256

fhe existence of some "true"™ motion?
378. Buppose body A énanges its position relative
to B, but does not change its position relative to C. 1s it
nore true to say that A and C move toward B than it is to
say thaf B moves toward A and C? If there is no true
difference between the two situations, there is no difference
for anj single body between being in motion and being at rest,
379+ Because of the new knowledge another related

problen arose concerning natural place., We have. seen that

in the universe as conceived by Aristotle, bodies naturally - -

- tend to move toward certain places and to rest in them, these

pPlaces having definite, fixed positions in the universe and _
therefore beinz immobile each with respect to the others,
But by the time of Newton this non longer appeared to be the
case either., Rather, it was observéd, bodies tendl to move

toward each other and to remain together, If a body were

near the earth, its "natural place” would be on the earth

but if the same body were near Jupiter, its “natural place”
would be on Jupiter. Since these "natural places” were
observed to be moving with respect to each other, one could
hardly say that they were imuobile with respect to the universe
as é whole. Therefore, because the only known "natural rlaces"

(i} €+ "places" to which natural tnings tend to move) were

lObviously, we are sreaking from a pUrely_natufal
roint of view. Mathematical Physics does not discuss the
"tendencies" of bodies,
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as aobile as ordinary bodies were, either these "natura)
places” were really not places or rlace was not immobilae
relative to the universe as a whole.

380, Ferhaps by contrasting this situation, once
agzain, with the Aristotelean conception, we may clarify the
problem., For Aristotle the surface which is a place remains
one rlace in number during any given time by virtue of
rossessing one definite position in the universe during
that time, regardless of whether the subject in which the
surface exists remains one and the same in number or not,

For instance, the placc of a ship at anchor in a river remains
one and the same in number though the water whose gurface

is the place of the ship is constantly flowing by the ship.l
The unity of a rlace comes from its position in the universe,
not from the unity of its subject, But, as we have seen,

in the Newtonian universe, bodies tend to move toward, and
rest together with other bodies, though these other bodies
themselves may well be noving relative to each other, Thus,
the natural tendancy of a body in a given situation and
during some interval of time 18 not to move toward some rlace
one in number, but toward some body or system of bodies,
rerardless of the place of that body or systen of bodies (if
we can talk about place in such a universe)., Thus, even if

Place be suprosed to exist, it would aprear that body A would

lsee par. 246-249,
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tend toward a particular place, or rest there only becauge
of the presence of another Body (B) near that place, but 4
might just as well have Roved to scme other place if B were
sozewnere wvlse. It would S¢am, then, that one place could
be no more natural to it than another.l

38ls To summarize thesa problems in view of the
new xnowledge, on the one hand it is difficult to detect
any "motion™ other than what Newton would call relative

motion and or the other hand it geemg that bodies naturally

tend toward other mobile bodies rather than toward Ammobile. - . -

A'nabural places in the Aristotelecan sense,

382+ One can easily see the crder ip which these
Froblems must be treated from what has been said alreeady.
Yo doubt the question whether there is such a thing as natural

rlace is rosterior to the question whether place exis=ts,

‘But, of course, we are quite certain plsce exists, since

“

things do aove from Place to rlace. Further,” we' have seen

by induction that place must be as Aristotle ‘defined it.

Our present infention, then, is to determine how Aristotle's
doctrine applies to Nawton's.universe and our problém is
tuat, at first glance it éppears to apply not at all, for
ore carrot easily fincd an immobile surface which could be a
place, or rather, it is diffigult to underctand hoew an

im2obile suriace is te be distin-uished from a 7gob:le one.

lSt. Tnonas, I De Caelo, Lect., II, n. l?(lO).
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Since "natural place" adds something to "place" we will
besin by considering how Place can be 8aid to exist in a
Newtonian or post-Newtonian uriverse. Ther we will take
up the problem of natural rlace,

333. We have seen that Aristotle prorosed place to
be immobile with respect to the universe as a whole., That
the universe itself, taken as a whole, cannot be in motion

is plain from the very nature of the universe, Perhaps

this can best be seen by contrasting the completenesgs
belonzing to any particular body with that belonzing to the
universe. Following Aristotle, St. Thomac explainsg how

particular bodies are complete as follows:

And he says that each particulsar body, according to
the comnmon definition (rationem) of body is such, i, e.
complete, insofar as it has all dizensions. But never-
theless it is terminated at the next body, insofar as
it touches it. And thus each such tody is in a certain
way -ulta, i, e, complete, insofar as it hag all dimen-
~8ions and incomplete insofar as it has another body
outside it at which it is terminated,..

But the universe, while having the completeness of individual
todies, is still more conglete,

And he ssys that the whole, i, e, the universe, the
parts of which are particular bodies, must be complete
in all ways, and as the saxe universe itself sirnifies
omniguaque, i, e. comrlete in al ways, and not according
to one way so that it is not comrlete according to an-
other, because it has all dinensions, and includes all
tocies in itself,

Since tue uriverse incluces all bodies in itself, it could

i 1Gt. Thomas, I De Caelo, lLect, II, ne. 17(10),
?Ibig. |
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hardly be said to move from place to place. Any rlace into
which it could mnove would have to be itselj part of the
universe. Thus, it must be that the universe itself, asg a
whole, is immobile,

388, 1If someone should suppose the physical universe
to move as a whole froi rlace to place it would be Lecause

he suproses place to be =z part of an infinite 8race such as

, Rewton Suproses, But we must reanct the existencae of an

irfinite space if we must reJect the exiatence o: _&ny actual

" infinite in natvure. Wnllc we nave not explicluly considered
the question of the existence of a separated’ g8pace, we have
seen indications that it is-hot necessary to propose its
existence.- However, if some finite space were tnought to
exist, it would belonq to the physical universe and thus could
not in itgelf make possible a motion of the universe as a
whole. 1In order rfor the universe as s wnole‘to-move from

rlace to rlqcé, this space would have to move alao, and the

_ en*ire rroblen arises again, to and from what could it move?

:urther, even if a separated Space were suprosed to exist

and to be something separated from the physical universe,
since it could not be vlace, as we have SNOWn,, it would btlll
be imroscivle for the uriverse to move as a whole. se nay
conclude, then, tuat the universe as a whole is imaobile,

and not immobile =g what is merely at rest or what is noved
with dirficulty is said to be imtobile, but rather as what is

in no way apt to be moved is said to be imﬂobile.l Therefore,

‘1St.hTho nas, - ¥ Egzsigorum, Lect, IV ‘n. 683(6).
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in our present analysis we will always consider the univerge
to be both finitel and immobile as a whole.

385. Though our present work is not directed Princ-
ipally at an analysis of the limits of the universe, yet a
consideration of the nature of theee limits is relevant %o
an analysis of the definition of place. As is plain from
our examinsation of Aristotle‘'s definition,2 place is immobile
relative to the universe as a whole, But as St. Thomas 8ays:

essthe whole form (ratio) of place in all containers

is taken from the first container and placing thing,

namely the heavens,

While it is not sltowether clear whether 5%e Thomas is here

referring to the entire universe4 ar %o the ultimate sphere

as "the heavens", he is probably referring to the outer
sphere, since the entire universe contains what is in it as

a whole contains a part, pnot as a place contains what is in
11:.5 If St, Thomas is referring to the ultimate sphere, "the

whole form of place® is taken from it because the outer sphere

a8 a whole for Aristotle and S8t. Thomas partakes of the

immobility of the universe as a whole. Indeed, the immobility

of a universe whose 1limit 4s not also immobile becomes very

1Since we musl avoir proposirg the existence of an
actual infinite in nature.

aSee rar. 245-250,
3St. Thoazas, IV Fuysicorum, Lect, Vi, n. 469(15),

4;‘.;ee St. Thoras, I De Caelo, Prooemium, n.4{4) =5(5)
for "heavens" used as referring to the entire universe.

583e rar. 193-200,
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<:> obscure, as we will see below., But if the ultimate srphere
partakes of the immobility of the entire universe, pPlace,

in beins im-obile relative to the universe as a whole, ig
imobile with respect to the outer sphere. This outer sphere,
then, tosether with the immobile earth in the center of the
universe, gave Aristotle and Bte Thomas a definite, immodile,
bodily fraze of reference to which all motion and rest (and
hence rlace) could be relative. Being relative to this frame

of reference they were thought ﬁo be relative to the immobile

universe itself, This conception of the univergse made it

I cdﬁﬁéiéﬁiﬁgiy”éésy to understand how a body ecould be said to
move or to be at rest relative to the universe as Q'wbole.

But note, Aristotle did not rrorose this definite, immobile,

bodily 1imit to the uriverse merely to make his doctrine
concerning rlace easily intelligidle, Rather, by surposing
an outerncst rotﬁting sphere he explained the ap?érent motior
of the fixed stars.l Purther, because of the apparent unchang-
ing nature of the celestial bodies he had good rﬂéson to
suprose that they were of a different pnature than the elements
we oLserve on or nsar the earth, Howevér, oncg the aprarent

motion of the stars was accourted for by rroposing the

rotation of the earth, there was no longer any reason to

IAa At. Thouas urderstancds 1it: "eve8tellae fixae.sunt
in suprewa srhaera gccundum orinionen Aristotelis, qui non
posuit alian sphaeran esse BUPTa srhaeram stellarum fixarum,®
I De Caelo, Lect, XX, n. 126(2),
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suppose the outer limit of the universe as rotating. ¥lthoyy
rotation, the evidence for the share of the universe becomeg
much more tenuous. %hen the reason for a fifth element
disappeared,l the nature of the outer limit became gtill more
mysterious., Yet it is reasonable to suprose that a finite
uziverse must have an outer limit. Since this is the first
concertion that naturally occurs to one, we will begin by
considering how place could be said to exist in & universe
With an outer limit and consistent with the main linesa of
astronoaicel observation from the time of Galileo and_Newton
up to the rresent. 1In conclusion we will see very briefly,
and from a linaited standpoint, how rlace can be said to exist
in a finite but limitless universe,

386. If astronomical cbservation has gug- ested
anything for the last three hurdred years it is that the
pPhysical uriverse extends aprroximately homogeneously in all
directions as far as can be seen.2 If the universe arrears
to extend homogeneously in all directions and without visible
limits, one might easily be led to suppose it to be 1nr1nite.3
Of course, on the generzl princirle of econony thie surrosition

is to bve rejected, as we saw when treating the infinite, But

lSee Galileo, Tialo:rue Concernins the Two Chief
world Systens, Ve sinning 2t pa e 51.

2See rar, 112,

3As indeed the rost-liewtonians 8uriosed. Q. course s
belief in an infinite 8 ace entered into thig concertion,
ee Koyré, From the Closed ¥orld to the Infinite Universe,

PP« 274=275,
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having rejected the notion of an infinite universe, it must

be adnitted that astronomical observation tells us nothing
about what the limits of the universe must be like. Under
such circumstances it would appear to be mere speculation
to attempt to determine the sort of linit the universe must
have. Yet an analysis of some of the possibilities (consid-
ered in the abstract) will be useful in coming to an under~
standing of how place could be conceived today,

387. Ohe mizht begin by tenporarily supposing the
limits cf the universe tc be 1mmobile and unchanging 4in shape .

v sincé one should not prorose the existence of a motion for

which there is no evidence. Further, its ahape might be
proposed to be wholly similar rart after part, or it might
be thought to be irregular in somne waye If the outer limit
were supposed to be immobile relative to the universe as a
whole and irregular but unchanging in shape there would be
do - difficulty in understanding theoretically what it would
be for a body to be in motion or rests A body approaching
or receding from some part of the outer surface of the uhiverse
would bYe in motion. One remaining in the same rosition with
respect to the outer surfacé would be in place, the surface
of the body surrounding it being immobile relative to the
outer surface of the universes and hence relative to the

universe ss a whole.

388. However, if the outer surface of the universe
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wers sufi{iciently resular in shapel and rerfeetly homozen-
eous in subject, having actual par:s cnly indistinetly
distinguished one fron another2 or 1f for some reason thig
outer surface ware thourht to rotate relative to the uiverse
as a whole,5 it would not be ;0ssible to deteraine wnether

or not a body was moviny relative to tha uriverse as a wnole
merely by coaparing this body over a reriod of time with

the outer surface o! the uriverse. For by comparing tae body
in question with th> surroundin.; surface one could not detere
mine whether or not the body was moving relacive to the
uriverse but remaining the eame distance froa the outer surface
of the universe. To deternire whether such a noticn was
present, there would have to be somethin~ else rrezsent, to
which the body in question could be referved,

389, Convenlently, Newton indirectly sus-ested a
metlod of determniringy the prevence of such & motion, It will
be rescalled that he distinguished between abzsolute and relative
rotation ty acn effect'present ir. absclute but atgent in
relative rotation.4 According to Newton, waen a Locy is
revolvin: absolutely, its parts tend to receue Iroa tine axis
of rotation with a cencriiusal force waicr intreaces =g t.e

spees of rotatisn inc.eages, OF course, we hsve seen Lnat

e e ——. 0s | m .- —

l*or ingtarce a sprers.

2Aﬁ is tne case witn sometaing siaply contiruous,
BAs it di¢ for Arigtotle,

4(388 TATe H56m33G,
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Rewton supposes absolute'rotation to be a motion with resgpect
to absolute (true) space. [Now, in refuting the orinion that
place is a 8race we have refuted tqis interpretation of
absolute rotation, For we have seen that when a boedy rotatesg,
although the body as a whole does not a0ve from place to
rlace, its parts dos In other worde, rotation ig g aotion
with respect to rlace, Since place cannot be g space,
"absolute™ rotation cannot be a motion-with regpect to an
arsgolute Bpace, at least not in the way Newbton §?PR9§849_”¥étw¥ww
the empirical distinction between the two kinde of rotation
remains. Absolute rotation g8ives rise to centrifugal force,.
relative motion does hot.

390. Now, though we must rejcct Newton's hypothesis
that absolute rotation 1s motion with respect to absolute
Bpace taken as rlace, yet we must-admit that his hypothesisg
comes close to being a suitable one if it 1s reinterpreted in
the light of:what we have Previously determ;ned. For 1t
would be quite Teasonable to suprose that absolute rotation
is rotation with respect to the univerge as g whole, relative
rotation being a rotation with respect to something elge _
considered, more or less arbitrarily, not to rotate, This‘
could only bé an hypothesis, but it could be a :;00d one.,
Even ir more modern riysics such an hypothesgis is tenabvle,
Thus F, w, Bridgman,'referring to a dirferent method of determ—
ining "absolute” rqfaticn'(the Poucault pendulum) has thig

to say;
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Given two worlds like our own in enpty gpace, but
surrounced by impenetrable clouds, and each provided with
a Foucanlt pendulum, then we believe that it is physically
Possible that we may find on one of these worlds the
Plane of rotation of the pendulunm gradually chansing in
direction, while on the other it remains stationary,

This difference we resard as possible without other
accompanying physical phenomena which are causally related
to the rotation of the pendulum (of course we have to

make the two worlds of infinitely rigid material and
eliminate other Dhenomena which we re-erd as burely incid-

ivity., %e are certainly not inclined to give up our
principle, and we believe that a3 a physical fact, if
the clouds could be evaporated, an observer in one world

principle of e:sential connectivity is therefore maintained,
in that the rotation of the place of the Pendulunm is
connected with respect to the rest of the universe or the
entire world in which the rendulun is mounted., As far as
I am aware no other way of maintaining our rrinciple hasg
ever been sugi-ested. BRut this denands that we #ive up
our physical hypothesis of the possibility of isolating

a4 system., There is here no guestion of limiting behaviory
we believe that no matter how far our rotating world gets
from the rest of the universe the Poucault Pendulum

would always behave in the same way{ the system can hever
be isolated, but such local rhenomena as the invariance

of the plane of the pendulum are always essentially
determined by the rest of the universe,l

391. Kow, how would the hypothesis that absolute

ation was rotation with respect to the rest or the universe

8olve our present rroblem? ¥%e said above2 that in knowing
whather a tody was approaching Or recedin;; from the outer
surface of the univerae we would not necessarily know whether

it was movin: with Tespect to the universe as a whole, for

182,

1P. ¥. Bridgman, The Lovic of Moderm Science, pp, 180~
Far, 3880
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the body might be 20ving while remaining the same distance
from the outer surface, If the ocuter surface were entirely
continuous, homoizeneous, and of a regular shape (such as a
sphere) one could not rerceive sudh a8 motion of the given
body by comparing it to a part of the outer surtace since
these rarts would be indistinguishable one from the other,
And of course it is possible that for 8ome reason the outer
surface itself is in rotation (thoush this may be irrelevant

since no reason can be sezn for supposing it to be the case),

-.But_1f it be supposed that- Newtonian absoiute” rotation is

actually rotation with Tespect to the universe as a: whole,
if a body snould be fourd at the center of the universe

(or rlaced there), and if the absoiute rotation of the body
should be determined in the Kewtorian tashion or by the
Foucault rendulum, then by observationally deteruining (from
the boedy in the center) the angular motion of the body whose
mution one wished to measure, making allowance for the known

atsolute rotation of the body at the center, one could

'discover whether or not the body in question were truly

moving but renaining the same distance from the outer surface.
And, of course, one could deteruine whether the body from
wiilch the observation was 1ade was truly in the center by
neasuring its distance fron the outer surface in several

directions.1 Thus having made the assumptions indicated

lObviously this is a very abstract analysis,
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above, it ig prlain that the motion of the body in question
and also its rest relative to the whole universe could be
understocd and even theoretically observed. Hence, we coulad
also grasp what place must be in Such a universe., It is the
containing surface at rest relative to the universe as a
whole in the way indicated above, i, ., neither approaching
nor receding from the limits of .the uriverse nor moving
"parallel® to them.l

392. It may be remarked here that if the universe
were as described, with its outer extreme fixed in the manner
sugrested above, one might well refer to an "absolute" space
after all, not an infinite srace but still an "absolute"
space in the sense of a space not relative to just any body
whatever., In the course of this work we have ofter adverted
to the conception of Place falling under the category of
quantity. It will be helpful to recall certain things we
have determined about it. We have seen that the nagnitude of
a body may be considered in two ways. If gsome body is con~-
tained by another body, when we wish to neasure the size of
the contained body we take the terms of our measurement to be

the extremes of the contained body. But when we wish to

1Note that we came to a knowledze of Flace, here,
fron a knowledgze of motion. This is entirely reasonable
beczusce, as was seen above (par. 189), we are aware of the
existence of place because we arc aware of the existence of
notion. In our knowledse, then, how place exists is dependent
uron how motion exists, :

.

\
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measure the space or place enclosed by the containing body,
we take our measurement as terminatinz, not at the surface

of the contained body, but at the interior containing gurface
of the containing body. Both meésurements yield the same
resuly éince the outer extreme of the contained body touches
the inner extreme of the containing body. Yet we think that

1 We have 2lso seen that

we have measured different things.
there is no need to propose the existence of geparate inter-
penetrating magnitudes becéuse of‘fhis distinction in our
conception of measurement. There is no need to propose any
phyeical basis for this distinction except the potency of the
magnitude contained by the container or as the magﬂitude of
this body.2

| 393. Fow in a eimilar (but non identical) manner we
can consider that we neasure two things when we measure the
volume within the outer surface or limit of the universe,

We can measure 1) the sum of the volumes of all the bodies

room for bodies in the uriverse, i. e. within the linits of
the universe. But this does not mean thére are two distinct
paysical magnitudes existins heres. TRather, there is no

reason to suprose more than one, which reason mnay rerafd in

these two ways. At léast, nothing has been prorosed in the

lSee rar. 22=25.
ZSeevpar. 273 358=359,




i
:

271

present work which makes it necessary to assume more than
tnise. |

39%4. This second way of taking the measurement of
the universe would seem to providé a rational foundation
for a space in some way sinilar to Newtonian absolute space
in the xind of universe we are now'discussing, though
certainly not identical to that proposed by Newton hinself.
#e have seen that we ~ust deny the infinity of space and we
must not propose its existence as something physically dist-
inct from the quantity of bodies. We must also deny that
place is a space or part of a space. And of course Kewton
claimed all these thinss for his spaces. Yet in sn important
Trespect the space enclosed by the outer surface of the
universe, as we have Jjust described it, is very siailar to
Newton's absolute space, It is strictly and entirely
immobile because it is immobile relative to the outer surface
(which is immobile relative to the universe as a whole
according to the present hyrothesis). Hence bodies which
truly move from place to place must move relative to this
space in some way.

395 Further, in this xind of universe the distance
a body noves must be a distance through this space because
the magnitudes of the other various bodies in the uriverse
may well be moving relative to the outer surface also. Since
the distance a body moves must be some extension imwobile

relative to the whole universe, the distance a body moves
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must be a distance in this~quasi~absolute space.,

396+ It might be noted that just abdove we said this
way of considering the magnitude of the universe wasg gimilarp

to Aristotle's conception of place in the category of

‘quantity, W#e dig not 8ay 1t was identical because there are

no two distinct surfaces at the limit of the universe, that
ol a containing body and that of a contained body, whereas

these two surfaces are implied in the coqoeption of place in

the catezory of quantity.l _ 0 OO

397, Note also that this space cammot ve physical
Place because a division of bodies'does not give rigé to a
division of tnis 8pace., For reason graaps this space only
by abstracting from a distinct consideration of the various
bodies in the uriverse, Otherwise this space could not bde
distinct even in reason from the maznitude of the universge .
taken as the sum of the magnitudes of ths various bodies
in 1%, |
| 398. But 1t,méy be objected that Aristotle himgelr
claims that-the parts of this kind of gpace (place in the
category of quantity) correspond rerfectly to the parts of
the bodéy with which they are coextensive. Hence, he sayst
eeodt follows that the parts of place‘also, which
~are Qccupied by the parts of the solid, hage the same
common boundary as the rarts of the solid,

If this is the case, it geems that in dividing a body we are,

lsee rar., 25.25 .
Cited in par, 22, =
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in fact, dividirg the space (rlace) it occupiles also,

399« But by speaking in this way Aristotls does not
wish to indicate that thers are always actual distinct parts
in the place (space) corresponding to the actual distinct
parts of the body in the place. To maintain this would be
to destroy the different conceptions of the body and the
place (space) which we have, For we have Just seen that in
thinking of the space occupied by a body we 4o not consider
the body itself occupying that space. Otherwise the space
would be known precisely as the quantity of the bvody occupying
it. Rather by speaking in this way Aristotle merely wishes
to indicate that the two dimensions (that of the body and
that of its logical place or space) are truly and entirely
interpenetrating so that wherever the one is, the other is
also. Thus, the rotential or indistinct parts of the place
(space) correspond to the rarts (whether potential or actual)
of the body occupying it. But dividing the body does not
produce actual parts in the space. Otherwise, we repeat,
the place (space) could not be distinsuished from what is
in it.l

400, Having seen how rlace may be said to exist in
this sort of universe, we may take up the question of natural
rlace in such a universe. ¥roperly speaking, one must admit

‘hat 1t should not be suprosed to exist since on the one hand

lThus our previous afgument actually arrlies to this
space.
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no evidence can be found for its eéxistence and on tne other
there is strong evidence that it does not. There is no
evidence that bodies tend to move toward certain positions
immobile relative to the universe~as a whole. Rather, bodies
are observed to tend toward other bodies (or centers of |
gravity), i. e., the natural motion of a body is toward
other bodies.l Since these other bodies are observed in
motion relative to each other, they can hardly be at rest
each with respect to the usiverse as a whole. |

40l. To contrast the Aristotelean and the Ne£§9?i?§;,,w B
‘positions, for Aristotle,

If one were tb move the earth to where the moon now

is, the various fraﬁments of ear?h would each.ngve not
towards it but to the place in which it now is,.

But for Rewton, if the earth were moved from where it now
is, the "fra ments of esrth" would move not "to the place in
wihich it now ia" but to the earth in its new "place", Since
Newton's views have been confirmed in this respect, w¥hereas
Aristotle's have not, it would be’foolish to prefer Aristotle's
opinion to that of Newton. Thus, in view of the evidence,
natural place should not be held to exist,

402, We saw above that though it was not Aristotle's

lObviously we are ignoring inertial motion and the
combination of the two into one by Finstein, but this is
another cuestion.

2sristotle, IV On the Heavems, Ch. II, 310b2.

See also St. Thomas, T1 De Caelo, Lect. XXVI, n. 525(5).
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or 5te. Thomas' view that rlace itself was a fina) cause,

they did belleve that being in a rlace (which belongs under
1

the caterory where) was a final cause,” But they held this
only insofar as "rlace" is taken materially (i. e. insofar
as the surrourding surface is thousht to remain one in
number because its subject remains one in nunber). Never-
theless, for them formal and material place corresronded to
a certain extent., If a body remained in the same formal
rlace (4. e. if it did not move relative to the universe as
a whole), it usually remained in the same material placo.2
In view of the new knowledge, we must admit that formal
and material place do not correspond in this way.,

40%. Of course, from this it doems not follow that
a natural body (in the kind of universe we are now considering)
cannot move from rlace to place for the sake of something,

But the point is that things do not appear to move to a Place

for the sake of being in the place except per accidens

(because of the body now there) since they are naturally
indifferent to this or that formsl rplace.

404, Yet, speaking srosso modo, natural things do

tend to a "natural rlace", taking "place" materially. In
this sense, thc carth is the natural place of the heavy bodies

near it, even while the carth itself is actually movina,

1See rar. 282«291,

2rar. 269-311,
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405+ Of course, mataematical physics (as such)
could never discuss natural place. Yet, as we will geeq
below, it may be of aid in atteurting to understanc the
immobility of forasl place.

406. However, it may be objected that the sclution
we have given to the probleam of how loc;l notion and jlace
are to be understood in our universe has been based uron sn
assumption which is reallj not Justified. TFor we sssumed

that there was an imnobile surface liniting the univer:se,

The reason given was that there is no evidence for any motion _

at the outer liznit of the universe.1 Since we do-not know
of any oﬁter 1limit of the universe falling under our astrone
omical observation, it is evident that there 1slno direct
evidence for any motion of the outer surfuce. But there is
considerable indirect evidence aainst an immobile outer
limit to the universe., First, there is ﬁhe fact that bvodies

are movings relative to each other, Thus, fron induction it

'would be reasonable to judge that all bodies are moving or

at least can move relative to the otherg (moving relative
to each other, they nust be éll or nearly all movihg relative
to the universe as a whole). Hence it wouid 3eem to be

cohtrary to our experience to Ssuppose that there is an

immotile body or system of bLodies at the 1init of the universe,

or anyvhere else., Tecond, as we have just seen we cannot
] ]

lSee £ar. 387,
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hold that there¢ are natural places for bodies taeking "place”
formally. But without the 2xistence of a natural rlace it
would inceed be suvran_e if sone body or sycten of bodies
should be at rest in 8ont definite formal place. From these
reasons it seems far amore protable that there are no immodbile
limits to the universe.

407+ But to this conclusion it nay be objected that
to deny imuobile linmits to the universe 1s to destroy the
imuobility of the univerze as a whole. TFor as we say that
sone small body is rot moving as a whole when its outer
surface is not moving, not passing outside of Where it was,
80 it would seem to be with the uriversej its imaobility
aust be such that its outer surface is im-obile,

403, tHowever, tnis is not erntirely correct., %hile
it is true that the imnobility of the universc as a whole is
much more obscure if the universe does not have an inmotile
outer surface, yet the uriverse may be sald to be immobile
as & whole without such a surface, Thus, it aa; be said
that there is no motion common to all the bodies in the
universe in adcition to the notion of these bodies relative
to the universe itself. In this sense, to say that the
u~.iverse as a whole is in-otile is toc deny that the universe
is a systen o. boaies which may wove as a whole tarouzh some
sort of Newtonian absslute spoce. Under:tood in this way,

the imuobility of the universe as a whole does not demand

a fixed outer limit,
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409, But if a uriverse without a fixed outer surface
can be geid to be itsclf imzobile in this way, can one also
truly say that any Tlven body is movius or at regt relative
to such a vriverse? Sipce it ié difficult to concelve how
one would bte Justified in Frorosing the existence of an
imiobile center ir a universe without a fixed linit, it seems
cne could not rrowncse any fixed prosition to exist in such a
universe., How, then, could a place have one. But, as we
rhave seen, place st be immobile relative to Lhe universe

as a wrole, always having the same position relative to the

enﬁife/ﬁnEQéfse. If there is no pléce in the wiiverse, there
can hardly be any local motion in the universe. This is
certainly a puzzling qonclusion, and one contrary to sense
experience. Indeed, to maintain it would be to deny the
Iossibility of natursl science,

410. By coming to a nore precise understanding of
a given problenm we often approach a solution to it, There-
fore, we will try to obtain a more precise understanding .
of the problen by considerings it in s sinplified case. ILet
us suprose the existence of three hodies which are arranged

at the tinme t~1 as in figure I and at a later time t-2 as

in fizure II. Now, in examining the change frow fisure I

to figure ITI troere are three exrlanations which first occur

to the mind. (1) One misht suprose that the motions of the

various bodies, A, B anc C are imnediately relative to the




PETRPSORVEN.

279
Figure 1 Fiure II
5 upits . 5 unlts
A A 3 unlts
B B
[——;
C C 1 unit

whole system, the system as a whole givipg the frame of
reference for the motions of the various bodies., (2) Or
one might suppose that certain of the bodies, e, g. B and

C, move relative to the other body, e. g+ A, which other

" body itself is at rest or moving relative to the system as

a whole. (3) Or one mizht suprose that each body moves
simrly relative to each other body, the only motion present

bein:: the approach or recession of a pair or group of bodies

to each other, not of the one body of a pair or group as
orrosed to a motion of the others in the pair or group.

411, Now, considering this system of three bodies
to be a simplified case of a universe without an immobile
outer surface or limit, let us examine each of these methods
of explaining the change from fizure I to fiure II.

412, W%e will begin with the first exrlanation.
Accordins to this exrlanation, eact of the bodies moves (or
resus) relative to the uriverse (or complete system of bodies).

Thus, if the distance between two bodies becomes greater,

ore of the bodles may be sald to be moving, the other not,
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depending'uyon which of thenm movés relative to the universe
as a whole. sSupposing motion to take rlace in this way,
what shall we say haprened to bring about firure II from
fizure I. Certainly one could say that B has been moved

3 units to the right, C having been noved 2 units to the
right. But one could equally say that A has been moved 3
units to the left, and C 1 unit to the leftj or that A has
been moved 2 units to the left, and B 1 unit to the right,
One nmi;ht also say that A has been moved 1 uwnit to the left,
B 2 units to the right and C 1 unit to the right.! In other

- 777 words, if the change in the aysten 1s explained in this way,

there ie no physical differepce betwesn a situationin which
a given body is at rest while the other bodies in the system
are moving, and the situation in which this glven body is
moving with eoﬁe other body at rest. There is no difference
between a particular body being in motion and'that body being
atrrest,_és long as there is a corresronding compensation
in other bodies., %hatever a body acquires by its own locallA
motion it can acquire equally well by the motion of sone
other body.

413+ That this explanation is not a suitable one
in the 1light of Aristotelean doctrine is quite rlain from

lTnougn there are many other rossibilitvies, one could

~not say, for instance, that A has been moved 1 unit to the
rizht, B 4 units to the right and C 3 units to the riizht since
tils would destroy the immobility of the system (universe)

as a whole., See par, 407-408,
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Aristotle's arsument against the existence of motion in
the category of relation,

Ror is there motion in respect to relation, for it
may hapren that when one correlative chances the other,
although this does not itself chanze, is no longer
aprlicable, so that in these cases the motion is accidental)

St. Thomas explains this passage as follows:

For in whatever zenus motion is found, nothing of
that genue ie newly found in sometaing without a change
of that thing, as a new color is not found in sonething
colored without an alteration of that thing. But it is
contingent for something relative truly to be said
newly of something when the other co-relative has ehanged,
though the thing itself has not ch nged. Thersfore,
motion is not per se in relation, but only per accidens,
nanely insofar as a new relatiocn follows some change,
as equality or inequality follows 2 change according to
quantity, and similarity and dissimilarity from chan.e
according to quality.l

It 18 not our intention to examine this text in detail,
lowever, from the text itself this much should be rlain,
For Aristotle and St. Thomas a body can acquire in no cther
way the act it acquires by its own motion per se, Since a
body can acquire a new relation by the motiorn of some other
body (e. ge 8 body may acquire equality by the growth of
some other body), it follows that there can be no motion
per se in the cate;ory of relation. kataer, new relations
arise fro. motions in another genus, such as guantity,

414, ©Now, as we have seen, according to the first

exrlanation given above it nakes no difference at all which

 ristotle, V Fhysics, Ch. II, 225b11.
2 —

Ste Thomas, V Isysicorum, Lect. III, n. 666(7).
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body is said to be in motion and which at rest. What g
body acquires by its own motion it can acquire egually well
by the motiop of something else, This exrlanation, then,
i8 in conflict with the uncerstanding of Aristotle and S5t
Thomas who deny that what & body acquires by its own motion,
PeT se, it can acquire by the motion of another bodj.
Further, in general it is not difficult to see that if motion
i8 something real in particular bodies it must make a
difference whether g given body is said to movo or to be at
rest. This first exﬁiaﬂat¢on is therefore to be reJected.
415, Can the change from figure I to Iizure II be
accounted for by proposing the second explanation given
abbve? Evidently not, for this explanation reduces to the
first one in the system already described, i, e, a systen
without a fixed outer 1imit. According to this gecond
explahation, the motions of the various bodies are all
referred to one body, which is said to move or be at rest
with respect to the aystem &s a whole, But Ay B or C can
be the body to ‘which the motions of the other bodies are
rererred. It makes no physical difference, Further, this
reference body, whether A, B or ¢ can be moving or at rest.
This makes no diffefence eilther., Thus, zccording to this
explanation, it is the individual bodies in the universe

which move or are at reat, but there is no difference between

8 body which is moving and one which is at rest., Wwhat it
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acguires by its own motion, it can acquire equally well by
the motion of the other bodies. This explanation, then, is
untenable for the same reason as the first. Besides, the
problem would still remain., PFor how could the one body be
sald to move or be at rest relative to the universe as a
whole,

416, Note that in a way one could say that Aristotle
understood local motion accordins to this second explanation
but this wus because he surrosed the existence of an outer
sphere having a fixed position as a whole relative to.the
universe. Thus, any body moving relative to this sphere
(and its center) must be moving relative to the universe as
a whole, and a change in the position of a body relative to
this outer sy here could te accomplished only by a motion of
that body. The motion of no other body could accomplish it.
But without a fixed outer linmit, this view falls into the
difficulty cutlined above.

417. FRow, it remains to desl with the third explanation
of motion in & universe without a fixed outer limit, This
exrlanation may be understood by contrasting it with the firat
one. According to the first explanation, bodies A, B and C
were each moved relative to the gystem ag a whole in such a
way that the motion of A belonged to a exclusively, not to
B or C. The difficulty with this exrlanation was that by

carefully exanining firures I and II no prysical difference
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was discovered between the presence and the absence of a
motion in A, 80 long as & coupensation was nade in the motions
of the other bodies B and ¢. But accgrding to the third
explanation, the one we are now considering, one shouléd not
say that a given motion belonsgs to some single bvody, for
instance A, but rather the motion belongs no more to the tody
A than to the other bodies relative to which it movesa, for

instance B and C.
418, At first glance it mi-ht appear that tclhold

as defined bty Aristotle in book III of the qusics.l There
motion was sihown %0 be an imperfect acty, and one belonging to
the mobile.2 But if motion does not belong to any of the

individual bodies in the universe, where can one find this

imperfect act and how can it belong to the mobile?

419, It must be admitted that the answer to this
question is indeed obscure. vHoweVer, this much can be said,
the various bodies in the univerag (in our simplified illusg- |
tration the bodies a4, B and C) are certainly ordered dirfé:ently
in figures I and II. Mi,;nt not the imperfect act which is
locai notion belong not to this or tuat particular bocy itself,

but to the entire universe? Lvidently, the system ac it was

l v & ™ —

Aristotle, III Enysics, Ch. Ij 3t. Thomas, III
bhysicorum, particularly Lect. 1I, nn. 255(3) and 237)5) and
Lect. III, n. 29G(6). » _ :

2aristotle, IIT Fhysics, Ch. II, 202863 St. Thomas,
IIT Fhysicorum, Lect. IV,

“this position 48, in fact, to deny that local wotion is motion
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in figure I was potentially ordered as it later came to be
in fisure II. Anc when prassing from fizure I to figure TI
the order ol tne parts gradually chaniseds While rassing from
figure 1 to figure II the system acquires something of figure
IT incompletely but possesses it more and nore perfectly asa
it approsches figure II. It would arpear, then, that the
gradual passage from potency to act which is wotion-is found
not in particuler bodies, but rather only in the entire system
or universe,

420, To tluis explanation two objectione may be raised.
First, it was maintained above that the universe as a whole
was immobile, whereas now we are maintaining that only the
entire universe is mobile. Obviously, this obdection mst be
met by a distinction. When we said that the universe as a
whole did not move we meant that the universe acs a whole did
not move relative to anything outside it, there being no place
for it to go. #hen we say now that it is only the entire
universe which moves we mean that it is only the entire universe
which can posseas the imperfect act which is local motiony
otherwise there is no physical difference between being in
notion and being at rest. according to this explanation, then,

when one body approaches or recedes from another vody, what

really haprens is tnat tne individual bodies acquire new
relations to each other bty virtue of é motion of the universe

itself, for example from figure I to figure II, this notion of '
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the universe not being with reference to anything outside the
universe. This will become mnore rlain below,.

‘ 421. The second objection which mey be raised ig
that this concepﬁion is orrosed to our commoﬁ knowledse,
For when we throw a stone are we not aware that it is the
stone which is moved? And is it not true that within each
natural thing there is a rrincirle of its own motion? To
deny this would seei to deny Aristotle's definiticn of nature,

If individual bodies do not themselves move, surely one could

" ﬁdé maintain that they have within themselves a principle of

their own motion.

. 422. This objection is really twofold, and must be
answered in two distinct sters. Now, as to the stone, no
doubt sonethiryz is done to it when it is thrown, Yet the
result -of throwing the stone would not be at all simple, even
if it were suprosed that thefe were a fixed outer limit to
the ﬁniverse. For even then, the resulting motion of the
stone would remain (on the level of comnon observation)
relatively urknowr. For the increasing distance between the
stone and the one who threw it need not be entirely the result
of the =otion of the stone. ¥hen a man throvs a stone, the

stone acts uron the man dust as the man acts uron the stone.1

l"To every action there is always oprosed an egual
reaction: or, the mutual actions of two bodiesg upon each other
are always ecual, and directed to contrary parts.® (Newton,
Matnematical Principles, p. 13)., ‘ee algso, Aristotle, III
Fhysics, Ch, II, 202e5¢ St. Thomas, III Phrsicorum, Lect, Iv,
n. 301 S

5)e
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Thus, the muscular sensation we have when we throw a stone

comes not from our action upon the stone, but rather from the

stone's action upon us. If the stone did not act upon usg,

we would feel nothinge. The increasing distance between the
man and the stone must, then, result fros the motions of both
the stone and the man, But it seems that we are still quite
certain that the stone does move, However, this is not
entirely true, even in a universe with a fixed limit.l For

1t might well be that the entire immediate system (man, stone,
earth) was noving relative to the fixed outer limit before the
stone was thrown, and that when the stone was thrown it wasg
brought to a state of rest relative to the outer surface.

Or course, as long as we propose a [ixed outer limit we must
admit that in a system such as that we have Just been descriging,
some body must have certain amount of motion relative to the
outer limit, but our common observation does not permit us to
determine which bodies are in motion and which are at rest,

We cannot distinguish between motion and rest in particular
todies by common observation, But now, having elizninated the
fixed outer surface, it is no longer possible to maintain that
certain bodies are moving, as oprosed to others which are not,
at least froa what we have seen thus far. Otherwice we fall

into the difficulty outlined above.2 Nor does this contradict

lOf course, we could always be sure of the relative
motion of the stone, but this beloni's to the stone no "ore
than to the nan who threw it,

2See rar. 412«414,




5

288

our cu.non experiernce whica only enables us to distincuish
between purely relative motion and rest in ﬁarticula; vodies,
comnon observation telling us only that there -nust te motion
souiewhere, since all that we obscrve is the increasinys; or
decreasingidistance between things. Iﬂ~a universe witnout a
fixed,limit, perhaps it cén only be the'entire universe which
moves, and thls as a result of the relative motions of the
bodies in it, which are now ordered in tais way, now in that,

423, Horever, the second part of this objection

- remains- to- be-answereds - Does-not- this-view of notion destroy -

nature as Aristvotle conceived it?l Since Aristotle rosited

an outer srhere which was imnobile as a whole, he could suppose
that local motion belonzed to indivioual bodies such as i, B
and Cs -Since this ig so, and since bodi@s mova»differently,2
he held that these individual bodies have natuies, intrineic
principles of their own local motions. But does the lack of
such a motion exclude the existence of any nature or intrinsie

principle of motion in thom?5

Yaristotle, II paysics, Ch. I; 3t. Thomas, II Faysic-
orum, Lect. I.,

aBy this we do not mean that bodies would not have
ratures if they Jid pot nove differently, but the fact that
they have different motions indicates more plainly that
tuey heve natures,

5Obviously we are discussing nature as it is a principle
of local noticn, not as it is a principle of other kinds of
aotion, e. 3. alteration. At present we are interecsted in
nature orly as it is a principle of local motion irn sone say.

[ROnE S
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424, The answer to this question is no. If nature
were a force within bodles, then to deny the "absolute”
motion of individual bodies would be to deny that bodies have
a nature. Hence Newton, who sujpjosed notion to proceed from
a force apylied to bodies, was led to suprose that individual
bodies must each move absolutely. But nature is not a force

within thincs, nor is it anythin: absolute.;

When nature is
understood in this way it is plain that no body taken absolutely
and entirely by itself can have & nature (except in another
sense). A body can have a nature only az it is in relation

to other bodies and the rest of the universe., This is true

even 1n a universe having a fixed limit. But in a universe
without a fixed limlt perhaps we must go further than this.

It may be that no Lody has within it a principle of local motion
except in cooperation with all the other bodies in the universe,
the resultant notion, then, proceeding from the associsted
natures of all the bodies in the universe and belonring to no
singuler bocy alone. Besides, our xnowledge of the natures of
thin-s is posterior to our knowledre of their‘motions. Tous,

we cannot ar:;ue from their natures to their mnotions. And

surely local notion aa we observe it around us does not recuire

l"}onitur auten in derinitions paturae principiua
guasl gmernus, et non al.quic absolutun, guia noqen naturae
importat habitudinen praincipii.,.Unde deridendi sunt cui
volentes decinitionem Aristotelis corrigere, naturam per aliguid
absolutus d=linire conati sunt, dicentes quod natura est vis
insita revus, vel aliguic huiuumodi.” 3t. Thowasg, IT Fhvsicorun,
Lect. I, n. 145(5),
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a fixed outer surface in the universe for its exiscehce,
425, HNow we can clarify our understanding of local
motion in a u:-iverse without a fixed limit.l The motion
belonWinn to singular bodies is a purely relative motion,
However, purely relative motion is not motion as understood
by Aristotle and St, Thdmas because for them a body cannot
acquiré by its own motion per se the act it can acquire by
the motion of some other body.2 And purely relative motion

1s motion of this sort. The act which A acquires by uoving

- towards B, it could acquire by a motion of B toward A.

426, However, this is not true of the universe as a

whole. The bodies in it are now in this order, now in that.

. This change in the order of the whole cannot be acquired by

a motion of anything other than this system, Hence, it 1s only
ir the whole that notion as underastood by Aristotle and st.
Thomas can be fournd, The motion of the whole aprears to belong

to the whole per accidens because it appears to 1esult from

the relative motion of the parts, But because motion in the
Aristotelean sense does not belong to the parts taken singly
(since such motion is purely relative), but only to the whole,
in fact, local motion in thé Aristotelean sense belongs per se
to the whole, not to the rarts, the purely relstive motion of

the parts bélonging to them only by virtue ol the motion

1Our analysis here is é limited'one, as will be made
plain below,

2See par. 413,
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(the the Aristotelean sense) of the whole,

427, Having acceptad this analysis, it follows that
all the bodies in the universe are rlways moving. For from
irduction we can surely Judze that there is always some body
(a) moving relative to some other body (B). It follows, then,
that no body anywhere in the universe can be at rest relative
to both A and B, Thereiore, every body is always moving
relative to A or B, Every body, then, is always in relative
motion,

428, Now, what are we to 8ay concern.ng rplace fron
our analysis of motion and rest in the universe without a
fixed outer limit. Por after all, we analyzed motion for the
sake of a knowledge of rlace. It is evident froas our analysis
of Aristotle's definition that place must be immobile with
respect to the universe as a whole. If it were not 80, & place
could be noved from place to place. But in that case, the

rlaces from which and to which the original place was moved

would be entirely sufficient. There would be no need to prorose

the original, mobile place. Flace, then, cannot be immobile
werely with respect to this or that particular body, for
instead of being imnobile with respect to the universe as a
whole,l it would be only relatively immobile., But how can

place be rmore than relatively inaobile? How ean it be immobile

l?hich csrnot move from rlace to rlace.

e -
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relative to the universe as a wﬁole when the uriverse hag no
fixed outer limit giving it spn imnobile frame of feference?
From our rather limited standpointl here, only one way can
be seen, If we Suppose that place exists only in the instant
the indivigible of time which 1s not a period of time, then
Place can be immobile relative to all the bodies in the
universge (veing thus gsurely immobile relative to the universe
28s a whole). This is so because no body can move in the

instant, but only in time.2 Accordin to the understanding

~We have reached thus far, t then, a place one in nurmber may be

distinguished from a mobile containing surface in that the
mobile containing surface Ray remain one in number over a
period of time, whereas the place ¢an remain one in number
only in the instant, From this analysis it aprears that the
various bodies in the universe are now in one rlace, now in
another, though they have themselves individually only.relativ;
motions, possessing these, indeed, only because of the motion
of the system of the whole universe,

429, From this position it follows that bodies never
rest in a place (taklng Place formally) for they are in & place
only irn the instant, whereas a body which rests does so in

time.3 But this arppears Teasonable of one notes that it is a

lWe will say more -bout this below,

A | 2°t. Thomas, IV Fhysicorum, Lect. XXII, n, 6{ 3(4)=
()24( 5) P

2Ibid., Lect. XX, n. 608(9 )=60 (10).
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comnonrlace of astronomy that all thinas are in motion,.
If a1l things are in motion, it is not surprisinc that they
are in place only in the 1natant.}

410, Obviously this gives rlace a very linited
existence but when it is considered that tenporal things
pPhysically exist in aet only in the now, the indivisible of
time, the existence of place only in the instant seems less
incredible,

431, Finally, what has been determined in this work
may be arrlied to Toderrn, scientific, MACIrosScor ic theory.

For Einstein the universe, though finite, is without an outer
limit, It 48 finite ir the way a circls is finite.l If one
went far enourh in ary direction according to the straightest
line possible one would come back to approximately the same
point from which one bean, Evidently, we cannot enter into
an analysis of Einstein'sg Physics but this much we can say,
our explanation of the way place exists in a finite universe
without a fixed 1linmit aprlies equally to a finite but linitless
universe and this is what Eilnstein proroses., Indeed, by
elininating the aysterious boundary we have discussed, the
need for an exrlanation Such as our is +1ade more plain. 1In
Such 8 uriverse one no lon-ep looks for an utterly inamobile
reference body,

4322, 1In reflecting uyon our solution to the Lroblem

lSee rar. 120,
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of the immobility of place it will be recalled that we have
several times indicated that we were considering the protlem
from a limited stand:oint. Our analysis might be characterized
as geometrical., We have attempted to understand the imnobility
of place by examining how it could have an immobile position

in the body of the universe, taking up in turn several possible
world sustems. This method might be called the direct approsch,
for it is an enquiry into the way place exists from what place

is, a surface "having a determined position in the'universe."l

But while place must ultimately be- understood in these terms,

perhaps it may be investigzated in s more indirect way also,

'We hinded at this possibility previously, when we attempted

to determine the immobility of place partly from an effect of
"absolute" rotation.2 ¥e must now poiﬁt out that an exame
inafion of motién and rest by~an analysis of the laws and
theories of mathematical physics may méke it possivle to
obtain a more complete, though indirect, understanding of the

immodbility of place. For instance, an examination of the

- derredation of energy implied in local motion may indicate

that there is a motion in particular bodies which is not purely

.relative. Such a knowledge would never be more than probable,

but it should not be neglected for this reason. Of course,

such an analysie goes beyond the scope of this raper. Of tnis'.

136, Thomas, IV Ehysicorum, Lect. VI, m. 4-3(9).
23ee rar. 338391,




much we can be sure, nowever, rlace must have at leact as
much existence as we have indicated above,

423« Tron this long and rather involved exanination
of Aristotle's definition, we can see that it i8 a very
difficult one to understand, Yet, the definition remains a
valid one for us, even today, though the advance in scientific
knowlcdge since his day has considerably altered cosaolosry and
hence its concrete application. Nor is this atranve, since
we begin by knowing things in a certain but confused way,
only gradually attaining a more distinct knowledge or them,
Unfortuuately, this more distinct knowledgze is usually less

certaln, as is doubtless the case with our knowleage o1 place.

THE END.
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