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which i3 what is meant by "place®s But that to which and

from which we comzonly observe things to move is itself

mobile, whereas Aristotle has defined it as something immobile,
That that to which and from which we commonl; observe things
to move is mobile c¢sn be seen in the 1ight of ancient and
modern science, We talk about <Ms place af_a man on a ship,
perhaps of his cabin or of his chair as his piaco. ¥hen we -
think of him as going to or from a Place we mean something

1ike this, We consider him to remain in the same place while
sitting in his chair even after the ship as s whole has

sailed some distance over the earth (according to ancient

science it has then moved relative o0 the universe as a iholc)o
And in the course of the voyage when the man goes to and

from each of these places we think of him as going to and

from the same place in number throughout the voyage. Iet;

as the ship is moved, the surfae§ bounding the man while he

is 4n his chair has bdeen moved also, How, sccording te
Aristotle and 8t. Thomas, the place of the man before and

after the ship has Deen moved must be dirfcroat, for his

Position before and after the ship has beem moved are different |

relative to the universe as a whole, Thus, what is cemﬁonly
rogarded es one and the same place in nuamber (the same place
in number to and from which a thing is moved) is to be
regarded, according to the definition Aristotle has given us,
not a8 one rlace but as different places as the voyage

progresses, Certainly, thoec"placea' t0 which and from
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whieh we obsorve bodies to move are comnonly at rest relative

to the earth. Yet, we now say that the earth is mobile,

This makes thoase "places" mobile too, From these facts it

J
]
¢

secns plain that what we commonly mean bdy 'pl;co' is something
mobila, contrary to the definition of Aristotle. In other
words, he has not defined place dut rather something else,

: 313, ¥e cannot give a oomplete answer to this
objestion here, It will be taken up again more completely
toward the end of the present work. PRub even here we can
indicate cexrtain sspects of the answer, When a container is
moved, the contained body actuaslly divided from it is moved
pex accidens, it is moved ohly from the fast that the container
is moved. When the container has been moved, it has changed
i?_ its place. The same thing is true of the body contained by

1%, only the contained body is moved per sgcidens. Wnem the
container is moved, the rlace of the contained body does not
remain the same in nuaber. The facs that it was the same

body containing the ome contained throughecut the motion does
not make the plage of the ocontained dody the same throughout
the motion excepts materislly. The rroper place of the
contained body remains the same in subject only, i, e. the
surface which contained the contained body and is its Place

is the surface of the same containing body before snd after
the contained body is moved, Buttggz is essential (i. e, what .
is true by virtue of the definition of prlace) is that, taken '
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as the place of ﬁho contained body, the surface containing
this body is a different surface before and after the
contained body is moved, whether or not the subject of the
surface (i. e. the containing body) remains ;ha sane in
nunber. Of course, the converse is also true, as we have
already indicatod.l It 18 entirely po#sible for the proper
rlace of a thing to remain one in nuaber though the container
of the body be constantly moving past it,

314, FKow, perhaps the answer to the objection can
be undérstood. True, we think that the place of a thing

remains one and the same in number when it resains in the

same position relative to the ship, even though the ship is
moving relative to the universe as a wholee We can now see
three reasons for this, Pirst, the place of ths thing ag
rest with respect to the ship does remain one and the sane

in some respect even though the ship is in motion, i, e, it

renains one and the same in number per acoidcns.'t;fe.g‘in
subject or materially., It is the same part of the ship
which contains it during the entire voyage.

| 315« Second, as we have already hintod,z in order
to distinguish one place from another, we must make reference
to bodies. In the case of the men on the ship, the ship

itself is the most convenient body of reference. Théreforo,
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it is natursl that while we are on the ship we should
determine the unity or diversity of places by positions
relative to the ship as a whole. The same thing is true
of a thing on the earths It is natural for us to determine
the place of a thing on the earth by its position relative
to the earth as a whole, But this does not mesn that we
eonceive éf place as being mobile, as a ship or the sarth
(being bodies) may be, Rather, we auppéao rlace to bde
immobile, and we say that a place is one in nuaber when it
has a fixed position relative to thess (the ship or the earth)
because they seem to us $o be immobile, '

_ 316, 7Third, from the fact that the proper plase of
& thing is changed only per sgcidens whem its container is
moved, the position of tha proper place relative to the rest
of the universe as & whole being changed only becauss its
eommon place (the plase of its eontainer) is changed, it
seems that the proper place is not changed at all, But this
is false. The fact that the proper plase eof the asn on the
ship is changed only per sccidens whenm the ship is moved
does not mean that his proper place 1s.not really changed.
He has really changed his proper place but per sccidens,

1. e., because of the motion which is proper to the whole or
container, His proper place is immobile roiattva to the
universe as a whole,

317 1In general, it must be remexdbered that our
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original conception of place is very conrnaod. The point

is that we do not know exactly what place is by common
knowledge., It is therefore not surprising that our original
conception of blaca is such that f;om it one can be led to
suppose all sorts of strancge things. This is amply shown

by the dislectical analysis preceding Aristotle's determination
of the question., And thie is the case with the belief that

the place of a thing which remains at rest relative to a

ship remains the same in number even though the ship itself

is movud rolativa to the universo. 7

318. Our prseent analysis of Lristotlo's troatuonx
of place may be concluded by affirming that his definition
has been shown to be the correct ons, for he has shown that
it is the only possidle ones He has snswered certain object-
ions against it and we have attempted to answer others in
the light of what he and St, Thomas have said. Though we -
must take exception to certain of the things Aristotle says
in his treatise on place due to hia ancient cosmology, it
may be asserted that at least thus far no aorious'oﬁje§¥ion.
have been found to what is orucial to this section of his
work, Ghe definition of place. However, we will see below
that there remain some vorj serious difficulties, These
difficulties arise from the advance of nodern science, There-
fore, when we have concluded our anilyals of Kewtonisn space
we will roconsider the immobility of Aristotelean place,

i
¢




NEWTONIAN SPACE

319. That Newton's conception of space is related
in some way to0 Aristotle's treatise on place canm easily be f
seen from the following remarks of Newton,

Place is a part of space which a body takes up, and
is according to¢ the space, either sbsolute or relative,
I say & part of spacej not the situvation, nor the external
surface of the body. Yor the places of equal solids
are always equal; but their surfaces, by reason of their
dissimilar figures, are often unequal. FPositions properly
have no quantity, nor are they so0 much the places theme
selves, as the properties of places. The motion of the
whole is the same with the sum of the motions of the i
parts; that is, the translation of the whole, out of its ;
rlace, is the same with the sum of the translations i
of the parts out of their places; and therefore the o
pPlace of the whole is the same as the sum of the places [

I
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of the parts, and for that reason, it is internal, and in
the whole body,l

We will not analyse these remarks immediately., We
hﬁva presented them here only to indicate that Rewton regards
place as a kind of space, Having seen this inm a general way,
we will now consider Newton's conception of space. Pirss

e T kg e

we will consider certain distinctions Newton makes., Then we

will consider in a general way how Rewton attemps to establish F

the existence of a certain kind of space. In this w8y we

lﬁewton, Mathematical Principles of Katural Philesorn e
S8colium following definition & in book 1, Pe 6o I

211
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will both become familiar with what Nawtoh means by srpace

and aleo acquire a confused insight into the problem he ig

trying to solve., We can only proceed in this way bdecause

Rawton does not d@fine space, “I dq not define time, space,

place and motion, as being well xnown to all."1 Thus, the

only “way we can manifest his ooneeption of space while i
remaining close to his very words is by followinz the dist- 7
inctions he makes and considering the justification he gives :
for them, Having acquired a knmowledge of what Fewton considers k

it

8pace to be, we will attempt to Judge his opinion that place

is a space by comparing hil view with what we have prig;qusly
discovered in considering Aristotle's treatise. Then, in »
the light of the addisional knowledze we have acquired we j,'
will reconsider the immobiiity of Aristotelean place, fi

320. We will begin, as we have said, by considering i?
certain distinctions which NWewton makes., In describing ~ﬁ§
space, he divides it into twe kinds, absolute and relative,

Absolute spase, in ite own nature, without relaties
to anything external, remains always similar and immovable,
Relative space is song movable dimension or measure of
the absolute 8pacoesj which our senses determine by ita
poeition to bodies; and which is commonly taken for
immovable spacej such is the dimension of a subterraneous,
an aerisl, or celestial gspace, determined by its position
in respec% of the earth. Absolute and relative space are
the same in figure anc magnitude; bug they do not remain -
always numerically the same, Por if the earth, for b
instance, noves, a space of our alr, which relatively and .
in respect of the earth remains always the sane, will at |
one time be one part of the absolute space into which the

lnewten, Hathematical Frineciples, p, 6,
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air passesj at another times 1t will be another part of

; the same, and so absolutely understood, it will de

i continuously changed,.,l

;: , They are distinguished in that absolute space is entirely

| ~ immobile, whereas relative space is mobile. If we consider

i eome dimension or set of dimensions as being one in numbexr
because it remains slways the same relative to some given

- ‘ mabili.igﬁy, what we are considering is a relative space.,

Such & space is mobile becsuse it moves when the body %o

which it is relative moves. Thus, the distance from Londen

o Paris remains the same distance (or the space which

separates them remains the same) though the earth has travelled

half way around the sun, Ia the same way we night ssy that

R PR
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a Jjar shipped across the oaean contsins the same space when
it arrives in New York that it did when it laft Peris. Thus,
,;§ &8s a body moves, the spaces relative to it move with it

Abeolute space interpenetrates with relative apace but

never moves, ne matter how the bodies moves

321, New, as we saw previously, according teo Newton
Place is a part ef spase accupied by a btody., From this,
then, another distinsction follows,

Absolute motion is the trsnslation of a body from
one absolute place into snotherj and relative motion,
the translation from one relative place into another,
Thus in & ship under sail, the relative place of a body
is that part of the ship which the body posscssesy or
that part of the cavity which the bLody fills, and which
therefors moves together with the ships and relative

1Kowton, Hathematical Principles, p. €.
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_ _ Teet is the continuance of the body in the sare part of

g - the ship, or of its cavity. But real, sbsolute rest,

) - 1s the continuance of the body in the 'same part of that |
1 imnovable space, in which the ghip itselr, its cavity, ‘
i and all that it contains, is moved, Wherefore, if the

? earth is really at rest, the body, which~relativuly

r . rests in the ship, will really and absolutely move with

the sane velocity which the ship has on the earth, Rut

if the earth also moves, the true and absolute motion

of the body will arise, partly from the true motion of

the earth, in immovable Space, partly from the relative

motion of the ship on the earthy and if the body moves

al80 relatively in the ship, its true motion will arige,
partly from the true motion of the earth, in immovable

Bpace, and partly from the relative motions as well of

the ehip on the earth, as of the body in the ship; and

from these relative Botions will arise the relative motion

of the body on the earth, As 1f that part of the earth,

where the ship is, was truly moved towards the esat,

with a velocity of 10010 partsj while the ship itselr,

with a fresh~salo;~and'tull“sa'li, is carried towards

the west, with a velocity expressed by 10 of those parts; ?
but a sailor walks im the ship towards the east, with -
1 part of the said velocitys then the sailer will bde '
moved truly in immevable 8pace towards the east, with a S
velocity of 10001 barts, and relatively on the earth 1 !
towards the west, with g velocity of 9 of these parts, 1A

There is a distinction between absolute and relative motion g
corresponding to the distingtion between absolute and. '

relative space. W¥hen a body moves from one part of absolute
space to another (from one absolute place to another) it

possesges absolute motion, When a body moves froa one part

of & relative apace to another (from one relative place to

another) it possesses relative wotions It 48 quite plain
from this rassage how, considering it in the abstract, one
can calculate the amount of absolute motion from the relative ]

motion of a body and vice versa. %e say "in the abstract"

lﬂewton, Mathematical Principles, Pe 7o | I
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because such a calculation obviously depends upon the
ability to detect the absolute motion of some body. Indeed,
this 18 the problem, for it is usually not too difficult to
discover the motion of a body in relative space. This
consists simply in detecting the motion of a body relative
to some other body, as is plain from Newton's own remarks
¢ited above. We do this every day, e. g« by the spesdometer
of a car.
322+ But the detection of absolute motion is quite
another thing. Kewton frankly admits that absolute aotion,
i. e, motion from one pert of absolute space to another,
cannot be directly detected. All that we can directly
observe is the motion of one body xrelative to another,
Whether either of them is at rest absolutely or beth are
absolutely in motion and the amount of absolute motion eanmnot
be directly known by sensible observation,
But Decsuse the parts of space cannot be ssen, or
distinguished from one another by our senses, therefore
" -in their stesd we use sensible measures of them. TFor
from the positions and distances of things from any
considered as immovable, we define sll places; and thena
with respect to sush places, we estimate all motions,
considering bodies as trans}errod from gome of those
Places into others. And so, instead of absoclute places
and motions, we use relative onesj and that without any
inconvenience in common affairse.ed
But such a knowledge of the motions of bodies relative to
other bodies (i, e. to relative apace)_does not satisfy

Rewton, even though it is the only motion which we can know

8ewton, Mathematical Principles, p. 8.
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directly by sensible observation. Thus, he continues éa
follows:

essbut in philosophical disquisitions, we ought te
abstract from our senses, and consider things themselv{s,
distinct from what are only sensible nessures of thenm,
However, if Newton recognizes that we can only observe motion
itself insofer &g it is relative, i. e+ insofar as it is
relative to some other body, why does he think there is
absolute notion and therefors absolute space? This is

Newton's angwer.

But we may distinguish rest and motion, absolute
,>and,relat1Vt,wonertgomvthe»othermby»their~propertisny '
causes and effects. . : :

| 328, First wo‘will c¢onsider the properties of motion

to which Newton refers. X« 4ill bodies which are at rest
in absolute space are at rest relative to each other,

It 18 a property of rest that bodies really at rest
do rest in respect to one another.?

This 1s’ev1dent1: trus, All things at rest with Tespect .
to. the same thing (in this case absolute space) are at rest

‘with respect to eagh other, But this does not help us deter-

mine which bodies, if any, are at rest with respect te
absolute spacc.boéauso-or the following property,

3244 II, The parts of a body or the bodies in &
system which maintain the same position relative to the whole

lﬁewton, Mathematical Principles, p. 8,
2rbid,

SIvid.
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possess the same motion as the whole.

It is a property of motion, that the parts, which
retain given positions t¢ their wholes, do partaske of
] the motions of those wholes. For all the parts of
1 revolving bodies endeavor te recede from <the axis of
i motiony and the impetus of bodies moving forwards arises
from the Joint impetus of all the parts, Iherefore,
if surrounding bodies sre moved, those that are relatively
at rest within them will parteke of their motion. Upen
which account, the true and absclute motion of a body
cannot be detected by the translation of it from those
which only sesm to resteee

Abaclute motion, and hence abeolute space cannot be detected
in a body or system of dodiee the parts of which are at rest
each to each, for the whole may or may not have some absolute
motions, The fect that the bodlies conslidered do not nmove

relative to others in the same sysiem does not show that |

3

the entire system under consideration has no absolute
motion,
325, IIl« A body at rest with respect to esome

relative space, being contained by a part of that relative
" space as by a plane, possesses the absolute motion of that |

relative spacé, When the body is then moved with respect

to that relative space, the abzolute notion of the body must

be calculated bY coabining the relative motion of the body

with respect to that relative space with the absolute motion

of the relative space. Since such a calculation depends

uron & previous knowledge of the absolute motion of the

{

|
relative space, one canrot deteramine the absnlute motion ef P

r

!

J

lﬁcwton, Mathematical Frinciples, p. Yo
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a body merely by considering the motion of a body with

i

respect to some relative space., In other words, we cannot

determine absolute space in this LLNAY R
: A property, near akin to the precedingz, is this, '
that if a place is moved, whatever is prlaced therein
moves along with ity and therefore a body, whieh is moved
from a place in motion, partakes also of the motion of
its place., Upon which &ccount, all motions, from places
in motion, are no octher than parts of entire and absY-
lute motiona; and every entire metion is composed of
the motion of the body out of its first placey, and the
motion of this place out of its places; and so on, until
%e come Lo some imnmovable place, a8 in the before-
mentioned example of the smilor, Fherefore, entire and

absolute motion can,be no otherwise determined than by
immovable places,,, \ x ,

R0 et movm odin vt =

326, Thess are the properties of abeslute and
relative motion which Newton gives, But it must be ‘admitted
that thus far he has given neither s method by which motion
relative to absolute space can de calculated from motion

with respect to relative space, nor any rroof that absolute

spsce itself even sxists. e

327, Having given the properties of absolite and
relative motiom, Newton compares the causes of the two
supposed kinds of motion,

The causes by which true and relative motions are
distinguished, onc from the other, are the forces
impressed upron bodies to generate motionm. True notion
is neither generated nor altered, but by some force
imrressec upon the body movedj dbut relative motion may
be generated or altered witnout any torce iapressed nu-on .
the body. For it is sufricient only to impress some
force on ether bodies with which the former is compared,
that by their giving way, that relation may be changed,

A et

1Newton,‘aithematiea1 Principles, p. 9,
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in which the relative rest or motion of this other
body did consist. Again, true wotion suffers always
some change from any force iapressed upon the moving
body; but relative motion does not necessarily undergo
any change by such forces. For if the same forces are
likewise impressed on those other bodies; with which
the coamparison is made, that the relative position may
te preserved, then that concition will be preserved in
which the reiativc motion consiats. And thersfore any
relative motion may be changed when the true motion
ressins unaltered, and the relative may be preserved
when the true suffers some change. Thug, trus motion
by no means consista in such relations.
Absoluts motlorn is only and always altered by the application
of a force to the body concerned, whereas the aprlication
of a force to a bdody 1s not the only way to alter the
relative motion of that body, nor does the application of
a force to a body always alter the relative motion of that
body.

228, Because it seems to Newton that we have a
direct experience of relative motion alone, it might arpear
that he ought to begin by considering the cause of relative
motion. Then, he ought to compare absolute motion to
relative motion, going from ths more known to the less known.
However, instead of doing this, he begins with absolute
motion, making relative motion known by comparing it with
absolute motion. A very good reason can be given for doing
this, For whereés what Newton would cmll relative motion
is itself more known to us than absolute motion, rslative

motion is not wmore known to us as such, i. e,, a5 relative

lﬁewton, Hathenatical FPrinciplea, p. 10.
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motion., TRather, the first motion we know is relative
motion, but we think of it as absolute motion. It is only
later thst we come to know relative motion as\such. Hence,
in comparing absolute and relative motion it is best to
begin by considering abeolute motioﬂ, for motion is first
known to ua as absolute, Then relative motion ouzht to be
explained by comparing it with absolute motlon. This, then,
is the procedure Rewton uses anrd it is also the one we will

uges
329, According to Newton's analysis, whenever we

apply a force to some body, the absolute motion of that body

is alterede It is impossible for a force to be.aprlied to

& body without the abseolute motion of the bbdy being altered
in some way. Whetner the applied force makes the body begin
or cease to move absolutoly. increase or decrease its
absolute speed, or alters the direction of the atbsclute .
motion depends upon the dirqctiqn of the force compared to
the previous absolute motion of the bédy. .But whatever the
effect, the absolute motion of the body will de altered in.
some way if a force is applied to the body. This result

- is utterly independent of any forces applied to other bodies,

330, Purther, an alteracioﬁ in the abasclute motion
of & body cer be affected only by the apilication of & force
to the body. No force applied to other bodies can alter
the absoclute motion of a body unless that force is in some

way comaunicated to the body in question, i. e,, unless that
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force is ultimately aprlied to that tody also,

331+ But these conditions do not aprly to relative
motion. A force may be aprlied to a body witgout its
acquiring a relative motion, i. e., a motion with respect
to some srace, which space is derinéd as being at rest
with respect to some other body. Tihus, if some force were
applied to a planet its absolute motion would indeed be
altered. But 4if another force were aprlied to the sun at
the same time in such a way that the absolute motion of the
sun were altered in the same way, the notion of the rlanet
relative to the sun (and hence to the relative space defined
a3 being at rest with respect to the sun) would in no ways
be alteredy Ehe'motion of the planet relative to the sun
would remain the same. Thus, the application of a force
to a body does not necessarily entail an alteration in its
relative motion.

332+ Further, the relative motion of a body may
be altered without any force being sprlied to it at all,
Por instance, 1f a force were applied to the sun alone,
the absolute motion of the sun would be altered while the
absolute motion of a planet circling the sun would not be

affected since no force was applied to 1t.1 Yet the motion

lrlainly we are omitting the consideration of certain
factorss. For instance an alteration in the relative position
of the sun would certainly affect the absolute motion of the
planet, since such an alteration would involve a chance in
the gravitational force acting upon the planet, BRut a
consideration of such factors would complicate the present
explapation without clerifying the doectrine being considered,
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”,é of the plsnet relative to the space defined as being at rest
o with respect to the sun would certainly be altered.
i 333+ In presenting these distinctions Newton gseems

R i ke

to be getting at something c¢ommonly observed. Ko doubt
there are motions produced by the abplication to a body ef
a force (in some sense of the word),. Somotimqa we are awars {
of applying "force” to bodies (as when we throw a ball),
There are other 'mdtions' which seen to b§ oprosed to true |
notionse These relative motions belong teo things not because |
of something done to them but because of something else.

Thus we talk about the scenery passing by when we look out
of the window of a moving train. The scenery moves not
becaﬁso of socmething done to it, but becauss of sonething
done to the train. We also think of the water in a river

as moving because it moves with roapecf to the earth,

whereas we think of the river bank as it rest because it is
at rest with’rcspopt to the sarth. Yet at other times we
think of the earth as moving about the sun, the river bank,
of course, moving with it, Understood in this way, perhaps
one might call the distinction between absolute and relative
motion the distinction between true and apparent motion,l
because we ascribe relative motion to bodigs because they
move relative to what appears or what we consicder to Dbe

motionless, ]

INewton, Mathematical Principles, p. 12,




223

334+ But, if relative motion is motion relative to
something mobile, should not absolute motion be motion with
respect to what is immobile? Thus, it seens that there
must be something immobile if there is to be an absolute
motion. But what could this inmobil; thing be? All bvodies
are mobile, or at least we can see no reason for supposing
there to be any bodies which are absclutely inmobilo.l
Therefore, it scems there must be eome absolutely immobile
thing which is not a body and yet relative to which bodies
can méve (1, ¢4y by an absolute motion)s But what could
this immobile thing be except an absolutely immobile space?
Thus, it may have seemed to Rewton, the existence of absolute
motion as opposed to relative motion (as indicated by the
above distinctions) requires the existence of sn sbsolute
space.

335, We will take up these distinctions between
absolute and relative motion again when we consider Newton's
views in the 1light of Aristotle’s doctrine. But for the
present we may note that the argument for the existence of
absolute space depends upon the supposition that there is
nothing else absolutely iamobile to which “adsolute® motion
could be compared. We may also note that even if one supposes

absolute space to exist and Newton to be correct in his

lnewton himself recognized the possidility of a body
absolutely at rest (Mathematical Principles, p. 9) dbut saw
no reason for suppoafng its existence.
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distinctiouns between absolute and relative motion, he has
8till not shown any method of calculating the actual absolute
motion of a body and hence has not shown any method of
determining the relative motion of abs

olute space to any
body,l since the application of a force to a bddy (for Kewton)
merely alters the absolute motion of a bedy, adding to, |
subtracting from or changing the direction of its absolute
motion, but leaving the original absolute motion quite
unknown, ‘

536, Having compared the causes and the properties

of absolute and relative motion, Fewton considers their

effects,

The effects whish distinguish absolute from relative
motion are, the forces of receding from the axis of
c¢ircular motions For there are no such forces in a
circular motion purely relative, but in a true ana
absolute circular motion, they are groaﬁgr or less,
according to the gquantity of the motion,

_According to Newton there is one effect of absolute rotation

by which we can distinguish it from purbly‘relativa_rotation;
In this way, according to Kewton, not only can we see that
there is a rotation which is not purely relative, but we can
even calculate the amount of abaolute retation a‘body rosgesses,

This is how Newton shows this distinction,

lrhe fact that absolute space is absolutely iamobile
does not prohibet it from having a motion relstive to sone
body any more than the fact that the absolute motion of a
body is not altered prevents it from having its relative motion
altered,

2Newton, Mathematical Frinciples, p. 10,
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If a vessel, hung by a long oord, is so often turned
. about that the cord is strongly twisted, then filled
! with water, and held at rest together with the watary
thereupon, by the sudden action of another force, it is
whirled about the eontrary way, and while the cord is
1 untwisting itself, the vessel continues Yor sone time
i in this motiony the surface of the water will at first
! be plain, as befors the vessel bezan to movey but after
‘ thety the vessel, by gradually communicating its motion
to the watsr, siil make it begin sensibly to revolve,
and recede by little and little from the niddle, and. \
ascend to the sides of the vessel, forming itaself inte
& concave fizure (as I have experienced), and the swifter
the motion becomes, the higher will the water rise t1l1
at last, perforaing its revolutions in the same tines .
with the vessel, it becones relatively at rest in it, ;
This ascent of the water shows its endeavor to recede |
from the axis of its motionj; and the true and absolute i
¢irgular motion ¢f the water, which is hore directly j
contrary to the relative, becomes known, and may bde f
- measured by this endeavor. A first, when the relative '
motion of the water in the vesssl was greatest, 1t
produced no endeavor to receds froa the axisy the water |
showed no tendency to the e¢ircumference, nor any ascent '
3 towards the sides of the vessel, but remained of a plain
1 surface, and therefore its true circular motion had not
¥ Jeot begun, Bus afterwards, when the relative motion of
the water had decreased, the ascent thereof towards the :
sides of the vessel proved its endeavor te receds fronm i
the axis; and this endeavor showed the real circular .
motion of the water continually increasing, till 4t had 1
agguired its greatest quantity, when the water rested i
relatively in the vessels, And thsrefore shis sndeavor it
does not depend upon any translation of the water in '
respeat of the ambient bodies, nor can truly ¢ircular !
motion be defined by such translation, fThere is only one
real circular motion of any one revelving body, corres-
ponding to only one power of endeavoring to recede from !
ths axis of motion, as its prorer and ad:quate effecty k)
but relative motions, in one and the same body, are -
innumerable, according te the various relations it bears
to external bodies, and, like other relations, are
altogether destitute of any real effecs, any otherwise
then thiy may perhaps partake of that one only true
motion.,

Prom this passage it should be quite clear how Newton "

lﬂewton, Mathematical Principles, p. 10-11, :?




|
.

226

opposes absolute and rolatiin rotation, All the parts of
& body rotating adsolutely tend to recede from the axis of

rotation, the more rapid the rotation, the greater the

‘tendency of the parts to recede from the axis, Thus, if

the fly-wheel of a motor rotates too rapidly, it will break
into pieces, FHeasuring this tendonoy‘ot the parts to recede,
we can determine the amount of absolute rotatien. An instance
of this tendency, according to Newton, ias what is observed
when a bucket Of whter is made to rotate rapidly., As the
water in the bucket aequireo the rotation 1t tends to rocodc

from the center of the bucket (the axis of rotation),

sradually climbing the sides of the bucket, Thus, whilo the

water continues to rotate,; the surface of the water is

concave. If we stop the dbucket from rotating, as the water
ceases to rotate it ceases to be repelled by the axis of

rotation and hence the aurrnoo'or-ths water Decomes flat

- againe Thus by neatnrihg the force dy which a bedy or the

parts of a body tend to move away from its axis of rotation,
we can determine the speed of rotation_at the body. |
337« Aceording to Newton, that such & rotation is

not a purely relative one can be seen from the fact that

- rotation which is plainly relative produces no such effect.

S0, in the instance given above, when ths bucket itsell is
first rotated, before the rotation of the bucket has been
communicated to the water it contains, the water may be said

to rotate relative to the bucket or to the space defined as

I, vhos— S
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being at rest with respect to the bucket. Yet the surface

of the water is flat; there is no tendency of the water to

recede from the axis of its rotation relatij? to the bucket,
g Hence, this obviocusly relative rotation 1s something quite

different from the first kind of rétation, that in which
there is this tendency to recede from the axis of rotation,
Now, one would not expect real internal effects to be found
in a bedy as a result of its purely relative motion since
the existence of this motion depends upon the frame of

reference chosen alone, i, e., its existence does not depend i

upon anything done to the body in question. Thus, because

the rotating body (a tendency to recede from the axis of

rotaticn somaetimes produces real internal effects within ‘
rotation), in some cases the rotaticn is not purely relative. J
The internal effects in these cases can only be ths result :
of a true, absolute motion according to Fewton. Hence, it %
would seem Hewton might argue, there is such a thing as ;
abgolute rotation,

338+ 7Two things scem to follow from what has been |

1 an absolute %

determined thus fare. I, Since, as we have seen,
motion appears to require something sbsolutely at rest i
relative to which a thing can be in absolute motion, the ‘
absolute rotation apparently established here requires an

absolute, immobile space, for what else can we suppose to be R

J'Pa.r. 55"0
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absolutely inmobile.1 IX. Since absolute rotation can be
determined by a measurabdle quantity, centrifugal force, the

relative rotation of absolute space oan be determined also,

~ 80 that we can, as it were, fix absolute space in the relative

spaces of which we are more directly awaro.z

339, RNewton's position here is certainly s sound one
in the sense that the distinction which he makes batween
abgolute and relative rotation is one based upon an empirically
observed difference which demands an explanation, And Newton

propoaes eno which appears to account for the facts, One

vmight quostion whether what NRewton calls 'absolute ¢ircular

motion" must, in fact, be relative to something abaolutoxy at
rest or immobile. For who knows what forces (te apoék in

- FRewtonian terms) the huge mass of the system of the observed

"rixgd" stars exerts uron terrestrial bodies? Thus, perhaps

the observed contrifugal force results not from truly absolute
2otion in Newton's sense, but simply from some force appliad

by the ffixed® stars %o any small body rotating with respect

to them, even though the "tixnd' stara themselves may be
rotating as a syatem.’ However, one cannot reject the Newtonian
rosition simply because of a rossidble alternative hypothesis,
The Newtonian position 1is much simpler &nd is, therefore, in

1Note de similarity of thia argument to the one siven
above, par. 206,

2Hewton, Mathematical Principles, p. 12

3In practice, Newtonian physics usss the "fixed stars”
a8 8 system of refecencs, See Philipp Frank, Modern Science

and Its Philosoggz, Pp. 235-238,
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view of the information aveilable in his day, a good one.

But is must be kept in wind that it is only an hypotheais.
340« There is one more aspect of Newtonisn space

which we must mention before attempt;ng to judge his position,

Por Newton supposes space to be as if the divine sensorium

or sensory. Newton presents this doctrine as follows.

Is not the sensory of animals that place to whish the
sensitive substance is present, and into which the sensible
specles of things are carried through the nervas and
brain that there they may be perceived by their immediate
presence to that substance? And these things being
rightly dispatched, does it not appear from phenomena
that there is a Being incorporeal, living, intelligent,
omnipresent, who in infinite space, as it were in his
8eNn80Ory, sees the things themselves intinately, and
thorautighly perceives thea, and comprehends them wholly
by their immediate presence to himself; of which things
the images only carried through the organs of sense inte
our little sensoriums, are there feen and beheld by that
which in us peroeives and thinks.

Exactly what is meant by thies passage is not very clear.
However, elsewhere he says:

He (God) is not eternity and infinity, but eternal
and infinite; he is not duration or space, but he endures
- .and is present. He endures forever, and is everywhere
present; end by existing always and eéverywhere, he
constitutes duration and spacs, '

Further, Alexandre Xoyré says:

Moreover, Newton does not say that place is a se sorium,
but calls it thus only by way of comparison, in order te
indicate that God really and effectively parceives things
in themselves, where they are, beins present to them, and
not purely tsanscendnnt - present, acting, forming and
reformingeee

lmewton, Optics, Bk, ITI, pt. I, ps 543 of vol. 34,
Great Books.

ewton, Mathematical Principles, General Scolina, p, 545,

3alexandre Koyré, From the Olosed World to the Infinite
Universe, p. 242, ' '
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And elsewhere Xoyré sayst

As for Sir Isaac Newton, he does net say that space
is an organ which God uses in order to rerceive things,
nor that God needs any means for perceiving thems Cuite
the contrary, he says that God, being everywhere, perceives
them by his immediate presence in the very apace where
they are. And it is just in order to explain the immede
iacy of this perception that Sir Iesac Newton = comparing
God's perception of th§¥§l with the mind's perception of i
ideas ~ said that infinite space is, 8o to sreak, as the "
gensorium of the Omnipotent God,.l :

Thus, though it would not be correct to say that space is

the divine sensory, God by its universal presence establishes
space, evidently absolute space since this is “true" space,
1958@Plifigé§ign”ofmﬁewton?s,wordu,ﬁnr. Samuel Clarke, who
would seenm to be presenting Newton's owm.views,e makes: the

following statements

+++If no Oreatures existed, yet the Ubiquity of God, &

and Continuance of his Existence, would make Spagc and
Duraticn to be exactly the same as they are Kow,

341. In passing, it might'be noted that these renarks

suzgest a.certain way of interpreting Newtonian space., It
exists independently of other physicsal thiﬁgs. not being sn
accident of thea or depending upon them.‘ It 48 en extended
masnitude or continuous quantity in some sense, as should be
plain from the preceding remarks, But it does not have

sensible qualities, nor does it have motion, It sounds

1

On this question see Koyré, Ibid., p. 300, note 3,
3cited by Xoyré, Ibid., pe 257
406mpare this with par. 151 above,

Alexandre Koyré, From the Closed World to the Infinite Ui |
QEL!!EE!i Pe237, : , !
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remarkably like the intellizible matter with which the science

of geometry deals1 (which natter is also in a way prior to

sersible matter), but with thie differencet Newtor apparently
thinks that hls space exists physicsally, separated from other
thinss, whereas, of course, the matter of geonetry is only an
ahstraction, not existing separated from sensible matter.

Of course, having pointed out this sinilarity between Newton-
ian space ard the intelligible matter which concerns the
geometrician,a it renains to be seen whether Fewtonian space
really exists serparated from other physical thingé. In a
limited way, this question will Le considered below, 7Te have
shown the gimilarity between the two here only as an aid to
uﬁderstanaiag what Kewton means by absolute spsce,

242, Now, whatever Newtonlan space ic essentially,5
it 28y well be that we have the ultimate Justification for
absolute space in Fewton's mind in his reumarks about the divine
senzorium, Thus, speaking of FHewton's absolute space, Burtt

Bays:

Everything that haprens in it, being present to the
divine knowledge, must be iamediately perceived and intime
ately understood. Certeinly, at least, God rmuet krow

lsee Gte Thonas,. 1I Iiysicorum, Lect. V§ In Boetii De
trinitate, q. 5, 2. 3; I%, g. 35, 8. 1, 842,

The similarity between the two (Fewtonian srace and
the extensior with which geometry deals) is sreat encu:h to
lead Burtt to say that for Newton "Space was icerntified with
the realm of zeounetry." (Lhe ¥Yetarkysical ¥oundetions of '
‘odern icience, DPs 238,

3“or Koyré, foliowine Clark, srace is a rroperty of
Gode (From the Closed "orld to the Infinite Universe, rr. 247,
271,
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whetier any ~ivan motion is ansulute or relatives The
¢ivine conscionsress rurnishes the uliiaate cantre of
rel-rence for avsolute aouion. voreover, the aniaism

in Zewton's conecertion of force rerrare ylayc a yvart in
the tre=_ses ot the position. uod is not only inyvinite
knowlec ze, but zlso Alwi-ht ¥ill. He ie tre nltisate
oris.nator ol motiom, and is anle at any tine now to add
motion to Lodles witnin 1is Loundlesrs sersorini. s LUB
2ll rezl or absolute motion in the las: analysis is the
result of ar expenditure of the divire ener:'y, and whene
ever Ghe Jdivine intellirence is cosnizant of such an
exrendlture, the motlon_ so ad.ed to the systen of the
world must be absolute. '

In the last analysis God can surely distin-uish true fron
aprarent uotion since he moves all thin>s and therefore by

his divine iznowledge knows which things he has moved and

which he has not noved. Furtner, since he xnowe waich things

are truly moved and the desree to which they are moved, he
nust know the extension over which they are moved. Since ﬁhe
distance which they are moved is determined not by ecmparing
them to some body arbitrarily suprosed to be at rest, but

rather by the depree God haz moved them, the extenaion over

which they move must be a real extension. It must be avsolute

srace, not soae relative space, Therefore, Newton thinks,
absolute space exista,.

343, Now, we do.not intend tovanslyse Newton's space
insofar as it it consicered ss if the divine sen%orium.
ilainly, such a treatzent soez beyond the real=: of iatural
scicnce, to waich we are restricting ourselves. ‘Actually; if

vonld seex that to explain kewtonian gpace in terms of Sod'a

1

Burtt, Ibid., pe 261.
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presence according to his knowledge and power would be to
exprlain the more known by the less xnown. At any rate, we

mention this aspect of Rewtonian space only to exclude it

from our present analysis,.

et
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NEWTONIAN PLACE SKEN IN THF LIGHT OF

ARISTOTELEAN DOCTRINE.

348, Row that we have attéined a certain faniliarity
with the Fewtonlan conception of space we may compare his
views with those of Aristotle. Ferhaps it would be well to
begin by repeating a previously cited passage from the
Mathematical Frinciples of Natural Fhilosophy, one in which

~ Fewton attenpts to show that place is a space.

Flace is a part of space which a body takes up, and
is according to the space, either absolute or relative.
I say, a part of spacej not the situation, nor the
external surface of the body., For the places of equal
solids are always equalj but their surfaces, by reason
of their dissimilar figures, are often unequal, FPositions
prorerly have no quantity, nor are they go much the places
themselves, as the properties of places.i _

From this passage it is plain that Newtor desires to substitute "
ahqther conception of place for that of Aristotle. Thus he
expresély denies that placé ia "the external surface of a
body." But note that he says'"external surface."- #hat Kewton
means by "external surface®™ is not altocether clear. He nay
nean the outside surface of the Lody in place. His very
wo;ds seen to indicate he is referring to the surface of the

cortaired boay, but if this is indeed the view he wishes to

lﬁathematical Frincirles, p. 6,
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refute, he might merely have rointed out that the place of
a body is separable from the body whereas its surface is
not.' But surely it is Aristotle's definition of place that
Newton wishes to refute, and as we have seen, this definition
makes place the surface of the containing body. This sugcests
that pernaps, in spite of his words, he is referrin- to the
surface of the containing body. Yet, it is rossitle that
Newton so grogsly misunderstands Aristotle's definition as to
think it refers to the surface of the contained body, At any
rate, 1t makes no difference to the understanding of his
ar;ument whether the "external surface” is taken to be the
surface of the contﬁined body or that of the containins bedy,
for Rewton rejectes the idea that place 1s a surrounding
surface because the places of equal bodies are equal, whereas
their surfaces are not necessarily equal, Nawton's point
is that the surfaces surrounding bodies of equal volume are
not necessarily of equal area, Therefore, if place is a
surrounding surface, the places themselves of bodies equal in
volume are not necessarily egual, i. e. of equal area, Since,
Fewton supioses, the places of equal bodies must be egual,
rlace cannot be a surrounding surface,

345. But we have already considered this obiection
in principles For basically it is the same as that rresented

by Josepn Albe. In sumuary, our answer to this obJjection

—

139e par. 202«204,
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was that the proprer place of a thing is equal to the thing
in the sense tnat its capacity is wholly and perfectly
exhausted by the body it contains, Thug the capacity of a
proper place and the extension of the contained body are
perfectly equal.1 Hence; the fact that the surfaces containing
bodies of equal volume are not necessarily ihe sane in area
does not exclude the containing surfaces-of egual bodies
from being said to be always equal in capacitye This is
sufficient. RKewton's objection, then, is easily rejected,
346, But his objection to place being & position is
more>acd$ptablé;i It wéﬁldrﬁé‘diffiéﬁlt fdrsﬁﬁpbéé ﬁhéfrthe
positioda of equal bodieé are equal, for we do notz¥hink
equality or inequality bdelongs to'position. Because the places
of equal bodies are equal (since a place is equal to the body
it contains), plainly place cannot be position. Yet, as
Newton himself notes, "position" ig somehow aesociated with d
place., He understands it to be a property of place. We will
return to this aspect of place again, |
347, Baving atteampted to show that place is neither
a surface nor a position, Newton gives an arsument to show
what place truly is,
The motion of the whole is the sane with the sum of
the wmotions of the parts; that is, the translation of the

whole, out of its rlace, is the same thing with the sum
of the translations of the parts out of taeir rlacesy 1

1

See the ahalysis bezinning at par, 257.
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and therefore the place of the thing is the samne as the

sum of the place: of the parts, and for that resson, it

is internal, and in the whole body,.,l
The place of a whole i1s the same thing as the sum of the places
of its parts. But this ¢an be the case only if place is some
sort of interval or extension, Therefore, place is an
interval or space,

348. Newton argues to the first propesition from the
motion of a whole, Apparently he begins from the fact that
some bodies ares ccmposed of actual parts, This being the
case, Newton holds, when the body as a whole is moved, the
motion of the whole must be the same thing as the collecfive
motion of its parts from one set of places to another get of
Places, Thus in at least some cases, the place of a whole is
precisely the same thing as the sum of the places of its parts,

349, One must note that this argument does not
suprose all bodies to be composed of actual parts (thus sup-
proeing actual parts of parts te infinity). It only supposes
some bodles to have some actual parts, For it follows from
this, according to the argument, that the places of thLose
bodies which do have actual parts are composed of the rlaces
of those parts in some way. Therefore, place must be such
that the places of a whole may be couposec of the places of
its parts. For Newton's argument this is guf:icient.

35C. Eowever, if it is in this way that Newton arrives

1

Newton, Mathematicel Princivles, p. 6.
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at the first proposition (that the place of a whole is the
sane thing as the sum of its parts), one might ask why he
proceeds by an argument from the motion of a whole, For
havins suprosec & whole tb be composed of actuasl parts, is
it not obvious that the place of the whole 1s}in some¢ way the
sane thing as the sum of the places of the parts? Why talk
about motion at all? Ferhaps, having supposed a whole to be
composed of actual parts, he uses the motion of these parts
to manifest the places of the parts and hence the coaposite
nature of the place of the whole because the apprehension of
place itself, as something distinct from the body in 1t,

1 Let -ussupposs,

arigses only from the motion of the bodies.
then, as seeus likely, that this is the way FReawton attemps to
astabliéh the place of a wnole to be the same as the sum of
the places of its parts,

351, Taking this to be established, Newton argues

that a place must be a magnitude or extension penetrating the

body in it for how else could the rlaces of the parts be added

together to make the place of the whole? Yet when a body
moves, its place does ndt aove with it. Therefore, place must
ve an extension penetrating the whole body it contains, and
yet separated or‘distinét from it., Flace must be a space.

e it is plain

352+ From what has already been said,

1

5ee pare. 139, s
25ee analysis bveszinnins at pare. 257.
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that we cannot accept this reasoning. A place is said to

be equal to the body it contains by virtue of the capacity

of the rlace, the place containing neither more nor less than
the body., This being the case, equality in prlaces refers to
equality iu their capacities. Therétore, it is certainly
true that the place of a whole is equal to the sum of the
Places of the parts of that whole in that the capacity of the
place of the whole is equal to the capacity of the rlaces of
all the parfs, the place of the whole containing neither more
nor less than the places of the parts taken togethexr. But to
80 beyond this statement oi the situatiomn, to say that the
pPlace itself of the whole is the "same”™ as the sum of the
rlaces of the parts in the sense that a line is the "game"” as
the sum of its parts is to go beyond that common knowlecge of
place from which we muét c¢etermine what it is. To 4o so is,
in fact, to imagine rlace to be a kind af space. Understanding u
the additivon of places~in this way can be justified only if
place is a space. In other words, Newton's argument begs the
question,

353, TYet, we can easily see why Rewton arsues as he
does, e are certain that the (proper) place of a tnhing
contains neither more nor less than the tning.l A man with
a ai;;hly developed ima-inatien will be stronsly inclined to

think taat equality in this sense implies that the two (the

1l

See par, 1lv2,




240

place and the body) are themselves equal magnitudgs. Having

concelved rlace in this way, the rest of the argument follows.
354, However, the fact that Newton's ar-ument does

not prove place to be a gpace does_not. in itself, rrove

that rlsc: cannot be a srace. One can argue to a true con-

clusion froz: guestionable or even false premises, Therefore,

we oucht to consider whether or not place can.be a FNewtonlan

space. We have already seen at considerable length that

Aristotle arigues against the possibility of place being a

space. Therefore; we wil} begin by determinincs whether
Kewton's opinion can be aaintaized in the face of Aristotle's
objections to rlace being a space.

555 If will be recalied that Aristotle, at least
implicitly, srzues against place beins eiﬁher of two concept-
ions of space, one utterly immobile, the other in some way
mobile.l As we have seen, Newton also speaks of two kinds
of space, absolute space and relative 9p8ce. For Newton
ahsolute pldce is a part of sbsolute space, relative pl&cg

is 2 part of relative space,

Tlace is a part of s ace which a body takes up, and

is according to the space, either absolute or relative.2

And Newton's absolute space is im-obile, whereas his relative

gpace 1s ~obile,

Absolute space, in its own nature, witnout relation

liee par, 210-211
Cited ir par. 31G.

2
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to anything external, remains always similar and immovable.
Relative space is sone movable dinension or 1easure of
the abtsolute spaces...
rhus, both Aristotle and Newton conzider two srsces, esch of
thew cistinguisbing between a movalle and an imaobile one.,
To this extent, at any rate, ‘taeir annlyse corresyond,

356¢ FEow, we will treat Newton's relative space first,
tany times KRewton calls sbsclute space true space or real
grace, as oprosed O relative Space.2 Relative space, for
Lewton, then, is not true spece in some sense., Fron what we
have already said, it is easy to see why. Oince the sane body
at the same time mey be considered to be at rest or in notion
to & greater or lesser degree; derending uron the reference
body we have chosen to consider at rest, the distance in
relative space over which this body moves varies according
Lo this cliocice. Thus, this distance or gpace is rot something
really independent of our choice of a reference body. iHence,
for Newiorn, relative space is nce, in itself, somethin; real
in to.nss, but is imposed on tiem froa without Ly reason,

357« Ve can come to a rore satisfactory understanding
of onow Newton must uncerstand relative space if ws conzider
bdow 1t is relatei to absclute space, 4absolute grece ie truly
real. In the Newtonian view, vherevar we see the rhisical
dinensivns of that body, we in.w thers is a re.l BT EACE Penew
tratine tue dinensions of that body but Listinet frou it.

Of course, we

lcited in par. 320.

2cee par. 320, 328, 327, 336.
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do not see the dimensions of the space as distinct from those
of the body, but they are there nevertheless. Kow, at any
glven instant, the extension of each body is coextensive with
some‘definite part of absolute space, But if the body is
moving absovlutely, this coextensionhof the magnitude of the
body with a definite part of space does rot exist for any
period of time, but only in the instant, the indivisible of
time. While the body is moving, the extension of the body

is coextensive with constantly different prarts of absolute
space. Yet, the body is constantly penetrated by absolute

space. Of course, as a body moves with respect to ebsolute

space, it bringzs with it its own relative space (the one defined

as being at rest relative to it), Thus, we have a body and
the space attached to it moiing in absoluts space, both teing
interpenetrated by absolute srace.,

353. But for Newton does relative space have any
physical existence distinct from the absolute aspace in which
1t moves? We hinted above that the answer to this question
was;no.l Ye can understand‘this answér nore distinctly by
reconsidering the kind of existence mobile or lowical rlace
(space) has for Aristotle. e saw above that lozical rlace

is a2 magnitude coextensive with the body in it but tasen as

“distinct froam the body because we conceive its meacsurement as

difrereﬁt from that of the body.2 ¥hen measuring a body, we

lPa:. 356,
See par. 22-27,
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think we are neasurin: from one tera of the body to its
orrosite termy when measuring the space which a body occuries,
we think we are measuring, not from one side of the body to
the other, but from one containing surface of the surrounding
or contuinins body to its orrosite containing surface,
Though the result of measuring the two will be the same
measurec-numnber because the containing and contained body are
in contact, still we consider ourselves to ha§e neasured two
distinct things, in the one case the size of the contained
body, in the cther the room within the container.' Yet, it is
physically the same magnitude we measure in the two cases,
that of the contained body.1 Thus, the physical foundation
of this place or space i= the very magnitude from which the
Tlace is considered distinet, the marnisude of the neagured
body. The distinction betwesem them is a distinction in
reason.2

359. Perhaps a concrete casge will help to clarify
thé matter. When an enjjineer wishes to build a bridze across
a river, he measures the distance throurh the air that the
bridze must apan. Yet he thinks he is measuring, not the air,
but rather the distance betlween the banks of the river. #nile
the len th he arrives at exists only in the air, or at least

need not be thou-ht to exist excert in the air, the rart of

lTnat this is Aristotle's view is rlain from his
treatisc on tne void.

23@6 par. 27,
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the air in which this extension ph:sically exists ir conste
antly chan-ing becaucse of the wind, fevertneless, the
extension eéxrressed in measure-numnbers remains always the
same , |

360, Newton must re.ard the distinction between
relative and absolute space in a similar ways A relative
gsrace 18 soxne distance or set of distances measured from &
reference body. For Newton, the true foundation of these
relative extensions is absolute space. This is why absolute
space alone is called true space. Because the referencc body
may be moving in absolute space, the foundation for a given :
relative space may not remain the same, while as a measured
guantity the space may remain the sane (as does the distance
between the reference body and some body at rest relative to
it). This, then, must be the way in which Newton understands
the existecnce of relative space.

561, PFroa this analysis, we can now see an additional
parallel between the two kinda of space traatgd bj Aristotle
and Hewton. Kot only do both of then consider a motile and |

an imnobile space, but both men hold that mobile space has

v'its foundation in gomething else, for Aristotle the dimensions

of bodies, for Newton avsolute srace,

362, It aight also be rnoted that Aristotle's argunsnt

agalnst place beins a mobile’spaéel would aprly to Newton's

Laee par, 233241,
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relative space also, if this relative space were thought to
exist independently of absolute space, an application which
Newton himself would seem to adnit.l For Newtocn's relative
Bpaces move with respect to each other., Their parts auat,
then, move from jlace to place, being penetrated by their
own proper places, new being in thls space (place), now in
thate Thusy 1f jlace is a part of relative space, placs moves
from place to rlace., But note that in the Newtonian view,
this process does not go om to infinity, for the rlaces to
and from which the parts of relative spaces are moved are
themselves absolutely immobile, being parts of absolute, iamo-
bile space. This being the case, there is no satisfactory
reason for proposing that the parts. of relative space are really
places. If place is a& space, why not eimbly 8ay that things
moving from place to place move from one part of acbsgolute
space to another?

363, FKow, we turn out attention to absclute space,
From what has been said already, we can see why Newton is so

anxious to establish both the existence of absolute space and

l"As the order of the parts of time is imsautable, so
8180 i3 the order of the parts of space. Suppose those parts
to be moved oul of their places, and they will be noved (1
the expression may be allowed) out of themselves., For times
anc sraces are, as it were, the rlaces as well of themselves ag
of all other things., All thin-s are placed in tine as to
order of successionj in space as to order of situati-n. It is
from their essence or nature that they are rlaces; and that the
rrimary places of things should be aovable, is absurd. T‘hese
are therefore the absolute placesj and translations out of
those places, are the only absclute motions," (Newton, Mathem-
atical Principles, p. 8.
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a method of calculating motion relative to it. Since true
motion is motion with respect to absolute space, a xnowledge
of absolute space is presuprosed to a perfect quantitative
knowledge of true motion. For instance, the true distance
which a body moves is the distance 1tvmoves in absolute space.,
Since we cannot be satisfied with an analysis of relative
motion, but must seek a knowledze of true motionl he attempts
to show the existegce of absolute motion and to ive a method
for calculating it, or at least chahgee in it., If a fhing
did not move to or from a part of absolute space as to or
from a place, Newton 8 analysis of absolute space would seenm
Yo be substantially beside the point. At the very least, the
distinction between absolute and relative motion would have
to be interpreted in a very different fashion,

364. Having seen the importance of the question,
we will now attempt to determine whéther rlace can be a part
of absblute space. Because we have already treated in some
detail Aristotle's objection to the opinion that place is an
immobile space, it is natural for us to begin by determining
whether Rristotle's objection is applicable to Newton s
position. It would be unnecessary duplication to repeat the
objection in. full detail here, Therefore, wevwill rresent
only a short suamary of Aristotle's arzument.,. As we have

,seen,a he argues that because a body may be divided infinitely

lSee par. 322,
It was given above, par, 212-23%6,
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in potency and because each of these parts divided from the

whole must have distinct place, in the aspace occuried vy any
body there must be an infinity of spaces if a rlace is g

8race., Because the gradual division of the body into more

and 1ore parts cannot produce the additioral Spaces necescary

80 that each part might have a space (place), each of the
additional needed spaces must have besen there fron the berinring,

Since a body is potentially divisible infinitely, there nust

be an actual infinity of spaces in any space. Because we
cannot propose the existence of an actual infinity 41f there
is any other alternative, and because place can be defined in
such a way as to avoid proposing the existence of an actual
infinity (1. e., the way Aristotle does it), the orinion that
rlace is a space must be rejected,

365. Evidently, Aristotle's argument does aprly to

Rewton's absolute 8pace. If place were a part of such a

space, there would have to be an actual infinity of places
= for the reason indicated by the argument,
366, However, against the application of thig arsument

to Newtonian space it may be objected that Newton was an

atomist,

All these thinss being considered, it gseems .robable
to me tuat God in the besinnine forned matter in solid,
massy, hard, 1npenetrable, moveatbtle rarticles, of such
sizes and fi~ures, and with suckh other rroperties, and in
such proportion to gpace, as most conducted to the end
for which he formed themy and that these prinitive part-
icles beins solids, are incomparably harder than
porous bodies compounded of them; even go very hard as




O

T et it

248

never to wear or break in pieces; no ordinary power
being able to divice what God himself made one in the
first creation, While the particles continue entire,
they nmay compose bodies of one and the same nature and
texture in all ages; dbut should they wear away, or break
in pieces, the nature of things depending on theun would
be changed, water and earth, composed of old worn
-particles and fragments of rarticles, would not be of
the same nature ang texture Now, with water and earth
composed of entire rarticles in the beginning, And,
therefore, that Nature may be lasting, the changes of
corporeal things are to be rlaced only in the various
separations and new assoclations and motions of thesge
bermanent particles; compound bodies being apt to break,
not in the midst of said particles, but where those
particles are laig together, and only touch in a few
pointa,l -

If bodies cannot be d;videdlinfinitﬁly (WhIChbthey~cannot be

‘if they are composed of indestructible particles), then an

actual infinity or absolute spaces in not needed in order
that place be a 8pace. If the division of bodies is not
infinite, thp 8paces required for then are not infinite,

367. There are several things which mizht be said
in answer to this objeetion, Pirst, we saw aboqu that
Aristotle (at least as:uﬁderstood by sSt, Thomas) did not hold
bodies existing concretely to be infinitely divisible, Yet,
as - we also saw,3 the argument need not be rejected by an
Aristotelean for this reason. 7o reproduce this reasoning
here would be an'unneceésary duplication, Therefore, we will

sinply point out how doubtful it ia that what ig perﬂitted‘by

1 " :
Hewton, O tics, Bk. III Fart. I, qu., 31 Pe 541
(vole. 34, Great Books) . ’ - !

See par, 232,
35ee par. 233-03¢,

it
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body taken commonly (infinite divisibility) should be prohib-
ited to bodies by the nature of place, as would be the case

if the nature of place itself demanded that bodies be composed
of indivisible particles, ‘

368, BSecond, if the places of bodies were a finite
number of parts of atbsolute space, so that the parts of space
corresponded in their dimensions to the ultinate indestructible
particles of matter, it would folleow that bodies esuld come
o rest only in certain positions in absolute srace, but not
in others. For an atom could not come to rest partly inside
and partly outside of a space (place) equal to it, for then
it would not bve resting in a place, but rather would be resting
only partly in one place and partly in another. But if a
body can rest without being in a place, why propose the
existence of place at all? This difficulty could be avoided
only by prorosing the existence of an actual infinity of
interpenetrating spaces, but it was to avoid proposing an
actual infinity that the objection was proposed,l

369. Third, the objection we have been considering
would seem to be outside the intention of Newton, for he
speaks of the infinite divisibility of space.

sse8pace is cdivisible in infinitum...2

lThis argument rests upon the fact that we are nore

sure of the infinite divisibility of motion than we are of '
the infinite diviseibility of bodies,

2Newton, Optics, Bk. III, qu. 31, Pe 543 (vol. 34,
Great Books).
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But how did Rewton suprose that space could bde divided?
Though he does not tell us, it 1is Treasonable to suprose that

he thought space was divided by the very surfaces or divisions _

of bodies in it, Indeed, there could be no other method of

dividing his espace. It must be that for Newton, the division
of a body into parts or the divigion of a body from other
bodies results in the division of the space it occupies,

This being the case, Newton would hardly have held the space
to be already divided into parts before the body occupying

it was divided. In this conception, then, the problem of an
actual infinity of space does not arise, Thus, the atomism
of Fewton is irrelevant to an understanding of how he could
Suppose there to be a distinct rart of space for every body
or'every actual part of a body.

370. This objection to the application cr}Aristotle's
argunent to Newtonian space must be rejected, then, both
because it cannot really solve the difficulties raised by
Aristotle’ 8 argument, as we have seen, and because it nmust be
contrary to Newton 8 understanding of space,

371. Having solved the preceding dirficulty in part
by showing that Newton would surely object to Aristotle's
argument on other, opposad grounds,‘it remains to consider
whether the application of Aristotle's argument can be avoided
on thése other iroundé. As we have seen, no doubt Newton ,

supposes,that the division of & body resulte in the division

of the space it occupies. On the other hand, Aristotle's
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argument supposes that the division of a body cannot result
in the division of the space occupied by that vody. Our
problem, then, is to determine which of these views is correct,

372. Now, in dealing with Aristotle's position in
this respect above,l we saw that rbr Aristotle, if the division
of a body results in the division of the space it occupies,
the dimensions of the two, the body and the space, cannot be
really distinct quantities, but must be one and the same
thing. Note that if Aristotle's argument is understood in
this way, it does not rest upon the view that two distinct
magnitudes cannot be coextensive, This is another question,
His argument merely suproses that if thers are coextensive
iagnitudea, the division of one of them does not result in
the division of the others

373« Nor can this be doubted. For if two magnitudes
were to interpenetrate they could hardly be distinguished
one from another by their positions. They would, in fact,
have to be distinguished according to sudbjects, Otherwise,
instead of being two magnitudes, they would be one magnitude.z
Indeed, it would seem that Newton rerards these two marnitudes
in just this way, for he proposes that if the subject of the
bodily megnitude were renoved, and thus the magnitude itselr,

the extension which is space would re*nain.3 This imrlies

lsee par. 221-229,
2See 3t. Thomas, 11T Supp. q. 83, &, 3, ad 2,

BAt least this was his opinion if we are to accept the
position or Clark as being that o Newton. GSee par. 34Q,
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that what is the subject of the one is not the subject of
the other, Considered in thisg way, it 48 plain that the
division‘of one does not iarly the division of the other,
Why should the division of the quantity of one subject imply
the division of the quantity of another? The only way in
which one could Teasonably suprose that the division of one‘
magnitude‘entailed the division of another interpanetrating
multitude would be to suppose that the two are not different
in subject. But thig wéuld méke the two magnitudes really
one, Therefore, ﬁe can see that Newtonmimwunjustiriedrin -
sdﬁpo#ing”that the division °f a body entails a division of
its space. Thus, the force on'Aristotle’s'argumgnt cannot
be avoided. Flace cannot be a Newtonian absolute space.1

Aristotle's definition remains the only satiafactory’one.-

lObvioualy, this argument applies to Newton's relative
space as well, But even Newton did not consider relative
Srace to ba true space :




A RECONSTDERATIUN CF ARISTOTLE'S PLACE

37%. We will now consider certain advances which
have been made in natural science 8ince the time of Aristotle,
advances not entirely unrelated to the Newtonian rosition
presented abtove. Then, in a linmited vay, we will atteapt to
analyse the physical foundations of place in the lizht of
these advances. In this vay we will attempt to Judge the
present day validity of Aristotle's definition of place,

375« It will be recalled that Aristotle conceived
the universe as terminated by an outer sphere which was
immobile as & whole,1 the center of this sphere, the center
of the universe, being also immobile, Further, as we have
seen, Aristotle supposed that there was a certain order in
the universe. Proceeding from the center toward the outer
extrenities of the universe, the natural Places were arransed
in the order earth, water, air and rire,2 with the celestial
spheres at the outer extreme of the universe, This order
Wwas seen to have two aspects. On the one hand, the aore

rerfect or more noble elements were considered to be above

l3ee par. 271-272,
See par, 299,
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the less perfect ones.l Cn the other hand, the order was
such that the elements would be lass likely to corrupt each
other, i. e., no two elements wnicn touched each other in
their natural places were totally cortrary to sach other,
Thus, for instance, the element which was hot 2ng dry would
not have its natural place next to ar element cold end wet.2
%e also saw that the order of the elerents ultimately could
not be exrnlained by this lacter'ractor, s8¢ that the order of
the natural placee wust be accounted for primarily on the
basis of the order of the elements in nobiliby.5

' » 376.}VSinée the:nééﬁfél plaées}Céﬂdsé plaéés to
wnich the various eleaents naturally tend) wers thousht to
have fixed positions in the universe, a tody was thoucht to
m0ve or be at rest with respect to the universe as a whole
when it moved toward its naturzl place or was at rest in it,
Fut in Newtonian terms, it was thought that when a body wase
in absoclute (true)motion, it was in motion both with respact
to its natural place and with resrect to the universe aé ]

whole. Wwith the universe conceived in this waYy, ii tody A

were in motion (relative to a natural uvlace or to the universe

as a wnolé), and body B were #radually changin~ its poszition

with respect to A, no one &ouid pbe inclined to c¢3ll this

See par. 300,
3ee par. 301,

N O

See par, 302,
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chanze in the position of B relative to the single body i
a true motion., B would be considered to move truly only
and to the extent that it noved with respect to some rlace
and hence with respect to the uniyerse as a whole. Thus,
in this universe, a relative motion ( a change in position
with respect to some body chosen more or less arbitrarily)
18 not necessarily a true motion. Further, since the earth
was considered to be really at rest in the universe, it
was relatively easy to calculate the true motion of a body.
The earth could always be used as a reference body. What
moved with respect to the earth truly =oved.,

377. However, by the time of Newton, the universe
had long ceased to appear ordered in the way Aristotle seasned
to suprose. Instead of being at rest, the earth was thouzht
to rotate on its axis and to move about a rotating sun.1
-W¥hile the fixed stars were not observed to move with respect
to each other,a or to the solar aystenm according to the most
economical explanation of the facta, yet no good reason could
be given for supposing they did not actually move, Thus,
no known body seemed to be immune from motion. But if there
were no bodies that one could reasonably suppose to be truly
imzobile, how could one cetermine whether a tody was truly

in motion or truly at rest? Or was 1t necessary to Dropose

1Galileo, Dialo -ue Coneernin: the Iwo Chief ¥orld

Systens, pp. 50=56,

Until Aalley discovered this motion im 1713,
“ee Ge Jo. Whitrow, The Structure anc Evolution of the Universe, .

P. 16,




