceleration involves retardation)
for acceleration. Again, it is inconceivable that the nover should

first show incapacity for an infinite time, and capacity afterwards

for another infinity. For clearly nothing which, |ike incapacity,
unnatural ever continues for an infinity of tine; nor does the unnatura
endure as long as the natural, or any formof incapacity as |ong as

the capacity. But if the novenent is retarded it nust necessarily

be retarded for an infinite tine. Equally inpossible is perpetua

accel eration or perpetual retardation. For such novenent would be
infinite and indefinite, but every novenent, in our view, proceeds
fromone point to another and is definite in character. Again, suppose
one assumes a minimumtinme in | ess than which the heaven coul d not
conplete its nmovement. For, as a given walk or a given exercise on

the harp cannot take any and every tine, but every performance has

its definite mininumtinme which is unsurpassable, so, one m ght suppose,
t he novenent of the heaven could not be conpleted in any and every

time. But in that case perpetual acceleration is inpossible (and,

equal |y, perpetual retardation: for the argunment holds of both and
each), if we may take acceleration to proceed by identical or increasing
additions of speed and for an infinite tine. The renmaining alternative
is to say that the novenent exhibits an alternation of slower and
faster: but this is a nere fiction and quite inconceivable. Further
irregularity of this kind would be particularly unlikely to pass unobserved,
since contrast makes observation easy.

That there is one heaven, then, only, and that it is ungenerated and
eternal, and further that its novenment is regular, has now been sufficiently
expl ai ned.

Part 7

We have next to speak of the stars, as they are called, of their conposition
shape, and nmovements. It would be nost natural and consequent upon

what has been said that each of the stars should be conposed of that
substance in which their path lies, since, as we said, there is an

el ement whose natural novenent is circular. In so saying we are only
following the sane |line of thought as those who say that the stars

are fiery because they believe the upper body to be fire, the presunption
being that a thing is conposed of the sane stuff as that in which

it is situated. The warnth and |ight which proceed fromthem are caused
by the friction set up in the air by their notion. Myvenent tends

to create fire in wood, stone, and iron; and with even nore reason

should it have that effect on air, a substance which is closer to

fire than these. An exanple is that of missiles, which as they nove

are thenselves fired so strongly that | eaden balls are nelted; and

if they are fired the surrounding air nust be sinlarly affected.

Now while the missiles are heated by reason of their notion in air

which is turned into fire by the agitation produced by their novenent,

t he upper bodies are carried on a noving sphere, so that, though they

are not thenselves fired, yet the air underneath the sphere of the

revol ving body is necessarily heated by its notion, and particularly
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in that part where the sun is attached to it. Hence warnth increases
as the sun gets nearer or higher or overhead. O the fact, then, that
the stars are neither fiery nor nove in fire, enough has been said.

Part 8

Si nce changes evidently occur not only in the position of the stars
but also in that of the whole heaven, there are three possibilities.
Either (1) both are at rest, or (2) both are in notion, or (3) the
one is at rest and the other in notion

(1) That both should be at rest is inpossible; for, if the earth is
at rest, the hypothesis does not account for the observations; and
we take it as granted that the earth is at rest. It renmins either
that both are noved, or that the one is noved and the other at rest.

(2) On the view, first, that both are in notion, we have the absurdity
that the stars and the circles nove with the sanme speed, i.e. that

the ace of every star is that of the circle in it noves. For star

and circle are seen to conme back to the same place at the same moment;
fromwhich it follows that the star has traversed the circle and the
circle has conpleted its own novenent, i.e. traversed its own circunference,
at one and the sane nonent. But it is difficult to conceive that the
pace of each star should be exactly proportioned to the size of its
circle. That the pace of each circle should be proportionate to its
size is not absurd but inevitable: but that the same should be true

of the novenent of the stars contained in the circles is quite incredible.
For if, on the one and, we suppose that the star which noves on the
greater circle is necessarily swifter, clearly we also adnit that

if stars shifted their position so as to exchange circles, the slower
woul d becone swifter and the swifter slower. But this would show that
their novement was not their own, but due to the circles. If, on the

ot her hand, the arrangenent was a chance conbi nation, the coinci dence
in every case of a greater circle with a swifter novenent of the star
contained in it is too much to believe. In one or two cases it m ght

not inconceivably fall out so, but to inmagine it in every case alike

is a nere fiction. Besides, chance has no place in that which is natural
and what happens everywhere and in every case is no matter of chance.

(3) The sanme absurdity is equally plain if it is supposed that the
circles stand still and that it is the stars thensel ves which nove.
For it will follow that the outer stars are the swifter, and that
the pace of the stars corresponds to the size of their circles.

Since, then, we cannot reasonably suppose either that both are in
notion or that the star alone noves, the remaining alternative is
that the circles should nove, while the stars are at rest and nove
with the circles to which they are attached. Only on this supposition
are we involved in no absurd consequence. For, in the first place,
the qui cker novenent of the larger circle is natural when all the
circles are attached to the sane centre. \Wenever bodies are noving
with their proper notion, the |larger noves quicker. It is the sane
here with the revolving bodies: for the are intercepted by two radi
will be larger in the larger circle, and hence it is not surprising
that the revolution of the larger circle should take the same tine

as that of the smaller. And secondly, the fact that the heavens do
not break in pieces follows not only fromthis but also fromthe proof
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al ready given of the continuity of the whole.

Agai n, since the stars are spherical, as our opponents assert and

we may consistently admt, inasmuch as we construct them out of the
spherical body, and since the spherical body has two novenents proper
to itself, nanely rolling and spinning, it follows that if the stars
have a movement of their own, it will be one of these. But neither

is observed. (1) Suppose themto spin. They would then stay where

they were, and not change their place, as, by observation and genera
consent, they do. Further, one would expect themall to exhibit the
same movement: but the only star which appears to possess this novenent
is the sun, at sunrise or sunset, and this appearance is due not to
the sun itself but to the distance fromwhich we observe it. The visua
ray being excessively prol onged becones weak and waveri ng. The sane
reason probably accounts for the apparent twi nkling of the fixed stars
and the absence of twinkling in the planets. The planets are near

so that the visual ray reaches themin its full vigour, but when it
comes to the fixed stars it is quivering because of the distance and
its excessive extension; and its trenor produces an appearance of
novenent in the star: for it makes no difference whet her novenent

is set up in the ray or in the object of vision

(2) On the other hand, it is also clear that the stars do not roll

For rolling involves rotation: but the 'face', as it is called, of

the noon is always seen. Therefore, since any noverment of their own

whi ch the stars possessed woul d presumably be one proper to thenselves,
and no such nmovenent is observed in them clearly they have no nmovenent
of their own.

There is, further, the absurdity that nature has bestowed upon them
no organ appropriate to such novenment. For nature |eaves nothing to
chance, and would not, while caring for animals, overlook things so
preci ous. | ndeed, nature seens deliberately to have stripped them

of everything which makes sel foriginated progression possible, and

to have renoved them as far as possible fromthings which have organs
of novenent. This is just why it seens proper that the whol e heaven
and every star should be spherical. For while of all shapes the sphere
is the nost convenient for nmovement in one place, making possible,

as it does, the swiftest and nost selfcontained notion, for forward
movenent it is the nost unsuitable, least of all resenbling shapes
which are self-noved, in that it has no dependent or projecting part,
as a rectilinear figure has, and is in fact as far as possible renoved
in shape from anbul atory bodi es. Since, therefore, the heavens have

to nove in one lace, and the stars are not required to nove thensel ves
forward, it is natural that both should be spherical -a shape which
best suits the novement of the one and the immbility of the other

Part 9

Fromall this it is clear that the theory that the novenent of the
stars produces a harnony, i.e. that the sounds they nake are concordant,
in spite of the grace and originality with which it has been stated,

is neverthel ess untrue. Some thinkers suppose that the notion of bodies
of that size must produce a noise, since on our earth the notion of
bodies far inferior in size and in speed of novement has that effect.

Al so, when the sun and the noon, they say, and all the stars, so great
in nunber and in size, are moving with so rapid a notion, how shoul d
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they not produce a sound i mensely great? Starting fromthis argunment

and fromthe observation that their speeds, as neasured by their distances,
are in the same ratios as mnusical concordances, they assert that the
sound given forth by the circular novenent of the stars is a harnony.

Si nce, however, it appears unaccountable that we should not hear this
nusic, they explain this by saying that the sound is in our ears from
the very nonment of birth and is thus indistinguishable fromits contrary
sil ence, since sound and silence are discrinmnated by nutual contrast.
What happens to nmen, then, is just what happens to coppersniths, who

are so accustonmed to the noise of the smthy that it nakes no difference
to them But, as we said before, nelodious and poetical as the theory

is, it cannot be a true account of the facts. There is not only the
absurdity of our hearing nothing, the ground of which they try to

renove, but also the fact that no effect other than sensitive is produced
upon us. Excessive noises, we know, shatter the solid bodies even

of inanimate things: the noise of thunder, for instance, splits rocks

and the strongest of bodies. But if the noving bodies are so great,

and the sound which penetrates to us is proportionate to their size,

t hat sound nust needs reach us in an intensity many tinmes that of

t hunder, and the force of its action nust be i mense. |ndeed the reason
why we do not hear, and show in our bodi es none of the effects of

violent force, is easily given: it is that there is no noise. But

not only is the explanation evident; it is also a corroboration of

the truth of the views we have advanced. For the very difficulty which
made the Pythagoreans say that the notion of the stars produces a
concord corroborates our view Bodies which are thenselves in notion,
produce noise and friction: but those which are attached or fixed

to a moving body, as the parts to a ship, can no nore create noise,

than a ship on a river noving with the stream Yet by the sane argunent
one m ght say it was absurd that on a |arge vessel the notion of mast

and poop should not make a great noise, and the like m ght be said

of the novenent of the vessel itself. But sound is caused when a noving
body is enclosed in an unnoved body, and cannot be caused by one encl osed
in, and continuous with, a noving body which creates no friction

W may say, then, in this matter that if the heavenly bodi es noved

in a generally diffused mass of air or fire, as every one supposes,

their notion would necessarily cause a noise of trenmendous strength

and such a noise would necessarily reach and shatter us. Since, therefore,
this effect is evidently not produced, it follows that none of them

can nove with the notion either of animate nature or of constraint.

It is as though nature had foreseen the result, that if their novenent
were other than it is, nothing on this earth could nmaintain its character

That the stars are spherical and are not sel fnoved, has now been expl ai ned.
Part 10

Wth their order-1 nean the position of each, as involving the priority
of sonme and the posteriority of others, and their respective distances
fromthe extremty-with this astronony nay be left to deal, since

the astronom cal discussion is adequate. This discussion shows that

the novenents of the several stars depend, as regards the varieties

of speed which they exhibit, on the distance of each fromthe extremty.
It is established that the outernpst revolution of the heavens is

a sinple novenment and the swiftest of all, and that the novenent of

all other bodies is conposite and relatively slow, for the reason

that each is noving on its own circle with the reverse notion to that
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of the heavens. This at once |eads us to expect that the body which

is nearest to that first sinple revolution should take the | ongest

time to conplete its circle, and that which is farthest fromit the
shortest, the others taking a longer tine the nearer they are and

a shorter time the farther away they are. For it is the nearest body

which is nost strongly influenced, and the npst renote, by reason

of its distance, which is |east affected, the influence on the internediate
bodi es varying, as the mathematici ans show, with their distance.

Part 11

Wth regard to the shape of each star, the nost reasonable viewis
that they are spherical. It has been shown that it is not in their
nature to nove thenselves, and, since nature is no wanton or random
creator, clearly she will have given things which possess no novenent

a shape particularly unadapted to novenment. Such a shape is the sphere,
since it possesses no instrument of novenent. Clearly then their mass

wi |l have the form of a sphere. Again, what holds of one hol ds of

all, and the evidence of our eyes shows us that the noon is spherical

For how el se should the nmoon as it waxes and wanes show for the nost

part a crescent-shaped or gi bbous figure, and only at one nonent a

hal f -moon? And astronom cal argunments give further confirmation; for

no ot her hypothesis accounts for the crescent shape of the sun's eclipses.
One, then, of the heavenly bodi es being spherical, clearly the rest

wi |l be spherical also.

Part 12

There are two difficulties, which may very reasonably here be raised,
of which we nust now attenpt to state the probable solution: for we
regard the zeal of one whose thirst after philosophy leads himto
accept even slight indications where it is very difficult to see one's
way, as a proof rather of npbdesty than of overconfidence.

O many such probl ens one of the strangest is the problemwhy we find
the greatest nunmber of nmovenents in the internedi ate bodies, and not,
rather, in each successive body a variety of novenent proportionate
to its distance fromthe primary notion. For we should expect, since
the primary body shows one notion only, that the body which is nearest
to it should nove with the fewest novenents, say two, and the one

next after that with three, or sonme simlar arrangenent. But the opposite
is the case. The novenents of the sun and nmoon are fewer than those

of sone of the planets. Yet these planets are farther fromthe centre
and thus nearer to the prinmary body than they, as observation has
itself reveal ed. For we have seen the noon, half-full, pass beneath
the planet Mars, which vani shed on its shadow side and came forth

by the bright and shining part. Simlar accounts of other stars are

gi ven by the Egyptians and Babyl oni ans, whose observations have been
kept for very many years past, and from whom nmuch of our evidence
about particular stars is derived. A second difficulty which may with
equal justice be raised is this. Wiy is it that the primary notion

i ncludes such a nmultitude of stars that their whole array seens to
defy counting, while of the other stars each one is separated off,

and in no case do we find two or nore attached to the same notion?

On these questions, | say, it is well that we should seek to increase
our understandi ng, though we have but little to go upon, and are pl aced
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at so great a distance fromthe facts in question. Neverthel ess there
are certain principles on which if we base our consideration we shal

not find this difficulty by any nmeans insoluble. W may object that

we have been thinking of the stars as nmere bodies, and as units with

a serial order indeed but entirely inanimate; but should rather conceive
them as enjoying life and action. On this view the facts cease to

appear surprising. For it is natural that the best-conditioned of

all things should have its good wi thout action, that which is nearest

to it should achieve it by little and sinple action, and that which

is farther renoved by a conplexity of actions, just as with nmen's
bodi es one is in good condition w thout exercise at all, another after
a short wal k, while another requires running and westling and hard
training, and there are yet others who however hard they worked thensel ves
coul d never secure this good, but only sone substitute for it. To
succeed often or in many things is difficult. For instance, to throw
ten thousand Coan throws with the dice would be inpossible, but to
throw one or two is conparatively easy. |In action, again, when A has

to be done to get B, Bto get C, and Cto get D, one step or two present
little difficulty, but as the series extends the difficulty grows.

We nust, then, think of the action of the |lower stars as simlar to

that of animals and plants. For on our earth it is man that has the
greatest variety of actions-for there are many goods that man can
secure; hence his actions are various and directed to ends beyond
themwhile the perfectly conditioned has no need of action, since

it is itself the end, and action always requires two terns, end and
means. The | ower aninmals have | ess variety of action than man; and

pl ants perhaps have little action and of one kind only. For either

t hey have but one attainable good (as indeed man has), or, if several
each contributes directly to their ultimte good. One thing then has
and enjoys the ultimte good, other things attain to it, one immedi ately
by few steps, another by many, while yet another does not even attenpt
to secure it but is satisfied to reach a point not far renoved from
that consummtion. Thus, taking health as the end, there will be one
thing that always possesses health, others that attain it, one by
reduci ng fl esh, another by running and thus reducing flesh, another

by taking steps to enable hinself to run, thus further increasing

t he nunber of novenments, while another cannot attain health itself,

but only running or reduction of flesh, so that one or other of these
is for such a being the end. For while it is clearly best for any

being to attain the real end, yet, if that cannot be, the nearer it

is to the best the better will be its state. It is for this reason

that the earth noves not at all and the bodies near to it with few
novenents. For they do not attain the final end, but only cone as

near to it as their share in the divine principle permts. But the

first heaven finds it immediately with a single novenent, and the

bodi es internmedi ate between the first and | ast heavens attain it indeed,
but at the cost of a nultiplicity of novenent.

As to the difficulty that into the one primary notion is crowded a

vast nultitude of stars, while of the other stars each has been separately
gi ven special movenents of its own, there is in the first place this
reason for regarding the arrangenent as a natural one. In thinking

of the Iife and noving principle of the several heavens one nust regard
the first as far superior to the others. Such a superiority would

be reasonable. For this single first nmotion has to nove many of the

di vi ne bodi es, while the numerous other nptions nove only one each

since each single planet noves with a variety of notions. Thus, then
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nature makes matters equal and establishes a certain order, giving

to the single notion many bodies and to the single body many notions.

And there is a second reason why the other notions have each only

one body, in that each of them except the last, i.e. that which contains
the one star, is really noving many bodies. For this |ast sphere noves
with many others, to which it is fixed, each sphere being actually

a body; so that its novenent will be a joint product. Each sphere,

in fact, has its particular natural notion, to which the general nopvenent
is, as it were, added. But the force of any linted body is only adequate
to moving a limted body.

The characteristics of the stars which nove with a circular notion,
in respect of substance and shape, novenent and order, have now been
sufficiently expl ai ned.

Part 13

It remains to speak of the earth, of its position, of the question
whether it is at rest or in notion, and of its shape.

. As to its position there is sone difference of opinion. Mst people-all
in fact, who regard the whole heaven as finite-say it lies at the
centre. But the Italian philosophers known as Pythagoreans take the
contrary view. At the centre, they say, is fire, and the earth is

one of the stars, creating night and day by its circular notion about
the centre. They further construct another earth in opposition to

ours to which they give the nane counterearth. In all this they are

not seeking for theories and causes to account for observed facts,

but rather forcing their observations and trying to accommodat e them

to certain theories and opinions of their own. But there are nany
others who woul d agree that it is wong to give the earth the centra
position, |ooking for confirmation rather to theory than to the facts

of observation. Their view is that the npst precious place befits

the nost precious thing: but fire, they say, is nore precious than
earth, and the Iimt than the intermediate, and the circunference

and the centre are limts. Reasoning on this basis they take the view
that it is not earth that lies at the centre of the sphere, but rather
fire. The Pythagoreans have a further reason. They hold that the nost

i nportant part of the world, which is the centre, should be nost strictly
guarded, and name it, or rather the fire which occupies that place,

the ' Guardhouse of Zeus', as if the word 'centre' were quite unequivocal
and the centre of the mathematical figure were always the sane with

that of the thing or the natural centre. But it is better to conceive

of the case of the whol e heaven as anal ogous to that of animals, in
which the centre of the aninmal and that of the body are different.

For this reason they have no need to be so disturbed about the world,

or tocall in a guard for its centre: rather let theml ook for the
centre in the other sense and tell us what it is |ike and where nature
has set it. That centre will be sonething primary and precious; but

to the mere position we should give the last place rather than the
first. For the mddle is what is defined, and what defines it is the
limt, and that which contains or limts is nore precious than that
which is limted, see ing that the latter is the matter and the forner
the essence of the system

Il. As to the position of the earth, then, this is the view which
some advance, and the views advanced concerning its rest or notion
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are simlar. For here too there is no general agreenent. Al who deny
that the earth lies at the centre think that it revolves about the
centre, and not the earth only but, as we said before, the counter-earth
as well. Sonme of them even consider it possible that there are severa
bodi es so noving, which are invisible to us owing to the interposition
of the earth. This, they say, accounts for the fact that eclipses

of the nobon are nore frequent than eclipses of the sun: for in addition
to the earth each of these noving bodies can obstruct it. |ndeed,

as in any case the surface of the earth is not actually a centre but
distant fromit a full hem sphere, there is no nore difficulty, they
think, in accounting for the observed facts on their view that we

do not dwell at the centre, than on the common view that the earth
isinthe mddle. Even as it is, there is nothing in the observations
to suggest that we are renoved fromthe centre by half the dianeter

of the earth. Others, again, say that the earth, which lies at the
centre, is 'rolled, and thus in notion, about the axis of the whole
heaven, So it stands written in the Tinaeus.

I1l. There are simlar disputes about the shape of the earth. Sone
think it is spherical, others that it is flat and drum shaped. For

evi dence they bring the fact that, as the sun rises and sets, the
part concealed by the earth shows a strai ght and not a curved edge,
whereas if the earth were spherical the line of section would have

to be circular. In this they | eave out of account the great distance
of the sun fromthe earth and the great size of the circunference,

whi ch, seen froma distance on these apparently small circles appears
strai ght. Such an appearance ought not to make them doubt the circul ar
shape of the earth. But they have another argunment. They say that
because it is at rest, the earth nust necessarily have this shape.

For there are many different ways in which the novenent or rest of
the earth has been conceived.

The difficulty nust have occurred to every one. It would indeed be
a conplacent mnd that felt no surprise that, while a little bit of

earth, let loose in md-air noves and will not stay still, and nore
there is of it the faster it noves, the whole earth, free in mdair
shoul d show no nmovenent at all. Yet here is this great weight of earth,

and it is at rest. And again, from beneath one of these noving fragnents
of earth, before it falls, take away the earth, and it will continue

its downward novenent with nothing to stop it. The difficulty then

has naturally passed into a comon place of philosophy; and one may

wel | wonder that the solutions offered are not seen to involve greater
absurdities than the problemitself.

By these considerations sonme have been led to assert that the earth
below us is infinite, saying, wth Xenophanes of Col ophon, that it
has 'pushed its roots to infinity',-in order to save the trouble of
seeking for the cause. Hence the sharp rebuke of Enpedocles, in the
words 'if the deeps of the earth are endl ess and endl ess the anple
ether-such is the vain tale told by many a tongue, poured fromthe
nmout hs of those who have seen but |little of the whole. Qthers say
the earth rests upon water. This, indeed, is the oldest theory that
has been preserved, and is attributed to Thales of Mletus. It was
supposed to stay still because it floated |li ke wood and other sinilar
subst ances, which are so constituted as to rest upon but not upon
air. As if the same account had not to be given of the water which
carries the earth as of the earth itself! It is not the nature of
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water, any nore than of earth, to stay in md-air: it nmust have sonething
to rest upon. Again, as air is lighter than water, so is water than
earth: how then can they think that the naturally |ighter substance

lies below the heavier? Again, if the earth as a whole is capable

of floating upon water, that nust obviously be the case with any part

of it. But observation shows that this is not the case. Any piece

of earth goes to the bottom the quicker the larger it is. These thinkers
seemto push their inquiries sone way into the problem but not so

far as they might. It is what we are all inclined to do, to direct

our inquiry not by the matter itself, but by the views of our opponents:
and even when interrogating oneself one pushes the inquiry only to

the point at which one can no | onger offer any opposition. Hence a

good inquirer will be one who is ready in bringing forward the objections
proper to the genus, and that he will be when he has gai ned an under st andi ng
of all the differences.

Anaxi nmenes and Anaxagoras and Denocritus give the flatness of the
earth as the cause of its staying still. Thus, they say, it does not
cut, but covers like alid, the air beneath it. This seens to be the
way of fl at-shaped bodies: for even the wind can scarcely nove them
because of their power of resistance. The sane immbility, they say,
is produced by the flatness of the surface which the earth presents
to the air which underlies it; while the air, not having room enough
to change its place because it is underneath the earth, stays there
in a mss, |like the water in the case of the water-clock. And they
adduce an anmount of evidence to prove that air, when cut off and at
rest, can bear a considerabl e weight.

Now, first, if the shape of the earth is not flat, its flatness cannot
be the cause of its immbility. But in their own account it is rather
the size of the earth than its flatness that causes it to remin at
rest. For the reason why the air is so closely confined that it cannot
find a passage, and therefore stays where it is, is its great anount:
and this amunt great because the body which isolates it, the earth,

is very large. This result, then, will follow, even if the earth is
spherical, so long as it retains its size. So far as their argunents
go, the earth will still be at rest.

In general, our quarrel with those who speak of novenent in this way
cannot be confined to the parts; it concerns the whol e universe. One
nmust deci de at the outset whether bodi es have a natural novenent or
not, whether there is no natural but only constrai ned novenent. Seeing,
however, that we have already decided this matter to the best of our
ability, we are entitled to treat our results as representing fact.
Bodi es, we say, which have no natural novenent, have no constrained
novenent; and where there is no natural and no constrai ned novenent

there will be no novenent at all. This is a conclusion, the necessity
of which we have al ready deci ded, and we have seen further that rest
also will be inconceivable, since rest, |ike novenent, is either natura

or constrained. But if there is any natural novenent, constraint wll

not be the sole principle of notion or of rest. If, then, it is by

constraint that the earth now keeps its place, the so-called "whirling'
novenent by which its parts cane together at the centre was al so constrained.
(The form of causation supposed they all borrow from observati ons

of liquids and of air, in which the I arger and heavi er bodi es al ways

nove to the centre of the whirl. This is thought by all those who

try to generate the heavens to explain why the earth came together
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at the centre. They then seek a reason for its staying there; and

sonme say, in the manner explained, that the reason is its size and
flatness, others, wi th Enpedocles, that the notion of the heavens,
nmovi ng about it at a higher speed, prevents novenent of the earth,

as the water in a cup, when the cup is given a circular notion, though
it is often underneath the bronze, is for this same reason prevented
fromnmoving with the downward novenment which is natural to it.) But
suppose both the "whirl' and its flatness (the air beneath being w thdrawn)
cease to prevent the earth's notion, where will the earth nove to
then? Its nmovenent to the centre was constrained, and its rest at

the centre is due to constraint; but there nust be sone notion which
is natural to it. WII this be upward notion or downward or what?

It nust have sone notion; and if upward and downward notion are alike
toit, and the air above the earth does not prevent upward novenent,
then no nore could air below it prevent downward novenent. For the
same cause nmust necessarily have the sane effect on the sane thing.

Further, agai nst Enpedocles there is another point which night be

made. When the elements were separated off by Hate, what caused the
earth to keep its place? Surely the "whirl' cannot have been then

al so the cause. It is absurd too not to perceive that, while the whirling
nmovenent may have been responsible for the original conm ng together

of the art of earth at the centre, the question renmmins, why now do

all heavy bodies nove to the earth. For the whirl surely does not

conme near us. Wy, again, does fire nove upward? Not, surely, because

of the whirl. But if fire is naturally such as to nove in a certain
direction, clearly the same nay be supposed to hold of earth. Again,

it cannot be the whirl which deternines the heavy and the |ight. Rather
t hat movement caused the pre-existent heavy and |ight things to go

to the mddle and stay on the surface respectively. Thus, before ever
the whirl began, heavy and |ight existed; and what can have been the
ground of their distinction, or the manner and direction of their
natural noverments? In the infinite chaos there can have been neither
above nor below, and it is by these that heavy and |ight are determ ned.

It is to these causes that npst witers pay attention: but there are
some, Anaxi mander, for instance, anong the ancients, who say that

the earth keeps its place because of its indifference. Mtion upward

and downward and si deways were all, they thought, equally inappropriate
to that which is set at the centre and indifferently related to every
extrene point; and to nove in contrary directions at the same tine

was inpossible: so it nust needs remain still. This view is ingenious
but not true. The argunment would prove that everything, whatever it

be, which is put at the centre, nust stay there. Fire, then, wll

rest at the centre: for the proof turns on no peculiar property of

earth. But this does not follow The observed facts about earth are

not only that it remains at the centre, but also that it noves to

the centre. The place to which any fragnent of earth nmoves nust necessarily
be the place to which the whole noves; and in the place to which a

thing naturally noves, it will naturally rest. The reason then is

not in the fact that the earth is indifferently related to every extrene
point: for this would apply to any body, whereas novenent to the centre
is peculiar to earth. Again it is absurd to | ook for a reason why

the earth remains at the centre and not for a reason why fire renmains

at the extremty. If the extremity is the natural place of fire, clearly
earth nmust al so have a natural place. But suppose that the centre

is not its place, and that the reason of its remaining there is this
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necessity of indifference-on the anal ogy of the hair which, it is
sai d, however great the tension, will not break under it, if it be
evenly distributed, or of the nen who, though exceedingly hungry and
thirsty, and both equally, yet being equidistant fromfood and drink,

is therefore bound to stay where he is-even so, it still remains to
explain why fire stays at the extremties. It is strange, too, to
ask about things staying still but not about their notion,-why, |

mean, one thing, if nothing stops it, noves up, and another thing

to the centre. Again, their statenents are not true. It happens, indeed,
to be the case that a thing to which novement this way and that is
equal ly inappropriate is obliged to remain at the centre. But so far

as their argument goes, instead of remaining there, it will nove,

only not as a mass but in fragnments. For the argunent applies equally
to fire. Fire, if set at the centre, should stay there, |ike earth,
since it will be indifferently related to every point on the extrenmty.
Nevertheless it will nove, as in fact it always does nobve when not hing
stops it, away fromthe centre to the extremty. It will not, however

nove in a mass to a single point on the circunference-the only possible
result on the lines of the indifference theory-but rather each corresponding
portion of fire to the corresponding part of the extremty, each fourth
part, for instance, to a fourth part of the circunference. For since

no body is a point, it will have parts. The expansi on, when the body

i ncreased the place occupied, would be on the same principle as the
contraction, in which the place was di m ni shed. Thus, for all the

i ndi fference theory shows to the contrary, earth also would have noved

in this manner away fromthe centre, unless the centre had been its

natural place.

We have now outlined the views held as to the shape, position, and
rest or novenent of the earth.

Part 14

Let us first decide the question whether the earth noves or is at

rest. For, as we said, there are sonme who make it one of the stars,

and ot hers who, setting it at the centre, suppose it to be 'rolled

and in notion about the pole as axis. That both views are untenable

will be clear if we take as our starting-point the fact that the earth's
noti on, whether the earth be at the centre or away fromit, nust needs
be a constrained notion. It cannot be the novenment of the earth itself.
If it were, any portion of it would have this novenent; but in fact
every part noves in a straight line to the centre. Being, then, constrained
and unnatural, the novenent could not be eternal. But the order of

the universe is eternal. Again, everything that nmoves with the circul ar
nmovenent, except the first sphere, is observed to be passed, and to

nove with nmore than one notion. The earth, then, also, whether it

nmove about the centre or as stationary at it, must necessarily nove

with two notions. But if this were so, there would have to be passings
and turnings of the fixed stars. Yet no such thing is observed. The

same stars always rise and set in the sane parts of the earth.

Further, the natural novenent of the earth, part and whol e ali ke,

is the centre of the whol e-whence the fact that it is now actually
situated at the centre-but it mght be questioned since both centres
are the same, which centre it is that portions of earth and other

heavy things nove to. Is this their goal because it is the centre

of the earth or because it is the centre of the whole? The goal, surely,
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nmust be the centre of the whole. For fire and other |ight things nove
to the extrenmity of the area which contains the centre. It happens,
however, that the centre of the earth and of the whole is the sane.
Thus they do nove to the centre of the earth, but accidentally, in
virtue of the fact that the earth's centre lies at the centre of the
whol e. That the centre of the earth is the goal of their novenent

is indicated by the fact that heavy bodies noving towards the earth
do not parallel but so as to nmake equal angles, and thus to a single
centre, that of the earth. It is clear, then, that the earth nust

be at the centre and i movable, not only for the reasons already given,
but al so because heavy bodies forcibly thrown quite straight upward
return to the point fromwhich they started, even if they are thrown
to an infinite distance. Fromthese considerations then it is clear
that the earth does not nove and does not lie el sewhere than at the
centre.

From what we have said the explanation of the earth's immbility is

al so apparent. If it is the nature of earth, as observati on shows,

to move fromany point to the centre, as of fire contrariw se to nove
fromthe centre to the extremty, it is inpossible that any portion

of earth should nove away fromthe centre except by constraint. For

a single thing has a single novenent, and a sinple thing a sinple:
contrary novenents cannot belong to the sanme thing, and novenent away
fromthe centre is the contrary of novenent to it. If then no portion
of earth can nove away fromthe centre, obviously still less can the
earth as a whole so nove. For it is the nature of the whole to nove

to the point to which the part naturally noves. Since, then, it would
require a force greater than itself to nove it, it nmust needs stay

at the centre. This view is further supported by the contributions

of mat hematici ans to astronony, since the observations nmade as the
shapes change by which the order of the stars is determ ned, are fully
accounted for on the hypothesis that the earth lies at the centre.

Of the position of the earth and of the manner of its rest or novenent,
our discussion may here end.

Its shape nust necessarily be spherical. For every portion of earth

has weight until it reaches the centre, and the jostling of parts
greater and smaller would bring about not a waved surface, but rather
conmpressi on and convergence of part and part until the centre is reached.
The process should be concei ved by supposing the earth to conme into
being in the way that some of the natural phil osophers describe. Only
they attri bute the downward novenent to constraint, and it is better

to keep to the truth and say that the reason of this notion is that

a thing which possesses weight is naturally endowed with a centripeta
nmovenment. When the nixture, then, was nerely potential, the things

that were separated off noved similarly fromevery side towards the
centre. Whether the parts which canme together at the centre were distributed
at the extrem ties evenly, or in sone other way, makes no difference.
If, on the one hand, there were a sinlar novenent from each quarter

of the extremity to the single centre, it is obvious that the resulting
mass woul d be similar on every side. For if an equal anmpunt is added

on every side the extremity of the mass will be everywhere equi di stant
fromits centre, i.e. the figure will be spherical. But neither wll

it in any way affect the argument if there is not a simlar accession
of concurrent fragments from every side. For the greater quantity,
finding a lesser in front of it, must necessarily drive it on, both
havi ng an i npul se whose goal is the centre, and the greater weight
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driving the | esser forward till this goal is reached. In this we have
al so the solution of a possible difficulty. The earth, it mght be
argued, is at the centre and spherical in shape: if, then, a weight
many tinmes that of the earth were added to one heni sphere, the centre

of the earth and of the whole will no | onger be coincident. So that

either the earth will not stay still at the centre, or if it does,

it will be at rest without having its centre at the place to which

it is still its nature to nove. Such is the difficulty. A short consideration
will give us an easy answer, if we first give precision to our postulate

t hat any body endowed wi th wei ght, of whatever size, noves towards

the centre. Clearly it will not stop when its edge touches the centre.

The greater quantity nust prevail until the body's centre occupies

the centre. For that is the goal of its inpulse. Now it nakes no difference
whet her we apply this to a clod or cormmon fragnent of earth or to

the earth as a whole. The fact indicated does not depend upon degrees

of size but applies universally to everything that has the centripeta

i mpul se. Therefore earth in notion, whether in a mass or in fragnents,
necessarily continues to nove until it occupies the centre equally

every way, the less being forced to equalize itself by the greater

owing to the forward drive of the inpulse

If the earth was generated, then, it nust have been formed in this

way, and so clearly its generation was spherical; and if it is ungenerated
and has remained so always, its character nmust be that which the initia
generation, if it had occurred, would have given it. But the spherica
shape, necessitated by this argunent, follows also fromthe fact that
the notions of heavy bodi es al ways nmake equal angles, and are not
parallel. This would be the natural form of novenment towards what

is naturally spherical. Either then the earth is spherical or it is

at least naturally spherical. And it is right to call anything that

whi ch nature intends it to be, and which belongs to it, rather than
that which it is by constraint and contrary to nature. The evi dence

of the senses further corroborates this. How el se woul d ecli pses of

the noon show segnents shaped as we see then? As it is, the shapes
which the noon itself each nonth shows are of every kind straight,

gi bbous, and concave-but in eclipses the outline is always curved:

and, since it is the interposition of the earth that nmakes the eclipse,
the formof this line will be caused by the formof the earth's surface,
which is therefore spherical. Again, our observations of the stars

meke it evident, not only that the earth is circular, but also that

it is acircle of no great size. For quite a small change of position
to south or north causes a nmanifest alteration of the horizon. There

is much change, | nmean, in the stars which are overhead, and the stars
seen are different, as one noves northward or southward. |ndeed there
are some stars seen in Egypt and in the nei ghbourhood of Cyprus which
are not seen in the northerly regions; and stars, which in the north
are never beyond the range of observation, in those regions rise and
set. Al of which goes to show not only that the earth is circular

in shape, but also that it is a sphere of no great size: for otherw se
the effect of so slight a change of place would not be quickly apparent.
Hence one should not be too sure of the incredibility of the view

of those who conceive that there is continuity between the parts about
the pillars of Hercules and the parts about India, and that in this

way the ocean is one. As further evidence in favour of this they quote
the case of el ephants, a species occurring in each of these extrene
regi ons, suggesting that the common characteristic of these extrenes

is explained by their continuity. Also, those mathenaticians who try
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to calculate the size of the earth's circunference arrive at the figure
400, 000 stades. This indicates not only that the earth's nmass is spherica
in shape, but also that as conmpared with the stars it is not of great

si ze.

BOOK 111
Part 1

We have al ready discussed the first heaven and its parts, the noving
stars within it, the matter of which these are conposed and their
bodily constitution, and we have al so shown that they are ungenerated
and indestructible. Now things that we call natural are either substances
or functions and attributes of substances. As substances | class the
sinmpl e bodies-fire, earth, and the other terns of the series-and al

t hi ngs conposed of them for exanple, the heaven as a whole and its
parts, animals, again, and plants and their parts. By attributes and
functions | nean the novenents of these and of all other things in

whi ch they have power in thenselves to cause novenent, and also their
alterations and reciprocal transformations. It is obvious, then, that
the greater part of the inquiry into nature concerns bodies: for a
natural substance is either a body or a thing which cannot cone into
exi stence without body and nmagnitude. This appears plainly from an

anal ysis of the character of natural things, and equally from an i nspection
of the instances of inquiry into nature. Since, then, we have spoken
of the primary element, of its bodily constitution, and of its freedom
fromdestruction and generation, it remains to speak of the other

two. I n speaking of themwe shall be obliged also to inquire into
generation and destruction. For if there is generation anywhere, it
nust be in these elenents and things conposed of them

This is indeed the first question we have to ask: is generation a

fact or not? Earlier speculation was at variance both with itself

and with the views here put forward as to the true answer to this
guestion. Some rempved generation and destruction fromthe world altogether
Not hing that is, they said, is generated or destroyed, and our conviction
to the contrary is an illusion. So maintai ned the school of Melissus

and Parneni des. But however excellent their theories nay otherw se

be, anyhow they cannot be held to speak as students of nature. There

may be things not subject to generation or any kind of novenent, but

if so they belong to another and a higher inquiry than the study of
nature. They, however, had no idea of any form of being other than

t he substance of things perceived; and when they saw, what no one

previ ously had seen, that there could be no know edge or wi sdom wi t hout
some such unchanging entities, they naturally transferred what was

true of themto things perceived. Ohers, perhaps intentionally, maintain
precisely the contrary opinion to this. It has been asserted that
everything in the world was subject to generation and nothi ng was

ungener ated, but that after being generated sone things renai ned

i ndestructible

while the rest were again destroyed. This had been asserted in the

first instance by Hesiod and his followers, but afterwards outside

his circle by the earliest natural philosophers. But what these thinkers
mai nt ai ned was that all el se has been generated and, as they said,

"is flowi ng away, nothing having any solidity, except one single thing
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whi ch persists as the basis of all these transformations. So we may
interpret the statenents of Heraclitus of Ephesus and many ot hers.
And sone subject all bodies whatever to generation, by neans of the
conposition and separation of planes.

Di scussi on of the other views may be postponed. But this |ast theory

whi ch conposes every body of planes is, as the nobst superficial observation
shows, in many respects in plain contradiction with mathematics. It

is, however, wong to renove the foundations of a science unless you

can replace themw th others nore convincing. And, secondly, the sane

t heory whi ch conposes solids of planes clearly conposes planes of

lines and |ines of points, so that a part of a |ine need not be a

line. This matter has been al ready considered in our discussion of
novenment, where we have shown that an indivisible length is inpossible.
But with respect to natural bodies there are inpossibilities involved

in the view which asserts indivisible lines, which we may briefly
consider at this point. For the inpossible consequences which result
fromthis viewin the mathemati cal sphere will reproduce thensel ves

when it is applied to physical bodies, but there will be difficulties

in physics which are not present in mathematics; for mathematics deals
with an abstract and physics with a nore concrete object. There are

many attributes necessarily present in physical bodies which are necessarily
excluded by indivisibility; all attributes, in fact, which are divisible.
There can be nothing divisible in an indivisible thing, but the attributes
of bodies are all divisible in one of two ways. They are divisible

into kinds, as colour is divided into white and bl ack, and they are

di vi si bl e per acci dens when that which has themis divisible. In this
|atter sense attributes which are sinple are neverthel ess divisible.
Attributes of this kind will serve, therefore, to illustrate the inpossibility
of the view It is inpossible, if two parts of a thing have no weight,
that the two together should have weight. But either all perceptible
bodi es or sonme, such as earth and water, have wei ght, as these thinkers
woul d thenmsel ves admit. Now if the point has no weight, clearly the
lines have not either, and, if they have not, neither have the planes.
Therefore no body has weight. It is, further, manifest that their

poi nt cannot have weight. For while a heavy thing may al ways be heavier
than something and a light thing |ighter than sonething, a thing which
is heavier or lighter than sonething need not be itself heavy or |ight,
just as a large thing is larger than others, but what is larger is

not always large. A thing which, judged absolutely, is small nay none
the | ess be |arger than other things. Whatever, then, is heavy and

al so heavi er than sonething else, nust exceed this by something which

is heavy. A heavy thing therefore is always divisible. But it is conmon
ground that a point is indivisible. Again, suppose that what is heavy

or weight is a dense body, and what is light rare. Dense differs from
rare in containing nore matter in the same cubic area. A point, then,

if it my be heavy or light, may be dense or rare. But the dense is
divisible while a point is indivisible. And if what is heavy nust

be either hard or soft, an inpossible consequence is easy to draw.

For a thing is soft if its surface can be pressed in, hard if it cannot;
and if it can be pressed in it is divisible.

Mor eover, no wei ght can consi st of parts not possessing weight. For
how, except by the nerest fiction, can they specify the nunmber and
character of the parts which will produce weight? And, further, when
one weight is greater than another, the difference is a third weight;
fromwhich it will follow that every indivisible part possesses weight.
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For suppose that a body of four points possesses weight. A body conposed
of nore than four points will superior in weight to it, a thing which
has wei ght. But the difference between weight and wei ght nust be a

wei ght, as the difference between white and whiter is white. Here

the difference which makes the superior weight heavier is the single
poi nt which renmai ns when the common nunber, four, is subtracted. A
single point, therefore, has weight.

Further, to assunme, on the one hand, that the planes can only be put
in linear contact would be ridiculous. For just as there are two ways
of putting lines together, nanely, end to and side by side, so there
must be two ways of putting planes together. Lines can be put together
so that contact is linear by |aying one along the other, though not

by putting themend to end. But if, simlarly, in putting the |anes
together, superficial contact is allowed as an alternative to |linear
that method will give them bodi es which are not any el ement nor conposed
of elenments. Again, if it is the nunber of planes in a body that nekes
one heavier than another, as the Timaeus explains, clearly the line
and the point will have weight. For the three cases are, as we said
bef ore, anal ogous. But if the reason of differences of weight is not
this, but rather the heaviness of earth and the |lightness of fire,

then some of the planes will be |ight and others heavy (which invol ves
a simlar distinction in the lines and the points); the earthpl ane,
I nean, will be heavier than the fire-plane. In general, the result
is either that there is no magnitude at all, or that all nagnitude

could be done away with. For a point istoaline as alineis to
a plane and as a plane is to a body. Now the various forms in passing

into one another will each be resolved into its ultinmte constituents.
It m ght happen therefore that nothing existed except points, and
that there was no body at all. A further consideration is that if

time is simlarly constituted, there would be, or mght be, a tine

at which it was done away with. For the indivisible nowis like a

point in a line. The sane consequences follow from conposi ng the heaven
of nunbers, as some of the Pythagoreans do who nake all nature out

of nunbers. For natural bodies are manifestly endowed wi th wei ght

and |ightness, but an assenbl age of units can neither be conposed

to forma body nor possess weight.

Part 2

The necessity that each of the sinple bodies should have a natura
novenment may be shown as follows. They nmanifestly nove, and if they
have no proper novenent they nmust nove by constraint: and the constrained
is the sane as the unnatural. Now an unnatural novenment presupposes

a natural nmovenent which it contravenes, and which, however many the
unnatural novenments, is always one. For naturally a thing noves in

one way, while its unnatural novenents are manifold. The sanme may

be shown, fromthe fact of rest. Rest, also, nust either be constrained
or natural, constrained in a place to which novenent was constrai ned,
natural in a place novenent to which was natural. Now manifestly there
is a body which is at rest at the centre. If then this rest is natura
toit, clearly notion to this place is natural to it. If, on the other
hand, its rest is constrained, what is hindering its notion? Sonething,
which is at rest: but if so, we shall sinply repeat the same argunent;
and either we shall cone to an ultimte sonmething to which rest where
it is or we shall have an infinite process, which is inpossible. The

hi ndrance to its novenent, then, we will suppose, is a noving thing-as
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Enpedocl es says that it is the vortex which keeps the earth still-:

but in that case we ask, where would it have noved to but for the
vortex? It could not nove infinitely; for to traverse an infinite

is inpossible, and inpossibilities do not happen. So the noving thing
nmust stop sonewhere, and there rest not by constraint but naturally.
But a natural rest proves a natural novenent to the place of rest.
Hence Leuci ppus and Denocritus, who say that the prinmary bodies are

in perpetual novenent in the void or infinite, my be asked to explain
the manner of their nmotion and the kind of noverment which is natura

to them For if the various el enents are constrai ned by one anot her

to move as they do, each nust still have a natural novement which

the constrai ned contravenes, and the prinme nover must cause notion

not by constraint but naturally. If there is no ultinmate natural cause
of novenent and each preceding termin the series is always noved

by constraint, we shall have an infinite process. The sanme difficulty
is involved even if it is supposed, as we read in the Tinaeus, that

bef ore the ordered world was nade the el ements noved wi t hout order
Their novement mnust have been due either to constraint or to their
nature. And if their novenment was natural, a nmonent's consideration
shows that there was already an ordered world. For the prinme nover

must cause nmotion in virtue of its own natural novenent, and the other
bodi es, noving w thout constraint, as they cane to rest in their proper
pl aces, would fall into the order in which they now stand, the heavy
bodi es noving towards the centre and the |ight bodies away fromit.

But that is the order of their distribution in our world. There is

a further question, too, which mght be asked. Is it possible or inpossible
t hat bodies in unordered novenment should conbine in sone cases into
combi nations |ike those of which bodies of nature's conposing are
conposed, such, | mean, as bones and flesh? Yet this is what Enpedocles
asserts to have occurred under Love. 'Many a head', says he, 'cane

to birth without a neck.’” The answer to the view that there are infinite
bodies noving in an infinite is that, if the cause of novenent is
single, they nmust nove with a single notion, and therefore not wi thout
order; and if, on the other hand, the causes are of infinite variety,
their notions too nust be infinitely varied. For a finite nunber of
causes woul d produce a kind of order, since absence of order is not
proved by diversity of direction in notions: indeed, in the world

we know, not all bodies, but only bodies of the sane kind, have a
conmon goal of novenent. Again, disorderly novement means in reality
unnat ural novenent, since the order proper to perceptible things is
their nature. And there is also absurdity and inpossibility in the
notion that the disorderly novenment is infinitely continued. For the
nature of things is the nature which nost of them possess for npst

of the tinme. Thus their view brings theminto the contrary position
that disorder is natural, and order or systemunnatural. But no natural
fact can originate in chance. This is a point which Anaxagoras seens
to have thoroughly grasped; for he starts his cosnmogony from unnoved
things. The others, it is true, make things collect together sonehow
before they try to produce notion and separation. But there is no
sense in starting generation froman original state in which bodies
are separated and in novenent. Hence Enpedocl es begins after the process
ruled by Love: for he could not have constructed the heaven by buil ding
it up out of bodies in separation, nmeking themto conbi ne by the power
of Love, since our world has its constituent elenments in separation
and therefore presupposes a previous state of unity and conbination

These arguments make it plain that every body has its natural novenent,
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which is not constrained or contrary to its nature. We go on to show
that there are certain bodi es whose necessary inpetus is that of weight
and lightness. OF necessity, we assert, they nust nove, and a noved

t hi ng which has no natural inpetus cannot nove either towards or away
fromthe centre. Suppose a body A without weight, and a body B endowed
with weight. Suppose the weightless body to nove the distance CD

while B in the sane tinme noves the distance Ce, which will be greater
since the heavy thing nust nove further. Let the heavy body then be
divided in the proportion CE: CD (for there is no reason why a part

of B should not stand in this relation to the whole). Now if the whole
nmoves the whol e distance CE, the part nust in the same tine nove the

di stance CD. A weightless body, therefore, and one which has wei ght
will nmove the sanme distance, which is inpossible. And the sane argunent
would fit the case of lightness. Again, a body which is in notion

but has neither weight nor |ightness, nust be noved by constraint,

and nust continue its constrained novenment infinitely. For there wll
be a force which noves it, and the smaller and lighter a body is the
further will a given force nove it. Now let A the weightless body,

be noved the distance Ce, and B, which has wei ght, be noved in the
same time the distance Cd. Dividing the heavy body in the proportion

CE: CD, we subtract fromthe heavy body a part which will in the sane
time move the distance CE, since the whole noved CD: for the relative
speeds of the two bodies will be in inverse ratio to their respective
si zes. Thus the weightless body will nobve the sane distance as the
heavy in the sane tinme. But this is inpossible. Hence, since the notion
of the weightless body will cover a greater distance than any that

is suggested, it will continue infinitely. It is therefore obvious

that every body nust have a definite weight or Iightness. But since
"nature' means a source of novenent within the thing itself, while

a force is a source of novenent in something other than it or in itself
qua ot her, and since novenent is always due either to nature or to
constraint, novement which is natural, as downward novement is to

a stone, will be nmerely accelerated by an external force, while an
unnatural novement will be due to the force alone. In either case

the air is as it were instrunmental to the force. For air is both |ight
and heavy, and thus qua |ight produces upward notion, being propelled
and set in notion by the force, and qua heavy produces a downward
motion. In either case the force transnits the novenent to the body

by first, as it were, inpregnating the air. That is why a body noved

by constraint continues to nove when that which gave the inpul se ceases
to acconmpany it. Oherwise, i.e. if the air were not endowed with

this function, constrained novenent would be inpossible. And the natura
novenent of a body nay be helped on in the same way. This di scussion
suffices to show (1) that all bodies are either |ight or heavy, and

(2) how unnatural nmovenent takes place.

From what has been said earlier it is plain that there cannot be generation
either of everything or in an absolute sense of anything. It is inpossible
t hat everything should be generated, unless an extra-corporeal void

i s possible. For, assum ng generation, the place which is to be occupied
by that which is coning to be, nust have been previously occupied

by void in which no body was. Now it is quite possible for one body

to be generated out of another, air for instance out of fire, but

in the absence of any pre-existing nmass generation is inpossible.

That which is potentially a certain kind of body may, it is true,

become such in actuality, But if the potential body was not already

in actuality sone other kind of body, the existence of an extra-corporea
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void nmust be adm tted
Part 3

It remains to say what bodies are subject to generation, and why.
Since in every case know edge depends on what is prinmary, and the

el ements are the primary constituents of bodies, we nust ask which

of such bodies are el enents, and why; and after that what is their
nunber and character. The answer will be plain if we first explain
what kind of substance an elenent is. An elenent, we take it, is a
body into which other bodies may be anal ysed, present in them potentially
or in actuality (which of these, is still disputable), and not itself
divisible into bodies different in form That, or sonething like it,
is what all nen in every case nean by elenent. Now if what we have
described is an elenment, clearly there nust be such bodies. For flesh
and wood and all other simlar bodies contain potentially fire and
earth, since one sees these el enents exuded fromthem and, on the

ot her hand, neither in potentiality nor in actuality does fire contain
flesh or wood, or it would exude them Sinilarly, even if there were
only one elenentary body, it would not contain them For though it
will be either flesh or bone or sonething else, that does not at once
show that it contained these in potentiality: the further question
remai ns, in what nmanner it becomes them Now Anaxagoras opposes Enpedocl es
view of the el enents. Enpedocles says that fire and earth and the

rel ated bodies are elenentary bodi es of which all things are conposed;
but this Anaxagoras denies. His elenents are the honbeonerous things,
viz. flesh, bone, and the like. Earth and fire are m xtures, conposed
of them and all the other seeds, each consisting of a collection of
all the honoeonerous bodi es, separately invisible; and that expl ains
why fromthese two bodies all others are generated. (To himfire and
aither are the sane thing.) But since every natural body has it proper
novenment, and novenents are either sinple or mxed, mxed in m xed
bodies and sinple in sinple, there nmust obviously be sinple bodies;
for there are sinple novenents. It is plain, then, that there are

el enents, and why.

Part 4

The next question to consider is whether the elenents are finite or
infinite in nunber, and, if finite, what their nunber is. Let us first
show reason or denying that their nunber is infinite, as sone suppose.
We begin with the view of Anaxagoras that all the honpeonerous bodies
are elenents. Any one who adopts this view m sapprehends the neaning
of element. Observation shows that even m xed bodies are often divisible
i nto honoeonerous parts; exanples are flesh, bone, wood, and stone.
Since then the conposite cannot be an el enent, not every honpeonerous
body can be an elenent; only, as we said before, that which is not
divisible into bodies different in form But even taking 'elenent’

as they do, they need not assert an infinity of elenents, since the
hypothesis of a finite nunber will give identical results. |ndeed

even two or three such bodies serve the purpose as well, as Enpedocles
attenpt shows. Again, even on their viewit turns out that all things
are not conposed of honobconerous bodi es. They do not pretend that

a face is conposed of faces, or that any other natural conformation

is conposed of parts like itself. Obviously then it would be better

to assume a finite nunmber of principles. They should, in fact, be

as few as possible, consistently with proving what has to be proved.
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This is the conmon demand of mat hematici ans, who al ways assune as
principles things finite either in kind or in nunber. Again, if body

i s distinguished from body by the appropriate qualitative difference,

and there is a limt to the nunber of differences (for the difference
lies in qualities apprehended by sense, which are in fact finite in
nunber, though this requires proof), then nmanifestly there is necessarily
alimt to the nunber of elenents.

There is, further, another viewthat of Leuci ppus and Denocritus of
Abdera-the inplications of which are al so unacceptable. The primry
masses, according to them are infinite in nunber and indivisible

in mass: one cannot turn into many nor many into one; and all things
are generated by their conbination and involution. Now this viewin

a sense makes things out to be nunmbers or conposed of nunbers. The
exposition is not clear, but this is its real neaning. And further
they say that since the atom c bodies differ in shape, and there is

an infinity of shapes, there is an infinity of sinple bodies. But

t hey have never explained in detail the shapes of the various el enents,
except so far to allot the sphere to fire. Air, water, and the rest

t hey distinguished by the relative size of the atom assum ng that

the atom c substance was a sort of master-seed for each and every

el ement. Now, in the first place, they make the m stake already noticed.
The principles which they assunme are not limted in nunber, though
such limtation would necessitate no other alteration in their theory.
Further, if the differences of bodies are not infinite, plainly the

el enments will not be an infinity. Besides, a view which asserts atomc
bodi es must needs conme into conflict with the mathematical sciences,

in addition to invalidating many common opi ni ons and apparent data

of sense perception. But of these things we have already spoken in

our discussion of tinme and novenent. They are al so bound to contradict
themsel ves. For if the elements are atomic, air, earth, and water
cannot be differentiated by the relative sizes of their atons, since
then they could not be generated out of one another. The extrusion

of the largest atons is a process that will in tine exhaust the supply;
and it is by such a process that they account for the generation of
water, air, and earth from one another. Again, even on their own
presuppositions

it does not seemas if the clenents would be infinite in nunber. The
atons differ in figure, and all figures are composed of pyram ds
rectilinear the case of rectilinear figures, while the sphere has

ei ght pyrami dal parts. The figures nust have their principles, and,
whet her these are one or two or nore, the sinple bodies nust be the
same in nunber as they. Again, if every elenent has its proper novenent,
and a sinple body has a sinple novenent, and the nunber of sinple
nmovenents is not infinite, because the sinple notions are only two

and the nunber of places is not infinite, on these grounds also we
shoul d have to deny that the nunber of elements is infinite.

Part 5

Si nce the nunmber of the elenents nmust be limted, it remains to inquire
whet her there is nore than one el enent. Sone assume one only, which

is according to sonme water, to others air, to others fire, to others
agai n sonething finer than water and denser than air, an infinite
body-so they say-bracing all the heavens.

Now t hose who decide for a single element, which is either water or
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air or a body finer than water and denser than air, and proceed to
generate other things out of it by use of the attributes density and
rarity, all alike fail to observe the fact that they are depriving
the el ement of its priority. Generation out of the elenents is, as
they say, synthesis, and generation into the elenents is analysis,

so that the body with the finer parts nust have priority in the order
of nature. But they say that fire is of all bodies the finest. Hence
fire will be first in the natural order. And whether the finest body
is fire or not nakes no difference; anyhow it nust be one of the other
bodies that is primary and not that which is internmedi ate. Again
density and rarity, as instrunents of generation, are equivalent to
fineness and coarseness, since the fine is rare, and coarse in their
use neans dense. But fineness and coarseness, again, are equival ent
to greatness and snallness, since a thing with small parts is fine
and a thing with |arge parts coarse. For that which spreads itself
out widely is fine, and a thing conposed of small parts is so spread
out. In the end, then, they distinguish the various other substances
fromthe el enent by the greatness and snallness of their parts. This

nmet hod of distinction makes all judgenent relative. There will be
no absolute distinction between fire, water, and air, but one and
the sane body will be relatively to this fire, relatively to sonething

else air. The sanme difficulty is involved equally in the view elenents
and di stingui shes them by their greatness and small ness. The principle
of distinction between bodies being quantity, the various sizes wll
be in a definite ratio, and whatever bodies are in this ratio to one
anot her nust be air, fire, earth, and water respectively. For the
rati os of smaller bodies may be repeated anong greater bodies.

Those who start fromfire as the single elenent, while avoiding this
difficulty, involve thenselves in many others. Sonme of themgive fire
a particular shape, |ike those who make it a pyram d, and this on

one of two grounds. The reason given may be-nore crudely-that the
pyramd is the nost piercing of figures as fire is of bodies, or-nore
i ngeni ousl y-the position may be supported by the foll owi ng argunent.
As all bodies are conposed of that which has the finest parts, so

all solid figures are conposed of pryam ds: but the finest body is
fire, while anong figures the pyramd is primary and has the small est
parts; and the primary body nust have the primary figure: therefore

fire will be a pyramid. O hers, again, express no opinion on the subject
of its figure, but sinply regard it as the of the finest parts, which
in conbination will form other bodies, as the fusing of gold-dust

produces solid gold. Both of these views involve the sane difficulties.
For (1) if, on the one hand, they nake the prinmary body an atom the
view will be open to the objections already advanced agai nst the atomc
theory. And further the theory is inconsistent with a regard for the
facts of nature. For if all bodies are quantitatively conmensurable,
and the relative size of the various honpoeonerous nmasses and of their
several elements are in the same ratio, so that the total mass of
water, for instance, is related to the total mass of air as the el enents
of each are to one another, and so on, and if there is nore air than
wat er and, generally, nore of the finer body than of the coarser
obviously the el ement of water will be smaller than that of air. But
the |l esser quantity is contained in the greater. Therefore the air
element is divisible. And the same could be shown of fire and of al
bodi es whose parts are relatively fine. (2) If, on the other hand,

the primary body is divisible, then (a) those who give fire a specia
shape will have to say that a part of fire is not fire, because a
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pyrami d i s not conposed of pyramids, and al so that not every body

is either an elenment or conposed of elenments, since a part of fire
will be neither fire nor any other elenent. And (b) those whose ground
of distinction is size will have to recognize an elenment prior to

the el ement, a regress which continues infinitely, since every body

is divisible and that which has the snallest parts is the el enent.
Further, they too will have to say that the sanme body is relatively
tothis fire and relatively to that air, to others again water and
earth.

The common error of all views which assunme a single element is that
they allow only one natural novenent, which is the sane for every
body. For it is a matter of observation that a natural body possesses

a principle of novenment. If then all bodies are one, all wll have
one novenent. Wth this notion the greater their quantity the nore
they will nove, just as fire, in proportion as its quantity is greater

noves faster with the upward notion which belongs to it. But the fact
is that increase of quantity makes many things nove the faster downward.

For these reasons, then, as well as fromthe distinction already established

of a plurality of natural novenents, it is inpossible that there should
be only one elenent. But if the elenments are not an infinity and not
reduci ble to one, they nust be several and finite in nunber.

Part 6

First we nust inquire whether the elenents are eternal or subject

to generation and destruction; for when this question has been answered
their nunber and character will be nmanifest. In the first place, they
cannot be eternal. It is a matter of observation that fire, water

and every sinple body undergo a process of analysis, which nmust either
continue infinitely or stop somewhere. (1) Suppose it infinite. Then

the tinme occupied by the process will be infinite, and also that occupied
by the reverse process of synthesis. For the processes of analysis
and synt hesis succeed one another in the various parts. It will follow

that there are two infinite times which are nutually exclusive, the
time occupied by the synthesis, which is infinite, being preceded

by the period of analysis. There are thus two nutually exclusive infinites,
which is inmpossible. (2) Suppose, on the other hand, that the analysis
st ops sonewhere. Then the body at which it stops will be either atomc
or, as Enpedocl es seens to have intended, a divisible body which wll
yet never be divided. The foregoing argunents show that it cannot

be an atom but neither can it be a divisible body which anal ysis

wi |l never reach. For a snaller body is nore easily destroyed than

a larger; and a destructive process which succeeds in destroying,

that is, in resolving into smaller bodies, a body of some size, cannot
reasonably be expected to fail with the smaller body. Nowin fire

we observe a destruction of two kinds: it is destroyed by its contrary
when it is quenched, and by itself when it dies out. But the effect

is produced by a greater quantity upon a |lesser, and the nore quickly
the smaller it is. The el ements of bodies nust therefore be subject

to destruction and generation.

Since they are generated, they nust be generated either from sonething
i ncorporeal or froma body, and if froma body, either from one another
or from sonmething el se. The theory which generates them from sonet hi ng
i ncorporeal requires an extra-corporeal void. For everything that

cones to be conmes to be in sonmething, and that in which the generation
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t akes place nust either be incorporeal or possess body; and if it

has body, there will be two bodies in the sane place at the sanme tine,

viz. that which is com ng to be and that which was previously there,

while if it is incorporeal, there nust be an extra-corporeal void.

But we have al ready shown that this is inpossible. But, on the other

hand, it is equally inpossible that the el enents should be generated
fromsome kind of body. That would involve a body distinct fromthe

el enents and prior to them But if this body possesses weight or |ightness,

it will be one of the elenments; and if it has no tendency to novenent,
it will be an inmovable or mathematical entity, and therefore not

in a place at all. A place in which a thing is at rest is a place

in which it mght nove, either by constraint, i.e. unnaturally, or

in the absence of constraint, i.e. naturally. If, then, it is in a

pl ace and sonewhere, it will be one of the elenents; and if it is

not in a place, nothing can cone fromit, since that which cones into
bei ng and that out of which it comes nust needs be together. The el enents
t heref ore cannot be generated from sonething incorporeal nor from

a body which is not an elenent, and the only renmining alternative

is that they are generated from one anot her

Part 7

We nust, therefore, turn to the question, what is the manner of their
generation fromone another? |Is it as Enpedocles and Denocritus say,

or as those who resol ve bodies into planes say, or is there yet another
possibility? (1) Wat the foll owers of Enpedocles do, though wi thout
observing it thenselves, is to reduce the generation of elenents out

of one another to an illusion. They make it a process of excretion
froma body of what was in it all the time-as though generation required
a vessel rather than a material-so that it involves no change of anything.
And even if this were accepted, there are other inplications equally
unsati sfactory. We do not expect a nmass of matter to be nmmde heavi er

by conpression. But they will be bound to maintain this, if they say
that water is a body present in air and excreted fromair, since air
beconmes heavier when it turns into water. Again, when the mixed body

is divided, they can show no reason why one of the constituents nust

by itself take up nore roomthan the body did: but when water turns
into air, the roomoccupied is increased. The fact is that the finer
body takes up nore room as is obvious in any case of transformation.
As the liquid is converted into vapour or air the vessel which contains
it is often burst because it does not contain room enough. Now, if
there is no void at all, and if, as those who take this view say,

there is no expansion of bodies, the inpossibility of this is manifest:
and if there is void and expansion, there is no accounting for the

fact that the body which results from division cfpies of necessity

a greater space. It is inevitable, too, that generation of one out

of another should cone to a stop, since a finite quantum cannot contain
an infinity of finite quanta. \When earth produces water sonething

is taken away fromthe earth, for the process is one of excretion.

The sane thing happens again when the residue produces water. But

this can only go on for ever, if the finite body contains an infinity,
which is inpossible. Therefore the generation of elenents out of one
another will not always continue.

(2) We have now expl ained that the nutual transformations of the elements

cannot take place by nmeans of excretion. The remaining alternative
is that they should be generated by changing into one another. And
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this in one of two ways, either by change of shape, as the same wax

t akes the shape both of a sphere and of a cube, or, as some assert,

by resolution into planes. (a) Generation by change of shape woul d
necessarily involve the assertion of atomic bodies. For if the particles
were divisible there would be a part of fire which was not fire and

a part of earth which was not earth, for the reason that not every

part of a pyramid is a pyram d nor of a cube a cube. But if (b) the
process is resolution into planes, the first difficulty is that the

el enents cannot all be generated out of one another. This they are

obliged to assert, and do assert. It is absurd, because it is unreasonable
that one el enent al one should have no part in the transformations,

and al so contrary to the observed data of sense, according to which

all alike change into one another. In fact their explanation of the
observations is not consistent with the observations. And the reason

is that their ultimate principles are wongly assuned: they had certain
predeterm ned views, and were resolved to bring everything into line

with them It seens that perceptible things require perceptible principles,
eternal things eternal principles, corruptible things corruptible
principles; and, in general, every subject matter principles honbgeneous
with itself. But they, owing to their love for their principles, fal

into the attitude of nen who undertake the defence of a position in
argunent. In the confidence that the principles are true they are

ready to accept any consequence of their application. As though sone
principles did not require to be judged fromtheir results, and particularly
fromtheir final issue! And that issue, which in the case of productive
know edge is the product, in the know edge of nature is the uni npeachabl e
evi dence of the senses as to each fact.

The result of their viewis that earth has the best right to the nane
el enent, and is alone indestructible; for that which is indissoluble
is indestructible and el enentary, and earth al one cannot be dissol ved
into any body but itself. Again, in the case of those el enents which
do suffer dissolution, the 'suspension' of the triangles is unsatisfactory.
But this takes place whenever one is dissolved into another, because
of the nunerical inequality of the triangles which conpose them Further
those who hol d these views nust needs suppose that generation does
not start froma body. For what is generated out of planes cannot

be said to have been generated from a body. And they nust al so assert
that not all bodies are divisible, comng thus into conflict with

our nost accurate sciences, nanely the mat hematical, which assunme
that even the intelligible is divisible, while they, in their anxiety
to save their hypothesis, cannot even admt this of every perceptible
thing. For any one who gives each el enent a shape of its own, and
makes this the ground of distinction between the substances, has to
attribute to themindivisibility; since division of a pyramd or a
sphere must | eave somewhere at |east a residue which is not sphere

or a pyramd. Either, then, a part of fire is not fire, so that there
is a body prior to the elenent-for every body is either an el enent

or conposed of elenments-or not every body is divisible.

Part 8

In general, the attenpt to give a shape to each of the sinple bodies

is unsound, for the reason, first, that they will not succeed in filling
the whole. It is agreed that there are only three plane figures which
can fill a space, the triangle, the square, and the hexagon, and only

two solids, the pyramid and the cube. But the theory needs nore than
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these because the elenments which it recognizes are nore in numnber.
Secondly, it is manifest that the sinple bodies are often given a
shape by the place in which they are included, particularly water

and air. In such a case the shape of the el enent cannot persist; for
if it did, the contained mass would not be in continuous contact with
the containing body; while, if its shape is changed, it will cease

to be water, since the distinctive quality is shape. Cearly, then,
their shapes are not fixed. Indeed, nature itself seens to offer corroboration
of this theoretical conclusion. Just as in other cases the substratum
nmust be form ess and unshapen-for thus the "all-receptive', as we

read in the Timaeus, will be best for nodelling-so the elenments should
be conceived as a material for conposite things; and that is why they
can put off their qualitative distinctions and pass into one anot her.
Further, how can they account for the generation of flesh and bone

or any other continuous body? The el ements al one cannot produce them
because their collocation cannot produce a continuum Nor can the
conposition of planes; for this produces the el enents thensel ves,

not bodi es made up of them Any one then who insists upon an exact
statenment of this kind of theory, instead of assenting after a passing
glance at it, will see that it renoves generation fromthe world.

Further, the very properties, powers, and notions, to which they paid
particular attention in allotting shapes, show the shapes not to be

in accord with the bodies. Because fire is nmobile and productive of
heat and conbustion, sonme made it a sphere, others a pyranm d. These
shapes, they thought, were the npst nobile because they offer the
fewest points of contact and are the | east stable of any; they were

al so the nost apt to produce warnth and conmbustion, because the one

i s angul ar throughout while the other has the nost acute angles, and

t he angles, they say, produce warnth and conbustion. Now, in the first
pl ace, with regard to novenent both are in error. These may be the
figures best adapted to novenent; they are not, however, well adapted
to the movenent of fire, which is an upward and rectilinear novenent,
but rather to that formof circular novenent which we call rolling.
Earth, again, they call a cube because it is stable and at rest. But

it rests only inits own place, not anywhere; fromany other it noves
if nothing hinders, and fire and the other bodies do the sane. The
obvi ous inference, therefore, is that fire and each several el enent
isin a foreign place a sphere or a pyramd, but in its own a cube.
Again, if the possession of angles makes a body produce heat and conbustion
every el enent produces heat, though one may do so nore than another
For they all possess angles, the octahedron and dodecahedron as wel

as the pyram d; and Denocritus nmakes even the sphere a kind of angle,
which cuts things because of its nobility. The difference, then, wll
be one of degree: and this is plainly false. They nust al so accept

the inference that the mathematical produce heat and combustion, since
they too possess angles and contain atomi c spheres and pyram ds, especially
if there are, as they allege, atomc figures. Anyhow if these functions
bel ong to sonme of these things and not to others, they should explain
the difference, instead of speaking in quite general terns as they

do. Again, conbustion of a body produces fire, and fire is a sphere

or a pyram d. The body, then, is turned into spheres or pyram ds

Let us grant that these figures may reasonably be supposed to cut

and break up bodies as fire does; still it remains quite inexplicable
that a pyram d nust needs produce pyram ds or a sphere spheres. One

m ght as well postulate that a knife or a saw divides things into
knives or saws. It is also ridiculous to think only of division when
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allotting fire its shape. Fire is generally thought of as comnbining

and connecting rather than as separating. For though it separates

bodies different in kind, it conbines those which are the sane; and

the conbining is essential to it, the functions of connecting and
uniting being a mark of fire, while the separating is incidental

For the expul sion of the foreign body is an incident in the conpacting

of the honpbgeneous. In choosing the shape, then, they should have

t hought either of both functions or preferably of the conbining function.
In addition, since hot and cold are contrary powers, it is inpossible

to allot any shape to the cold. For the shape given nust be the contrary
of that given to the hot, but there is no contrariety between figures.
That is why they have all left the cold out, though properly either

all or none should have their distinguishing figures. Sone of them
however, do attenpt to explain this power, and they contradict thensel ves.
A body of large particles, they say, is cold because instead of penetrating
through the passages it crushes. Clearly, then, that which is hot

is that which penetrates these passages, or in other words that which
has fine particles. It results that hot and cold are distinguished

not by the figure but by the size of the particles. Again, if the
pyram ds are unequal in size, the large ones will not be fire, and

that figure will produce not conbustion but its contrary.

From what has been said it is clear that the difference of the elenments
does not depend upon their shape. Now their nost inportant differences
are those of property, function, and power; for every natural body

has, we maintain, its own functions, properties, and powers. Qur first
busi ness, then, will be to speak of these, and that inquiry will enable
us to explain the differences of each from each

BOXXK |V
Part 1

We have now to consider the terns 'heavy' and 'light'. W nust ask

what the bodies so called are, how they are constituted, and what

is the reason of their possessing these powers. The consideration

of these questions is a proper part of the theory of novenent, since

we call things heavy and |ight because they have the power of being

noved naturally in a certain way. The activities corresponding to

t hese powers have not been given any nane, unless it is thought that
"inmpetus' is such a nane. But because the inquiry into nature is concerned
wi th novenent, and these things have in thensel ves sone spark (as

it were) of nmovenent, all inquirers avail thenselves of these powers,
though in all but a few cases without exact discrimnation. W nust

then first | ook at whatever others have said, and formul ate the questions
which require settlement in the interests of this inquiry, before

we go on to state our own view of the matter.

Language recogni zes (a) an absolute, (b) a relative heavy and light.
Of two heavy things, such as wood and bronze, we say that the one

is relatively light, the other relatively heavy. Qur predecessors
have not dealt at all with the absolute use, of the terns, but only
with the relative. | nean, they do not explain what the heavy is or
what the light is, but only the relative heaviness and |ightness of
t hi ngs possessing weight. This can be nade clearer as follows. There
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are things whose constant nature it is to nmove away fromthe centre,
whil e others nove constantly towards the centre; and of these nmovenents
that which is away fromthe centre I call upward novenent and that
which is towards it | call downward novenent. (The view, urged by

sonme, that there is no up and no down in the heaven, is absurd. There
can be, they say, no up and no down, since the universe is simlar
every way, and from any point on the earth's surface a man by advancing
far enough will cone to stand foot to foot with himself. But the extrenity
of the whole, which we call 'above', is in position above and in nature
primary. And since the universe has an extrenmty and a centre, it

must clearly have an up and down. Conmon usage is thus correct, though
i nadequate. And the reason of its inadequacy is that nen think that

the universe is not simlar every way. They recogni ze only the hem sphere
which is over us. But if they went on to think of the world as forned
on this pattern all round, with a centre identically related to each
point on the extremty, they would have to admit that the extrenity

was above and the centre below. ) By absolutely light, then, we nean

t hat which noves upward or to the extrenity, and by absolutely heavy

t hat whi ch noves downward or to the centre. By lighter or relatively
[ight we nean that one, of two bodies endowed with weight and equa

in bulk, which is exceeded by the other in the speed of its natura
downwar d novement .

Part 2

Those of our predecessors who have entered upon this inquiry have

for the nost part spoken of |ight and heavy things only in the sense
in which one of two things both endowed with weight is said to be

the lighter. And this treatnent they consider a sufficient analysis

al so of the notions of absolute heaviness, to which their account

does not apply. This, however, w |l becone clearer as we advance.

One use of the terns 'lighter' and 'heavier' is that which is set
forth in witing in the Tinmeus, that the body which is conposed of
the greater nunber of identical parts is relatively heavy, while that
which is conposed of a snmaller nunber is relatively light. As a |arger
quantity of lead or of bronze is heavier than a snaller-and this holds
good of all honmpgeneous masses, the superior weight always depending
upon a nunerical superiority of equal parts-in precisely the sane

way, they assert, lead is heavier than wood. For all bodies, in spite
of the general opinion to the contrary, are conposed of identica

parts and of a single material. But this analysis says nothing of

the absolutely heavy and light. The facts are that fire is always
light and noves upward, while earth and all earthy things nove downwards
or towards the centre. It cannot then be the fewness of the triangles
(of which, in their view, all these bodies are conposed) which di sposes
fire to nove upward. If it were, the greater the quantity of fire

the slower it would nove, owing to the increase of weight due to the

i ncreased nunber of triangles. But the pal pable fact, on the contrary,
is that the greater the quantity, the lighter the mass is and the

qui cker its upward novenent: and, simlarly, in the reverse novenent
from above downward, the small mass will nobve quicker and the |arge

sl ower. Further, since to be lighter is to have fewer of these honpbgeneous
parts and to be heavier is to have nore, and air, water, and fire

are conposed of the sane triangles, the only difference being in the
nunber of such parts, which nust therefore explain any distinction

of relatively light and heavy between these bodies, it follows that
there nmust be a certain quantum of air which is heavier than water
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But the facts are directly opposed to this. The larger the quantity
of air the nore readily it noves upward, and any portion of air wthout
exception will rise up out of the water

So much for one view of the distinction between |ight and heavy. To
others the analysis seens insufficient; and their views on the subject,
t hough they belong to an ol der generation than ours, have an air of
novelty. It is apparent that there are bodi es which, when snaller

in bulk than others, yet exceed themin weight. It is therefore obviously
insufficient to say that bodi es of equal weight are conposed of an
equal nunber of primary parts: for that would give equality of bulk
Those who maintain that the primary or atomc parts, of which bodies
endowed with wei ght are conposed, are planes, cannot so speak w t hout
absurdity; but those who regard themas solids are in a better position
to assert that of such bodies the larger is the heavier. But since

in conposite bodies the wei ght obviously does not correspond in this
way to the bulk, the | esser bulk being often superior in weight (as,
for instance, if one be wool and the other bronze), there are sone

who think and say that the cause is to be found el sewhere. The void,
they say, which is inprisoned in bodies, Iightens them and sonetines
makes the | arger body the lighter. The reason is that there is nore
void. And this would al so account for the fact that a body conposed

of a nunber of solid parts equal to, or even snmller than, that of
another is sonmetinmes larger in bulk than it. In short, generally and

in every case a body is relatively light when it contains a relatively
| arge anmount of void. This is the way they put it thensel ves, but

their account requires an addition. Relative |ightness nust depend

not only on an excess of void, but also an a defect of solid: for

if the ratio of solid to void exceeds a certain proportion, the relative
lightness will disappear. Thus fire, they say, is the |lightest of
things just for this reason that it has the nost void. But it would
follow that a |arge mass of gold, as containing nore void than a smal
mass of fire, is lighter than it, unless it also contains nmany tines

as nmuch solid. The addition is therefore necessary.

O those who deny the existence of a void sone, |ike Anaxagoras and
Enpedocl es, have not tried to anal yse the notions of |ight and heavy
at all; and those who, while still denying the existence of a void,

have attenpted this, have failed to explain why there are bodi es which
are absolutely heavy and light, or in other words why sone nove upward
and ot hers downward. The fact, again, that the body of greater bulk

is sonetines |ighter than smaller bodies is one which they have passed
over in silence, and what they have said gives no obvi ous suggestion
for reconciling their views with the observed facts.

But those who attribute the lightness of fire to its containing so

much void are necessarily involved in practically the same difficulties.
For though fire be supposed to contain less solid than any other body,
as well as nore void, yet there will be a certain quantumof fire

in which the ambunt of solid or plenumis in excess of the solids
contained in some small quantity of earth. They nmay reply that there

is an excess of void also. But the question is, howw Il they discrimnate
the absol utely heavy? Presumably, either by its excess of solid or

by its defect of void. On the former view there could be an anount

of earth so small as to contain less solid than a |arge mass of fire.
And similarly, if the distinction rests on the anount of void, there
will be a body, lighter than the absolutely |ight, which neverthel ess
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noves downward as constantly as the other nobves upward. But that cannot
be so, since the absolutely light is always lighter than bodi es which
have wei ght and nove downward, while, on the other hand, that which

is lighter need not be light, because in commopn speech we distinguish
a lighter and a heavier (viz. water and earth) anpng bodi es endowed
with weight. Again, the suggestion of a certain ratio between the

void and the solid in a body is no nore equal to solving the problem
before us. The manner of speaking will issue in a simlar inpossibility.
For any two portions of fire, small or great, will exhibit the sanme
ratio of solid to void, but the upward novenent of the greater is

qui cker than that of the less, just as the downward novenent of a

mass of gold or lead, or of any other body endowed with weight, is

qui cker in proportion to its size. This, however, should not be the
case if the ratio is the ground of distinction between heavy things
and light. There is also an absurdity in attributing the upward nmovenent
of bodies to a void which does not itself nmove. If, however, it is

the nature of a void to nove upward and of a plenumto nove downward,
and therefore each causes a |i ke novenent in other things, there was
no need to raise the question why conposite bodies are sone |ight

and sonme heavy; they had only to explain why these two things are

t hemsel ves |ight and heavy respectively, and to give, further, the
reason why the plenum and the void are not eternally separated. It

is al so unreasonable to inmagine a place for the void, as if the void
were not itself a kind of place. But if the void is to nove, it nust
have a place out of which and into which the change carries it. Also
what is the cause of its novenent? Not, surely, its voidness: for

it is not the void only which is noved, but also the solid.

Simlar difficulties are involved in all other methods of distinction
whet her they account for the relative |ightness and heavi ness of bodies
by distinctions of size, or proceed on any other principle, so |ong

as they attribute to each the sane matter, or even if they recognize
nore than one nmatter, so long as that neans only a pair of contraries.

If there is a single matter, as with those who conpose things of triangles,

not hi ng can be absolutely heavy or light: and if there is one matter
and its contrary-the void, for instance, and the plenumno reason

can be given for the relative |ightness and heavi ness of the bodies

i nternedi ate between the absolutely |ight and heavy when conpared
either with one another or with these thensel ves. The view which bases
the distinction upon differences of size is nore like a nere fiction

59

than those previously nentioned, but, inthat it is able to make distinctions

between the four elenents, it is in a stronger position for neeting
the foregoing difficulties. Since, however, it inmagines that these
bodi es which differ in size are all nade of one substance, it inplies,
equally with the view that there is but one nmatter, that there is
not hi ng absolutely Iight and nothi ng which noves upward (except as

bei ng passed by other things or forced up by them); and since a nultitude

of small atons are heavier than a few |large ones, it will follow that
much air or fire is heavier than a little water or earth, which is
i mpossi bl e.

Part 3

These, then, are the views which have been advanced by others and

the terms in which they state them W nay begin our own statenent

by settling a question which to sone has been the main difficulty-the
guestion why some bodi es nmove al ways and naturally upward and ot hers

Get any book for freeon:  www.Abika.com



ON THE HEAVENS

downward, while others again nove both upward and downward. After

that we will inquire into light and heavy and of the various phenonena
connected with them The |ocal novenent of each body into its own

pl ace must be regarded as simlar to what happens in connexion with

ot her forns of generation and change. There are, in fact, three kinds

of novenent, affecting respectively the size, the form and the place

of a thing, and in each it is observable that change proceeds from

a contrary to a contrary or to sonmething internediate: it is never

t he change of any chance subject in any chance direction, nor, simlarly,
is the relation of the nover to its object fortuitous: the thing altered
is different fromthe thing increased, and precisely the sane difference
hol ds between that which produces alteration and that which produces

i ncrease. In the same manner it nust be thought that produces |oca
notion and that which is so noved are not fortuitously rel ated. Now,

that whi ch produces upward and downward novenment is that which produces
wei ght and lightness, and that which is noved is that which is potentially
heavy or |ight, and the novenent of each body to its own place is

notion towards its own form (It is best to interpret in this sense

t he common statenment of the older witers that 'Iike noves to |ike'

For the words are not in every sense true to fact. If one were to

renove the earth to where the noon now is, the various fragnments of
earth woul d each nove not towards it but to the place in which it

now is. In general, when a nunber of simlar and undifferentiated

bodi es are noved with the same notion this result is necessarily produced,
viz. that the place which is the natural goal of the novenent of each
single part is also that of the whole. But since the place of a thing

is the boundary of that which contains it, and the continent of al
things that nove upward or downward is the extremty and the centre,

and this boundary cones to be, in a sense, the formof that which

is contained, it is to its like that a body noves when it noves to

its own place. For the successive nenbers of the scries are |like one
another: water, | mean, is like air and air like fire, and between
internedi ates the relation may be converted, though not between them
and the extremes; thus air is |like water, but water is |ike earth:

for the relation of each outer body to that which is next within it

is that of formto matter.) Thus to ask why fire noves upward and

earth downward is the sane as to ask why the heal abl e, when noved

and changed qua heal abl e, attains health and not whiteness; and simlar
guestions m ght be asked concerning any other subject of aletion

OfF course the subject of increase, when changed qua increasable, attains
not health but a superior size. The sane applies in the other cases.

One thing changes in quality, another in quantity: and so in place,

a light thing goes upward, a heavy thing dowward. The only difference
is that in the |ast case, viz. that of the heavy and the light, the
bodi es are thought to have a spring of change within thensel ves, while
the subjects of healing and increase are thought to be noved purely
fromw thout. Sonetines, however, even they change of thenselves,

ie. in response to a slight external novement reach health or increase,
as the case may be. And since the same thing which is healable is

al so receptive of disease, it depends on whether it is noved qua heal abl e
or qua liable to disease whether the notion is towards health or towards
di sease. But the reason why the heavy and the |ight appear nore than
these things to contain within thensel ves the source of their novenents
is that their matter is nearest to being. This is indicated by the

fact that | oconotion belongs to bodies only when isolated from ot her

bodi es, and is generated | ast of the several kinds of nmovement; in

order of being then it will be first. Now whenever air cones into
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bei ng out of water, light out of heavy, it goes to the upper place.

It is forthwith Iight: becoming is at an end, and in that place it

has being. Obviously, then, it is a potentiality, which, in its passage
to actuality, comes into that place and quantity and quality which
belong to its actuality. And the sanme fact explains why what is already
actually fire or earth noves, when nothing obstructs it, towards its
own place. For notion is equally inmmediate in the case of nutrinent,
when nothing hinders, and in the case of the thing heal ed, when nothing
stays the healing. But the novenent is also due to the original creative
force and to that which renoves the hindrance or off which the noving

t hi ng rebounded, as was expl ained in our opening di scussions, where

we tried to show how none of these things noves itself. The reason

of the various notions of the various bodies, and the neaning of the
notion of a body to its own place, have now been expl ai ned.

Part 4

We have now to speak of the distinctive properties of these bodies
and of the various phenonena connected with them In accordance with
general conviction we may distinguish the absolutely heavy, as that
which sinks to the bottomof all things, fromthe absolutely Iight,

which is that which rises to the surface of all things. | use the

term'absolutely', in view of the generic character of 'light' and
"heavy', in order to confine the application to bodies which do not
conmbi ne |lightness and heaviness. It is apparent, | nean, that fire,

in whatever quantity, so long as there is no external obstacle noves
upward, and earth downward; and, if the quantity is increased, the
nmovenment is the same, though swifter. But the heaviness and |ightness
of bodi es which conbine these qualities is different fromthis, since
while they rise to the surface of some bodies they sink to the bottom
of others. Such are air and water. Neither of themis absolutely either
light or heavy. Both are lighter than earth-for any portion of either
rises to the surface of it-but heavier than fire, since a portion

of either, whatever its quantity, sinks to the bottomof fire; conpared
t oget her, however, the one has absol ute weight, the other absolute
lightness, since air in any quantity rises to the surface of water
while water in any quantity sinks to the bottom of air. Now other
bodi es are severally light and heavy, and evidently in themthe attributes
are due to the difference of their unconpounded parts: that is to

say, according as the one or the other happens to preponderate the
bodies will be heavy and |ight respectively. Therefore we need only
speak of these parts, since they are primary and all el se consequenti al
and in so doing we shall be followi ng the advice which we gave to

those whose attribute heaviness to the presence of plenum and |ightness
to that of void. It is due to the properties of the elenmentary bodies
that a body which is regarded as light in one place is regarded as
heavy in another, and vice versa. In air, for instance, a talent's

wei ght of wood is heavier than a mina of |ead, but in water the wood

is the lighter. The reason is that all the elenents except fire have
wei ght and all but earth |ightness. Earth, then, and bodies in which
earth preponderates, nmust needs have wei ght everywhere, while water

is heavy anywhere but in earth, and air is heavy when not in water

or earth. In its own place each of these bodi es has wei ght except

fire, even air. OF this we have evidence in the fact that a bl adder
when inflated wei ghs nore than when enpty. A body, then, in which

air preponderates over earth and water, may well be lighter than something
in water and yet heavier than it in air, since such a body does not
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rise in air but rises to the surface in water

The following account will make it plain that there is an absolutely

i ght and an absolutely heavy body. And by absolutely light | nean

one which of its own nature always noves upward, by absol utely heavy

one which of its own nature always noves downward, if no obstacle

is in the way. There are, | say, these two kinds of body, and it is

not the case, as sone maintain, that all bodies have weight. Different
views are in fact agreed that there is a heavy body, which nmoves uniformy
towards the centre. But is also simlarly a light body. For we see

with our eyes, as we said before, that earthy things sink to the bottom
of all things and nove towards the centre. But the centre is a fixed
point. If therefore there is sone body which rises to the surface

of all things-and we observe fire to nove upward even in air itself,
while the air remains at rest-clearly this body is noving towards

the extremity. It cannot then have any weight. If it had, there would

be another body in which it sank: and if that had wei ght, there would

be yet another which noved to the extremity and thus rose to the surface
of all noving things. In fact, however, we have no evidence of such

a body. Fire, then, has no weight. Neither has earth any |ightness,
since it sinks to the bottomof all things, and that which sinks noves
to the centre. That there is a centre towards which the notion of

heavy things, and away fromwhich that of |ight things is directed,

is mani fest in nmany ways. First, because no novenment can continue

to infinity. For what cannot be can no nore cone-to-be than be, and
novenent is a coming to-be in one place from another. Secondly, like

the upward novenent of fire, the downward novenment of earth and al

heavy things nakes equal angles on every side with the earth's surface:
it must therefore be directed towards the centre. Wether it is really
the centre of the earth and not rather that of the whole to which

it nmoves, may be left to another inquiry, since these are coincident.

But since that which sinks to the bottomof all things noves to the
centre, necessarily that which rises to the surface noves to the extrenity
of the region in which the novenent of these bodies takes place. For

the centre is opposed as contrary to the extremty, as that which

sinks is opposed to that which rises to the surface. This al so gives

a reasonabl e ground for the duality of heavy and light in the spatia
duality centre and extrenmity. Now there is also the internedi ate region
to which each name is given in opposition to the other extrene. For

that which is internmedi ate between the two is in a sense both extremty
and centre. For this reason there is another heavy and |ight; nanely,
water and air. But in our view the continent pertains to form and

the contained to matter: and this distinction is present in every

genus. Alike in the sphere of quality and in that of quantity there

is that which corresponds rather to form and that which corresponds

to matter. In the sane way, anong spatial distinctions, the above

bel ongs to the determinate, the below to matter. The sane hol ds, consequently,
also of the matter itself of that which is heavy and light: as potentially
possessi ng the one character, it is matter for the heavy, and as potentially
possessing the other, for the light. It is the same matter, but its
being is different, as that which is receptive of disease is the sane

as that which is receptive of health, though in being different from

it, and therefore di seasedness is different from healthiness.

Part 5

A thing then which has the one kind of matter is |light and al ways
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noves upward, while a thing which has the opposite matter is heavy

and al ways noves downward. Bodi es conposed of kinds of matter different
fromthese but having relatively to each other the character which

t hese have absol utely, possess both the upward and the downward noti on.
Hence air and water each have both |ightness and wei ght, and water
sinks to the bottomof all things except earth, while air rises to

the surface of all things except fire. But since there is one body
only which rises to the surface of all things and one only which sinks
to the bottomof all things, there nust needs be two ot her bodies
which sink in sone bodies and rise to the surface of others. The kinds
of matter, then, nust be as nunerous as these bodies, i.e. four, but

t hough they are four there nust be a cormon matter of all-particularly
if they pass into one another-which in each is in being different.
There is no reason why there should not be one or nore internedi ates
between the contraries, as in the case of colour; for 'internediate
and 'nean' are capable of nore than one application

Now in its own place every body endowed with both wei ght and |ightness
has wei ght whereas earth has wei ght everywhere-but they only have |ightness
among bodi es to whose surface they rise. Hence when a support is wthdrawn

such a body noves downward until it reaches the body next belowit,
air to the place of water and water to that of earth. But if the fire
above air is renoved, it will not nove upward to the place of fire,

except by constraint; and in that way water also nay be drawn up

when the upward novenment of air which has had a conmon surface with

it is swift enough to overpower the downward inpul se of the water

Nor does water nove upward to the place of air, except in the manner
just described. Earth is not so affected at all, because a conmon
surface is not possible to it. Hence water is drawn up into the vesse
to which fire is applied, but not earth. As earth fails to nove upward
so fire fails to nove downward when air is wthdrawn from beneath

it: for fire has no weight even in its own place, as earth has no

i ghtness. The other two nove downward when the body beneath is withdrawn
because, while the absolutely heavy is that which sinks to the bottom
of all things, the relatively heavy sinks to its own place or to the
surface of the body in which it rises, since it is simlar in matter
toit.

It is plain that one nust suppose as many distinct species of matter
as there are bodies. For if, first, there is a single matter of al
things, as, for instance, the void or the plenumor extension or the

triangles, either all things will nove upward or all things will nove
downward, and the second notion will be abolished. And so, either
there will be no absolutely light body, if superiority of weight is

due to superior size or nunber of the constituent bodies or to the

full ness of the body: but the contrary is a matter of observation

and it has been shown that the downward and upward novements are equally
constant and universal: or, if the matter in question is the void

or sonething simlar, which noves uniformy upward, there will be
nothing to nove uniformy downward. Further, it will follow that the
i nternedi ate bodi es nove downward in sonme cases quicker than earth
for air in sufficiently large quantity will contain a | arger nunber

of triangles or solids or particles. It is, however, nanifest that
no portion of air whatever nmoves downward. And the sane reasoning
applies to lightness, if that is supposed to depend on superiority
of quantity of matter. But if, secondly, the kinds of matter are two,
it will be difficult to make the internedi ate bodi es behave as air
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and water behave. Suppose, for exanple, that the two asserted are

void and plenum Fire, then, as noving upward, will be void, earth,

as novi ng downward, plenum and in air, it will be said, fire preponderates,
in water, earth. There will then be a quantity of water containing

nore fire than a little air, and a |large anount of air will contain

nore earth than a little water: consequently we shall have to say

that air in a certain quantity noves downward nore quickly than a

little water. But such a thing has never been observed anywhere. Necessarily,
then, as fire goes up because it has sonething, e.g. void, which other
things do not have, and earth goes downward because it has pl enum

so air goes to its own place above water because it has sonething

el se, and water goes downward because of sone special kind of body.

But if the two bodies are one matter, or two matters both present

in each, there will be a certain quantity of each at which water wi ||l

excel a little air in the upward novenent and air excel water in the
downward novenent, as we have already often said.

Part 6

The shape of bodies will not account for their noving upward or downward
in general, though it will account for their noving faster or slower.
The reasons for this are not difficult to see. For the problemthus
raised is why a flat piece of iron or lead floats upon water, while
smal l er and | ess heavy things, so long as they are round or |ong-a
needl e, for instance-sink down; and sonetines a thing floats because

it is small, as with gold dust and the various earthy and dusty nmaterials
which throng the air. Wth regard to these questions, it is wong

to accept the explanation offered by Denocritus. He says that the
war m bodi es nmovi ng up out of the water hold up heavy bodi es which

are broad, while the narrow ones fall through, because the bodies

which offer this resistance are not nunerous. But this would be even
nore likely to happen in air-an objection which he hinself raises.

His reply to the objection is feeble. In the air, he says, the 'drive
(meaning by drive the novenent of the upward novi ng bodies) is not
uniformin direction. But since sone continua are easily divided and
others less easily, and things which produce division differ simlarly
in the case with which they produce it, the explanation must be found
inthis fact. It is the easily bounded, in proportion as it is easily
bounded, which is easily divided; and air is nore so than water, water
than earth. Further, the smaller the quantity in each kind, the nore
easily it is divided and disrupted. Thus the reason why broad things
keep their place is because they cover so wide a surface and the greater
quantity is less easily disrupted. Bodies of the opposite shape sink
down because they occupy so little of the surface, which is therefore
easily parted. And these considerations apply with far greater force

to air, since it is so nmuch nore easily divided than water. But since
there are two factors, the force responsible for the downward notion

of the heavy body and the disruption-resisting force of the continuous
surface, there nust be sonme ratio between the two. For in proportion

as the force applied by the heavy thing towards disruption and division
exceeds that which resides in the continuum the quicker will it force
its way down; only if the force of the heavy thing is the weaker

will it ride upon the surface.

We have now fini shed our exam nation of the heavy and the Iight and
of the phenonmena connected with them
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THE END
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