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CHAPTER I.
INTRODUCTION.

This thesis aims to examine the works of one of our
greatest contemporary mathematliclans and scientists, Sir Arthur
Stanley Eddington, end from the statements in his works to ob-
taln his concept of space, and subsequently to compare it with

the Scholastic thesis concerning space.

There are several initlal objections that need to be
removed before we can begin to inspect Professor Eddington's
writings. The question can well be asked, "What does he hold,
and how can we know 1t?" It seems useless to rely on his words
alone, since, as any sdholar knows, there are sections of
sclence that defy a true explanation 1n words because they can
be portrayed only via the symbols of mathematlical equations.
Moreover, some are said to challenge the tfustworthiness of
Eddington's expositions. Is he a valld representative of modern
science? And 1s he to be treated as physicist, astronomer,
mathematiclian, or philosopher? And as for the toplc of space
itself, how can anyone imagine that the space of Eddlngton the

relativist can be subjected to analysis in ordinary language?

-4




5
These are indeed difficultieé, and grave ones, yet
I believe that with close adherence to the topic of this thesis
a course can be steered between the extremes of a too sketchy
presentation and a digression into the entire Einsteinlan theory
of relativity. Let us consider the difficulties one by one and

thus clearly set forth what is the fleld of this thesis.

First of all, I believe that Professor Eddington 1is
generally accepted as a valld representative of the s chool of
modern sclentists who hold and are attempting to broaden the
epplications of the Einsteinian theory of relativity. Born in
1882 in Kendal, England, he was educated at Cembridge, and in
1913 became Plumian Professor of Astronomy there. His principaﬂ
researches have been on the motion of stars, stellsr evolution,
and r elativity. From his first paper in 1906 to the present
he has written an impressive series of acientific works whose

undoubted merit and scholarship have been acknowledzed by both

his friends and critics. The Encyclopedia Brlttanica thus
appralses him: |

Eddington grasped the significance of
the theory of relativity at an early
stage of its development, and by means
of articles, books, and lectures gave
a clear exposition of the theory.l

L. Susan Stebbing, Professor of Phlilosophy at the University of

London and author of Philosophy and the Physicists, a book

1 The Encyclopedlia Brittanica, Encyclopedla Brittanlca, Inc.,
New York, 1929, Fourteenth Edition, XIX, 94.
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directed in great part against Eddington's phllosophiceal views,
hes this to say in hcer preface:

Sir Arthur Eddington stands in no need
of commendation by me. Indeed, for me
to praise him is almost an impertinence.
But so much in this book is adversely
critical of his philosophlical views that
I wish to record how great is my admira-
tion for his sclentific work.?

From the viewpoint of & Scholastic philosopher it is
Interesting to note how many Scholastlc authors refer to his
works either in direct quotations or in thelr bibliographies;
Bittle, Boyer, Maritaln, Nys, Salntonge are a few. Monsignor

Sheen in his Philosophy of Science again and again bases his

evaluation of modern sclentific views on quotations made from
Professor Eddington's books to such an extent, indeed, that he
refers to no other sclentlist more often than to Eddington. Con-
sequently, with authority of this sort we may dismiss the objec-
tion that Eddington has failed accurately to portray the basic
aspects of scientific theories in hils more popular works, and
that he has sacrificed correct facts, difficult to conceilve, for
incorrect but easily comprehensible circumlocutions. That, belng
aware of thils danger, he took precautions agiinat it, is evidenced
by his words in the preface to one of his "popularizations,"

The Nature of the Physical World.

It would not serve my purpose to give
an easy Introduction to the rudiments

2 Stebbing, L. Susan, Philosophy and the Physiclsts, lMethuen,
Ltd., London, 1937, ix.




of the relativity and quantum theories;
i1t was essential to reach the later and
more recondite defelopments . . . . A
scientific writer 1In forgoing the mathe-
matical formulze which are his natural
and clearest medium of expression may
perhaps claim some concession from the
reader in return. HMNany parts of the
subject are intriasecelly so difficult
that my only hope of heinzg understood

i1s to explain the poimts as I would were
I face to face with an 1nquirer.3

And lMonsignor Sheen's remarks are highly apropos:

1.
2.
3.
4.
o.
6.
7.

8.

But once the new physicist thinks of
the universe in terms of electricsal
charges and 'invisible' forces, mathe-
matical symbols become the logical
instrument of description. Modern
physics -~ in the sense, at least,of
some of its popular exponents --
deals with a symbolical world, and
since the mathematiclen's stock in
trade 1s symbols, he becomes the
important organ of expression.

Sir Arthur Eddington's books are the following:
Space, Time,and Gravitation (1920),

The Mathematicszl Theory of Relatlvity (1924),

Internal Constitution of the Stars (1926),

Stars and Atoms (1927),

The Nature of the Physical World (1928),

Science and the Unseen World (1929),

New Pathways in Science (1933),

The Expanding Universe (1933),

Eddington, A.S., The Nature of the Physical World, The Mac-
millan Company, New York, 1935, vii.

Sheen, Fulton J., Philosophy of Science, The Bruce Publishing
Company, Milwaukee, 1934, 46.




9. Relativity Theory of Protons and Electrons (1936), and

10.The Philosophy of Physical Science (1939).

Of these books this thesis will consider particularly the popu-
larizations, not delving into the advanced mathematics of the

second and ninth titles. Science and the Unseen World, a series

of lectures on the rdation between science and religion, will
also be omitted from our discussion since 1t contains no materisl
pertinent to the subject of this thesis; it is a very elementary
presentation of a few major facts of physics and chemlistry as fan
as 1ts sclentific passages are concerned., We shall, however,

devote a speclal chapter to The Nature of the Physlcal World

because the book has & specilal phllosophic purpose snd deals
most ext:nsively with our topic. Eddington's views in the re-
maining works, particularly respecting "curved space," will be
treated 1n a second chapter. Finally, having explained the
Scholastic doctrine of space, we shall compsre it with Edding-

ton's concept.5

We must not forget that Sir Arthur was flrst an
astronomer, whence through hls interest in higher astronomy it
was inevitable that he became a physiclst; but the astronomer
and physiclst of our day must also be mathematiclians; hence,
Eddington's third title. Now, it 1s regretteble that he has
assumed the fourth title of "philosopher." Like the bulk of

our contemporary men of science he has achlieved admirable re-

5 I use the word "concept"™ as synonymous with the Scholastic
ldea objectiva, the content of the subjective idea.
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sults in his fields, but, led astryy by his brilliance in the
mathematicel field, he has extended his mathematics equivelently
into a universal phllsophy that 1s definitely ideaslistic and

places the existence of objects in our minds solely because of

our minds.6

fonsignor Sheen in particulsr finds fault with the
school of sclentists to which Professor Eddington belongs, for
adopting the mathematical description of phenomena as the ulti-
mate explasnation in’physics.7 Likewise, there is the statement
of Miss Stebbing, who notes the same undue assumption.

But his greatness as a sclentist is .to
be judged not by the books I have dis-
cussed but hy his strictly scientific
works that stand in as much need of
being interpreted for the benefit of
the common reader as do the works of
any other sclentist. In the books

with vhich I have been mainly concerned,
EFdcington has set forth for the benefit
of the common reasder an interpretation
of recent developments in physics,
including his own contributions in

this domain. His interpretation,
however, suffers from very serlous
omissions and from an altogether mis-
leadins emphasis. One of the most
striking omissions 1s his fallure to
glve the common reader any indication

as to the way in which physical measure-
ments are in fact obtained. This omission
enables him to produce the paradox that
physlcs 1s solely concerned with pointer
readings. His very skilful . . . mode
of presentation has ensbled him to throw

6 CI. his last five chapters in REddington, The Nature of the
Physical World, and also Msgr. Sheen's eveluation in
Chapter 4, Philosophy of Sclence.

7 Sheen, Ch. 3, 4, 10 passim.
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the emphasis upon just those elements

which are most essential for the devel-

opment of his metaphysical views,
Let us note very carefully how this criticlism hangs together
with the present thesis. Miss Stebbing asserts interpretation

is needed for Eddington's strictly scientific works, not for the

popularizations; but critic thoush she 1s, she implicitly grants
that recondite experiments and concepts can be sufficiently
explained in those popularizations. Contrariwise, what she does
complain of in these popularizations 1s that they lead to philo-
sophical error. Now, in obtelining and appraising Eddington's
concept of space, we intend to abstain from his use of it when
it appears as a background for his phi@@ophical views in certain
chapters of his books. We intend to analyze the concept only
in its scientific mesning. We will treat of Hddington the
sclentist; Eddington's philosophical system would have to be the
subject of & lengthy and &talled appraisal, far out of the range
of this thesis. |

8 Stebbing, xI.




CHAPTER 1I.

THE NATURE OF SPACE ACCORDING TO SCHOLASTIC PHILOSOPHY

Before any investigation concerning so vast and
difficult a subject as "space" can be undertaken, the topic~
mist be limited very mimutely. Some idea of its idifficulty
and amplitude can be gained by considering the items that are
directly related to our toplc: ’from a mathematical and scien-
tific viewpoint, there 1s mathematlical infinity, Buclidean and
non-Euclideah geometry, the felativity and quantum theories,
Qacua, the aether, and astronomical data; from & philosophicsl
viewpolnt there are the questions of & plurality of worlds,
philsophical infinity, thé immensity of God, and the problems
of place, time, and local motion. All these topics are related
to the question, "What is space?ﬁ In the course of their dis-
cussion and study throughout thé centuries they have led men
to elaborately constructed and sometimes wierd systems, all in
an attempt to solve thils ever-perplexing problem that has baffled
great minds, but which, we believe, Scholasticism has handled

successfully.l

I Ccr. BittTe, 0.FP.M, Cap.,-Celestine N., From Aether to Cosmos,
The Bruce Publishing Company, Milwaukee, 1941, 147 ff. Also
cf. Nys, D., Cosmolo tr. by Sidney A. Raemers, Vol. II,
Part III, "Space," Tée Bruce Publishing Company, Milwaukee,
1942,

-11-
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Let us conslider the Scholasticvexplanation of spece
las a basis for our comparison of Professor Eddington's spatial
concept.2 At the outset we must distinguiéh our terms and under-
stend that the space of mathematics -- the simple extension of
geometry -- 1s not now under discussion. Rather are we subject-
ing to analysis the common concept of space and attempting to

determine to what it corresponds in reality.

When as children we began po become aware of objects
around us by means of sense-perception, our concept of these ob-
jects represented them as extending 1n three dimensions. Experi-
ence showed us that all objects extend in these three dimensions,
whence we obtained our abstract idea of extension. Simultaneously
we found that location was ascribed to things by reason of their
relation to some point of reference or to 2ome quasl-vesssl that
contained them. All things extended had to be contained in and
bouncded by some larger receptacle, and when no material recepta-
cle was at hand, we began to use the idea of space to represent
the receptacle. Thus, our spatial ccrncept was at last formed.
Our mind by abstraction from the extended things we experlenced
concelved a universal three-dimensional container for any and
every material thing. Naturally a container of itself must be
empty -- otherwise; how could 1t hold any other object? Here
was the note of emptiness, and with this the evolution of our

general concept of space ceased, Today the man on the street

2 TFof theputhoritative Scholastic doctrine on space, the manuals
listed in the Bibliography, Section C, were consulted.
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adopts this concept, using it malnly as a means to express

emptiness and nothingness.

As phllosophers we now take thls common notion of
space and subject 1t to further and minute examination. New
properties, hitherto only implicit, now begin to appear as we
study the universsl space that is here and there and everywhere
and even outside the universe. The primitive notes of emptiness
(at least relative and ultimately absolute emptiness) and of the
universal receptacle stand out first. We must say of place that
a place 18 lccated according to a greater and more universal
place until ultimately there is a 1limit to "places," and that is
the 1limit of our universe; but we cannot assert this of space,
for even outside our universe there is still "empty space."
Before the world was created, empty space had to exist, and if
the world and all creation were annihilated, only space would re-
maln. HMoreover, our universe floats, as 1t were, through an
immense sesa of space -~ a sea that must be concelved as homo-
geneous, infinite in extension, all-pervading, lest material
bodies be presumed to be excluded from "somewhere®; a sea that
cannot consequently expand or contract or move in any manner

whatever and that never changes.

All these notes follow once we pause to consider the
metaphysical consequences of the universal receptacle. Concern-

ing these notes, upon reflection we find full assent in consider-
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ing the cormon concept of absolute space. Summarizing, space
rmast be a universal receptacle that is everywhere, even outsids
our universe; that is eternal, uncreated, and indestructible,
immobile, unchanging, all-pervading, non-material, and subject

neither to compression nor expansion.

A pressing question Immedlately follows: granted that
these properties are the content of our ldea of space, does
absolute space exist with these properties as an objective
reality outside our mind? Apparently elther space is wholly a
fiction of the mind or it is wholly existent with all these noteg
as a reality. HMany a philosopher has been caught on the horns
of this dilemma, for the choice of elther disjunction involves
embarrassing difrficulties, The Scholastic system takes a middle
course, dlstingulshing in order to show a third possible answer
to the puzzling question, and the answer this time 1s thst space
is a conceptual being with a foundation in reality, a mental
abstraction based on the reality of bodies. Where bodies exist,
they exist in "real space." All other space into which bodies
can be created is M"possible space." The combination of read and

posslble space is called absolute space.

The Scholastics argue thus. This absolute space
cannot be an objectively real being, for not only are its notes
contradictory, but the condltions requisite for 1ts existence

postulate an infinite regression. For example, while being
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eternal, non-material, infinite, uncreated, and ﬂeverywhere,"
simultaneously it must possess indefinite extension and immobi-
lity; but the unique being who is eternal, infinite, uncreated,
and omnipresent l1s God Himsc¢lf, who can by no means be supposed
to poasess an indéfinite extension or immobility or the negation
of perfections (emptiness and nothingness) that the concept of
space implies. And "if space was first required in order that
extended bodies could be placed in it, this very space (if 1t
were an extended thing) would require another containing vessel

88 a condition for 1ts existence; and so forth indefinitely."3

This argument does not hold for the aether postulated
by the exact sciences, inasmuch as aether of itself is always
inside the unlverse. It is consequently a limited, extended,
and created being. Above all, 1t 1s postulated solely in order
to remove the nothingness that would be in oﬁr unliverse were

space alone to exist wherever we are unable t o find solid matter.

The Scholastic notion that space is a conceptual
being with a foundation 1In reality outside the mind is obtained
by a further examination of the?patial concept. That space is
not a real being has already been proved; that it is purely a
conceptual being has been dlisproved by our analysis of the evo-
lution of the concept from direct experience. These two extreme

hypotheses can be combined, however, so that our intellect is

S Hoenen, S.J., Peter, Cosmologla, Gregorlan University, Rome,
1934, 93.
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said to concelve space &8s a real being even though space cannot
exist as a real being outside the Intellect in view of its con-
tradictory notes. The properties of the spatial concept are not
such, however, as appesr in purely mental beings like "wooden
stones," where the individual notes exist totally separated in
different, distinct beings. These properties are abstracted fron
reallty when we first arrive at the concept of space as "abstract
extension considered as a receptacle for bodies."% They can be
combined to express a judgment respecting real things. If we
say, "Space of three dimensions exlsts," we mean thst bodies
having three dimensions exist. Thus, the extension of real
bodies and the possibility of having additional extended bodies

constitute our "foundstion in reality."

It 1s not eszential in this thesls to cite in detall
the opponents of thls Scholastic doctrine. They can be classed
in the two groups of ultra-realists and ultra-subjectivists.
Among the realists space was a "sul generis" being distinct from
all other physical realities. This was the opinion of the early
Greek Atomists. Newton, Clarke, Fenelon, and Bgma identified
it with God's immensity; Spinoza and all pantheilsts deified it.
Locke and the moderns, Rlemann, Gauss, Helmholtz, Fechner, Weber,
and Mueller -- almost all of a sclentific or mathematical school<-
defended it as "absolute space." Among the subjectivists Kant

was foremost with his theory that space is a subjective,a priori

I Bittie, 156.
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innate sense-form that is present in the mind before all percep-
tion, making perception possible. Also to be classed in the
subjective group are Leibniz, Hume, Berkeley, Hegel, Spencer,
and Semuel Alexander (with his "Space-Time" evolution), but an

exposition of these adversaries' views would lead us too far

afield.”

© Nys summarizes the doctrines of all adversaries of the
Scholastic thesis very carefully and at some length.




CHAPTER IIT,

THE NATURE OF THE PHYSICAL WORLD

The first of Professor Eddington's books to be con-

sidered 1s The Nature of the Physical World, which was published

in 1929 and presents substantially the same material as that de-
livered by Sir Arthur in & course of lectures at the University
of Edinburgh two years earlier. I have chosen to consider 1t in
the first place because no other work of its author is quoted
more extensively in the literature on the subject. Probably the
book has been zlven this Importance because of the fact that one-
third of it is devoted expllicitly to an exposition of Eddington'g
philosophy, while the other sectlion aims to interpret recent
findings in physics so that this lnterpretation can serve as a
basis for understanding the phlilosophlical theories that follow.
As mentioned in the Introduction, our task is to arrive at
Eddington's scientific concept of space, not at the concept as

it appears when made an integral part of his philosophy.

At the very beginning of the book Professor Eddington
Inducts his reader into the first mystery (of the "mysteriest .
he will subseguently describe in terms of the relativity theary)
by comparing two tables -- or rathsr one and the same table con-

sldered flrst in the ordinary manner and then in the scientific.
-18~
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This table is a thing; not like space,
which is a mere negation; not like 1
time, which 1s -- Heaven knows what . . . .
My table is mostly emptiness.

Sparsely scattered in that emptincss

are numerous electric charges rush-

ing along with great speed. . . .

It 1s nearly ali empty space, space
pervaded, it is true, by fields of

force, but these are assigned to thg
category of influences; not things.

Here at first sight Eddington would seem to be considering space
as a sort of vacuum, as nothingness itself. However, before we
pass judgment on these early passages, we must conslder later
parts of hils book that amplify the meaning of hiw words consi-
derably. From these later excerpts it is clear that his use of
"nothingness" as synonymous with space 1s only in the wide
popular sense. Now we begin to hear the physicist himself.

Space and time are words conveying
more than one meaning. Space 1s an
ermpty void; or it is such and such -
a mumber of inches, acres, pints ....
When [Ehe physicist) speaks of space,
it is always the inches or pints
that he should have in mind. It is
from this point of view that our
space and ths space of the nebular
physicists are different spaces. To
avold possible misunderstanding it
is perhaps better to say that we
have different frames of space --
different frames to which we refer
the loceaetion of objects.

like
Space is/whatever we find from ex-
perience 1t 1s like. So space is
like a network of distsances.

1 Eddington, A.S., The Nature of the Physical World, Cambridge
z‘gg;rersity Press, 1929, ix.

- Y

LCl., %f
(;.o’ ia
L., »
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Thus, in cormmon parlance space signifies nothingness, but for
the sclentist space becomes something strictly and solely quan-
titative. It 1s measured extension; and more, too, it 1s a

locans universsale, a reference point that gives objects thelr

location. The reference "frames" oi space are of course a com-
parison with Cartesian coordinates.

We rust rid our minds of the idea that
the word space has anything to do with
void. . . . In any case the physicist
does not conceive of space as voild.
Where 1t 1s empty of all else there is
still the aether. Those who for some
reason dislike the word aether scatter
mathematical symbols freely through
the vacuum and I presume that theyust
conceive some kind of characteristic
background for even these symbols, I
do not think that anyone proposes 6o
bulld even so relative and elusive a
thing _as force out of entire nothing-
ness.

Absolute emptinesgs, then, cannot be postulated 1n our universe.
The measured extension already encountered now is described as
a receptacle for the substratum that must underlie and pérvade

81l objects, and through which all forces must work.©

These excerpts cover quite well the first of Edding-
ton's usages of the word space. It i1s "unfilled space in a
man's body"7 and"non-empty space" filled by "mass, momentum, or

inertia,"8 where "unfilled" and "empty" signify only relative

5 Ibid., 157.
6 Ibid., 31.
7 Toid., 1.
8

Ivid., 153.
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end not absolute vacua. The complete absence of solid matter
still permits the presence of the aether. Indeed, thls presence
is postulated as necessary if we wish to remain loglcal.

We postulate the sether to beab

the characters of the interspace,

as we postulate matter or elec-

tricity to bear the characters of

the particles.9

But there are two other usages of space according to

Eddington -- the "curved space" of the universe and electronic
microcosms, and "space beyond space." Herelpfecisely begin our
difficulties, for we must enter into the nasture of non-tuclidean
peometry, on the mathematics of which rests the Einsteinlan
theory of relativity of which Sir Arthur 1s a prime exponent.
A mathematical or philosophical exposition of the theory of relad
tlvity is, of course, outside the scope of this thesis; conse-
guently, we will merely describe it as a physico-mathematical
theory referring to the measurement of motion, space, and time,
that makes thls measurement different for each observer according
to his "location" in space and time. The matter of non-Euclideaq
geometry, however, bound up rather closely with our subject,

calls for a more lengthy digression and explanation.

Geometry (in Eddington's own words) "is the science
of the measurement of space around us."10 The ordinary geometry

which describes thc spatlial relations of our world is called

9 1bid., 51.
10 Ibid.,162.
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Fuclidean after 1ts early Greek founder, Huclid. His system
is logically coherent, and is built up on certain fundsmental
assumptions called axioms, assumptions so fundamental as to be
unprovable. In the last century geometers, by refusing to
accept one or other of these axloms evolved new geometries,
intrinsecally consistent and possessing novel properties.
There are two main types of non-Fuclidean geometry. Against
Euclid's axiom that through a point outside a line one and only
one line could be drawn parallel to the given line, Lobatschew-
sky assumed that an infinite number of parallels could be drawn
Riemann assumed that no parallels could be drawn. It is this
latter Riemannian geometry that Eddington uses in his exposi-
tion of the theory of relativity, and Eddington's curved space
is a method of expressing‘a mathematical symbol of Hiemannian

geometry.ll

Whereas FHuclidean geometry was the bible of classic
nineteenth century physics and postulated infinite space ex-
tending in the three spatial dimensions of common experlence,
the non-BEuclidean geometries show the possibllity of a space
with an indefinite number of dimensions that are finite in thei#
extension but unbounded. This i1s a case where by misunderstand-
ing these extre mathematical dimensions & person could rashly
charge equlvocation in statements such as Professor Eddington

has made -- not realizing that if there is a given mathematical

11 Ibld., 120.
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equation (as in Solid Analytic Geometry, for example)

Ax+ By+ Cz= k,
which defines a straight (Buclidean) line in the three dimen-
sions of length, width, and depth, where each dimension 1s ex-
pressed by a variable, a "line" in any number of "dimensions"
could be defined merely by adding any number of new variables.
0f course, such a "line" could not be imagined, but mathema-
tically it would be a line in "n" dimensions, obtained as a

purely mathematical device in working out certain formulae.1l2

This is given only as an a pari argument., It 1s not
by any means an example of the higher mathematics of Professor
#ddington and his confreres. It 1s merely to point out that
the mathematician's dimension 1s a mathematical d etermination
worked out similarly as our ordinary three dimenslions, and that
the failure to be able to imagine such a space of "n" dimen-
sions cannot be used as an argument ageinst it,.

Because we don't know whether or

not space of four dimensions is
possible, the same affirmation

must be made concerning non-Euclidean
geometry of three dimensions; we

do not know whether or not it 1s
possible.l3

Our digression would be longer than necessary and

outside our limits were we to show the epistemology of the

12 Tor this comparison vid. Nys, 431.
13 Hoenen, 452, tr. by author of thesis.
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Fuclidean and non-Euclldean geometries. Suffice 1t to say that
the valldlity of one geometry qua geometry does not destroy the
validity of the others. It 1s only on the point of the applica-
tion of some particular geometry to our world or universc that
arpument occurs. To say that our world is approximately Euclid-

ean means that geometrical figures constructed out of practicall]

rigid bodies and measured by a practically rigid rod have approxt

imately the properties expressed by the propositions of #uclid-
ean geometry.l4 Now, it was the effort to measure these approx-

imetions that has glven rise to the theory ofrelativity.15

In entering now upon the question of curved spsce,
as Eddington describes 1t, I believe theat 1t 1s unsound for =
philosopher to have an initial prejudice such as Father Brunner
volces when he says, "No curved space exlists becuuse no space
at all exists."® It is precisely against this attitude that
this thesis i1s wrlitten. The author feels that i1t is a lack of
understanding of the sclentists' terminology that breeds part
of the misunderstanding between Scholastic cogmologlsts and the
sclentists., How different, indeed, if we find that the scien-
tists say that "curved space" means "a space having Riemannian

measures of curvature,"17 or "essentially a mathematical con-

14 Lenzen, V,¥,, The Nature of Physical Theory, John Wiley, New
York, 1931, 43, Also cf. Maritaln, Jacques, Les Degres du
Savoir Desclee de Brouwer et Cle., Parls, 1932, 524.

15 Mec WiIliams, S.J., J.A., Cosmology, The Macmillan Company,
New York 1938, 123.

Rpanper S.3. Aust, fundameptel gusstiong of Patloscphy,

-

17 Webster‘s Unabridged Dictionary: “space, curved n
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cept, the formulae of which have meanin; only for the trained
mathematician,"18 or that

the gravitational fl eld is therefore
identical with the structure of space
...and space is warped under the
influence of the sun's mass and
leaves no other p4¥Ih free for the
planet than the curved one.l

For iZddington's concept of curved space I am choos-

ing one excerpt from The Nature of the Physical World which will

summarizes the idea and serves as a basis for our subsequent
phllosophical analysis. Note the references to the non-Ruclid-

ean Riemannian measures of curvature.

Some of you may feel that you could
never bring your minds to concelve
a curvature of space, let alone of
space-time; others may feel that,
being famillar with the benfling of
a two-dimensionmsl surface, there
is no insupersable difficulty in
imazining something similsr for
two or three or even four dimen-
sions. I rather think that the
former have the best of 1%, for

at least they escape belng misled
by thelr preconceptions. I have
spoken of a "picture,™ but it is

8 picture that has to be dezcribed
analytically rather than conceived
vivlidly. Our ordlnsry concepbion
of curvature is derived from sur-
faces, i.e., two-dimensional mani-

18 Draper, Arthur L., and Lockwood, Marian, The Story of
Astronomy, Dial Press, New York, 1939, 371 -- commenting
on the Einsteinlan universse. Note that it is the formulae
that these authors hold are wholly unintelligible to khe
layman -- not necessarily all the concepts.

19 Relchenbach, Hans, Atom and Cosmcs, tr. by E.S. Allen,
New York, The Macmillan Company, 1933, 83.
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folds embedded in a three-dimen-
slonal space. The absolube curva-
ture at any polnt is measured by

a single quantity called the radius
of spherical curvature. But space-
time 1s a four-dimenslionsl manifold
embedded in -- well, as many dimen-
sions as 1t can find new ways to
twist about in. Actually a four-
dimensional manifold is amazingly
ingenious in discovering new kinds
of contortion, and its invention
has not been exhausted until it

is provided with six extra dimen-
sions, making ten dimensions in all.
Moreover, twenty distinct measures
are required at each point to specify
the particular sort and amount of
twistiness there. These measures
are called coefficients of curva-
ture. Ten cf the coefficients

stand out more prominently than the
other ten. Einstein's law of gravi-
tation asserts that the ten princi-
pal coefficients of curvature are
zero in empty :space. If there were
no curvature, i,e., 1f all the co-
efficients were zerq, there would
be no gravitation.

To summarize these views of curved space, it would appear that

a) this space 1s equivalent to extension;

b) 1t is iInside the universe;

c) 1n itself 1t is not a material thing, but the
properties that belong to the bodies in that space sre ascribed
to it instead as 1f 1t were a real being;

d) 1t must be understood as a mathematical concept,
not imagined as from experience, since it refers to higher
mathematical determinations of & body in motion;

e) 1t is taken merely quantitatively, not f rom any

20 The Nature of the Physical World, 119.
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other aspect;

f) we now approach perilously close to "not so much
the thing measured as the measurement,"<l
We shall consider curved space agkin in the next chapter, but
for the present let us note once more that we do not intend to
criticize the entire theory of relativity from a philosophical
viewpdint; our sole task will be ultimately to compare notes of
¥ddington's space-concept with the Scholastic doctrine. For the

present we are merely complling these notes.

A striking statemmnt respecting curved space occurs
in the other connection previously mentioned:; what of space
beyond the universe? Here we are discussing something very
closely related to the Scholastic conég}pt, yet Eddington deli-
berately shies from making a scilentific decision.

Is there an end to space? If space
comes to an end, what 1s beyond

this end? On the other hand the

1dea that there is no end, but

space beyond space 1s inconcelvable.
Prior to the relativity theory the
orthodox t&Es=®y view was that space
was infinite. No one can concelve
infinite space. We had to be content
to admit in the physical world an
inconceivable conception....Infinite
space cannot be concelved by anybody;
finite but unbounded space is diffi- 20
cult to concelve, but not impossible.
As has already been explained, the
modern view is that spagg is finite --
finite though unbounded.

21 Sheen, 25.
22 The Nature of the Physical World, 80.
23 Ibla., 166.
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Generally in the literature on this subject the comparison is
glven of the surface of a sphere -- finite though unbounded --

to 1llustrate the same possibility for space.

BEddington in the above statements adds more to his
concept. Space is inside the universe; it is not to be treated
as the absolutely universal receptacle. He retalns the idea of
extension consistently. W“Finite but unbounded extenslon"
would now give the "picture" of a spherical unlverse where the
laws of non-Buclidean Riemannian geometry hold. The logically
consequent questions whether this geometry actually does apply
or csn be applied to our unlverse and whether Eddington seems to
imply that the possibility of mental conception ¢f a type of
space would regulate 1ts reality, must be ruled out like the

other questions we have encountered that are outslide the scope

of this thesls.

Finally, before summarizing Professor FEddington's

views as we have obtained them from The Nature of the Physical

World, let us note one last assertion that has direct reference
to the space-time concept of Eddington and the relativists.

We know nothing about the intrinsic
nature of space, and so 1t is quilte
easy to concelve it satisfactorily.
We have Intimate acqualntance with
the nature of time, and so 1t baffles
our comprehension.é4

57 Tbid., 5I.
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Starting with these principles (the question of whose accuracy
we mast transmit for the moment) Eddington proceeds to unite
our three dimensions of space with the fourth, time, into the
"gpace-time contimum" in which every event 1s placed, according
to the theory of relativity. The detalled consideration of
space-time must be considered with the many related 1tems we
have been encountering as outside the limits of our investiga-
tion; for when Eddington speaks of "space" separately, it is
part of our subject, but with the incorporation of the space-
time concept we are in a totally different field. "Space and
time as separate entitles have dlsappeared from the universe,"25
and we find ourselves on the verge of Samuel Alexander's space-
time philosophy, the matrix out of which everything 1s evolved?6
or in the company of certain relativist writers who in speaking
of the space-time concept seem to identify time with space as a

univocal term.27

In conclusion, let us set down by way of summary the
following points describing Eddington's concept of space as he

has revealed it in The Nature of the Physical World:

20 Jeans, Sir James, The Mysterious Universe, The Macmlillan
Company, New York, 1932, .

26 Cf, Bilttle, 383.

27 Swann appears to be a typlcal example of this group. His
Architecture of the Unlverse is g very apodictical work mak-
Ing space-tlme the explanation and the goal of the universe,
incidentally thus explalning away the exlstence of a persona%
God via the Great All-- Space-Time! Cf., Swann, W.F.G., The
Archftecture of the Universe, The Macmillan Company, New
York, 1934, passim.
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a) For Eddington, all space that can be considered
rmist be inside the universe; space outside the unlverse 1is
inconcelvable.

b) The wider sense of the word predicates relative,
not absolute, emptinéss of Bll space inside our unlverse.

c) Kathematical space 1s always equivalent to exten-
slon; consequently 1t is always measurable.

d) It acts as a point of reference, a "frame," gilv-

ing bodies their location.

e) The properties ascribed to 1t actually belong to
the bodies in 1t.

f) These properties are strictly quantitative, being
mathematical determinations flowlng from certain equations and
formulae,

g) HEddington does not assert that time 1s a univocal
fourth dimension, as is supposed sometimes.

h) Eddington's space 1s finite though unbounded.

1) His concept of curved space involves many mathe-
matical "dimensions" beyond those of our common experience. The
meaning of the mathematical dimension 1s only analogically, not
univocally, that of the dimenslons of length, width, and depth

that we experience.




CHAPTER Iv.
EPDINGTON'S SPATIAL CONCEPT AS DESCRIBED IN HIS OTHER
BOOKS

Tarlier in this thesis it was stated thet we would
not consult Eddington's philosophical system but rather his
terminology in its sclentific usage. Now, 1t is true that The

Philosophy of Physical Science 1s more a philosophical than a

scientific treatlise, yet in several passages that later intro-
duce philosophicel concepts, Eddington describes space from a
scientific viewpolnt we have not yet met. Consequently, we will
transcribe some of these passages here. He 1s engaged in ex-
pounding the nature of structural concepts, and as a typlcal
example contrasts the structural concept of space with its gen-

eral concept.

In order to formulate this point explicitly
we shall distinguish between a

structural concept and more general

kinds of concepts. A structural concept

1s obtalined from a corresponding general
concept by eliminating everything which

is not essential to the part it plays

in a group-structure.

This structural concept, he adds, is an element iIn a pattern,
whose only properties are 1ts connection with the pattern. Its

propertlies are t hose of a mathematical symbol which has no mean-
1 Zddington, A.S., The Philosophy of Physical Sclience, The
Macmillan Company, New York, 1939, 144.

-31-
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ing in itself but "consists solely of 1ts associlation with :otherx

symbols."™ If a genersal concept exlsts that corresponds to this
structural concept (the symbol), the general concept is our idea
of what the structural represents in our non-mathematical form
of thought. It lacks the preclision of mathematics.

TExcept as applied to sensatioms,
emotions, etc., of which we can be
directly aware, it is doubtful if
the general concept is more than s
sdf-deception which persuades us that
we canaedhave an apprehension gf
something we cannot apprehend.

For the present let us transmit the accuracy of this statement,
remembering, however, to apply 1t to Eddington's structural and
general concepts of space when he calls them such.

To show how these l1deas are applied

let us consider the concept of space.
Taking first the general concept, we
usually regard Huclidean space as the
simplest kind of space to concelve.

One would have thought that the Iinfini-
tude would be rather a serious obstacle
to conception; but most people manage
to persuade themselves that they have
overcome the difficully, and even pro-
fess themselves utterly unable toscon~
ceive a space without infinitude.

The common concept of Euclldean space, then, as the indefinitely
large receptacle 1s "a self-deception which persuades us we can
have an apprehension of something we cannot apprehend%??If we
were to think of infinity solely as indefinlte extension in terms

-

of an equatlon, then we wWould e 1n extremely deep mathematical

waters, for according to Professor Iddirngton "the siructursal

2 1Ibid., 144.
3 Tbid., 1454
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concept of FEuclidean space 1s exceptionally difficult. . . . It
requlres more advanced mathematical conceptions to formulate the
specification."4 However, 1f we obtained this concept of infini-
tude by abstracting from sense-perceptions, must we call ourselveq
self-deceived just because Professor Eddington caennot formulate
our concept in terms of a mathematical eguation? I hardly think
so -- but a further criticism of this view must awalt the $ummary
in the final chapter.

Uniform spherical space, Eddington hastens to add,
offers a comparatively easy 1llustration of a structural concept,

Any point in spherical space can

be changed into any other point by a
rotation of the sphere. Thus, to the
points or elements of spherical space
A, B, C,ec...,there correspond: opera-
tors P, G, Ry,eess.,which are the ro-
tations of thle sphere; and the group
of the operators is simply the group
of rotations in the proper number of
dimensions. Hegarding "space" as a
structural concept, all that we know
about spherical space 1s that 1t has
the group-structure of this group of
rotations.

Here, then, 1s snother statement to show that Eddington makes
his mathematical equation his sole criterion, and that when he
says "space has certsln properties," he means, "bodies moving
in space have certaln properties according to such znd such an
equation." For him the structursl concepf of space must come

throush an equation; without an equation it 1s a meaningless

Z 1vid., 144-5.
5 Tbld., 145.
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symbol. But since the structural concept 1s alone "preclse"

and "unembellished," the mathematical equation of space alone

is correct. And in Eddington's final reference to this "inaccu-
rate and therefore incorrect" general concept of spate, he
states that spsce as 1t sppears iIn familiar apprehension -- what
it looks like, what 1t feels like, 1ts negativeness as compared
with matter, its "thereness" -- all this is an embellishment of
the bare structural description. Thils embellishment, moreover,
is an unauthorized adcition to physical krowledge, which we are
fortunately discouraged from making by our difficulty in con-

celving the space of modern physics non—mathematically.6

Summarizi ng these views from The Philosophy of

Physical Sclence wlithout yet passing judgment on them, we can

safely state that Professor Eddington advances the following
doctrines Except for the dats of immedate perception, when we
have & non-mathematical concept, we do not have precise or cor-
rect apurehension; a mathematical concept, obtainable only by
way of a mathematical equation, 1s needed for that precise and
correct apprehension; and the case of space is a typical one.
As a consequence, space can be apprehended not as a "deception'
but with "precision" when it is expressed as a mathematical
equation, and even then never by itself but as a mathematical
symbol getting 1ts meaning from i1ts assoclation with other

symbols.

& 1bid., 146.
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Another Zddington book, New Pathways 1n Sclence, is

partly a review of material given in The Nature of the Physical

World and elsewhere, and partly a first publication of new work
done in the fleld. We can conveniently divide the excerpts we
are to appralse Into three general groups: first, related quota-
tions confirming selections made in the previous chapter; second
those relating to the distinction between space and time; and

third, those relating to spherical or curved space.

One point on which every Scholastlc cosmologlst can
heartily congratulate Professor Eddington is his rejection of
the absolutely-empty (scientiflic) space and his equslly doughty
championshlip of the existence of the aether,

Some distinguished physicists main-

tain that modern theories no longer

requlire an asether -- that the aether

has been abolished. I think all

they mean is that since we can never

have to do with space and aether

separately, we can make one woré

serve for both; and the word they

prefer is "space." 7
They fear, says Sir Arkhur, that the word aether might convey
thhe 1dea of something material; but equally, he rejoins, the
word space is llable to convey the idea of complete negation.
Moreover, they employ an army of mathematicel symbols to des-
cribe conditions at any point. For some, the word "space" con-

veys the idea of passive emptiness, characterleés void; this is

a conrnotation far inferior to thet possessed by the aether when

7 kddington, A.S., New Pathways in Science, The lMacmillan Com-
pany, New York, 1933, 39,
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it 1s conceived even as a sort of material jelly.

But i1t 1s possible to compromise by
using the term fleld. The fleld
includes both an electromagnetic
field and a gravitational or metric
field; and the army of symbols to
which I have alluded describes the
two flelds. Space ( in its ordinayy
physical meaning) is the same thing
as the metricel field; for the sym-
bols describing the metrical field
specify thc one characteristic that
we are accustomed to ascribe to »

a space, viz., its geometry (Euclidean
or non-iuclidean).®

Immediately after a fine defense, Professor Eddingtoh becomes

an adversary of the Scholastic cogmologist. And that 1s occa-
sioned simply by this statement that in physics space is equl-
valent to pﬁre mathematical space and i1s described mathemati-
cally according to the one characteristic it possesses, its geo-
metry. Here agalin we find Eddington making quantitative measure;
ments the be-all and end-all of his science. Mathematical ex-
tension alone, being quantitative abstraction, cannot tell every:
thing about a physical body. Furthermore, it is exactly in the
vital question of the specificetion and application of a parti-
cular geometry to space, or rather to the bodles in that space,

that #ddington must meet opposition.

There is one particularly incisbve assertion yet to
be noted repudiating the notion of empty space, and sincé there
1s so much on which we have t o disagree with Professor Eddington)

we ought perhaps to help the balance with thils distinction

5 I61d., 40
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between space in one of its many meanings, and vacua.

Vou cannot have space without
things, or things without space;

and the adoption of thingless space
(vacuum). . o is a definite hindrane
to the progress of physics. By this
self-contradictory and irrelevant
conception we have . . . made an
abstract separation of the thebry

of space (field) fram the theory

of things (matter).

Another polnt on which Professor #ddington should be
quoted favorably 1s his clecar distinctlon between the meanings
of space and time as "dimensions." This may seem at first
sight a belaboring of the very obvious, but there exists a mis-
conception that relativists (among whom Eddington might be
counted) talk glbberish about four univocal dimensions, three of
which are spatial, and the fourth, temporal, but yet consildered
the same as the spatial trio. Moreover, certain relativistslO
have evolved a philosophical or "theologlical system that virtually
apctheosizes the concept of space-time. Such extensions of the
mathematico-physical theory add to the confusion. Hence, we
quote Eddington's distinctions.

There 1s no bending around of time
to bring us back to the moment we
set out from. In mathematics we
find 1t convenient to provide for
this difference between the closed
character of space and the open

character of timflby the means of
the symboly-1 . :

9 1Ibid.,48.
10 Alexander; Swann, passim; vid. Bittle, 455.
11 New Pathways in Sclence, 51.
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And after a set of mathematical operations:

Thus the distinction between space

and time is already foretold in the
structure of the set of IL-operators.

Space can have only three dimensions
because no more than three operators
fulfill the necessary relationship

of perpendicular displacement. A

fourth displacement can be added,

but 1t has a charachter essentially

different from a spsce displacement.lz

And now, having shown from his own words that Pro-
fessor Zddington's concept of space is essentially different
from that of time, even in hié most advanced theorizlng, we
come to treat in detall of his views on "curved space" -~ the
notion of three dimensions "bent," and ultimately to be related
to a fourth dimension, time. We have already touched on this
subject‘in quotations in the previous chapter, but the explana-
tion was left for the present section. Without doubt the evalu-
ation of these views on curved space constitutes the most diffi-
cult task hitherto attempted in this thesis. We shall summarize
Eddington's statements as he converts "curved space" from a
purely mathematical equation Into a concept explained in words.
But where and how can we obtaln Eddingtonls corfect views on
this topilc? His purely mathematical treatises are ruled cui at
once; and in the popularizations that remaln, some pages are de-
voted to the consideration of curved space in each of them. I

am choosing The Expanding Universe as our chief source, since

1ts exposition is the most detalled of any I have seen 1in

12 Tbid., 276.




39
Eddington's popularizations., Its entire second chapter, "Spher-
ical Space,™ is too long for literal transcription here, and
parts of 1t are irrelevant in this thesis. Accordinglﬁ, I shall
give the gist of the descrinstion, uslng Eadington's terminology

throughout.

The physicist, says Sir Arthur, 1s suspected of
talking metaphysically when he refers to curvature of space, yet
space 1s a prominent feature of the physical world; and if the
physiclist has found surprising ultimate or semi-ultimate facts
about the world which crude sensory perception could not revesl,
why should there be surprise when this physicist finds a new
and surprising property of space? Spacé-curvature is a purely
physical characteristic discovered by sultable experiments and
measurements.

The nomenclature is that of the pure

geometers who had already lmagined

and described spaces with these char-

acteristics before their actucl_phy-

glcal occurrence was suspected.lg
"Curvature of space" is a technical term with a speclaliged
meaning in science. We may convenlently describe the property
by the imaglinary operation of bending or curving which would re-
move the flatness of space 1f 1t could be perbrmed. In order to
use this mode of description a fictitious dimension 1is intro-

duced which would make the operation possible. Bending a flat

two-dimensionsl surface brings in the third dimension; likewise,

13 Eddington, A.S., The Expanding Unlverse, The Macmillan
Company, New York, 42.
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bending a three-dimensional space adds and postulates a fourth

fietitious dimension.

But only in simple and symmetrical conditlons does
this fourth dimension sufflce; the general picture requires ten
dimensions when we extend the same lidea from space to space-time
How o concelve these added dimensions? Just es we picture a
magnetic field. Space-curvature 1s something found in nature
fhat is recognizable by certain tests for which ordlnarlly we
need not a picture‘but a name. Yet despite such a disparagement
as this of pilcturization of our three-dimensional space contorted
in fictitious dimensions, there 1s one application where the
picture is helpful and non-misleading. This is the curvature
of bent space which may be sufficlent to give a "closed!" space
in which it 1s impossible to go on indefinitely getting farther
and farther from the starting point -- just as the surface of
a sphere differs from a plane infinite surface. Thus the three-
dimensio@ﬁ}l space bends so far as to be (1) curved and (2)
closed. Here in our solar system the curvature is small and
amounts to only a slight wrinkling. With the irregularities
Introduced by the galaxles and sll masses of matter, the entire
universe may be rougﬂi}y shaped like a pear or sausage --perhaps
And in this spherical space, as on our world, a traveler depart-
ing on one"straight" line would eventually return to his point
of origini- Finite but unbounded, there 1s no point of entrance

or exit to this closed space. The existence of spherical space
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is postulated by the phenomenon of the ever-expanding universe,
which is 1n turn borne oudby lrrefutable astronomical evidence,14
while on the other hand the assumption of flat physical space
leads to very serious loglcal difiiculties and precludes the
existence of the type of galaxy contemplated in Einstein's and
Lemaitre's theory of the universe,1® It 1s not a case of suppos-
ing that the spare is already there Into which our unlverse is
to be expanded; the space expands with the universe as if the
galaxies were imbedded in the walls of an ever-expanding balloon,

Curved space i1s a measurable constituent of the physical liniverse.

This summary of Eddington's description of curved
space can well be rounded out by the following parallel passages

in New Pathways 1n Science:

The world is closedin its three
space-dimensions, but it is open
at both ends in its one time-~
dimension,16

We shall evaluate cu ved space in the final chapter.

In Eddington's two books devoted to astronomy, Stars

and Atoms, and Internal Constltution of the Stars, there is

little said about this curvature of space 1n the distant corners
of the universe. The reason seems t obe that the question of
curvature of space belongs to a section of astrophysics that is

more theoretlical than that described in these two somewhat = - -

14 This material is given in The Expanding Universe, 41-53.
15 Ibid., 59.
16 New Pathways in Sclence, 51.
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technical books on the nature of the stars. The excerpts here
given are instances representing the meaning of space 1n its verj
infrequent use in these two books.

Betelgeuse has a density about a
thousandth that of air, We should
callfitfa vacuum were it not contrasted
with the much grcater vacuosity of
surrounding space.

The system of stars 1s floating in
san ocean -- not merely an ocean of
space, not memely an ocean of aether,
but an ocean thst 1s so far material
that one atom or thereabouts occurs
in each cublc inch.

This 1 the "fulneas" of anterstellar‘
space salready mentioned.l

Interstellar space is at the same

time excessively cold eand decidedly

hot .20
Thus, space 1ls used throughout in the ordinary sense -- it de-
notes the relative emptiness that exists between stars. Then,
too, it is virtually equivalent to the extension in which stellan
bodies exist and in which their relative distances can be

measured. Curved space 1s out of the discussion here since the

subject turns to a less mathematlcal side of astronomy.

By way of concluding our exposition of the propertiesg
of Eddington's spatial concept, I should like to gilve several

excerpts from the earliest of Eddington's popularizations, Space

l7 Eddington, A.S., Stars and Atoms, Yale University Press,
New Haven, 1927, €4.

18 Ipid., 67.

19 Ibid., 66.

20 Tbid., 69.
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Time, and Gravlitation -- the one book remaining to be considered.

It is to be noted that despite the title, this book does not
refer directly to our topic except in two of its thirteen chap-
ters, and that 1t offers both a more mathematical treatment and
a more technical exposition thah any of the popularizations that
follow it. Xddington does not set forth any new properties of
space in it, and what he does say has been more clearly described

in The Nature Q£ the Physical World. Consequently, I am merely

clting certain passages that confirm our analysis of the elements

of Eddington's concept of space.

Space does not denoteherely emptiness or nothingness,
but rather the idea of measurability. In itself it approaches
objective reality -- it seems to exist almost as an independent
being, if we judge from the wording of certain passages below.
The pertinent words are underlined.

I was speaking of a proposition of
gzometry -- properties of space, not
of matter.... What we may call the
field of extension, or space-field
Ts Just as much a physical quality
8s the marnetic field. As to how far
spacé really resembles a magnetic
fleld, I do not wish to dogmatize;

my point is that they present them-
selves to experimental invgitigation
in very much the same way. ¢

You imagine the intervsls filled with
uniform space; but the uniformity
slmply means thet the same amount of

21 Eddington, A. S., Space, Time, and Gravitation, Cambridge
University Press, 1920, 3. -
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space corresponds to each_inch of
your rigld messuring-rod.

I have no knowledée of space apart
from my measures. S

Curved space, ag in The kxpanding Universe, means

that "the extensional relations of matter obey somewhat modified
laws."258 Tt i3 not contrary to reason, but contrary to common
experience, which 1s & very different thing since experience is
very limited,ne? Zddington thus holds that the workings of the
universe are expleined by something we do not perceive in every-
day experlence. It 1s particularly interesting to us to note
in the above quotatioms the connection he makes between matter

i1tself and the behavior of matter in curved space.

On the subject of the impossibility of absolutely
empty space, Sir Arthur holds the same common-sense view as in
his later works. Aether must exlst.

Physicists and philosophers have long
agreed that motion through absolute
space can have no meaning; but 1in
physics the question 1s whether

motion through aether has any meaning?s

finally, one concluding paragraph of Sir Arthur's
gives us his expliclt description of what spsce means to him.
This is a most apt excerpt (and 1is, as well, most falr to its

author) because it affords us a true summary of the progierties

§2§‘6 THid., 5.
23aTbId., 8.
24 Tb1d.,91.
25 THid.,15.
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of Eddington's spatial concept as we have been attempting to
compile them.

We have been trying to give a precilse
meaning to the term space so that we
may be able to determine exactly the
properties of the spsce we live in.
There 1s no means of determinling the
properties of our space merely by a
priorl reasoning because there are
many possible kinds of spsace to choose
from, no one of which can be considered
more likely than any other. For

more than 2000 years we have belliewved
in a Fuclidean space because certain
experiments have favored it; but there
is now reason to belleve that these
same experiments when pushed to graster
accuracy decide in favor of a slightly
different space (in the nelghborhood
of massive bodies).... When the rela-
tivist speaks of space, he means the
space revealed by measurements, what-
ever 1ts jeometry. He points out that
this is the space with which physics
1s concerned.... The relativist in
defining space as measured space
clearly recognizes that allmeasurement
involves the use of materlal apparatus;
the resulting geometry is specifically
a study of the extensional relations
of matter.... Since...space-order
cannot be discussed without reference
to time-order as well, it has beconme
necessary to extend our geometry to
four dimensions in order to include
them.<®

I'or Zddington, accordingly, RiemannianAgeometry
is the sole and entire explanation of the universe. This fact
1s postulated because scientific astronomical measurements apply
best to a universe in which the space of this non-Buclicdean

geometry holds sway. Is this space a real thing? Xddington

26 1bid., 16.
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constantly seems to attribute some degree of existence to it
as a real being since it 1s something primarily and solely
measurable; but on thekther hand in his phrase, "space 1s the
extensional relations of matter," and "Huclidean space," he
appears to be considering the conformity of moving bodies to
certain geometrical lews., In other words, he describes the
behavior of matter under certain conditions. To remove this
vagueness we ourselves would have to interpret Eddington's
statements to make them hold definitely for or against the
exlstence of space as a real belng -- and in this we could very
easily fall into the apparent or actual error of arriving at
a meaning the sclentist did not intend. For this reason, we
must state our znalysis, as it is now to follow in Chapter V,

in terms of "seem" and "appear."




CHAPTER V.
A COMPARISON OF THE SPATIAL CONCEPT OF EDDINGTON AND THE
SCHOLASTICS

In explaining the nature of spsce in Chapter II,
we stated that physical space was the concept being defined,
and that pure mathematical space was not included in our dis-
cussion., The objection might now be ralsed, how can we draw a
comparison between Iddington's concept of spasce and the physical
space of the Scholastlcs? Inasmuch as Professor Eddington
appesrs to treat everything from the mathematical standpoint,
should not his space be called mathematical space, and like it
be omitéed from discussion 1n a comparison like the present one

that is bullt sround the Scholastic thesis?

The ansﬁer to this difficulty is that Eddington's
space cannot be called pure mathematical space simply because
he founds hls concept on quantitative experiments. Sir Arthur
studies the physical world as it 1s revealed by scientific re-
~sesrch and as it actually exlsts around us; hence, everything
he discusses as a sclentlst -- space included -- must be placed
outside the realm of theoretical mathematics and classed in
the physical order.

L
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For the Scholastics, as was sald previously, physical
space 1s a conceptual being founded in reality. It embraces
real and possible space, is the universal receptacle, 1s imma-
terial, permeable, Infinite, eternal, uncreated, indestructible,
immeasurable, incompressible, and undilatable, Eddington's
space on the other hand appears on f irst sight to have its
existence and reallty more outside the mind than in it, since
all its properties have ostensibly been determined as part of
a theory explanatory of the results of direct phydcal experi-
ment. Yet, its foundation is not in the actual physical world
but in the Riemannian geometry which, Eddington holds, is the
most promising explanation we can find to the riddle of the
universe, and which wholly holds true when applied to the uni-
verse as revealed to us by the physical sciences.1 Thus,
Eddington's space ultimately exists more in the mind than out
of it by reason of this close connection with and dependence
on a pure geometry. Such a type of existence is in accord

with the idealistic philosophy Sir Arthur professes.

The space he describes is always inside our universe.

He could almost say that it is our universe.?

He is very ex-
plicit thet the determination of what lies outside the universe
has not fallen within the confines of astronomy or physics.

Particularly in his rejection of the Euclidean notion that

1 References in this chapter are to a previous chapter and
page mumber. In this instance, III, 22.
2 H.g., II1,25; I1I, 27.
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space is infinite and stretches indefinitely in all three dimen-
sions does this point appear. Hence, it seems qulte apparent
that the Scholastic concept is more comprehensive, is broader,
than Eddington's, for the former refers to space both inside
and outside the unlverse, space that is infinite and unbounded,
Eddington's "finite but unbounded space“ 83till rides on the sea

of the infinite imaginary space that bounds it.

Closely approaching the fact that Eddington's space
is uniformly considered to be inside the unlverse is the fact
that 1t 1s excluslvely coexistent with the universe. This meanJ
that 1t is not eternsl, but began with creation when the evolu-
tionary universe (according to Eddington and modern scientists

to a great degree) came into existence.®

Moreover, this exist-
ence of the universe is something dynamic, for the universe 1s
constantly expanding not into space but rather with space.
Lozically, then, in view of the interdependence of matter and
the curvature of space, when all matter 1n the universe will be
destroyed, space will be destroyed with it. e can note here
several clear divergencles between the spatial concepts we are
comparimg. While space 1s not eternal, indestructible, incom-

pressible, nor undllatable for Sir Arthur, for the Scholastlcs

the opposlte holds true in each case.

Professor Eddington endows space wlth one great

3 E.g., 111, 27.
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quality, measurabllity or extension4; and yet, as was said -
abocve, we cannot make this extension equivalent to pure mathe-
matical space inasmuch as Sir Afthur likewlse asserts that this
"metrical fleld" -- already in the second degree of abstraction
where only quantity remains -- 1s the sum and substance of the
reality existing in our universe in which no abstraction exists
as such. His space consequently amounts to a mathematlical
explanation of the workings of the universe. Now, 1t is true
that physical science may abstract from individuality and may
explaln our world in terms of classes and groups, but 1t may
not then proceed to abstract from all notes of real things
except their quantlty and assert that thls gquantitative explana-
tion is both the ultimate and entire expianation. The physical
content or nature of space in the universe canb e only partially
explained by mathematical analysis. Ior an entlre explanation
science must consider the qualities that cannot be classed undern
quantity; for an ultimate explanation it must yield the field to

metaphysics, which will analyze all reality in terms of being.5

In calling space a metrical fie1d® Eddington approach
es 1f anything, the problem of place and "whereness" (ubication)
but his solution must necessarily be less ultimate than the
Scholastic explanation by reason of his system of placing an

object in space and time solely according to quantity. We

4 E.g., III, 33, 34
S5 This is a point fully developed in Sheen,
6 III,19; 1Iv,32,33; 1IV,43.
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must not forget that it is part of the relativity theory which
he expounds, to have a "frame of reference" both for distance
and for time. Space is made to act as one of these frames.
Eddington calls for a space in reglity that will have all the
properties of pure geometrical space. Its "intrinsic magni tude"
(the property of being a metrical field) must make 1t the back-
ground for the absolute measuring-stick, and according to his
theory nothling except light is a reliable norm for that purpose,
Eddington's space accordingly becomes a "locans particulare" --
a thing that glives location to particular objects 1in the uni-
verse., In no way can it be thought of as the physical space of
the Scholastics, which is conceived as the "locans universale,"
even though this physlical space cannot do the "locating" mathe-
matically since in itself it is not an objectively real being.
Physical space is sald to locate the universe because 1t is
thought of as encompassing the universe; but Eddington's space
does not encompass the universe and conseqiently cannot "locatdl

it.

Another point noticesble in the writings of Eddingtm
(and of other relativists as well) is the attribution of certal
qualities to space when 1in reality the writer attributes these
qualitlies to th#bodies in that space. HTddington makes clear
that his space is not somethihg material., Hils defense of the
gether as the substratum of the physical universe shows his

opinion plainly. Moreover, on this point he is as consistent
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as he 1s definite, and that in all his books. How, then, can
he ascribe properties to space (the non-material being), pro-
perties which can belong only to material beings?7 Curved
space 1s truly a mathematical concept at best, expressed in a
mathematical equation and not plcturable, he says; but straight-
way it 1s supposed to be pilctured in order that 1ts closed
character can be understood. Or sasgain, he states that there 1s
no such thing as a straight line in the Einstein~Riemann uni-
verse, that space becomes more curved the more mass it contains|
and that the greater the mass, the greater the curvature, or in
other words, the gravitational attraction. A raydf light leav-
ing its source can conceivably return to this source from the
opposite directi-n after having trazversed the spherical unl-
verse. How, then, can he call this space "curved and closed"
when what he really seems to mean is that thebath of a ray of
light describes an lmmense orbit and is influenced in its curvad
ture by the mass 1t passes? From our summary of Eddington's
explanation of curved spacé, it will be remembered that he uses
the example of a traveler moving in a "straight" line through
curved space, and all th#&roperties ascribed to the space be-
come those of the traveler. That "curved space" is merely a

modus logquendl of the mathematician, a sort of conceptual being

(ens rationis) used to express judgments respecting the mathe-

matlcal behavior of bodies in that space, is a suspicion con-

7T ®.g., 11I,25; 1V,38,39; IV, 43.
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firmed by passages in the writiﬁgs of other physicists of
Fddington's school éf thought.B In such passages the properties
of space are explicitly referred to bodies in it and to the

paths they follow.

Are the "dimensions" of Eddington's space used in the
ordinary and Scholastic sense? When he speaks of the three di-
mensions even in hs curved space, Sir Arthur appears to use the
ordinary meaning of length, width, and depth, except for the
impossibility for the three dimensions toc extend as straight»l
lines over lmmense distances. However, when he treats of time
as a fourth dimension, or of the six added "dimenions" in the
space-time manifold, he is using a decidedly technical mathe-
matical meaning. "Dimension" now signifies a mathematical determ
mination or quantity in an equation having to do with geometry--

nothing more,

One point remains on which there is a shapp differ-
ence of opinion between Kddington and the Scholastics. It will
be remembered that Eddington uses & "structural concept" of
space throughout, in distinction to the "general concept,"9 The
structural concept 1s built up not asccording to what 16 means
in itself, but according to what it means in assoclation with
other assoclated symbols, as in a mathematical equation. Becausg

1t 1s mathematical, the structural concept is therefore precise

8 Cf. Group VBT of the Bibliography; also vid. III,25, n. 19.
9 Iv, 31, 32.
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and accurate. On the contrary, the general concept 1s supposed
to be our apprehension of & non-apprehensible (l.e.,a purely
mathematical thing?) object. It 1s not precise, it is an em-
bellishment which adds inaccuracies to a clean-cut mathematical
concept. According to Eddington's clear statement (gquoted at
the beginning of Chapter IV), the apprehension of anything non-
mathematical is vague and i1s something of a self-decpptlion,
with the exceptlon of our immediate perception of states of
consciousness. All this means for Sir Arthur that the Scholastiq
concept of space would be "vague and a self-deception® because
1t was not obtained from a mathematical equation nor could it bg¢
expressed as such. This we must positively deny. Physical
space is a "conceptual beihg founded in reality," and with the -
notes 1t possesses 1s not a pure chimera of the fantasy, but is
a valid concept formed by putting together separate notes
abstracted from various ideas of daily experience with extended
bodies. That 1t cannot be imagined correctly nor formulated as
a mathematical symbol in sn equation but that it must be under-
stood as a concept -- this 1s no argument against i1ts accuracy

or its ontological truth.

The following tabulated comparison gives a brief
summary of the points brought forward in the body of this thesiJ

and analyzed in the course of this chapten.




SCEOLASTIC SPACL

Conceptual being with a founda-
tion in reality.

Both 1nside and outside the
universe, i.e., both reael and
possible.

Contains and permeates the
universe.

Immaterial.
Infinite

Unbounded

Eternal, uncreated,
Indestructible.

Immeasurable.

Incompressible and
undilatable.

"Tocans universale."

Locates bodles.

All notes can be imagined
separately and abstracted
from real belngs in everyday
experience,

Its amantitative notes have
the properties of Euclidean
geometry.

In itself it is absolute
nothingness and emptiness
and 1s used to signify
relative nothingness.

EDDINGTON'S SPACE

A mathematlcal entity applied
as an explanation of the
workings of the universe.

.80olely inside the universe,

i.e., real. , ‘
Permeates the universe.

Tmmaterial.
Finite.

Unbounded according to Edding-
ton, but actually bounded by
possible space.

Coexistent wlth the universe.

Primarlily measurable.

Expanding with the expansion
of matter in the universe.

"Tocans particulare."

Locates events together with
time.

To be understood as a mathe-
matical concept; cannot be
Imagined properly in terms
of everyday experience.

Possesses solely the qualities
or properties of Riemannian
non-tuclidean geomsry.

Tt 1s used as indicating rela-

tive emptiness only in the
locae senge; in the strict
sense 1t is a background fer
mzasurement,




554
This brings to a close our examination of Professor

Eddington's concept of space and our comparison of it with the
physical space of the Scholastics. There remains a flnal
question to be answered, namely, what benefit results from this

investigation, and to what conclusions does 1t lead?

Primarily, this fact stands outs Professor Eddingtor
attaches & very different meaning to the word "space" than do
Scholastic cosmologists. Voncerning some properties of his con-
cept (e..;., immaterlality) there can be full agreement; a
second set of notes which he attributes to space (e.g., the ex-
clusive accuracy of the structural concept of space) the Schol-
estics can only deny and refute. Concerning the third and re-
maining group of properties, which is by far theﬁargest, the
Scholastics and Professor Eddington can nelither agree nor dis-
agree, for this third group belongs wholly to the realm of
sclence or theoretical mathematics. They nelther affirm nar
deny the notes of the Scholastic spatial concept. Philosophers
as phllosophers cannot pass judgment on these purely sclentific
claims, It is only when Professor Eddington or some other sci-
entist attempts to trespass upon the domain of philosophy by
claiming that physical science alone or mathematics alone is thdg
explanation of the ultimate, that there could be argument con-
cerning these scientific clalms o facts of the third group.
Under such a hypothesis these purely scientific data would lose

the value they possess in their own field when subjected to an
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attempt to make them hold true in a superior field, phllosophy.
For example, the fact that Iddington's space exlsts solely
inside the universe could not be used valldly as an argument
against the Scholastics who hold that space cannot exist any-

where as an objectively real being.

Thus, this thesis leads up to 1ts goal, the comparisaﬂ
of the spatial concept of Eddington and the Scholastlcs. Indlden:
tally, the fact has been established that on points where Schol-
astic cosmologists are to analyze scientiflec claims, there must
be a mutual understanding of the terminology used on both sides
before'judgment is to be passed. Whether or not the scientific
phenomena have been correctly observed must, of course, be
determined by the sclentists; whether or not a sclentific theory
(such as the relativity or quantum theories) is scientifically
correct, likewise belongs to the sclentists to determine. But
once the question of ultimate interprepation arises, the philo-
sopher must come on the scene., He may not stralghtway reject
the possibllity of curved space or of ten dimenslons or similar
sclentific clalms because the concepts at first sight appear
gbsurd or contradictory; he may find as we have found that tech-
nical usage somethmes alters the meaning of common words pro-
foundly, and that he cannot apply his philosophical principles
until he has applied s common denominator to his scientific

and philosophicel terminology.
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With regard to Professor Eddington we have tried
to follow precisely this course. It was not for us to judge
his scientific accuracy or even to pass on the philosophical
stability of his scientific interpretations; but we have attempt-
ed to show that with proper understanding of his wording, some o]
the statements of Eddington the scientist do, and some do not,
mske him an opponent of Scholasticism on the question of what
constitutes space. Most of them do not do so, for they refer
to a concept identical in name but different in content from

that of absolute space as understood by the Scholastlcs.

A. I\"I. D. G.
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