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INTRODUCTICN

In the world of those who, in modern times, engage in
scientific investigations involving the formulation of
theories, there are two poles about which all these thinkers
are arranged. That is to say, there are fundamentalliy two
great schools to which all scientific theoreticians belong
and in which they function either as teacher or pupil,

There is on tihe one hand, the school of Albert Einstein,
relatively unpopulated yet immensely influential and, on the
other, that of Bertrand Russell, heaviiy subscrined, power-
fully amoebic and, therefore, just as immensely influential.
Let us now proceed to characterize these two schools., The
school of Einstein is, in the first place, metaphysically"
involved in a considerable number of what have been called,
"extra-scientific problems" and which, for convenience, can
be bracketed under the heading, "Realist Justifications".
Striving for simplicity and unity it has not been able to
Lfind them and although it looks upon final unification ag
real goal, it considers it an immense task and, perhaps for
this reason has an excellent record for making no permature-
ly foolish announcements of its achievement. That is to say,
the failure to find it actually has not been the cause of
generating illusions about it much in the manner of those
for whom wishing makes it so. Now, the reason why this
school does not find simplicity is because it does not de-

liberately abstract from pPhilosophical controversy in order
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to achieve it, realizing, perhaps for the most part inétinc—
tively, that the rules for scientific investigation are so
completely bound up with the real world as to be unintelli-
gible without reference to it. Thus it will not, indeed
cannot, restrict itself to questions of formal logic and in
his respect like Aristotle will insist on having its

Posterior Analytics as well. Tor it cannot be satisfied

with a greater communication and consensus which is purchas-
ed at ‘the price of an impoverishment of understanding and
justification. Thus, it will cry out against the "fateful
fear of Metaphysics' of the Bertrand Russells who, Ry avoid-
ing philosophical considerations, would turn Physics into
logic., 1In contrast, the school of Russell will argue that
metaphysical considerations are unnecessary, for it is the
rules that must pe adhered to as all important and this can
e done amidst diversity of interpretation for their valid-
ity, just as many different people lead decent lives from
motives ranging all the way from the love of God to fear of
the policeman. So, too, The Russelites would contend a
unanimity of view can be achieved on the level of pragmatic
understanding and by the test of consistency. This would
save much time from controversy, which, at best, cannot
raise itself apove mere opinion and may become an end in 1t-
self like the futile hair-splitting of the scholastics., But
tiis argument does not satisfy Einstein and perceiving this,

the attempt is made to convince him "out of his own mouth',
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For does not the combining of Space and Time in%to a four-
dimensional continuum in which only the event has meaning
thus eliminating the concept of the material thing, show
that matter is mind and mind is matter and formal consisten-
cy is the only "real" problem conironting the mathematical
physicist? The quicik and firm Einsteinian answer is that
the concept of thing should be retained. Tor Einstein is
Just as sure that physics is not logic or mathematics as he
is that concepnts ave not things. He is as sure that there
is an enduring real behind sense appearances as he is unsure
of the final. structure of this reality which he had dedicat-
ed himself to reach.

Thus it is that one perceives in Einstein a positive
vearning to reach and to know the real, that has, as a re-
sult, already disposed his epistemology to an inquiry into
a deeper justification than it actually has. For in the
last analysis Einstein cannot defend himself against the
logicians of the type of Russell and Whitehead on this
question of a real distinction between mind and matter nor
can his epistemology have any other defense than the test of
success, if the logicians prevail. Tor in suqh a logical
reduction is removed the very ground for justifying such an
epistemology in terms of an explanation which does not do
violence to the strongly realist instincts of Einstein.

This thesis will attempt to supply the means of an

Einsteinian defense by giving his epistemology a stable and
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scientific ground within the real order by recourse to'the
metaphysical doctrines of St. Thomas Aquinas.l It will
attempt to explain the necessity for certain epistemological
procedures uniquely proper to Einstein by referring them to
the dynamical activities and relationships of the most fund-
amental components of the real world for Thomistic metaphy--
sics viz., matter and form, predicamental accidents, essence

and existence.2 It will for example, try to show the root

1. On this point G. Klubertanz, 8.J., writes about
"those who assert that all the special sciences
are based on metaphysics. On the ground that meta-
physics alone can formally treat of the most univer-
sal principles of knowledge, they maintain that all
the sciences which use those principles are thereby
pvased on metaphysics. This, nowever, is an over-
statement. It is true that only metaphysics can
discuss certain universal principles correctly.
But that does not make the other sciences formally
depend on metaphysics. Any particular science
starts with a certain number of assumptions, and, as
far as the internal necessities of that science are
concerned, these assumptions can remain unproved
assumptions. As long as a thinker works within that
particular science, he need never go back beyond
these assumptions. True enough, if the thinker
wants to find the foundation of his science outside
that science and continues his search far enough, he
will ultimately come to metaphysics. But this search
is precisely no longer within science." Introduction
to Being, Appleton-Century Crofts, Inc., N. Y.,

1952, p. 2783.

2. The thesis is not attempting to do what Father Louis-
Marie Regis warns against: "...to wish to construct
a discourse on Thomistic method oy taking science as
a point of departure is to try to justify intellect
by reason, the end Ly the means, the cause by the
effect which amounts to seeking an absurd criterion
by absurd means'. L.M. REGIS3, O.P, Epistemology, New
York, Macmillan 1959, p. 485. See also ",'eiro dans
le 1lit de Procuste", by Jacques CROTEAU, O.M.I., in
Revue de l1l'Universite d'Ottawa, 29 (1959), p. 181.
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of the rule requiring sensible beginnings for all scieﬁtific
theorising in the priority of existence over essence with
especial attention to what is peculiar to Einstein's method-
ological procedure in the observance of this rule,

Einstein insists on sensible beginnings for scientific
investigations. There is no logical path he contends from
sensible things to the first concepts and axioms of a system
of scientific deductive thought and experiences can do no
more than suggest, but the origins are firmly rooted to the
real world of sensible realities. There is no stronger
credo in the whole Rinsteinian epistemology.

At the same time there is lacking in Einstein's work
any foundations for this methodological law other than an
historico-pragmatic one. Now this cannot be spoken of as a
foundation even in the loosest terminology wut only as a
common sense ''rule of thumb" arrived at oy inductions from
the history of natural philosophy or 'science'" as it has
come to be called. Einstein speaks of Greek, Mediaeval,
"classical' i.e. Renaissance, and contemporary failures and
lays them all at the door of Idealism of one form or another
and then draws his lesson. Furthermore, the argument is
weighty. But it is burdened with all the uncertainty of the
inductive method in itself and can never raise itseif above
more than a mere probability or "statistical law", And yet
a foundation needs to be found for this empiriological rule

which can provide the stanility and certitude necessary to
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make it into a true law of scientific nmethodology and some-
thing which this powerful, modern scientific method should
have, even though it has learned to content itself with less.
Indeed, science has paid a high price for the abandonment of
all metaphysics, however unavoidable it might have been, per
accidens. At the present time, moreover, the very word,
"metaphysics' has become so pejorative with many scientists
that it constitutes a danger which Einstein, as will be seen
has noticed and criticized. Indeed, in this very criticisnm
lies the hope that the widespread contempt for metaphysics
can be modified preparatory to a re-evaluation by modern
thinkers of empiricistic peliefs in favor of a true meta-
pPhysics,

The thesiz will take as its point of departure the posi-
tion held oy Einstein himself that there is an ontological
reality behind the appearances of things, that something can
ne known about it and, furthermore, that such knowledge,
when it is sufficiently elaborated will serve the physical
investigation of nature in an explanatory way.3 Indeed, as
the eminent Pierre Duhem has pointed out regarding this type
of investigation: |

For such an inquiry to make sense or to be at all poss-—

ible, we must first of all regard as certain the
following affirmation:

3. See on this point, the article Dy Vincent E. SMITH,
"Philosophy and Science: a Task for Higher Xduca-
tion" in Redman, St. John's University, 9 (1960),
p. 14 f£f.
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Undexr the sensible appearances, which are revealed in
our perceptions, there is a reality distinct from these
appearances. This point granted, and without it the
search for a physical explanation could not ie con-
ceived, it is impossible to recognize having reached
such an explanation until we have answered this next
question: What is the nature of the elements which con-
stitute material reality? ....are they the elements
which really go to make up material things or (do they)
merely represent the universal properties perceived?y

Now these two questions: Does there exist a mater-
ial reality distinct from sensible appearances? and
what is the nature of this reality? do not have their
source in experimental method, which is acquainted only
with sensible appearances and can discover nothing be-
yond them. The resolution of these questions trans-
cends the methods used by physics; it is the object of
metaphysics.4 :

It should be noted, at this time, that the thesis pre-
cinds entirely from the question of the validity of Relativ-
ity Theory, itself. The hypothesis that the universe is a
curved space-time continuum, that it is finite sut anbound-
ed, that light energy considered in vacuo is a maximum and
absolute signal, etc., is not the concern of this work, even
indirectly. References which are made in the thesis to Re-
lativity Theory are therefore purely illustrative and are in
no sense an attempt to evaluate the theory metaphysically,
The thesis does, in a general way, take cognizance of the
almost universal acceptance of Relativity Theory by men of
the highest scientific reputations as well as of the froit-

fulness of the Theory in terms of its bower of prediction

4. The Aim and Structure of Physical Theory, forward Py
Loulis DE BROGLIE, transiated wy Philip P, WIENER,.
Princeton University Press, 1954, p,
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and apility to unify previbusly disparate phenomena. A1l
this it regards as positive signs of the scientific character
of the Einsteinian epistemology. Indeed Einstein has relat-
ed his discoveries in Relativity Theory to his own methodo-
logical approach, as will be seen. his is not to say that
the writer regards Relativity Theory as proven or final,
however,

The thesis will present in the first chapter the detadil-
ed feafures of the Einsteinian methodology drawing, whenever
possiple, from the primary sources of Einstein's own writ-
ings. It will also show here the actual workings of the
methodology in the first major contribution of Albert
Einstein, the Special Theory of Relativity. 1In the Second
chapter, a presentation and analysis of the metaphysical
views of Einstein will be undertaken. TFinally, in the third
chapter, the attempt will be made to find a foundation for
the Einsteinian methodology within the metaphysics of St.
Thomas Aquinas.

The writer wishes to express his gratitude first to the
Faculty of Philosophy of the University of Ottawa and in
particular, to his méntor, the Rev. Dr. Jacques Croteau,
C.M.I., for support in the choice of the thesis topic, for
an appreciation of the "Epistemological Proilem" as a result
of lectures attended at the University and for valuable,
painstaking criticism of the various parts of the thesis énd

for other assistances; to Dr. Jersy Wojciechowski for
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valuable insights into both science and philosophy gained
from lectures; to the Rev. Dr. Joseph P. Cwens, C.58.R., for
courses in metaphysics both at Ottawa and St. John's Univer-
sities and to Dr. William E. Carlo, wvisiting lecturer at
Oxford University and former graduate professor at St.dJdohn's,
for valuable assistance in metaphysics. The writer also
wishes to thank the Rev. Dr. Henri St. Denis, O.M.I., for

helpful encouragement toward the completion of this thesis.
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CHAPTER I

THE EPISTEMOLOGY OF ALSBERT EINSTEIN

Section A. The Inductive Beginnings of
Scientific Investigation

The famous use by Einstein of the elliptical non-Euci-
dean geometry of Reimann raised in its own way a point of
extreme methodological interest and controversy, dealing
with the question of the essence of geometry. Can geometry
be called a physical science after the manner of, say, ana-
iytical mechanics, so that not only its validity but whole
raison d'@tre has reference to the experiential world of
real things?

There can not be found in the writings of Einstein any
but relatively brief references to the essence of geometry,
or pure geometry, as it is technically called. An analysis
must be made of it, however, if Einstein's methodology is to
pe understood.

Does pure geometry, in the first place, satisfy the
general requirement of a physical theory which Einstein lays
down as "implying empirically testable assertions in gener-
al”?l Surely not, for in the first place, pure geometry
1. Albert Einstein, "Reply to Criticisms'", Albert Ein-

stein, Philosopher-Scientist, edited oy Paul SCILIDP,

New York, Tudor, 1951, p. 629. This volume will here-
inafter be referred to as AEPS.
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asserts nothing about physical space at all. Its theorems
are certain for the very reason that they are devoid of fac-
tual content. Historically speaking, as Einstein says, pure
geometry (and here we will speak of the first, systematic
geometry, viz, that of Euclid) had its origin, of course, in
experience, and even in the practical affairs of surveying
and astronomical researches of the Ancient Egyptians. 1In
this sense, it implies something physical. The Greeks geo-
meters, however, removed the science from bqth physical
origins with a systematic study of objects such as points,
lines, planes, sections, triangles, etc., representing
idealization of not only physical objects but of distances
as well. Thus they abstracted from the extension of dots,
rods and poards, at the same time assuming the length of the
rods to exceed any finite bounds. Next they proceeded to
set up what pecame, historically, the first example of the
axiomatic presentation of a mathematical science. It is a
known fact that the postutates or axioms on which Euclid
tased his system were not to be completed until the last
years of the nineteenth century by Pasch, and thus some of
the theorems were not logically deduced by Euclid at all.
But it is this very fact which illustrates the critics' poinf
about the nature of pure geometry, namely, its purely logical
character. For it is the postulates, and the postulates
alone, which contain all the "truth" that the system is to

have. But, at the same time, it proposes its postulates

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES
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provisionally, that is, as assumptions. Thus, Euclid's geo-
metry does not say that it is unconditionally true that the
sum of the angles of any triangle equals two right angles
but rather that any theorems which have been logically de-
duced from assumed postulates partake of the same assumption.
The mark of the whole system is not its self-evident truth
but its self-consistency. Thus, any appeal, whether expli-
cit or implicit to intuitive feeling about geometrical
figurés, to the evidence itself, or, what is most important
for this discussion, to the physical behavior of objects in
space, is prohibited. Cne even notices such a lapse in
Euclid wherein he makes use of ideas of motion and the
translation of bodies pased rather on experience than on the
rules of logical deduction. David Hilbert corrected thié
later by making the proposition a postulate,

Now it is this very restriction of all mathematics and
here, of geometry, to the strict process of deduction which
imparts to it its character of certainty. In geometry thered
fore, what is proven is the strictly relational character of
the theorems to the .assumed axioms which logically implied
them in the first place. In fact, except for the purely
psychological progress that has been made, no new truths
have been arrived at in the conclusion because these were
already contained in full in the postulate. Thus, it is
clear, truth of this conditional kind implies nothing about

experience and insofar as it remains mathematical in

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES
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character, never can. Indeed, it is precisely because it is

devoid of empirical content that such mathematical proper-

ties are certain.z Yet, it seemed nothing short of marvel-

ous that a system so purely logical, so empty of physical
content, could yet be considered as providing the structural
picture of the worid. Reichenbach refers to Kantianism as
at least one attempt to explain this deep mystery, by making
Euclidean geometry a category of the human mind:

As long as only one geometry, the Euclidean geometry,
was known, the fact that this geonetry could be used
for a description of the physical world, represented
a problem for the philosopher; and Kant's philosophy
must be. understood as an attempt to explain why a
structured system derived from the human mind can
account for observational reiations. With the
discovery of a plurality of geometries the situation
changed completely. The human mind was shown to we
capapble of inventing all kinds of geometrical systens,
and the question, which of tihe systems is suitable
for the description of physical reality, was turned
with an empirical question, i.e. its answer was
ultimately left to empirical data!9

But given this very logical, empty character of Fuclidean
geometry, on what grounds could the assumption of it as a
physical gébmetry se made? The answer of Einstein is that
when anyone uses the concepts of peints, straight lines,
etc., in statements about objects in the physical world,

this act transforms geometry into physics by charging purely

2. Cf., "Geometry & Empirical Science‘ by Carl G. HEMPEL

in the World of Mathematics, Vol. 3, New York, Simon
and Shuster, pp. 1635 .

o. H. REICHENBACH, '"Philosophical Significance of Rela-
tivity," AEPS, p. 302.
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mathematical ideas with physical meaning and content. It is
then that the ternm, "point", serves to designate the loca-
tion of a physical singularity, such as an atom or a rlanet;
while the term, "straight line" is made to refer to the pro-
pagation of a ray of light through space. In this way, each
geometrical concept acquires physical meaning and when this
happens, every axiom and theorem becomes contaminated with
the same sensivle reference. Thus is transformed a system
of pure géometry into one of physical geometry which, if

true, may be said to describe the real world of bodies in

space.4

4."0One of Linstein's most fundamental contributions to
scientific thought was his introduction of non-
Euclidean geometry into the foundations of physics.
Poincare had discussed the possibility of describing
Nature by some non-Euclidean system; but he offered
this suggestion only to dismiss it, for he bhelieved
that Euclidean geometry has an inherent simplicity
wiich no other geomelry possessed. In direct contra-
diction to this idea, Einstein greatly simplified
the description of Nature by assSuming = non-fuclid-
ean space.(l) But, as he and others emphasized, this
assumption is not of a géometric nature. Foxr geome-
try, in its synthetic aspect, deals with undefine
objects (called points, lines, planes, etc. cf. I,

and, in its analytic aspect, with arithmetically

defined objects (triples of numbers, linear equa-
tions, etc., cf. I, 2). Einstein's assumption on
the other hand, deals with physical objects such as
cross-hairs in telescopes and the light rays observ-
ed by astronomers, etc. It amounts, in fact, to the
hypothesis that certain physical objects behave like
points and lines of a non-LKuclidean rather than a
Tuclidean space. fowever, in formulating his hypo-
thesis about the physical world, Einstein employed
a geometric terminology, Indeed, his fundamental
idea may be split into two parts: (1) That a light
ray always follows the shortest path; and (2) That
these shortest paths have the properties of lines in
a non-Luclidean space. In this sense he geometrized
certain basic parts of physics, particularly the
theory of gravitation.v Karl Menger, "Theory of
Relativity and Geometry', AEPS, p. 464

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES
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In order for any geometry to become the same as physi-
cal science, according to Einstein, it must never leave by
way of abstraction, the sensible beginnings which are its
inspiration. In this way, Euclidean geonmetry would be con-
sidered a physical theory describing the possible relations
of rigid bodies in space.

If, however, one regard Euclidean geometry as the
science of the possible mutual relatins of practically
rigid bodies in space, that is to say, treats it as a
Physical science, without abstracting from its original
empirical content, the logical homogeneitg of geometry
and theoretical physics becomes complete.

For Einstein, not only the circle was first discovered
in the circular thing but also space, the concept, was
achieved from its counterpart in experience, viz, the inter-

val between solid objects.

5. A. Einstein, "Of The Method of Theoretical Physics,"
Issays in Science, New Yori, Philosophical Library,
(no date), p. 14. This book is the authorized
English translation from the volume, Mein Weltpild,
by Aibert EINSTEIN and contains only the scientific
articles from this original German edition published
Dy Querido VERLAG, Amsterdam, 1933, issays in
Science contains the following articles and subsequent
quotations from such articles refer to this boolk:
"Principles of Research''; "Inaugural Address to the
Prussian Academy of Sciences"; '"On Scientific Truth''j
"On the Method of Theoretical Physics'; '"Johannes
Kepler"; "The Mechanics of Newton And Their Influence
On The Development Of Theoretical Physics'; '"Clerk
Maxwell's Influence on the Evolution Of The Idea of
Physical Reality'; "Neils Bohr'; "On The Theory Of
Relativity'"; "What Is The Theory Of Relativity";
""The Problem of Space, Ether, And The Field In
Physics'; "Notes On the Origin Of The General Theory
Of Relativity"; "Relativity And The Ether'; "Address
At Columbia University'.

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES
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Considered, then, from the point of view of sense
experience, the development of the concept of space
seemns, after these brief indications, to conform to
the following schema:solid body; spatial relations of
solid bodies; interval! space. Looked at in this way,
Space appears as something real in the same sense as
solid podies.

This space which appears as a real thing, was a common-
place among ordinary men even in the days of ancient Greece.
In the physicalsc&mceofﬁMclid, however, it was not included
conceptually in the system. Instead, Euclid confined him-
self, according to Einstein, to concepts of the physical
osjects alone and the spaces between them. The concepts of
the point, the plane, the straight line, length, ete., re-
presented the idealization of these solid onjects. On the
other hand, spatial relations were viewed in terms of the
contact, by way of intersection, of lines, planes or noints
lying on straight lines, etc. Space as a continium does not
appear in the conceptual apparatus of Fuclid at all.

It is clear that the concept of space as a real thing
already existed in the extra~scientific conceptual
world., ZIuclid's mathematics, however, knew nothing
of this concept as such; they confined themselves to
the concepts of the object, and the spatial relations
between objects. The point, the plane, the straight
line, length, are solid otjects idealized. All spa-
tial relations are reduced to those of contact (the
intersection of straight lines and planes, points

lying on straight lines, etc.). Space as a continuunm

does not figure in the conceptual system at all. This

concept was first introduced by Descartes.7?

6. A. EINSTEIN, "The Problem of Space.....", p. 64,

7. Ibid.
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The framing of this geometrical concept of space (a
point which Euclid must have overlooked to have omitted the
whole concept of space) seems especially related to the in-
dependence that an interval has to be filled by any body
which can fit into the interval. Which again makes it plain
that space is not necessary a priori.

If two bodies are of equal value for the filling of

one such interval, they will also prove of equal value

for the filling of other intervals. The interval is

thus shown to be independent of the selection of any
special body to fill it; the same is universally true
of spatial relations. It is plain that this indepen-
dence, which is a principle condition of the usefulness
of framing purely geometrical concepts, is not necess-
ary a priori. In my opinion, this concept of the
interval, detached as it is from the selection of any
special body to occupy it, is the starting point of the
whole concept of space.$

The defect of Euclidean geometry for Einstein is that
it is not a physical system like analytical mechanics at
all. For what can any concept of straight line, etc., mean
unless one can point to a referent sensible object? And
unless the scientist, in examining his concepts, can discov-
er their physical correspondents in some formy Einstein
pictures the problem of an archaeologist who finds a book of
Euclidean geometry to illustrate this defect of the ancient
Greek science.

Suppose an archaeologist belonging to a later culture

finds a text-book of Fuclidean geometry without dia-

grams. He will discover how -the words ""point",
"straight-line", "plane" are used in the propositions.

8. Ibid.,
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He will also see how the latter are deduced from each
other. He will even be able to frame new propositions
according to the known rules. But the framing of these
propositions will remain an empty word-game for him, as
long as 'point', "straight-line", "plane", etc., convey
nothing to him. Only when they do convey something
will geometry possess any real content for him. The
same will be true of analytical mechanics, and indeed
of any exposition of the logically deductive sciences.
What does this talk of "straight-line", "point",
"intersection', etc., conveying something to one, mean?
It means that one can point to the parts of sensible
experience to which those words refer seeing if he can
discover anything which corresponds to those primary
terms_of the theory and the axioms liaid down for

them.

Thus, the whole value of Euclid's geometry stands or
falls on the basis of the same test which would be applied
Tto any science: '"The empirical contents and their mutual
relations must find their representation in the conclusion
of the theory. In the possibility of such a representation
lie the sole value and justification of the whole system....

10

(R}

When such a representation is never confirmed but
rather assumed, and this, in the name of an a priori psycho-
logical necessity, handed over to succeeding generations as
a sacred tradition, then incalculable harm to science is the
only result.

I am convinced that the philosophers have had a harmful

effect upon the progress of scientific thinking in re-

moving certain fundamental concepts from the domain of
empiricism, where they are under our control, to the
intangible heights of the a priori. This is

9. Op. cit. pp. 61-62.

10. A. EINSTEIN, 'On Method....", p. 15,
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particularly true of our concepts of time and space,
which physicists have been obliged by the facts to bring
down from Olympus of the a priori in order to adjust
them and put them in a serviceaple condition,"11
Einstein, of course, is here referring to the Kantian
category oi space which as an a priori form of sensibility
was identified with Euclidean geometry and made necessary a
condition for objects being presented to the senses,

But space cannot play its critical role in the develop-
ment of theoretical physics if it is locked permanently out-
side of geometry by the original oversight of Euclid and by
the subsequent, transmission of this error. It is Descartes
wiio begins the work of destroying this pernicious a priori
incubus by the invention of his system of coordinates within
analytical geometry.

"This concept (of space) was first introduced by Descar-

tes when he described the point-in-space by its coordin-

ates. Here for the first time geometrical figures

appear, up to a point, as parts of infinite space, which

is conceived as a three-~dimensional continuum,'+2

When in the evolution of scientific knowledge a need
arose for a conceptual apparatus to cope with a Nature, pe-
having dynamically, Euclidean science could no longer serve,
For motion could not be explained by a theory of mass points
with static distances between them. Only space, viewed as a
separate reality, and as conceived oy Descartes was able to
provide Newton with the framework he needed. The fact of

acceleration, alone, needed something more than a metric

11. A, EINSTEIN, The Meaning of Relativity, Princeton,p.2

12. A. EINSTEIN, “Problem of 3pace....", pp. 64-85.
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.

vetween points. It also needed space as a whole for the
inertia-producing action that had to be explained.

Insofar as geometry is conceived as the science of laws
governing the mutual relations of practically rigid
nodies in space, it is to pe regarded as the oldest
branch of physics. This science was able, as I nave
already observed, to get along without the concept of
space as such, tihe ideal corporeal forms-point, straight
line, plane, length veing sufficient for its needs. On
the other hand, space as a whole, as conceived by Des-
cartes, was absolutely necessary to Newtonian physics.
For dynamics cannot manage with the concepts of the mass
point and the (temporally variable) distance between
mass points alone. In Newton's equations of motion the
concept ol acceleration plays a fundamental part, which
cannot be defined by the temporally variable intervals
between points alone. HNewton's acceleration is only
thinkable or definable in relation to space as a whole.
Thus to the geometrical reality of the concept of space_
a new inertia-determining function of space was added, 13

The events in the discovery of nature beginning with
Descartes are so deeply related to the problem of space that
it serves as a whole documentary scheme of evidence in the
dethronement of Buclidean science as geometry for Einstein.
For viewed in its best sense it appears to Einstein only as
an unfruitful "empty word—game”,l4 serving at its worst, as
an albatross round the neck of scientific progress.

But it is not until the coordinate system was introduced]
that Euclidean geometry could be tested for its validity.
Even then, logic could not provide the test for, from the

standpoint of purely geometrical descriptions, all "rigig"

13. A. EINSTEIN, Op. Cit., pp. §5-56,

14. A. BINSTEIN, COp. Cit., p. &1
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coordinate systems are, among themselves, logically eguiva~

len‘c.l5 But physics can and does provide a means of testing

the validity of any geometry by actually measuring with the
use of rods and clocks. The testing, therefore, could be

done by a physical interpretation of the spatial coordinat-
es.l6 In fact, it is the whole purden of relativity physics,
especially of the special theory, to show the non-Euclidean
structure of the universe is a fact of experience sumnmarized
in laws-governing the status of solid bodies in space.

[

The introduction of co-ordinate systems accelerated
relatively to each other as equally legitimate systems,
such as they appear conditioned by the identity of
inertia and weight, leads, in conjunction with the
results of the special theory of relativity, to the
conclusion that the laws governing the occupation of
space oy solid vodies, when gravitational fields are
present, do not correspond to the laws of Euclidean
geometry.

But when the questions of the truth as opposed to cor-
rectness of geometry are concerned, there is a shift in the
Einsteinian interpretation of the meaning of geometry.
Einstein makes the following distinction about propositions
in general, first as related to a logical system and then,
as related to experience.

A propesition is correct if, within a logical system,

it is deduced according to the accepted logical rules.

15. A. EINSTEIN, "Autoviographical Notes', AEPS, pn. 27.

<

16. A. EINSTEIN, Op. cit. p. 55,

7. A, EINSTEIN, '"On The Theory Cf Relativity", p

. 50 .
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A system has truth-content according to the certainty
and completeness of its coordination-~possipility to the
totality of experience. A correct proposition borrows
its "truth" from the truth-content of the system to

0]

which it belongs.d8

Thus, a geometrical proposition would be correct (or
"true') when, starting out from certain definite conceptions
such as a plane; point, and straight line, we formulate this
bProposition or axiom in virtue of these ideas. Then bHy
deduction, all remaining propositions are shown to follow as
proven ffom the axioms. The question of the "truth" of the
individual geometrical Proposition is then reduced to Ttruth"
of one of the axioms. But thie concept "true" as applied to
pure geometry is meaningless because there is no intention
in it of relating it to reality but only to ideas within the
system.

The concept '"true'" does not tally with the assertions
of pure geometry, ocecause by the word "true" we are
cventually in the habit of designating always the
correspondence with the "real" onject; geometry, howeven
is not concerned with the relation of the ideas involved
in it to objects of experience, but only with the logi-
cal connection of these ideas among themselves. 1%

There is a tendency in pure geometry to be carried along
by the same deeply-lodged havit of thought derived from the
relation of all thoughf and experience. Since, moreover,
geometrical ideas correspond roughly to objects in nature,

this tendency is understandable. Thus, if we pursue this
18. A. EINSTEIN, "Autobiographical Notes', AEPS, p. 13.

19, A. EINSTEIN, "Special Theory of Relativity", Great
Books TFoundation edition, Henry Regnery 1931,7 5. 2.
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habit of thought to the poinf of seeing distance in terms of
two marked positions on an almost rigid body, then the
changes in positions to which the body may be subject, make
it a proposition to be treated now as a branch of physics.
Now, the question of the real truth of the geometrical pro-
pPosition can ve made and tested by measuring rods on the

objects involved.

If, in pursuance of our hapit of thought, we now supple-
ment the propositions of Buclidean geometry by the single
proposition that two points on a practically rigid body
always correspond to the same distance (line interval),
independently of any changes in position to which we may
sunject the body, the proposition of EKuclidean geometry
then resolve themselves into propositions on the possi-
nle relative position of practically rigid bodies. (L.)
Geometry which has been supplemented in this way is then
to be treated as a branch of physics. We can now . legit-
imately ask as to the "truth" of geometrical proposi-~
tions interpreted in this way, since we are justified in
asking whether these propositions are satisfied for the
real things we have associated with the geometrical

ideas. In less exact terms we can express this by say-
ing that iy the "truth" of a geometrical proposition in
this sense we understand its validity for a construction
with ruler and compasses.zo

The question of the truth of the zeometrical system has
finally become the province of the physicists rather than thd
mathematician who can still criticise, but only the question
of the logical coherence of fhe deductive processes. Here

mathematics can serve as a tool of inestimable value by pro-
vidiﬁg the machinery for the deduction leading from the pos-
tulates, which are now physically charged, to the theorens

20. A, EINSTEIN, "Special Thecry of Relativity", Great
Books Foundation edition, Ienry Regnery, 1931 p. 2.
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and conclusiocns of the whole.theory. ilere we may properliy
speak of the work of a mathematical physicist who at once
carries out the task of reasoning about postulates ireighted
with physical meaning with the end in view of obtaining con-
clusions confirmable 1y sensible tests.
A complete.system of theoretical physics is made up of
concepts, fundamental laws which are supposed to be
valid for those concepts and conclusions to be reached
by logical deduction. It is these conclusions which
must correspond without separate experiences; in any
theoretical treatise their logical deduction occupies
almost the whole book.=
Usually, the postulates are so remote frém experience,
that there is ﬁo wvay in which a direct experimental test can
oe made on them. There is, however, one celeprated test in-
volving the postulates of the sum of the angles of triangles
carried out by the great mathematician Gauss made possible
by the implied difierence between ellipticai and hypervolic
geometries. Using optical methods and rays of lights as
straight lines he calculated the angularity produced by
three mountain-tops in Germany and found it to be Luclidean,
that is 180°. The explanation provided many years later iy
Einstein was that only astronomical distances and those con-
taining heavy mass distribution could give evidence for the
non-Euclidean, Reimann continuum. But a physical geometry

must have conclusions with empirical contents for "in the

possibility of such representation lie the sole value and

21. A. EINSTEIN, "Of Method....". p. 14,
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Justification of the whole system and especially of the con-
cept and fundamental principles which underlie it,22
It is in connection with this problem that the eminent
5 A . . ’ . N
French physicist, Henri Poincare, raised douikts about exper-—
imental tests for physical geometry. Espousing a view
called "Conventionalism", he declared after Gauss' test that
Euclidean geometry had nothing to fear from such experiments,|
. . , . / . . .
Einstein parapihrases Poincare's views on Euclidean geometry
as follows:
An examination of geometry by itself is not thinkable.
Why should it consequently not ne entirely up to me to
choose geometry according to my own convenience (i.e.
Euclidean) and to fit the remaining (in its usual sense,
physical) laws to this choice in such manner that there
can arise ng contradiction of the whole with
experience, <
. ’ . . . N
To Poincare, the advantage in terms of simplicity that
Euclidean geometry had in addition to being more “natural"
Justified the use of ad hoc hypotheses, brought to "save
Euclidean appearances''. In this way, LBuclidean geometry
could always be maintained, and thus, the whole question of
a choice between it and non-Euclidean forms was purely a
. . . . . ) . /
matter of convention. Einstein replied directly to Poincaré
asking him to respect the simplicity of the whole system,
inclusive of geometry. Besides, says Einstein,
"Even if the empirically given bodies (used to test the
geometry) are not rigid, ..... it is noteworthy that

22. A. EINSTEIN, vof Method.....", p. 15.

23. A, EINSTEIN, "Reply to Criticism' AEPS, p. 679.
Here Einstein uses Poiicare as his Socrates.
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adherence to the objective meaning of length and to in-
terpretation of the differences of coordinates as dis-
tances (in pre-relativity physics) has not led to con-
plications.... 1In any case, it would have been imposs-
ible for Einstein de facto (even if not theoretically)

to set up the theory of general relativity if he Qad

. . : : 2
not adhered to the objective meaning of length™, <%

Indeed, it is true on the question of physical geonetry
that, given the.postulates of Relativity Theory, certain
findings in astronomical readings, especially in the crucial
1918 experiment, represent solid evidence in terms of a phy-
sical structure to ne understood in terms of non-Euaclidean
geometry. ut to speak of confirming evidence is not to
speak of truth .absolutely, inasmuch as phiysical theory must
berennially malke use of incomplete evidence. Einstein re-
cognized this from the theoreticai standpoint for he said
that "as far as the laws of mathematics refer to reality,
they are not certain; and as far as they are certain, they
do not refer to reality”.25 He recognized, therefore, the
inberent limitation of the methods of physical examination
of nature, viz., that this kind of "truth" is‘limi‘ced._26

In any case, it is the matihematical side of mathematical

24. A. EINSTEIN, Op. Cit., pp. 677-673,

25, A. EIRSTEIN, ""Geometry and Ixperience', Ideas and
Opinions, New Yorlk, Crown, 1954, p. 233,

26. A, EINSTEIN, '"Special Theory of Relativity", Great
Books edition, Chicago, Regnery, 1951, p. 3. “Tais
view must ve placed veside the often-repeated one
by EINSTEIN, in which he hopes by mathematico-
physical investigation to "grasp reality in all
its depths'. For a fuller discussion of this
problem see below Chapter II, Section A and
Section (.
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physics according to Einstein that is the bearer of whatever
certainty ever can be in the method of theoretical physics.
And indeed, the method gains its very fruitfulness, convinc-
ing us that the right way can be found, by the fact that
nature, herseif, is the embodiment of mathematical ideas:

Can we hope to e guided in the right way by experience

when there exist theories (such as classical mechanics)

which to a large extent do Justice to experience, with-
out getting to the root of the matter? I answer with-
out hesitation that there is, in nmy opinion, a right
way, and that we are capable of finding it. oOur exper-
ience hitherto justifies us in believing that nature is
the realization of the simplest conceivable mathemati-
cal ideas. I am convinced that we can discover iy
means of purely mathematical constructions, the concepts
and the laws connecting them with each other, which
furnish ﬁh§7key to the understanding of natural
phenomena.

But there are certain dangers in this attempt to intel-
ligibly penetrate into the nature of reality. 1If he is not
to end up in logical isolation because of the tremendous
diversity of nature which proportionately multiplies the
Possibility of his choices, the scientist must adhere close-
ly to the world of experience once he is within his system,
But how to pass from experience to the system without logic
to help him, as it cannot, is the problem. For physics,
related as it is to the world of experience, has a logical
independency which can completely isolate him.

A logical conceptual system is physics insofar as its

concepts and assertions are necessarily brought into

relationship with the world of experiences. Whoever
desires to set up such a system will find a dangerous

27. A. EINSTEIN, "Cf Method.....", p. 17.
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obstacle in arbitrary choice (embarras de richesse).
This is why he seeks to connect his concepts as direct-
ly and necessarily as possible with the world of exper-
ience. In this case his attitude is empirical. This
path is often fruitful, but it is always open to doubt,
because the specific concept and the individual asser-
tion can, after all, assert something confronted by the
empirically given only in connection with the entire
system. He then recognizes that there exists no logi~-
cal path from the empirically given to that conceptual
world. His attitude becomes then more nearly rational-
istic, because he recognizes the logical independence
of the system. The danger in this attitude lies in the
fact that in the search for the system one gan lose
every contact with the world of experience.?48

Time after time, Einstein is to stress the awful complex-
ity of scientific knowing, rife with almost a Paulian cata-
logue of dangers: Perils from experimental errors, perils
from the false brethern of the a priorists, the dangers of

logical attenuation and isolations, excessive rationalism,

of nature cannot tire because he is driven on to comprehend
a reality that he is convinced is knowable.
When I, on a certain occasion, asked Professor Einstein
how he found his theory of relativity, he answered that
he found it because he was so strongly convinced of the
harmony of the universe.
The source of this deep conviction has been identified
with the "spirit of the West'" which had its beginnings and,
in many ways, its greatest flowering in ancient Greece.

Here the view of the world was that of a cosmos, an ordered

universe, amenable to scientific investigation and

28. A, EINSTEIN, "Reply to Criticism", AEPS, p. 680.
29. H. REICHENBACH, ""Philosophical Significance of

Relativity", AEPS, p. 292.
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expressible in terms of systématic concepts and judgments.
Through the preservation of the spirit of that intellectual
tradition, (at least in one of its phases) Einstein came

undexr this spell of the West.

We reverence ancient Greece as the cradle of Western
science. Here for the first time the world witnessed
the miracle of a logical system which pProceeded from
step to step with such precision that every one of its
deduced propositions was apsolutely indisputable -~ I
refer to Euclid's geometry. This admirable triumph of
reasoning gave the human intellect the necessary con-
fidence in itself for its suossequent achievements, If
Euclid failed to kindle your youthful enthusiasm, then
you were not born to be a scientific thinier.9

But there were other influences which had to prevail
before science could be fully developed: This was the
wedding of pure reason with the facts of experience.

But before mankind could be ripe for a science which
takes in the whole of reality, a second fundamental
truth was needed, which only became common property
among philosophers with the advent of Kepler and
Galileo. Pure logical thinking cannot yield us any
knowledge of the empirical world; all knowledge of
reality starts from experience and ends in it.
Propositions arrived at by purely logical means are
completely empty of reality. Because Galileo saw this
and particularly because he drummed it into the scien-
tific world, he is the Father of Mfdern Physics -
indeed modern science altogether.®

H

Here is represented a tension, an antithesis, which

catches the eye & Einstein, as epistemologist of the scien-
tific method. For what he is curious about in this context
is "the relations between the content of the theory and the

totality of empirical fact'", which he calls 'the two

30. A. EINSTEIN, "Of Method....." p. 13.

H

L7

31. A. EINSTEIN, OCp. Cit., pp. 13-14,
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inseparable components of our knowledge, the empirical and
32
the rational",“”
In what sense, it must now be asked, is the first com-
ponent validly empirical? Einstein promptly tells us it is
not, and cannot be, in the sense of the empiricism of the
modern era, typified by Erast Mach.
I see Mach's greatness in his incorruptible skepticisn
and independence; in my younger years, however, Mach's
epistemological position also influenced me very great-
ly, a position which today appears to me to be essenti-
ally untenable. For he did not place in the correct
light the essentially constructive and speculative
-nature of thought and more especially of scientific
thought; in consequence of which he condemned theory on
precisely those points where its constructive-specula-
tive character unconccalablv comes to llght as for
example in the kinetic atomic theory. 33
The empiricist spirit of Einstein unlike that of Ernst
Mach, would not limit itself, in a positivistic way, to the
nmere mastery of experience under the doctrine of usefulness
or simplicity, merely attempting to catalogue or reduce the
facts of experience to an ordered whole. There is the joy
of discovery and the "reverences for the rational" that
makes man more than a sorting and recording machine of data
from without.
Although it is true that it is the goal of science to
discover rules which permit the association and fore-
telling of facts, this is not its only aim. It also
seeks to reduce the connections discovered to the smali-

est possible number of mutually independent conceptual
elements. It is in this striving after the rational

32. A. EINSTEIN, "0f Method....", p. 13.

33. A. EINSTEIN, '"Autobiographical Notes", AEPS, p. 21,
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unification of the manifold that it encounters its
greatest successes, even though it is precisely this
attempt which causes it to run the greatest risk of
falling a prey to illusions. But whoever has under-
gone the intense experience of successful advances
made in this domain,is moved by profound reverence
for the rationality made manifest in existence. 3%

In addition to these objections to Positivism there is

the epistemologiéal one which cannot accept faith in facts

in themselves as generative of knowledge without such facts

coming under the influence of reason.

cal,

The antipathy of these scholars, (Ostwald, Mach) toward
atomic theory can indubitably be traced back to their
positivistic philosophical attitude. This is an inter-
esting example of the fact that even scholars of auda-
cious spirit and fine instinct can be obstructed in the
interpretation of facts by philosophical prejudices.
The prejudice -~ which has by no means died out in the'
meantime - consists in the faith that facts by them-
selves can and should yield scientifiec knowledge with-
out free conceptual construction. Such a misconception
is possible only because one does not easily become
aware of the free choice of such concepts, which,
through verification and long usage, appear to he o
immediately connected with the empirical material.<®

In regard to the other component, the rational or logi-

taken in itself, Einstein had said, uneqguivocally, that

"propositions arrived at by purely logical means are com-

pletely empty as regards reality”,36 However, he adds that

"in a certain sense I hold it true that pure thought can

arasp reality, as the ancients dreamed".37

34. A, EINSTEIN, '"Science and Religion", Ideas and
Opinions, p. 48, T

35. A. EINSTEIN, ""Autobiographical Notes', AEPS, p. 49,

35. A. EINSTEIN, of Method.....™, p. 14.

37. A. EINSTEIN, Op. cit., pp. 36-37.
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It must be therefore that, in some way, the logical deduc-
tive processes of mathematical3§easoning become vested with
a factual experiential content. aﬁut how is this done?
Einstein tells us that this is accomplished through contact
with experience. However, while "experience may suggest

the appropriate-mathematical concepts, they most certainiy
cannot be deduced from it. Experience remains, however, the
sole criterion of the physical utility of a mathematical
construction".38 The ideal situation is when éxperience does
actually succeed in suggesting fundamental hypothesis. This
has happened ffequently in the history of scientific thought
and has resulted in immensely satisfying results when the
hypotheses are handled properly. ilowever, this is not to
say that there is a direct inductive method which one
follows from experience to the formulation of the fundamen-
tal concepts of the theory. The fact that this is not so is
clearly demonstrated by certain positivistic failure of
modern times which served to retard scientific progress

until Maxwell broke through the belief with his

37a."There is a lack of certainty in distinguishing the
assumption of some sort of ‘dark qualities'" o
thin%s from the fundamental theoretical thought....
And the same ambiguity remainis to some extent in
modern discussion. The most striking expression of
much ambiguity is in the concept of description it-
self. For this term serves to unite investigators,
who merely agree with each other in opposing spec-
ulation metaphysics, but who. cntirely disagree in
their positive interpretations of the logical
structure of physics." E, CASSIRER, Substance and
Function, New York, Dover, 1953, p. I38.

33, A. EINSTEIN, "Autobiographical Notes', p. 89.
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electromogmetic field theories.SY

There is no inductive method which could lead to the
fundamental concepts of physics. Failure to understand
this fact constituted the basic philosophical erroxr of
SO many investigators of the nineteenth century. It
was probably the reason why the molecular theory, and
Maxwell's theory were able to establish themselves only
at a relatively late date. Logical thinking is neces-
sarily deductive; it is based upon hypothetical con-
cepts and axioms. Iow can we hope to choose the latter
in such a manner as to justify us in expecting success
as a consequence?

The most satisfactory situation is evidently to be
found in cases where the new fundamental hypotheses are
suggested by the world of experience itself. The hypo-
thesis of the non-existence of perpetual motion as a
vasis for thermodynamics affords such an example of a
fundamental hypothesis suggested by experience; the
same thing holds for the principle of inertia of
Galileo. 1In the same category, moreover, we find the
fundamental hypotheses of the theory of relativity,
which theory has led to an unexpected expansion and

39."During the latter half of the nineteenth century
many scientists, in particular Ernst Mach, envisag-
ed the goal of physical science as the representa-
tion of processes through concepts inductively de-
rived from sensory experiences., OCn Einstein's view
the consistent application of Newtonian mechanics
carried theoretical physics beyond the phenomeno-
logical standpoint. The kinetic-molecular theoxry
of gases correlated phenomena which seems to pe
independent. Statistical mechanics furnished a
mechanical interpretation of the concepts and laws
of thermodynamics. This reduction of the phenomen-
ological stratum to an atomistic one required
assignment of real structure to material points
which thereby pecame atoms or molecules. Einstein
declares that the speculative-constructive charac-—
ter of these particles was obvious; no one could
hope to perceive an atom directly. The kinetic-
molecular theory of matter was opposed by an
empiricism which was represented by Lrnst Mach.
Mach viewed atoms as auxiliary fictions which were
to be discarded after the complete correlation of
sensations was achieved." Victor LANZEN, "Einstein
Theory of Knowledge', AEPS, pp. 375-6
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broadening of the field.theory, and to the superceding
of the foundations of classical mechanics.

And yet there is no way in which the concept can be made to
grow out of sensible experience. Unlike John Stuart Mill
who believed that mathematic ideas were direct inductions
from experience, the system of numbers is an invention of
the human mind whose constructive nature is easily discover-
able even though the concept of number belongs to pre-scien-

tific thought.4l

Nor is there any way in which theory may
be said to copy reality. As Margenau says, '"the central
recognition of the theory of relativity is that geometry,
regarded by Newton as a set of descriptive propositions
flowing from and summarizing physical experience, is a con-
struct of the intellect'. On this point Einstein has taken-
sharp issue not only with Newton but, as a result, with the
whole school of British empirism.42

Section B. The Formation of Primary Concepts
According to Einstein. Their Invention.

The scientific mind, according to Einstein, needs to

overthrow traditional notions of space and time and be free to

40. A. EINSTEIN, OQut of My Later Years, New York,
Wisdom Library, 1950, pp. 76-77.

41. A. EINSTEIN, "Remarks on Bertrand Russell's Theory
of Knowledge', Philosophy of Bertrand Russell,
Evanston, Illinois, Library of Living Philosophers,
1946, p. 286.

42, H. MARGENAU, "Einstein's Conception of Reality",
AEPS, p. 250.
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range over the whole spectrum of possibilities availaple for
its use, confident tihat there is a "pre-estaniished harmony*
and that the right way can be found. The scientific inves-
tigator must intervene between the multitude of sense
xperiences and the dynamics of constructive thought joining
them together by.a deliberate act. This is the method of
postulation of axioms which is the means of establishing
contact between the mind and reality and giving the derived
deductive system its factual referentials. Two close col-
laborators with Einstein have attempted to explain in their
especially unique ways, the strange, inexplicable yet vital-~
ly necessary iink that Einstein repeatedly says theory must
irave to experience. Henry Margenau writes:
A physical theory, i.e., an intelliginle picture of
reality, results when one geometry is postulationally
said to correspond to observation. Contact with real-
ity has then been made. Mystic experience of the real
is like a vast but formless reservoir of life-giving
substance; mathematics alone is a gallery of robots.
Select one of them and connect him with the real. If
you have chosen the right one, you may witness the
spectacle of man-made life; blood will course through
the previously empty veins of the artifact and a func—
tioning organism has oeen created. No one can tell in
advance which robot will cause this success to be
achieved; tge scientist of genius makes the proper
selection, =
And Hans Reichenbach, in another especially revealing
passage, enlarges upon the manner in which Einstein set up
his particular hypothesis, concerning first the egquivalence

of inertial mass and weight and then the hypothesis of the

non-existence of the ether. The latter was done as a direct

43. H. MARGENAU, Op. Cit., p. 251.
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result of the negative result of the Michelson experiments.
There is no logical justification for such extended assump-
tions, Reichenbach suggests, Einstein being guided simply by
an instinet for establishing what might be called "physical"
concepts in the sense that they are factually meaningful.

The physical depth of Einstein's ideas can be, indeed,
comprehended only when one realizes how this method of
reasoning is employed in his basic assumptions. This
wvas the case in the special theory of relativity. It
was known that several important attempts failed to
confirm the existence of ether; Einstein concluded from
this that, in general, no similar attempt can do better
no matter what means are used. The principle of equi-
valence reveals the same attitude. It is known that
mechanical. phenomena manifest no distinction between
accelerated motion and gravitational field; Einstein
concludes that this applies equally to all other phe-
nomena. From the standpoint of logic, one cannot speak
here of an inference, for this far-reaching assumption
cannot be logically demonstrated by means of the scant-
ily available facts. Rather, we have here a typical
procedure in physics, that of the formation of a hypoth-
esis; although a more extended assumption cannot be
logically justified, nevertheless it is wade in the
spirit of a conjecture. There seems to exist something
like an instinct for the hidden intentions of nature;
and whoever possesses this instinct, takes the spade to
the right place where gold is hidden, and thus arrives
at deep scientific insights. It must be said that Ein-
stein possesses this instinct to the highest degree.
His assuwmption cannot be justified in a purely logical
way, yzz they introduce new ideas quite in the right
place.

This "instinct" for 'physically real" concepts which
these authors attribute to Einstein has been given at least
a general epistemological evaluation by the latter. He
feels self-conscious about the word "metaphysical', not in

44. H. REICHENBACY, From Copernicus to Einstein, HNew
Yorlk, Philosophical Library, 1942, pp. 72=73.
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itself, but because of the possible scandal he might produce
in modern scientific minds who congratulate themselves on
having escaped from such pernicious influences. First of
all, Einstein remarks it is precisely "insofar as physical
thinking justifies itself....by its ability to grasp experi-
ence intellectually (that) we regard it as 'knowledge of -
the real'”.45 A basic conceptual distinction must be made
between sense on the one hand and mere ideas on the other.
Now, one cannot give a definition of this conceptual dis-
tinction which is other than a circular one, i.e.,, one mak-
ing hidden use of the object to be defined. Nor is there
any basic evidence which would help the distinction, such
as, when one distinguishes between two colors by means of
frequency differences. Yet to overcome solipsism, a distinc=~
tion must be made even though it must seem "metaphysical",
We make the distinction because we can thus better find our
way in the world of immediate sensations. But we must then
g0 on to the next step. We now represent these same sense
impressions as conditioned by two factors, namely the object-
ive and subjective. Again, we lack logical Justification
for what we do. But, this second invention is also necess-
ary to escape solipism again. We nmust "suppose", as it were
these two factors in order to hope to engage in physical

thinking. Thus the criterion of usefulness again appears.

45. A. EINSTEIN, "Reply to Criticisms", AEPS, »n. 674,
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But it is strongly emphasized that such concepts, or cate-
gories, or even schemes of thought, which we presuppose as
possessing objective factors are, in principle, freely
chosen and qualified only by the degree they can make all
the contents of our consciousness intelligible. The objec-
tive factor of our thoughts are all those concepts and con-
ceptual relations which are thougiht, independent of our
experience or our perceptions. Here, is the program we must
foliow if we are to think physically.46

It thus appears that objectivity to Einstein must come
to reside within the structure of a theory itself, i.e.,
with the very character of the logical system pretending to
represent reality. This is accomplished by the very postu-
lates of the theory from which are to he derived the deduc-’
tive consequences. These concepts of the theory are not
basically unlilie the way we form concepts in daily life,
simply more precisely defined. This greater precision is
achieved by that special technique characterizing the con-
cepts of physics derived from measurement. As a result of
this‘approach, the results, in turn, lend themselves to
mathematical formulation in physics whose '"whole realm is
accordingly definedfas that part of the sum total of our

knowledge which is capable of being expressed in mathemati-

re

Y

cal terms'", Indeed, the realm of physics secems only

46. Cf. A. EINSTEIN, “Reply to Criticism", AEPS, pp.
8Y3-674,

47. A, BINSTEIN, "The Fundaments of Theoretical Physics',
Out of iy Later Years, p. 95,
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limited oy the limitation of the method itself and, theo-
retically at least, does need not exclude the subject of
life itself from its proper field of investigation.

The general laws on which the structure of theoretical

physics is based claim to be valid for any natural

phenomenon whatsoever., With them, it ought to be

possible to arrive at the description, that is to say,

the theory, of every natural process, including life,

by means of pure deduction, if that process of deduc-

tion were neot far beyond the capacity of the human

intellect, 43

In. physics there are several kinds of theory. There is
the constructive, when starting point and foundation are hy-
pothetic constituents, such as the kinetic theory of gases.
lHere by the use of the concept of the molecular movement of
particles certain properties, e.g., their mechanical, ther-
mal and diffusional ones are pictured. Iere understanding.
is the embracing of these properties vy the theory. There
is, in addition, what Binstein calls the theories of prin-
ciples which are suggested by experiences as a result of
certain experiments. The theory of thermodynamics, which is
one example, derived its principle from the negative result
of attempts to demonstrate perpetual motion. The theory of
relativity is another. Here the negative result of Michel-

49

son's experiments, and others just as carefully carried

out, suggested the principle from which 'mathematical

48, A, EINSTEIN, "“Principles of Research', p. 3.

oo}

49, In the closing years of the nineteenth century, a
American Physicist, Albert Nichelson conducted his
famous experiment (repeated many times since)
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(continued) .
to test certain reputed existence of the ether,.
The theory held that since light fills the spaces
of the world, it must be supported by some medium
and this was called the luminiferous ether. Now,
inasmuch as the earth travels around the sun it must
have a different state of motion from that of the
ether. Thus, one may assume that the velocity of
light on the earth must vary with the direction of
the earth moving now on one side of its orbit then
on the other and only with regard to it can light
have its natural value.

His apparatus consisted of two horizontal
metal tubes, AB and AC diagrammed as follows:

C

AT

]

] !

{ 1

o

|

oo

[ -
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{

‘|\ PaTh of Earths orsit

i

' V/< _________ -

R ————C 3 B

In A there is a source of light from which
light is sent from to C and B denoted by arrows.
The experiment tried to test the question of the
simultaneous departure and return of the rays.

This would happen if the apparatus were motionless
with respect to the ether for then the speed of
light would e the same in both directions. Actual-
ly, the tuves rest on the earth and are involved in
the earth's own motion and aided by the movement of
the ether from A to B to A in opposition to its
movement from ACG to A the difference should be
registered by the apparatus since it was calculated
to be 10 times more accurate than necessary. Yet,
surprisingly, there were only negative inter-
ference and results., This long perplexed the
scientific world until Einstein theorized on the
non-existence of the ether, leaving ita mathematical
being.Cf. I, A, LORENTZ, "hMichaelson's Interference
Experiment'" in The Principle of Relativity, Dover
Press, pp. 3-7. T -
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formulae are deduced of such a kind that they apply to every
case which presents itself“.SO
Einstein does not appear to limit the achievement of
contact with the real world to scientific thinking. In fact
he uses the general process of human thinking as a framework
within which, because of its more precise form of thinking
produced by measurement, science may be located. Here, in
some detail, he describes the formation of ordinary concepts
from the welter of sense experience as well as the judgment
which is the act wherein "we attribute to the bodily object
a real existence™. By this process we orient ourselves in
tne flux of sense impressions possessing as it does a
stronger reference to reality however insecure it all may
really be. But for any thinking, it is the connection with
the sense impressions wiich alone justifies our knowledge of
the real worlid.
I believe that the first step in setting of a '"real
external world" is the formation of the concept of
bodily objects and of bodily opbjects of various kinds.
Out of thne multitude of our sense experiences we take,
mentally and arbitrarily, certain repeatedly occurring
complexes of sense impressions (partly in conjunction
with sense impressions which are interpreted as signs
for sense experiences of others), and we attribute to
them a meaning - the meaning of the nodily object.
Considered logically, this concept is not identical
with the totality of sense impressions referred to;
but it is an arbitrary creation of the human (or
animal) mind. On the other hand, the concept owes its

meaning and its justification exclusively to the total-
ity of the sense impressions which we associate with it

S0, A, EINSTEIN, "“Time, Space and Gravitation', Cut of
My Later Years, pp. 54-55. T
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cepts both for general and particular, or scientific thiniz-
ing, which is his prime epistemological interest is however

that of "free invention'". Thus he writes as follows:

lieve that the ideas and axiomns of physics were other than

free inventions of the mind. Instead, they thought that it

A

38

C

The second step is to be found in the fact that,
in our thinking (which determines our expectation), we
attribute to this concept of the bodily object a signi-
ficance, which is, to a high degree, independent of the
sense impression which originally gives rise to it.
Tiis is what we mean when we attribute to the oodily
object "a real existence". This justification of such
a setting rests exclusively on the fact that, by means
of such concepts and mental relations between then, we
are anle to orient ourselves in the labyrinth of sense
impressions. These notions and relations, although
free statements of our thoughts, appear to us as strong-
er and morz unalterable than the individual sense
experience itself, the character of which as anything
other than the result of an illusion or hallucination
is never completely guaranteced. On the other hand,
these concepts and relations, and indeed the setting of
real objects and, generally speaking, the existence of
"the real world", have justification only insofar as
they are connected with sense impressions between wiich
they form a mental connection.9l

The great Einsteinian emphasis on the formation of con-

The structure of the system is the work of reason; the
empirical contents and their mutual relations must find
their representation in the conclusions of the theory.

In the possibility of such a representation lie
the sole value and justificaticn of the whole systen,
and especially of the concepts and fundamental princi-
ples which underlie it. These latter, by the way, are
Iree inventions of the human intellect, which cannot ne
Justified either by the,natu;e of that intellect or in
any other fashion a priori, 92

Indeed, it was the error of Galileo and Newton to bhe-

[¢2

1. A. EINSTEIY, Op. cit., pp. 59-50.
A'

52. EINSTEIN, "Of Method .... ", p. 15.
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was the work of logical or extensive abstraction. He then
goes on to explain how it was that Newton, whom he calls,
"the first creator of a comprehensive, workable system of
theoretical physics', could believe that the basic concepts
and laws of his system were derived from sensible
experiences.
The tremendous practical success of his doctrines may
well have prevented him and the physicists of the
eighteenth and nineteenth centuries from recognizing
the fictitious character of the foundations of his
system. The natural philosophers of those days were,
on the contrary, most of them possessed with the idea
that the fundamental concepts and postulates of physics
were not in the logical sense free inventions of the
human mind out could be deduced from experience by
"abstraction" - that is to say by logical means. A
clear recognition of the erroneousness of this notion
really only came with the general theory of relativity,
which showed that one could take account of a wider
range of empirical facts, and that too in a more satis-
factory and complete manner, on a foundation quite
different from tihe Newtonian.©S3
Unfortunately, with respect to the discovery of the
principles or postulates of the system, says Einstein, there
is "no method capable of being learned and systematically
applied so that it lead to the goal'. And, of course, with-
out the principles themselves, all the mathematical machin-
ery avails nothing, for the theorist has found no starting
point, literally nothing to think about. Meanwhile, ''the
individual fact is of no use to the theorist" nor can he "do

anything with the isolated empirical generalization of more

or less wide application". No, without the principles to

53. A. EINSTEIN, "Of Method .....'" pp. 15-17.
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form the basis of deductive reasoning the theorist is
”helpless”.54

Einstein is here laying down what has properly been
called an epistemological system. 1Indeed, as F.S.C. North-
rup has remarked, in this respect, Binstein is rare even
among truly distinguished scientists. 99 Usually, he says
the scientist's methods are so incorporated in his habits
that he is like the truly natural athlete who performs
spontaneously, and without giving any conscious attention to
what he is doing. Einstein however, has given as much con-
scious effort to his own method of working as to the work
itself. ©Northrup has suggested that this very fact may ex-
plain the immense success of Einstein's scientific work.
e writes:

Moreover, his analysis of scientific method has taken
him beyond empirical logic into epistemology. 1In fact,
his technical epoch-making contributions to theoretical
physics owe their discovery and success in considerable
part to the more careful attention which he has given,
as compared with his predecessors, to the epistemologi-
cal relation of the scientist as knower to the subject
matter of physics as Lnown. °°

Linstein has emphasized the role that his theory has
played in making clear the role that free invention of the

fundamental concepts and postuliates of physics along with

54. A, EINSTEIN, “"Inaugural Address, p. 7.

55. F.S.C. NORTHRUP, "Einstein's Conception of Science',
AEPS, p. 7.

56. Ibid.
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their non-deducibility from experience by abstraction has
played. He does not appear, however, to attribute the
success of his scientific work directly to his thinking in
epistemology, as Northrup suggests. In fact, he does warn
about too strict a commitment to any one epistemological
system (which of course is an epistemological precept
itself), while taking notice of a due relationship which
should fruitfully owotain between the two disciplines,

The reciprocal relationship of epistemology and science
is of noteworthy kind,. They are dependent upon each
other. Epistemology without contact with science be-
comes an empty scheme. Science without epistemology is
~- insofar as it is thinkable at all - primitive and
muddled. Ilowever, no sooner has the epistemologist,
who is seeking a clear system, fought his way through
to such a system, than he is inclined to interpret the
thought-content of science in the sense of his system
and to reject whatever does not fit into his systen.
The scientist, however, cannot afford to carry his
striving for epistemological systematic that far. e
accepts gratefully the epistemological conceptual
analysis; but the external conditions, which are set for
him by the facts of experience, do not permit him to
let himself be too much restricted in the construction
of his conceptual world by the adherence to an episte-
mological system. He therefore must appear to the
systematic epistemologist as a type of unscrupulous
opportunist; he appears as realist insofar as he seels
to describe a world independent of the acts of percep-
tion; as idealist insofar as he looks upon the concepts
and the theories as the free inventions of the human
spirit (not logically derivable from what is empirical-
ly given); as positivist insofar as he considers his
concepts and theories justified only to the extent to
which they furnish a logical representation of rela-
tions among sensory experiences. e ilay even appear as
Platonist or Pythagorean insofar as he considers the
viewpoint of logical simplicity _an indispensable and
effective tool of his research.

57. A, EINSTEIN, "Reply to Criticism', AEPS, pp. 633~
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Einstein throws some further light on the origins of
these concepts when he discusses them fromvthe psychological
rather than the epistemological standpoint. In one of his
few references to the importance of the image,he writes as

follows:

The words or the language, as they are written or
spolken, do not seem to play any role in my mechanism'
of thought. The physical entities which seem to serve
as elements in thought are certain signs and more or
less clear images which can be "voluntarily" repro-
duced and combined.

- There is, of course, a certain connection between
those elements and relevant logical concepts. It is
also clear that the desire to arrive finally at logic-
ally connected concepts is the emotional basis of this
rather vague play with the above mentioned elements.
But taken from a psychological viewpoint, this combin-
atory play seems to be the essential feature in produc-
tive thought before there is any connection with log
cal construction in words or otiler kinds of signs which
can be communicated to others.?®

3 -
S

lfere we find Einstein clearly turning to the phantasms
in his imagination to serve him in his thought. He admits
that there must be a certain connection between "those
elements and relevant logical concepts'". Unfortunately, one
does not find him anywhere enlarging to any extent on this
important aspect of his own psychological processes.

He does spealk, of course, of his desire to produce
logically connected concepts as the emotional basis of such
play. It is the combinatory play of concepts, itself, which

characterizes productive thought. But the theoretical

[z}
&

Jacques HADAMARD, The Psychology of Invention in
the Mathematical Field, Princeton University Press,
1945, p. 143,
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physicist should not allow himself to be hampered oy episte-
mological prohibitions concerning either meaning or the
source of the concepts. Indeed, "the theorist who under-
takes such a labor should not be carped at as "fanciful"; on
the contrary, he should be encouraged to'give free rein to
his fancy, for there is no other way to the goal”., Then he
adds, '"this plea was needed; it is the line of thought which
has led from the special to the general theory and then to
the latest offshot, the unitary field theory”,S9
According to Einstein, it is the General Theory of
Relativity which demonstrated convincingly the free nature
of the principles of a theory. This theory has revealed
that »y using principles guite differentliy conceived from
those of Newton, it was possipble to comprehend nature even
more successiully than Newton has.
The fictitious character of fundamental principles is
periectly evident from the fact that we can point to
two essentially different principles, both of which
correspond with experience to a large extent; this
proves at the same time that every attempt at a logical
deduction of the basic concepts and postuiates of
mechanicg from elementary experiences is doomed to
failure.
Thus, he is saying that there is no inductive path from
experience to the postulates of a valid theory. The creat-
ive principle of theoretical physics lies with the free

inventive mind. Nor is there for Einstein any limitation in

52, A, EINSTEIN, "The Problem of Space', p. 70.

60. A. EINSTEIN, "Of HMethod .....'", p. 17.
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this creative function, in the Kantian sense, by any a

convinced of the indispensability of certain concepts (and)
took these - just as they are selected - to be the necessary
Premises of every kind of thinking and differentiatéd them
from concepts of empirical origin. I am convinced,” says
Einstein, "that this differentiation is erroneous".61

It was the very invention of non-Euclidean forms of
geometry that first liberated mathematical th@ught histori-
cally, and Einstein concedes the difficulties for Kant in
living before fhe time of these discoveries. But this is
not to deny that there is not for Albert Einstein as well as
for Kant, a spatio-temporal relatedness in thought other
than a purely sensual relatedness. But for Einstein it is
not a category imposed from the "intangible heights of the
a priori“.62

Instead, these spatio-temporal concepts are ones which
have been discovered by the free play of the inventive math-
ematical mind. TFar from being necessary such concepts are

tentative,63 and remain as such even after the resultant

6l. A. EINSTEIN, "Autobiographical Notes", AEPS, p. 13.
62. Cf. Supra, Note 52, p. 33.

63. EINSTEIN uses the word 'tentative" often when
referring to the deductive process of the theorist
e.g. "The predominately inductive methods appropri-
ate to the youth of science are giving place to
tentative deduction.' World As I See It, p. 92
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implications of such concepts have been effectively corre-

lated with sense data. Thus Einstein writes they 'cannot be

Jjustified by the nature of the intellect",64 As to the ob-

Jjective character of this Einsteinian concept of space-time,
Northrup writes significantly:

The space-time of Einsteinian physics is the related-
ness of the gravitational field of nature. It is fic-
titious in the sense that it is not a positivistically
immediate, purely denotatively, inductively given datum;
it is fictitious in the sense that it is discovered
only by a free play of the scientist's imagination and
not by the inductive method of extensive abstraction
from empirical immediacy; it is fictitious also in the
sense that it is only known positively by a leap of the
imagination, a leap even of the formal, purely intel-
lectual imagination; but it is not fictitious in the
sense that the sole source of its being is in the
knower or subject of knowledge. Instead, it constitutes
and is literally the physical relatedness of the physi-
cal object of knowledge. It belongs to nature. It has
its roots in nature; it is not restricted solely to the

£

mind of man.%9

And the concept of space-time, indeed any concept is
tentative because mathematical invention is not reality
itself but the method of grasping reality. Indeed to the
extent that propositions of mathematics refer to réality,
they are not at all certain, says Einstein.66 In addition,
in mathematics we are playing a game according to certain

rules themselves arbitrary, whose fixation is not final

64. A. EINSTEIN, The World as I See It, p. 133.

65. H. MARGENAU, "Einstein's Conception of Science",
AEPS, pp. 396-397.

66. Cf. Supra, Note 25, p. 17.
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since "there are no final ca£egories in the sense of Kant.67
In addition, the confirmation of the theory is only approxi-
mate since the variables are interpreted by the results

which are themselves approximate. The testing apparatus
itself is constructed on the basis of Newtonian physics

which as the Reldtivity Theory requires, hold only for short
distances. IEinstein speaks of this fact as follows:

in this methodological uncertainty, one might suppose

that there were any numver of possiple systems of

theoretical physics all with an equal amount to pe

said for them;pand this opinion is no doubt correct,

theoretically.®

Einstein uhderlines this fact of the tentative charac-
ter of theory best of all when he says that sense percep-
tions only gives information of the external world indirectj
ly.69

Here, no doubt, Einstein is aware of Berkeley's analy-
sis of the datum of the senses and its relative, private,
shifting characters. But what science needs is something
exactly opposite, i.e., something public and objective and
verifiable. For Einstein, this is achieved postulationally.

But it is precisely ivecause it is not related to sense data

87. A. EINSTEIN, "Physics and Reality', Out ofmyy Later
Years, Library, p. 61.

68. A, EINSTEIN, "Principles of Research", p.

69. A, EINSTEIN, "Maxwell's Influence', p, 40,
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directly that it is tentative. 70

Thus, Einstein must say "it follows from this that our
notions of physical reality can never be :Einal”.71

Einstein clearly states that a justification by the
senses would thus be no justification at all. He tells us
that what justifies the concept is the fact that they
succeed in helping us understand reality.

What I dislike in this kind of argumentation is the
basic positivistic attitude, which from my point of
view is untenable, and which seems to me to come to the
same thing as Berkeley's principle, esse est percipi.
"Being'" is always something which is mentally construct-
ed by us, that is, something which we freely posit (in
the logical sense). The justification of such con-
structs does not lie in their derivation from what is
given by the senses. Such a type of derivation (in the
sense of logical deducibility) is nowhere to be had,
not even in the domain of pre-scientific thinking. The
justification of the constructs, which represent '"real-
ity" for us, lies alone in their qual%ﬁy of making
intelligible what is sensorily given.

Einstein, of course, is allied to Kant on the question

70. "Formal logic in scientific method runs not from thd
empirical data to the postulates of the deductively
formulated theory but in the converse direction;
from the postulates back through the theorisms to
the data. This means that in scientific verifica-
tion, the logic of verification is always committ-
ing the fallacy of affirming the consequent of the
hypothetical syllogism. This does not entail that
a theory thus verified is false. It means merely
that it cannot be shown to be necessarily true. The
fact that the theory is thus indirectly confirmed
Justifies its retention. The fact that it is not,
however, related to empirical data necessarily
forces me to hold it tentatively". F. C. NORTHRUP,
Oncityp. 405.

71. A. EINSTEIN, "Clerk Maxwell's Influence ..." p. 40,

b

72. A, EINSTEIN, "Reply to Criticisms'", AEPS, p. 669.
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of the spontaneity of thinking. It is Jjust that, according
to Einstein, he went too far in calling these concepts
''necessary a priori"., If he had been satisfied to notice
that our thinking depends on categories of thought non-
deducible from the senses, there would be no objection to
his epistemology.

It seems to me, moreover, that you have not at all done
Justice to the really significant philosophical achieved
ment of Kant. From Hume Kant had learned that there
are concepts (as for example, that of causal connection),
which play a dominating role in our thinking, and which,
nevertheless, can not oe deduced by means of a logical
process from the empirically given (a fact which sever-
al empiricists recognize, it is true, but seem always
again to forget). What justities the use of such con-
cepts? Suppose he had replied in this sense: Thinking
is necessary in order to understand the empirically
given, and concepts and “categoriesynare necessary as
indispensable elements of thinking.”/3

Section C. The Deductive Process. The Rules of
Naturalness and Simplicity

In addition to the free, non-deducibie character of the
principles of scientific theory, there is also the strong
belief with Einstein that the world is best descriped in the
simplest way., Thus, when Poincaré, for example, recommended
Euclidean geometry because of its greater simplicity compar-
ed to other geometries, Einstein goes nim 'one better" as it
were, by rejecting Euclidean geometry for the same reason -

the reason of the total simplicity of physics,

73. A. EINSTEIN, Op. cit., p. 878,
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Against Poincare's suggestion it is to be pointed out

that what really matters is not merely the greatest

possible simplicity of the geometry alone, but rather
the greatest possible simplicity of all of physics

(inclusive of geometry). This is what is, in the first

instance, involved in the fact that today we must de-

cline as unsuitable, the suggestion to adhere to

Euclidean geometry.

This criterion of simplicity, of course, has often been
used by scientists and is often traced to the principles of
Occam's Razor and Leibniz' Identity of Indiscernibles.
Einstein notes that although an "exact formulation" of a
"logical simplicity of the premises of the bhasic concepts
and of the relations between them which are taken as a basis
«.s..meets with great difficulties (however) it has riayed
an important role in the selection and evaluation of theoried
since time immemorial".‘® The elucidation of the problem,
he epistemologizes, is not simply one of listing the premises
one by one, but of paying attention to the irreducible qual-
itative differences between each and evaluating them. In
addition, a system whose principies are most concrete is

nest.

The problem here is not simply one of a kind of enumer-—

ation of the logically independent premises (if anvthing

like this were at all unequivocally possible) , butthat of
a kind of reciprocal weighing of incommensurapie guali-
ties. TFurthermore, among theories of equally Usimple"
foundation that one is to pe taken as superior wiich
most sharply deiimits the gualities af systems in the

74, Ibid.

75. C. F, Hans REICHENBACH, "Philosophical Significance
of Relativity', AEPS, p. 291.
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abstract (i.e. contains the most definite claims)./b
By best, Einstein does not necessarily mean the truest.
Cn this point, he says, there exists a great amount of con-

ry ey

s i . . . , . o
fusion. By tae simplest is meant not the one ecasiest for

gf the student to absorb, "but the one which contains the few
p o . . ) . 78

possible mutually independent postulates or axioms', One
reason for this goal is to reduce to a minimum the content

of the theory which is not comprehended.79 Another reason

7G. A, EINSTEIN, ""Autobiographical Notes", AEPS, »n. 24,

77."Some confusion has arisen from considerations
referring to the property of simplicity. One de-
scriptionali system can oe simpler than another; but
that fact does not make it "iruer" than the other,
The decimal system is simpler than the vard-£foot-
inch system; but an architect's plan drawn in feet
and inches is as true a description of a house as-
a plan drawn in the decimal system. A simplicity
of this kind, for which I have used the name of
descriptive simplicity, is not a criterion of tiruth
Only within the frame of inductive considerations
can simplicity be a criterion of truth; for
instance, the simplest curve petween observational
data plotted in a diagram is regarded as “"truer',
i.e., more probable, than other connecting curves.
This inductive simplicity, however, refers to non-
equivalent descriptions and does not play a part in
the theory of relativity, in which only equivalent
descriptions are compared. The simplicity of de-
scriptions used in Einstein's theory is therefore
always a descriptive simplicity. For instance, the
fact that non-Euclidean geometry oiten supplies a
simpler description of physical space than does
Euclidean geometry does not make the non~Euclidean
description "truer". ii. REICHENBACH, "Philosophi-
cal Significance of Relativity," p. 225, AEPS3,

78. A, EINSTEIN, "Address at Columbia', p. 113.

~
o
.

Ibid.,
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46 ,
is in imitation of Nature, which manifests '"the mysterious
harmony”.80 And, as if in imitation of that fact of nature,

men struggle to express themselves according to ideals of
geometrical simplicity.

As far back as ancient times people devised the lines

exhibiting the simplest conceivable form of regularity.

Among these, next to the straight line and the circle,

the most important were the ellipse and the hyperbola.

We see the last two embodied - at least very nearly so

- in the orbits of the heavenly bodies.

Then, too, there is the creative function of the pursuit
of this ideal. For if the scientist sets purposively about
"looking for the mathematically simplest concepts and the
link between them", he will arrive at the "simplest mathema-
tical fields that are possible in a metrical continuum of
four dimensions”.82 And in perhaps the classic passage in
Einstein's epistemological writings, he says this goal bore
fruit in the general theory of relativity.

The physical world is represented as a four-dimensional

continuum, If in this I adopt a Reimannian metric, and

look for the simplest laws which such a metric can sat-
isfy, I arrive at the relativistic gravitation theory
of empty space. If I adopt in this sSpace a vector-field,
or the anti-symmetrical tensor-field derived from it,
and if I look for the simplest laws which such a field
can satisfy, I arrive at Maxwell's equations for empty
space.

Beyond the successes of relativity theories which Ein-

stein regards, of course, as short of the goal, is the strugglke

80. A. EINSTEIN, "Principles of Research, AEPS, p. 27.
81. 1Ibid.

82. A. EINSTEIN, "Of Methods ....", AEPS, p. 19.

83. A. EINSTEIN, Ops_cit,, pe 13.
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towards a Unified Field Theéry which also must involve the
ideal of the paucity of mathematically existent fields and
of the relations between them "wherein lies the hope of
comprehending reality in its depth'.
Einstein imposes this condition of simplicity both on
the base or axiomatic foundations of the deductive process
and on the steps of the process itself. This ideal of
logical simplicity is borne out very well in the considera-
tion of.the cosmological constant of Einstein to which he

gave the name of the Greek letter, lambda or <\ .

34,

47

o4

85

"Simplicity and comprehensiveness are actualized in
the theory of relativity in a most impressive way;
the general theory includes the special theory for
the special limiting case of g = const. The form
of the laws of nature must be covariant with re-
spect to arbitrary transformations, and the tensor
analysis makes such a formulation possible. The
immense heuristic value embodied in this postulate
of general covariance is obvious; it restricts the
possible laws of nature to t hose that satisfy the
covariance condition.'" Ilse RCSENTHAL~SCHNEIDER,
"Pre-Suppositisms and Anticipations, AEPS, p. 138.

"The story of the 'cosmological'constant' also
throws an interesting side light on this issue.

The simplest law of gravitation, which related the
second order, divergence-free tensor R,“f~'/,“},u.v
directly to the natter-energy tensor Tamv , was
regretfully found to be in error bhecause it failed
to account for the finite mean density of matter in
the universe. Proceeding under the restraint of
the simplicity conviction, Einstein introduced into
his law the minimum complication by adding the term
AK@qAbeing the cosmological constant. This amount-
ed to a most unwelcome sacrifice. In reading the
Appendix for the Second Edition of The Meaning of
Relativity (1945) one senses the relief which the.
author of this augmented law of gravitation experi-
enced at the work of Friedmann, who showed that the
cosmological constant is, after all, not needed.”
Henry MARGENAU, Op cit., p. 257,
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After having discarded the inconsistent concept of a lumni-

ferous ether and replaced the Lorentz's hypothesis, invented

ad hoc to explain the negative results of Michelson's exper-

iment, with his theory of the relativity of motion, based on
the constant velocity of light as an absolute signal, he
became dissatisfied with the introduction of the constant
4\ . The reason was it seemed to interfere with the ideal
of logical simplicity. Because of this he was relieved at
Hubole's theory of the expanding universe and Friedman's
assumption which did not employ the constant.

He says he was not happy about having to renounce the
logical simplicity of his theory but it .....

appeared to me unavoidable only so long as one had no
reason to doubt the essentially static nature of space.
After Hubble's discovery of the "expansion" of the
stellar system, and since Friedmann's discovery that
the unsupplemented equations involve the possibility of
the existence of an average (positive) density of
matter in an expanding universe, the introduction of
such a constant appears to me, fromnphe theoretical
standpoint, at present unjustified.®©

Einstein is confident that physics is gradually but

surely tending toward this goal of logical simplicity. The

[« Ty

process is one which he calls '"evolutionary",® But, in

3G. In point of fact, the probvlem is Ly no means solved
because Friedmann's equations imply an age of the
universe af a mere billion years whereas, as Einstein
says, in view of the reliably known age of
minerals "the duration allowed for the expansion of
space to the present appears smaller than is credi-
ble." Cf. A. EINSTEIN, "Reply to Criticisms", AEP3,
P. 6385,

7. A, EINSTEIN, "Physics and Reality", Out of My Latexr
¥ears", p. 93.
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order to accomplish it he says we must '"make up our mind to

accept the fact that the logical pbasis departs more and more
from the facts of experience.88 This means that the funda-
mental assumptions of a physical theory and the conclusions
of such theories are separated by a gap growing progressive-
ly wider as the'logical structure becomes more unified, %Y
Thus, the theoretical structure of a science ''needs to be

thoroughly elaborated before it can be compared with experi-

90

ence', This will result in the formation of a "wide chasm

88. Ibid.

89. "This drifting away from phenomenological physics,
this loss oi closeness to experience for the sake
of greater comprehensiveness and unity, can be seen
in the whole development of modern physics. 1In
general relativity, for instance, the four co-ordi-
nates by themselves had no longer any direct physi-
cal meaning, they were only mathematical symbols,
and the theory obtained its physical foundation by
the introdgftion of the invariant infinitesimal
distance ds= ‘,‘Zi?ﬂvpr-yx:,. Ilse ROSENTHAL-SCHNEIDER,
"Pre-Suppositiions and Anticipations", AEPS, p. 131.

Again, "iIn Maxwell's theory, the symbols, in

the alteration of which the characteristic feature
of the theory depends, are retained through the de-
duction and appear in the law which is compared with
experiment. Accordingly, it is possible to give
some idea of what these symbols mean in terms of
things experimentally observed. But in Sommerfeld's
or Einstein's theory the symbols, which are necess-
arily involved in the assumption which differentia-
tes their theories from others, disappear during
the deduction; they leave a mark on the other sym-
bols which remain and later the relation between
them; but the symbols, on the relations of which the
whole theory hangs, do not appear at all in any law
deduced irom the theory. It is quite impossible to
give anyidea of what they mean in terms of experimant
Norman CAMPBELL, What is Science , Dover, (1921)
16562, p. 157.

90. A, EINSTEIN,"The Problem of Space', p. 859,
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separating the axioms from their verifiable conclusions,

. . . . , . n] At tes oy 91
which can only be bridged by much intense, hard thinking",
The theory of Relativity shows this modern tendency of
science especially well wherein, from a start in sense exper-
ience, the theory becomes more aistract and remote from sensd
data to be guided only by purely formal consideration.

The theory of relativity is a fine example of the fundad
mental character of the modern development of theoreti-
cal science. The hypotheses with wvhich it starts be-
come steadily more abstract and remote from experience.
On the other hand it gets nearer to the grand aim of all
science, which is to cover the greatest possible number
of empirical facts wy logical deduction from the small-
est possible number of hypotheses or axioms. Meanwhile
the train of thought leading from the axioms to the em-
pirical facts or verifisble consequences gets steadily
longer and more subtle. The theoretical scientist is
compelled in an increasing degree ito bhe guided oy pure-
1y mathematicg%, formal considerations in his search
for a theory.?<
At this point in the consideration of the Einsteinian
epistemology the fullest attention must Je paid to the dif-
ferences which ontain vcetween .Einstein and Mach on what
might be called the question of ""Phenomenological Physics".
Einstein has always felt it necessary to explain himself on
the question of "pesitivism" in science,
According to Mach and his school, the postulates and
fundamental laws of pPhysical theory should be limited to

containing only such as are related to and definable oy dir-

ect verification or by no more than a very short extension

91l. 1Ibid.

92, A, LEINSTEIN, "The Problem of Space', p, S

°

w
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from such onservation. Thué Einstein writes, "ile (Mach)
conceived every science as the task of bringing order into
the elementary single observation which he described as
sensations“.EB
As has been seen, Einstein formulates his theory in
long deductive drguments which made no attempt to retain’an
empirical content.94 However, he also held that there must
oe a connection in the conclusions of the theory which, in
fact, are necessary to test the whole valiidity of the theory
itself. This requirement regarding the theoréms is positiv-
istic, therefoie, in the sense that the general principles
are "ultimately" checked by direct experimental observations.
However, it is necessary to "place in its correct light the
essentiafly constructive and speculative nature of thought
and especially of scientific thought”.95 And “"this Mach
and certain other nineteenth century scientific thinkers
did not do, condemning a theory on precisely those points
where its constructive-speculative character comes to light,
as for example, in the kinetic atomic theory”o96

Now it is true that Mach, himself, was reacting to the

[{e}
[

A, EINSTEIN, "Obituary on Mach'", Physicalisch
Zeitschrift, XVII (1916), p. 101.

94, Cf. Bupra, Note 89, p. 49,
95. Cf. Bupra, Note 33, p. 21,

us., Ct. Supra, insid.
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prevalent nineteenth century idea that scientific laws and
concepts could be derived from experience by "abstractions'.
In this respect, Einstein says, he and Mach agree. ¥F.S.C.
Northrup refers to this aobstraction rejected by Einstein as
the "extensive abstractions of Aristotle and Whitehead".

Einstein's ‘dictum that the "axiomatic basis of theoret-
ical physics cannot be abstracted from experience but
must be freely invented" entails the rejection on the
one hand of the positivistic, purely empirical, Humean
philosophy, which would reduce all scientific meanings
to .nominalistic particulars, and also, on the other
hand of the Aristotelian and Vhltcheadvan epistemology,
which, while admitting universal or nontemporal invari-
ant meanin"", would nonetheless insist upon deriving
them from emplxlca% immediacy by the method of oyten—
sive abstraction.®

In this connection it is interesting to read the criti-
cism of Northrup by Paul Ushenko of Princeton which suggests
that Northrup has mislead Einstein on the doctrine of
abstractions. Einstein regarded Whitehead's views as an
attack upon his own doctrine of the Relativity of Simultane-
ity, but Ushenko maintains it was Northrup's interpreta-
tion of Whitehead's views which disaffected Einstein.

An examination oi Northrup's contention is in order not
only because, in the context of his interesting article
on ”Whltehcad 5 Philosophy of Science" the misinterpre-
tation enjoys an appearance of plausibility, but also
because Northrup may have succeeded in misleading Ein-
stein. In an attempt to explain to Finstein Whiteheads
position Northrup made the following statement:

Wnen Whitehead affirms an intuitively given mean-
ing of simultaneity of spatially separated events he
means immediately sensed phenomeno- logical events, not
postulated puniic physically defined events..... Ve

7. ¥.S.C. HORTHRUP, "Einsteins Conception of Science’,
AEPS, p. 395,
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certainly do see a flash in the distant visual space of
the sky now, while (and subsequently?) we hear an ex-
plosion beside us. His reason for maintaining that
this is the only kind of simultaneity which is given
arises from his desire, in order to meet epistemologi-
cal philosophical difficulties, to have only one con-
tinuum of intuitively given events, and to avoid the
bifurcation between these phenomenal events and the
postulated physically defined public events.

Northrup tells us that Einstein's comment on
Whitehead's theory thus presented was: "on that theory
there would be no meaning to two observers speaking
about the same event'. This comment is a reductio ad

absurdum not of Whitehsad's view but of Northrup's
account of the latter.98

Einstein, however, gives at least some value to the
doctrine of abstractions in the following words. He says:

(It is) because the physical experience of the experi-
menter cannot 1lift him into the regions of highest ab-
straction. The Predominantly inductive methods appro-
priate to the youth of science are giving place to
tentative deduction.

However, more often, he rejects "abstraction" as pro—A
ductive of any fruitful scientific methodology.

On the question of Einstein's doctrine of the relativi-
ty of simultaneity, Ushenko admits that Whitehead has criti-

cized the doctrine of simultaneity but not the scientific

98. A. USHENKO, "Einstein's Influence on Contemporary
Philosophy'", AEPS, p. 624.

99. A. EINSTEIN, "The Problems of Space', p. 69, The
use of the word '"abstraction" here seems to be
something more than a concession to language custom
by Einstein, but to call attention to the unavoid-
ability of the notion of abstraction viewed not
only as a terminal condition of knowledge but as an
epistemological process as well. Thus it would
Seem one cannot reach ''the regions of highest

abstraction”" without an abstractive act to get one
there.
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is confirmed by lengthy deductive processes lending to con-
clusions capable of ieing tested and not by immediate anpre-
hension. Ushenko insists that there is ""ample room Tor
inowledge oy inference" in Whitehead's doctrine of extensive
abstraction and'ﬁhat this very method in Whitehead's hands
provides too many illustrations of the fact to doubt it. de
claims that Northrup misunderstands Whitehead's axionm,
"Nature is nothing else than the deliverance 6f sense-
avareness',

Actually,‘he says, Whitehead does not assert that per-
ceptions account for all our Lknowledge. iiis position is
that "there are no kinds of things in nature except the

kinds which, in principle, can be knowa directly through

161

perception'. And yet, this would seem to connote a

different kind of coaceptual-sensible relationship than the

1O0C. M. Bergson has devoted an entire sool: to the ex-
planation of his views on this question and to the
detailed refutation of what he considers an initial]
and essential error on the mart of Einstein. 1In
it Bergson tries to prove that Einstein's relativ-—
ity of simultaneity is but a mirage, an artificial
and false phenomenal image and that the sinulitan-—
eity of twc events does, in fact, have an absolute
value which is accessible to all dasses of obser-
vers. Thaattempt to appraise this criticisnm by
Bergson as well as oy M. Maritain is not the pur-
Posg of this thesis however. Cf. II. BERGSON,
Durde et simul*anéité, Parig, Alcan, 1£28; also
CI. J. MARITATY, "fouveau D&nAts Einsteinien', in
Revue Universelle, (April 1, 1923) »

1C1. A. UBHENXC, Op Cit., pp. $24-025.
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one proper to Einstein for Qhom, as he says, concepts are

to the sense-experiences ''mot like the soup to the beef nut
more like the cloakroom number to the coat”.lo2 Using this
analogy, then, Uinstein would begin his work of theoretic
deduction from a concept or complex of concepts quantita-
tively related to sense experiences but, of course, not
abstracted from them. The cloak room number would then be
freely invented, in the sense that another number could
arbitrarily have peen chosen for the coat. But a wrong
number could also be given such as one proper.for hats or
umbrellas or even one already given out for another coat.
There must then ve an intuition or feeling for the right
cloakroom number so well prought out by Reichenbach.103 But
there must oe freedom in this intuition in order that the
consequences must be successiul i.e. the right coat given
back., Using this analogy, then, there is implicit in the
cloakroom number the whole chain of events leading to the
successful handling of the coat. And it is to this "physi-
cal entity" i.e. the cloakroom number, that the scientist
turns to begin his deductive work. 'There does not appear to
be any doubt that thevcloakroom numper is really an image,
which he said earlier, '"seems to serve as elements in thought
....more or less clear....which can be "voluntarily" repro-

duced or combined.

10Z. A, EINSTEIN, "Physics & Reality", Out of My Later
Years, p. 65.

103. Cf. . REICHENBACH, From Copernicus +to Einstein,
New York, philosophical Library, 1942, pp. 72-73.

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES




UNIVERSITE DOTTAWA .. ECOLE DES GRADUES

56

Thus, Einstein seems to notice that the mind turns to
the phantasms as material representations of sensible things
in the first instance. Beyond this there is the realization
by Iinstein that the positivistic requirement that the chain
of deductive thought needs to be kept short and close to
observation, waé an oversimplification of the problem of
logical theory by Mach and his followers and harmful to
scientific progress. Mach's rejection of atoms pecause they
could not be seen, is an example of this.lO4

Einstein, in opposition to Mach, stressed the specula-
tive~constructive character of thought and as a result of
the insights gained into the structures of deductive theo-
rizing, what might e called a liberalizing process pegan to
take place among the neo-positivistic school of the early
twentieth century. It was a case of trying to adjust to the
successful method which had been employed by Einstein in his
theoretic work.

The name of this new school of thought, of course, was
that of '"Logical Empiricism' which tool the new view that
the concepts and axioms of scientific thinking are free pro-
ducts of the creative imagination. These concepts were not
limited to sensible positive experiences, viz: observational
terms such as the color or weightdof a body, but could in-
clude atoms, space, points, etc. They perpetuated the posi-

tivistic requirement however that the justification for the

104, Cf. Supra, Note 38, p. 24.
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concepts and deductive processes however attenuated must be
that of confirmation by experience. No other standard of
validation was permitted such as ideals of mathematic form,
simplicity, unity coherency, etc.

Actually, the insistence of Mach on positive observa-
tion and reSLrlctlon to sense data as marks of science was
in line with the general attack on the "empty talk of meta-
phy 51cs” of which Hume's remarks are the classic example.

If we talie in our hand any volume of dLv1nlty or school

metaphysics, for instance, let us ask, '"does it contain

any austract reasoning concelnln guantity or number¢"

No. '"Does it contain any experimental reasoning con-

cerning matter of fact and existence?" No. Commit it

then to the flames I8r it can obtain nothing but soph-
istry and illusion.?t

Thus, when the "Science of Mechanics' of Mach appeared
in 1883 its aim was described by him as that of trying to
"clear up ideas, expose the real significance of the matter

. e . . sy 106
and get rid of "metaphysical obscurities'.

Einstein frequently admits his debt to Mach moreover+07
and goes so far as to suggest that if Mach had the pencfit
0% Michuaelson's experiments on light, he probably would have
discovered the relativity of motion before him, 108

105. David HUME, Enguiry Concerning Human Understanding
Harvard Class1cs Vol. 37, p. 445,

106. E. MACH, The Science of Mechanics, preface to the
first edltlon, London, Open Court Pub.,Co., p.xiii,

107. Ci. Supra, Note 33, p. 21.

108. A, EINSTEIN, Ideas and Opinions, p. 248,
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The relationship that Mach had to Hume was so close,
however, that inevitably, Einstein who differed with Hume on

the role of phenomenon, and on the notion of causality, came

to differ with Mach on tnese two same issues. In the Sciend

of Mechanics, kach reveals his views on this subject:

In speaking of cause and effect we arpitrarily give re-
lief to those elements to whose connection we have to
attend in the reproduction of a fact in the respnect in
which it is important to us. There is no cause nor
effect in nature; nature has but an individual exist-
ence; nature simply is., Recurrences of like cases in
which A is always connected with B, that is, like re-
ults under lilke circumstances, that is again, the
essence of the connection of cause and effect, exzict
but in the abstraction which we perfgrm for the purpose
of mentally repioducing the facts. 1V

Again, on the role of sensations:

Nature is composed of sensations as its elements.
Primitive man, however, first picks out certain com-
pounds of these elements - those namely that are rela-
tively permanent and of greater imporitance to himn.

The first and oldest words are names of "things". Even
here, there is an apnstractive process, an abstraction
from the surroundings of the things, and from the con-
tinual small changes which these compound sensations
undergo, which bheing practically unimportant are not
noticed. No inalterable thing exists. The thing is an
abstraction, the name a symbol, for a COTEBund of
elements from whose changes we abstract.

Thus, while Einstein had high esteem for Hume, remarl-
ing that he was surprised "so much owuscure stuff' could
still be written after him by philosophers and could find
grateful readers, his actual debt to Hume was psychological

rather than epistemological:

10¢. E. MACH, Op. cit., p. 580,

110, E. MACH, Op. cit. p. 579-580.
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The type of critical reasoning which was required for
the discovery of this central point was decisively
furthered, in my case, especially by the reading of 111
David Ilume's and Ernst Mach's philosophical writings.~~
Einstein's scientific methodology is predicated upon tihd
strongest faith in a causality not as conceived sy Hume in

the subjectivist terms, stabilized by Kant and later prac-

ticed by Mach., His view was first of all an empirically

determinable connection between a scientifically calculated

1

b2

}

event and the future state which it logically implies.
lfore accurately, it is a view of a universal, rigidly deter-
mined causation:

When one views the matter historically, one is inclined
to looi upon science and religion as irreconcilasle
antagonists, and for a very obvious reason. The man
who is thoroughly convinced of the universal operation
of the law of causation cannot for a moment entertain
the idea of a being who interferes in the course of
cvents - that is, if he talies the hypothesis of causal-
ity really seriously.lia

It is a full dress causality for the world, considered
macroscopically. But at the same time, it is neither a
Humean-jMachean subjectivist view denying that reason could
discover the causal connections which operated in the real

world or a Kantian one which imposes causality by a

111, A, EIVSTEIN, “Autobiographical Notes', AEP3, p. 53.

112. A, BINSTEIN, 'Mechanics of Newton'", »n. 30. Here,
Professor Einstein tells us that he refused to re-
lease certain ideas on his theory of General fela-
tivity because they seemed to controvert his Lelief
in causality.

113, A, EINSTEIN, '"Religion and science’, Ideas and
Opiniocns, p. 39.
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hnecessary causal category. -To the extent that both Hume and

Kant rejected the direct abstraction of causal connections
vetween things from sense experience, Einstein, however,
agrees with them. Thus he can write:

A remark to the historical development. MHume saw
clearly that certain concepts, as for example, that of
causality, caanot ne deduced from the material of
experience by logical methods. Kant, thoroughly con-
vinced of the indispensability of certain concepts,
took them - just as they are selected - to be the
hecessary premises of every kind of thinking and

and differentiated them from concepts of empirical
origin. I am convinced, however, that his differentia-
tion is erroneous, i.e., that it does not do Jjustice to
the proiflem in a natural way. All concepts even those
which are closest to experience, are from the point of
view of logic, freely chosen conventions, just as is
the case with the concent of causality, with whii?dthis
problematic concerned itselif in the first place. =

section D. - The Epistemological Elements of the
special Theory of Relativity,
Comfirmation of tThe Theory,

6]

The 3pecial Theory of Relativity appeared for the first

time as a monograph by Albert Einstein in Annalen der Physilk

17 in 1505 and was entitled, "Cn the flectrodynamics of
lioving Bodies'. Considering the Newtonian-type revolution
it would produce in man's view of his universe, it is
remarkably brief, running to no more than thirty small
113a. On this point, see the relevant remarks on scien-
tific as opposed to "historical" causality by -
Ernst CASSIRER in his Substance and Function and

Einstein's Theory of Relativity, New York, Dover,
1953, p. 226 n, ff.

114. A, BEINSTEIN, "Autobiograpihical Notes", AEPS, p. 13.
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-
pages, 119
In the opening paragraph Einstein reviews a fact of
nature regarding the behavior of mnagnets and their conduct-

ing coils. le briefly describes the facts as follows:

If the magnet is in motion and the conductor at rest,
there arises in the neighonorhood of the magnet an
electric field with a certain definite energy, produc-
ing a current at the places where rarts of the conduc-
tor are situated. . But if the nagnet is stationery and
the conductor in motion, no electric field arises in
the neighborhocd of the magnet. In the conductor, how-
ever, we find an electromotive force, to which in
itself there is no corresponding energy, but which
gives rise -~ assuming equality of relative motion in
the two cases discussed - to electric currents of the
same path and intensity as those pr?fuced ny the
electric forces in the former case.-*9

He then goes on to say that "examples of this sort
17 . . . . . -
suggest", ..., +1? (certain principles of physical nature to
. . \ . 113
him) which escape the Ycustomary v1ew".~iu In the case of"

the relationship of magnets to a coil he says ‘'“the obsexvable

11i5."The views of space and time which I wish to lay
pefore you have sprung from the soil of experimen-
tal physics, and therein lies their strength. They
are radical. Henceforth, space vy itself, and time
oy itself, are doomed to fall away into mere shad-
ows, and only a kind of union of the two will pre-
serve an independent reality." Opening remarks of
H. IMINKOWSKI, addressing 80th Assembly of German
Natural Scientists and Physicians at Cologne,
September 21, 1908, in Principles of Relativity,
New Yoriz, Dover (no date), p. 75.

116. The Principles of Relativity, (A collection of
original papers on the Special and General theory
of relativity with notes oy A. SOMMERFELD) New Yori:
Dover Press (no date), p. 37.

117, Ibid,

113. Ibid.
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phenomenon here depends onl& on the relative motion of the
conductor and the magnet, whereas the customary view draws
a sharp distinction between the two cases in which eitiher
the one or the other of these bodies is in motion".119

Now, this above-noted fact (together with its subjec-
tive interpretafion) 1s an example of the sort of thing,
says Einstein, which when taken "together with the unsuccess-
ful attempts to discover any motion of the earth relatively
to the light medium, suggest that the phenomena of electro-
dynamics as well as of mechanics possess no pfoperties cor-
responding to the idea of absolute rest. They suggest rather
that, as has already been shown to the first order of small
quantities, the same laws of electro-dynamics and optics
will be valid for all frames of reference for which the
equations of mechanics hold good”.120

Here attention must be given to this word usedq by Ein-
stein, viz., There has been seen in the previous
sections Einstein's epistemologic insistence that (a) the
scientist must start with experimental facts and that ()
these facts do not function as deductive but rather as
suggestivle materiai.

Writing much later in his career, Hinstein is to reem-

Phasize this beginning of Relativity theory in empirical

119, 1Ibid.

120. A, EINSTEIN, Op. cit. pp. 87-36. (Italics mine.)
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fact. Thus:

The general theory of relativity owes its existence in
the first place ® the empirical fact of the numerical
equality of the inertial and gravitational mass of

bodies, for which fundamental ”%ct classical mechanics

. . A 9
provided no interpretation". 12

These "facts' as Einstein calls them, nmust be scrutin-
ized for their'meaning, however. According to ordinary usage
the fact that a magnet induces electric current in a closed
coil, when the former is moved is what is comonly called a
”fact“.A A typical "fact" is one wihich has the power by
itself to overthrow a theory,

Newton's fundamental principles were so satisfactory
from the logical point of view that the impetus to
overhaul thewm could only spring from the imperious de-
mands of empirical fact. RBefore I go into this I must
insist that Newton himself was beiter aware of the
weakness inherent in his intellectual edifice than the
generations oi scientists which followed him. This
fact has always aroused my respectiul admiration, and
I should like therefore to dwell on it for a moment.

I. In spite of the fact that Hewton's ambition to re-
present his system as necessarily conditioned by exper-
ience and to introduce the smallest possible number of
concepts not directly referable to empirical objects is
everywhere evident, he sets up the concept of absolute
space and absolute time, for which he has often been
criticized in recent years. But in this point Newton
is particularly consistent. He had realized that ob-
servable geometrical magnitudes (distances of material
points from one another) and their course in time do
not completely characterize motion in its physical as-
pects. He proved this in the famous experiment with
the rotating vessel of water. Therefore, in addition
to masses and temporally variable distances, there must
be something else that determines motion. That "some-
thing" he takes to be relation to "absolute space'". He
is aware that space must possess a kind of physical

121, A, EIKSTZIN, "On the Theory of Relativity", pp. 50
1,

Gie
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reality if his laws of .motion are to have any meaning,
a reality of the same sort as material point and the
intervals between them.

IT. The introduction of forces acting directly and
instantaneously at a distance into the representation
of the effects of gravity is not in keeping with the
character of most of the processes familiar to us from
everyday life. HNewton meets this objection oy pointing
to the fact that his law of reciprocal gravitation is
not supposed to e a final explanation but a rule de-
rived oy induction from experience.

IX1. Hewton's teaching provided no explanation for the
highly remarkable fact that the weight and the inertia
of a body are determined by the same quantity (its mass)
The remarkableness of this fact struck Newton himself,

None of these three points can rank as a ‘logical object-
ion to the theory. 1In a sense they merely represent
unsatisfied desires of the scientific spirit in its
struggle for a complete and unitary penetration of
natural events by thought. This short account is
enough to show how the elements of Newtonian theory
passed over into the general theory of relativity,
whereby the three defects above mentioned were overcome.
i22
Einstein now tells us what the postulates of his special
relativity theory are and gives a description of the first
of them,

The special theory of relativity is iased on the follow
ing postulate, which is also satisfied by the mechanics
of Galileo and Newton.

If a system of co-ordinates K is chosen so that,
in relation to it, physical laws hold good in their
simplest form, the same laws also hold good in relation
to any other system of co-ordinates K moving in uniform
translation relatively to K. This postulate we call
the 'special principle of reiativity". The word
"special" is meant to intimate that the principle is
restricted to the case when X nas a motion of uniform

122, A. EINSTEIN, '"Mechanics of Newton", pp. 34-35,
3 y )
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transiation relatively: to K, but that the equivalence
of X and X does not extend tgoghe case of non-uniform
motion of K relatively to K.+<°

At the same time he proposes a joint postulate,that of
the constant definite velocity of light completely indepen-
dent of motion. The special theory will need only these two
postulates, furthermore, as the basis of a satisfactory
electro-dynamic theory using Maxwell's theory for fixed
bodies as a point of departure. In addition, the postulates
will assume nothing at all about a luminiferous ether since
the theory will attempt to overcome the need for an absolute
immobile space which he, of course, referred to as an empir-

ically defective "fact" cited in the previous guotation

We will raise this conjecture (the purport of which
Wwill hereafter be called the "Principle of Relativity")
to the status of a postulate, and also introduce an-
other postulate, which is only apparently irreconcii-
able with the former, namely, that light is always
propagated in empty space with a definite velocity
which is independent of the state of motion of the
emitting body. These two postulates suffice for the
attainment of a simplie and consistent theory of the
electro~dynamics of noving bodies based on Maxwell's
theory for stationary bhodies. The introduction of a
"luminiferous ether" will prove to be superfluous
inasmuch as the view here to be developed will not
require an "absolutely stationery space" provided with
special properties, nor assign a velocity-vector to a
point of the empty,§gace in which electro-magnetic pro-
cesses take place.l“‘

i23. A, EINSTEIN, "The Foundation of the General Theory
of Relativity', Principles of Relativity , p. 111.

¥

124. A, EINSTEIN, "Mechanics of Newton", p. 3§.

C
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Einstein uses the word’ "conjecture" in referring to his
first postulate. Ie is not yet dignifying it with the name
of a theory; something arrived at by sufficient considera-~
tion of the arvitrarily chosen objects of "rigid bodies,
clocks and electro-magnetic processes" and in an atmosyhere
of novel and unprecedented reflection (free association),
The theory to be develoned is based - like all electro-
dynamics - on the kinematics of the rigid body, since
the assertions of any such theory have to do with the
relationships between rigid bodies (system of co-ordin-
ates), clocks, and electro-magnetic processes. Insuf-
ficient consideration of this circumstance lies at the
root of the difficulties which the electro-dynamics of
moving bodies at present encounter.l29
Einstein, in the opening sentence of his original paper
on Special Relativity referred to these difficulties known
to be inhereant in the application of Maxwell's equation to
moving bvodies:
It is known that Maxwelli's electro-dynamics - as usual-
ly understood at the present time - when applied to

moving bodies, leads to asymmeﬁrigg which do not appear
to be inherent in the Phenomena, ~<%

The facts, then, have suggested the propblem: the inter-
Pretations are made and postulated, the postulation is then
completed and now the definitions need to Le supplied before
the deductive process can begin.

Since the whole deductive process is going to be based

on two postulates viz. on the principle of relativity and

125. A. EINSTEIN, Op. cit., p. 38.

126. A, EINSTEIN, Cp. cit., p. 37.
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on the constancy of the speed of light, Einstein immediately
supplies the definitions for them:

For the Principle of Relativity:

1. The laws by which this state of pPhysical
system undergo change are not affected, whethe
the change of state be referred to the one or
the other of two systems of coordinates in
uniform transitory motion.

For the Principle of Light-Speed Constancy:

2. Any ray of light moves in the "stationary"
system of coordinates with the determined velo-
city ¢, whether the ray be emitted by a sta-
tionary or by a moving body. Hence:
velocity = light path/time of interval,
where time interval is to be taken in the
sense of the definition in part 1. 127

We are now ready to vegin the logical deductive process
The important fact to remember about the significance of
this deductive process is that from this point on it is a
purely logical one and as a resuit of this fact, the coanclu-
sions or theorems of the Special theory of Relativity will
merely reveal what have been assumed in the postulates even
though the gain to us (viewed psychoiogically) may be
immense, Thus, as Carl Hempel of Yale writes:
It is typical of any purely logical deduction that the
conclusion to which it leads simply re- aoserus (a pro-
per or 1m0roncr) part of what iias already been stated
in the premises Thus, to illustrate this point DY a
very elcmenLarJ example, from the premise, "this figure
is a right triangle," we can deduce the conclusion,
"This figure is a tr angle'; but this conclusion clcav
Ly reiterates part of the information already contained

in the prenise. Again, from the premis es, "All primes
different from 2 are odd" and '"n is a prime different

127. A, BINSTEIN, Op. cit., p. 41.
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from 2, we can infer logically that n is odd; bhut this
consequence merely repeats part (indeed a relatively
small part) of the information contained in the premis-
es. The same situation prevails in all other cases of
logical deduction; and we may, therefore, say that log- ’
ical deduction - which is the one and only method of 1
mathematical proof - is a technigue of conceptual
analysis; it discloses what assertions are concealed in
a given set of premises, and it makes us realize to
what we committed ourselves in accepting those premises;
but none of the results obtained by this technique ever
goes by one iota beyond the information already contain-|
ed in the initial assumptions,

Since all mathematical proofs rest exclusively on
logical deductions from certain postulates, it follows
that a mathematical theorenm, such as the Pythagorean
theorem in geometry, asserts nothing that is oujective-
1y or theoretically new as compared with  the postulates :
from which it is derived, although its content may well :
e psychologically new in the sense that we were not
avare of its Deing implicity contained in the
postulates, 128

Einstein demonstrates this character cf the logical de- g
ductive process of revealing what is implicit in the postu-
lates to give us a 'new" truth, in the following vay. lie
first presents an imaginary experiment involving two systems,
a stationary one and one moving uniformly to it in paraliel

translation. Thus:

Let there e given a stationary rigid rod; and let its
length be 1 as measured Dy a measuring rod which is
also stationary. We now imagine the axis of the rod
iying along the axis of x of the stationary system of
co-ordinates, and that a uniform motion of parallel
translation with velocity v along the axis of x in the
direction of increasing x is then imparted to the rog;l,59

-

. HEMPEL, "Geometry and Empirical Science', The
World of Mathematics, Vol, 3, pp. 1lE37-1638.

129, A. LINSTEYY, "Mechanics of Hewton'', p., 41,
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Einstein tells us we must now determine the length of
the moving rod. Since this is an imaginary experiment we
must ascertain this length by two imaginary operations.

Thus:

We now inquire as to the length of the moving rod, and
imagine its length to ve ascertained by the following
two operations:

(a) The ouserver moves together with the given measuring-
rod and the rod to be measured, and measures the length
of the rod directly by superposing the measuring-rod,
in just the same way as if all three were at rest.

(b) By means of stationary clocks set up in the station-
ary system and synchronizing in accordance with 1 the
observer ascertains at what points of the stationary
system the two ends of the rod to bhe measured are
located at a definite time. The distance between these
two points, measured by the measuring-rod already em-
ployed, which in this case is at rest, is also a length
which may e designated "the length of the rod", 130

The measuring operation involves (a) the process of
superimposing the measuring rod on the rod to oe measured 5y
the oovserver in the typical way it is done and (b)) the mea-
suring of the lengtn of the stationary rod and the computa-
tion of the time it took to measure it.

Now Linstein says:

In accordance with the principle of relativity the
length to e discovered by the operation (a) - we will
call it "the length of the rod in the moving system' -
must be equal to the length 1 of the stationary rod.

The length to be discovered by the operation (i)
we will call “the length of the (moving) rod in the
stationary system'". This we shall determine on the
nasis of our two orinciples, and we shall find that it
differs from 1,13 .
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In other words, the measurement of the length of the rod
in the moving system ascertained oy imaginary operation (a)
since it does not involve the second postulate, viz. that of
the constancy oif light must be equal to the length of the
stationary rod. However this cannot ne true of operation (b)
secause the second postulate is also involved.
Einstein tells us that the mistake is in assuming the
lengths of () operation to be equal:
Current kinematics tacitly assumes that the lengths de-
termined by these two operations are precisely equal,
or in other words, that a moving rigid body at the
epoch t may in geometrical respects be perfectly repre-
sented oy the same body at rest in a definite position.
We imagine further that at the two ends A and B of
the rod, clocks are placed which synchronize with the
clocks of the stationary system, that is to say that
their indications correspond at any instant to the "timd
of the stationary system™ at the places where they hap-
pen to Be. These clocks are therefore "synchronous in
the stationary system''. We imagine further that foreach
clock there is a moving observer, and that these observ-
ers apply to noth clocks the criterion established in
- 1 . . Ky
#1 for the synchronization of two clocks.132
In other words, the tendency is to think that the clockd
of the stationary and of the moving system are synchronous
and since the measurement of length requires the caliculation
of the lapse of time that, since synchronization between the
clocks is assumed that the lengths will be the same (follow-
ing the velativity principle of classical mechanics).

This, however, Einstein says is a fallacy for the Fol-

lowing reasons (again making use of an imaginary experiment):

132, Ibid.
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Let a ray oif light depart from A at the time ta, iet it

be rerlected at B at the time of t2B and reach A again

at the time t'a taking into consideration tie princi-
ples of the constancy of the velocity of light we find
Ta=Ta = 22 L Ta -T = L6

that a= w-E—V an B

Where Ma¢- defotes the length &t The moving rod
measured in the stationary system., Observers moving
with the moving rod would thus find that the two clocks
wvere not synchronous, while observers in the statlonary
system would declare the clocks to be synchronous.

In other words, according to mathematical calculations
pased on the light speed-constancy postulate, from the van-
tage point of the stationary system, the clocks give the
same time whiie from the moving system they do not. There
can be only one conclusion, based on such deduction, a con-
clusion implicit as was said in the postulate when they are
Joined together. And it is the one tuat Einstein immediately
makes, viz,, that of the relativity of simultaneity:

So we see that we cannot attacih any absolute significa-

tion to the conuept of simultaneity, out that two

events which, viewed from a system of coordinates, are
simultaneouu, can no lounger we looked upon as simultan-
eous events when envisaged from a oystem which is in
motion relatively to that system.l34

It is not within tihe purposes oif this thesis to present
in any detail how the ideas of Einstein led to the develop-
ment of his whole mathematical structure within either the
Special or General theories of Relativity. Suffice it fov

our present purpose, - +to show the actual workings of the

epistemology of Einstein in order to expose the elements of
135, A. EINSTEIN, Op. cit., p. 42.

134. A. LINSTEIN, op. Op. cit., pp. 42-43,
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empirical suggestion, free invention of the postulate and a
small part of the deductive analytical process (only a part
of which, it should be noticed was matihematical reasoning as
distinct from non-mathematical or ordinary) as it occurred
historically in the presentation of the special theory of
reiativity by Binstein in 1505 and which all led up to the
confirmation of its theorems.

Regarding observational tests, de Brogiie has the fol-
towing to say about the Special Theory of Relativity:

As soon as Albert Einstein had laid the foundation of
the special theory of relativity, innumeraovle consequen-—
ces of great interest flowed From these unusual ideas.
some of the chied consequences were tie Lorentz-Fitz-
gerald contraction, the apparent retardation of moving
clocis, the variation of mass with velocity amont high-
speed particles, new formulas containing second-order
terms (termes supplementaires) for averration and the
Doppler effect, and new formulias ior the compounding of
velocities, yielding as a simple consequence of rela-
tive kinematics the celebrated formula of Fresnel, veri-
fied by TFizeau, specifying the light-wave-trains
(1'entrainement des ondes lumineuses) of refracting
bodies in motion. And these are not merely theoretical
notions: one c¢an not insist sufficiently upon the fact
that the special theory of reiativity today rests upon
innumerabie experimental veriflications, for we can regu-
larly ointain particles of velocities approaching that
of light in vacuum, particles in regard to which it is
necessary to take account of corrections introduced by
the special theory of relativity. To cite only two ex-
amples among many, let us recall that the variation of
mass with velocity deduced by Binstein from relativistic
dynamics, after having peen firmiy established by the
experiments of Guye and Lavanchy, is verified daily by
ouservation of the motion of the high-speed particles
of which nuclear physics currently makes such extensive
use; let us recall that some of the beautiful experi-
ments of Mr. Ives have made possible verification of
the relativistic formulas of the Doppler effect, and
thus, indirect verification of the existence of the
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Minkowski referred of course, to a conclusion of speciall
relativity which he tells us was not at first seen by Ein-
stein himself,
formulation of the General Theory of Relativity, One impoxrt-

ant concern of General Relativity was to demonstrate the

135.

70
~

thhe retardation of ‘clocks of which they are a
consequence. —2

i35 .
=29 and which at a later date provoked the

Louis de BROGLIE, "A General Survey of the Scientif-
ic Work of Albert Einstein (translated from French
manuscrint by Forrest W. WILLIAMS) AEPS, pp. 114-5.

Lorentz called the t' combination of x and t the
local time of the electron in uniform motion, and
applied a physical construction of this conzent,
for the better understanding oif the hypothesis of
contraction. But the credit of first recognizing
clearly that the time of the one electron is just
as good as that of the other, that is to say, that
t and t' are to be treated identicalliy, belongs to
A. Einstein.* Thus time, as a concept unequivoc-'
ally determined by phenomena, was first deposed
from its high seat. Neither Einstein nor Lorentz
made any attack on the concept of space, perhaps
vecause in the above-mentioned special transforma-
tion, where the plane of x, t, an interpretation
is possible by saying that the x-axis of space
maintains its position. One may expect to find a
corresponding violation of the concept of space
appraised as another act of audacity on the part oi
the higher mathematics. HNevertheless, this furtherx
step is indispensable for the true understanding of
the group Gc, and when it has been taken, the word
relativity-postulate for the requirement of an
invariance with the group Gc seems to me very fee-
ble. Bince the postulate comes to mean that only
the four-dimensional world in space and time is
given by phenomena, but that the projection in space
and in time may still ke undertaken with a certain
degree of ireedom, I prefer to call it the postu-
late of the apsolute world (or briefly, the world-
postulate). *A. EINSTEIY, Ann. d. Phys., 17, 1905,
p. 8921; Jahrb d. Radioalitivitat und Elektronik, 4,
1907, p. 4I1.  H, MINKOWSKI, "opace and Time'", The
Principles of Relativity, p. 83,
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physical validity of Minkowski's prediction about the fading
pny 3

away of '"space-in-itself and time-in-~itself in favor ot a

space-time unity'".

The modification to which the special theory of relativ-
ity has subjected the theory of space and time is indeed
far-reaching, but one important point has remained un-

affected. We shall soon
relativity cannot adhere

pretation of space and time. 137

Instead, the physical intevpretation of space and time
as having their own separate physical meaning must be aban-
doned, BEinstein says. In classical mechanics fhere was a

physical separation of space and time owvtained by physical

nmeasurements involving the use of fixzed rods and standard

clocks.

74

see that the general theory of
to (its) simple physical inter-

people in general, must e put aside in favor of the postu-

late of general relativity which cannot be carried through

In classical mechanics, as well as in the special theorsy
of relativity, the co-ordinates of space and time have g
direct physical meaning. To say that a point-event has
the Xl co-ordinate x1 means that the projections of the
point-event on the axis of X1 determined Ly rigid rods
and in accordance with the rules of Buclidean geometry,
is obtained by measuring off a given rod ( the unit of
length) =1 times from the origin of co-ordinates along
the axis of Xl. To say that a point-event has the X4
co-ordinate x4 t, means that a standard clock made to
measure time in a definite unit period, and which is
stationary relatively to the system of co-ordinates and
practically coincident in space with the point-event,
will have measured off x4 = t periods at the occurrence
of the event.13Y

Tinese unconscious hasitual tendencies of physicists and

137, Cf. supra, note 123, p. 65

L

138, A, EINSTEIN, "The Foundation of the General Theoxry
of Relativity', The Principles of Relativity,
p. 115,
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otherwise:

This view of space and time has always been in the mindd
of physicists, even if, as a rule, they have been uncon-
scious of it. This is clear from the part which these
concepts play in physical measurements; it must also
have underlain the reader's reflexions on the preceding
paragraph (2) for him to connect any meaning with what
he there read. But we shall now show that we must put
it aside and replace it by a more general view, in ordey
to be able to carry through the »ostulate of general re-
lativity, if the special theory of relativity applies td
the sp§95al case of the absence of a gravitational
field,~v*

At this point, we see the operation of the rule of sim-
plicity for Zinstein, for it is this very rulé which demands
this change in our view of nature's physical étrucﬁure since
theré is no other way to achieve a simple formulation of +the
laws of nature excent by abandoning the attempt to directly
and individually measure spatial and temporal coordinates QY
ordinary rods and standard clocks. |

We thereiore reach this result: In the general theory
of relativity, space and time cannot ve defined in such
a way that differences of the spatial co-ordinates can
ce dirvectly measured iy the unit measuring-yod, or
differences in the time co-ordinate oy o a standard cloci.

The method hitherto emploved for laying co-ordin-
ates into the space-time continuum in a definite manner
thus breaks dovm, and there seems to se no other way
which would alliow us to adapt systems of co-~ordinates
to the four-dimensional universe so that we might ex-
pect from their application a particularly simple form-
ulation of tne laws of nature. So there is nothing for
it but to regard all imaginable systems of co-ordinates,
on principle, as equally suitasle for the description
of nature.140

Thus we are led to the postulate of the General Theory

139, Ibid.

140, A, RINSTEIM, Op. cit., ». 1i7.
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which requires that:
The general Llaws oi nature are to ie expressed by equa-
tions which hold good for all svstems of co-ordinates,

that is, are co-variant with respect to any substitu-
tions whatever (generally co-variant).

This postuiate Hinstein calls the '"'requirement ox
k: 4
general co-variance (invariance)” and it is this which takes
ped

away from space and time the last remmant of Physical objec-

141

tivity., ™
For Finstein, as has been seen, a point of criticism
for certain physical theories is that they have not oseen
"natural'; that they have not accounted for the facts "in a
natural way" e%c.... In Tact, it was the very unnaturalness

Of Newton's tnecry of action at a distance which gave the

142

"impetus to overhaul it'. Similarly, in his early part of

the exposition of the General Theory, Hinstein showed his
pre-occupation with 'maturalness' as an aim in the develop-

ment of his theory.

It is not my purpose in this di ion to represent
the general theory of relativity a system that iz as
simple and logical as possiible, and with the minimun
numser of axioms; but my main oidject is to develop this
theory in such a way that the reader will feel that the
rath we have entered upon is psychologically the natural
one, and that the underlying assumptions will seem to
nave tie highest possible degree of security. 143

©

+ 1
6]

o

o

n o
0]

This statement of purpose had Jjust followed a rather lengthy

argument for the '"naturaliness'" of the principle of general

141, A, BINSTEIN, Op. cit., p. 117,
142, Cf. supra, p. 63.

145, A. LINSTEIN, Gp. cit., p. 116.
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co-variance involving the réduction of events to the motions
of material points whose meetings alone are observanlie in
terms of coincidences, such as between the hands of a clock
and points on the dial. Now the systems of references are
just devices for facilitating the description of these coin-
cidences, Thus he says:

As all our physical experience can be ultimately reduc-

ed to such coincidence, there is no immediate reason

for prefering certain systems of co-ordinates +to others;

tiiat i; to saiﬂdwe arrive at the requirement of general

co-variance, +%%=

In summary, the epistemology of Albert Einstein then
breaks down into four main tenets: 1, The requirement of
inductive bLeginnings; 2. the invention of the primary con-
cepts; 3. the deductive process with its governing rules of
naturalness and simplicity and finally; 4, the confirmation
of the theorems. The detailed features pertaining to each
of these tenets have neen traced through ooth the properly
epistemological as well as the mathematico-physical writings
of Einstein. An essential point that must be reemphasized,
in summary, is the fact that Einstein, uniquely among
scientists, took the trouble to develop a full-fledged
epistemological doctrine which became a powerful investiga-
tive method in his scientific woriz., And it is clear that
the insights he was to achieve into the nature of physical
reality were the resulit of attention to botih science and

philosophy. 1iIndeed, perhaps it was precisely because

1dd., A, RINSTEIN, Op. cit., p. 1i3.
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Einstein had seen the problem of space and time as something
more than a merely experimental one, that he was able to
brealkk out of the futilie search for an ether and approach it
in a new way. In any case, he had the wisdom to see that
more adequate epistemoliogical methods would have to be
fashioned.

It is necessary now to undertalke an investigation of
the Einsteinian view of reality, a view which must bear heav-
ily on and even determine the &ind of approdch that would
be made in Einstein's investigations into the material

‘

universe.
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CHAPTER 1II

A METAPHYSICAL ANALYSIS OF ALSERT EINSTEIN'S
VIEW OF REALITY

Section A, The Notion of Reality in Albert Einstein

Einstein has written occasionally ahout the fateful
fear of metaphysics which has come to be a self-defeating
prejudice practiced oy many scientists and philosophers of
the modern age. Now, Einstein himself has spoken of meta-
physics as "empty talk", so that an inguiry must be made
into what Einstein meant by metaphysics. He writes thus:

In order that thinking might not degenerate into

"metaphysics', or into empty talk, it is only necessary

that enough propositions of the conceptual system he

firmly enough connected with sensory experience and
that the conceptual system, in view of its task of
ordering and surveying sense-experience, should show as
much unity and parsimony as possible. Beyond that,
however, the '"system" is (as regards logic) a firee play
with symbols according to (logical) aroitrarily given
rules of the game....which cannot inductively be gained
from sense-experiences,

Thus, in order to escape being "metaphysical" a system
of thought according to Einstein must have (a) enough pro-
positions firmly connected with sensory experience; (i) show
as much unity and parsimony as possible} (c) be a free play
With symbols following logically given rules and (d) not be

inductively gained from sense experiences. This does not

mean, therefore, that a concept is metaphysical if it is not

L. A, BINSTEIN, "Remarks on Bertrand Russell's Theory
of Knowledge®, Op. cit.,, p. 289,
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deduced from sensory raw material. Nor, is it to be removed

from thinking because we tend to think of it as '"metaphvsi-
b1

cal”.z Thus, the concept of space and time are not meta~-
physical merely because they are not positivistic in the
IMachean sense of tihe term, 1,e., deducible from sense exper i~
ence or kept ciosely connected with thewm in the deductive

process of scientific thought.

For even if it should appear that the universe of ideas
cannot pe deduced from experience by logical means, but
is, in a sense, a creation of the human mind, without
which no science is possible, nevertieleéss the universe
of ideas is just as little independent of the nature of
cur experiences as clothes are of the form of the auman
body. This is particularly true of our conceptions of
time and space.®

Bat the problem for metaphysics in any context, reduces

B ]
3

itseit inevitably to the question of reality and as Carnap
as written, tue relation of Positivism to reality is no
exception.

Among the metaphysical doctrines that have no theoreti-
cal sense, I have aliso mentioned Pogitivism, although
the Vienna Circle is sometimes designated as Positivis-
tic. It is doubtful whether +this designation is quite
suitable for us. In any case we do not assert the
thesis that only the Given is Real, which is one of the
principal theses of traditional Positivism.*=

fle then goes on to tell us that tihe Vienna Circle was

not positivistic in this sense and should be more suitably

2. A. EINSTEIN, Op. cit., p. 24d7.

3. A. EINSTEIN, The Meaning of Relativity, p. 2

4. R. CARNAP, Philosophy and Logical Syntax, London,
Kegan, Paul,Tetc.; 1935, p. 29,
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called '"Logical Positivism”'.5 Turthermore, it has nothing td

do with metaphysical guestions except to condemn them as
meaningless because they lacked the empirical content necess-
ary to give predictive power,

Sometimes the views of the Vienna Circle have peen mis-
taken for a denial of the Reality of the physical world,
oat we malie no such denial. It is true that we reject
the thesis of tie Reality of the physical world; but we
do not reject it as false, but as having no sense, and
its Idealistic anti-thesis is subject to exactly the
same rejection. We neither assert nor deny these
theses; we reject the whole question.

All the considerations which apply to the guestion
of the Reality of the physical world apply also to the
other philosophical questions of Reality, e.g., the
Reality of other minds, the Reality of the given, the
Reality oi universals, the Reality of qualities, the
Reality of relatioms, the Reality of numbers, etc. If
any philoscophical thesis answering anvy of these gques-—
tions positively or negatively is added to the system
of scientific hypotheses, this system willi not in the
least become more effective; we shall not be able to
make any further prediction as to future experiences.
Thus all these philosophical theses are deprived of
empirical content, of theoretical sense; they are
pseudo-theses.Y

There are, Carnap continues, two concepts of reality:
the empirical one which is valid because verifiable, and the
philosophical which is invalid because it cannot be tested.
And the former's verifiability derives from the fact that it
can be located in a system, the system of space~time, The
problem oif the system as a whole, just like the probleom of
reality as a whole, however, has no meaning because neither

can pe tested.

5. R. CARNAP, Op. Cit., p. 20.
6. R. CARNAP, Op. Cit., p. 18.
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We have to distinguish between two concepts of reality,
one occurring in empirical propositions and the other
occurring in the philosophical Bropositions just men-
tioned. When a zoologist asserts the reality of
kangaroos, his assertion means that there are things of
a certain sort which can be Found and perceived at cer-
tain times and places; in other words that there are
objects of a certain sort which are elements of the
space-~time system of the physical world. This assertion
iz of course verifianle... The disagreement begins only
when the guestion about the Reality of the physical
world as a whole is raised. But this guestion has no
sense, oecause the reality of anything is nothing else
than the possibility of its veing piaced in a certain
system, in this case, in the time-space system of the
physical world and such a question has sense only if it
concerns elements or parts, not if it concerns the
system itself,

Carnap says the same rule applies for ”deduced proposi-
tions" namely; those that are ultimately "perceptive.

It is because of these views of Carnap that Phillip
Frank calis the differences between Einstein's approach and
that of the logical empiricists, "a vernal one'. "Briefliyy,
he says, "I do not see in the question of the origin of the

fundamental coancepts of science any essential divergence bhe-

[}

tween Einstein and twentieth century logical empiricism',“
The question, however, nust immediately be raised as to
what properly are Einstein's views on the meaning of reality.
Is space a reality for him and, if so, is it a system? If
space is some sort of.conceptual framework, Einstein would
not be a logical empiricist or certainly not a Carnapian one

tied as the latter is immediately to sense data and

7. R. CARNAP, Op. cit., p. 20.

8, Phillip FRANK, "Einstein Mach, Logical Positivism",
AEPS, ». 232.
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requiring that everything be verified by it. It is germane
to the whole problem to give some attention to this view of
reality of Albert Einstein.

In April 1955, addressing the Pontifical Academy of
Science, Pope Pius XII called attention to a serious condi-
tion of mind affecting at least some scientists who appear
to have despaired about the very possibility of achieving a
wholistic view of the universe. At the same time, he himself
refused to fall victim to such despair,. He said at that
time:

Many ilinstrious thinkers have been prought to skeptic-

ism when confironted with the provlems of the piilosonhy

of science. These claim that it is necessary to be
satisfied with the simple veriiying of facts and striv-
ing to have these included in formal presentations -
synthetic and simple - in order to foresee the possible
developments of a physical system from a given initial
state.”

e will not follow, at this time, the argumentation of
the Roman Pontifif but simply note that the views of Albert
Linstein on this problem are very similar, In unmistalkeable
language Einstein has spelled out what seems to have een
for him a personal creed of faith in the powers of science
to pass beyond mere prediction as the vroper end of its vork
which is, he says, to grasp the real.

Now this reality or existence which is the ultimate end

) 10
cf science is, as has been seen, a system of thought, the

2. PIUS XII, "Au Moment", re
mano, (April 25-26, 1955.)

10. Cf. supra, Note 34, p. 22.

ported in QOsservatore Ro-
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simplest possible system in fact, unifying the observed

facts.ll

And because of this, the investigator seeking this
logical unification must needs be tireless. He must, accord-
ing to Einstein, always be ready to change his concepts or
axioms since the work of unifying the continuing facts in as
logically perfect a way as possible is his chief work and
one with the quest for reality.lz Einstein has expressly
stated what the terms ''physical reality" mean to him:

Physics is an attempt conceptually to grasp reality as

it is thought independently of its being observed. In

this sense one speaks of "physical reality".

Thus, there are grounds for believing in '"an external
world independent of the perceiving subject (which) is the
basis of all natural science; however, sense perceptions can
only give information of this external world of '"physical.

reality indirectly, (and) we can only grasp the latter by

speculative means".14

11. Cf. Sypra, pp. 46-47.
12. A, EINSTEIN, "On Clerk Maxwell's Influence...'",p.40.
13. A. EINSTEIN, "Autobiographical Notes", AEPS, p. 81.

14, A, EINSTEIN, "On Clerk Maxwell's Influence...',p.40.
It will be seen in the two sections that follow
that 1) this speculative method of Einstein cannot,
for metaphysical reasons, grasp reality in all its
depths, as Einstein hoped and 2) that the
speculative method is not limited to mathematico-
physical investigation, as Einstein seemed to
believe.
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The characteristic of this "simplest possible system o
thought unifying the facts'" for Rinstein are described by a
contemporary thinker in the field of the philosophy of

science., It is invariance which is the ultimate criterion

s

for testing the vresence of the real.

The concept ol space-~time affords an excelient illus-
tration of Einstein's epistemological position. The
scientist's freedom of choice is fully exercised in
the construction of a curved four-dimensional continuum
since no experience could dictate to him the idea., Yet
his invention also happens to be an institution or dis-
covery oi an objective nhysical reality. For spatio-
temporal invariance provides the word that solves the
puzzle oi alternative differentiation tetween space and
time witiin frames of reference which are set in rela-
tive motion. The illustration srings out invar%ance

as the ultimate criterion of physical realitY.i“

It is invariance, as Bridgman also has said, which is
the "most sweeping ciharacterization of Hinstein's attitude
of mind" toward the problem of the real; for Einstein be-
lieves it possivle to get awvay from the special (variant)
point of view of the individual observer whici he relegates
to the status of shadowy peing and sublimate it into some-
thing universal, puolic and real.

bt ] 2 &

Perhaps the most sweeping characterization of Einstein's
attitude of mind with regard to the general theory is
that he believes it possipbie to get away from the

special point of view oi the individual onserver and
sublimate it into something universal, "public", and

real",
15. A, UBHERKC, "Einstein's Influence on Philosophy',

16, P, W. BRIDGHMAN, "Einstein and Cperationalism",
40

AEPS, p. 349,
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Again, another distinguished physicist, friend and con-

temporary of Einstein comments at length on this guality of
invariance:

The Idea of inwvariance is the nucleus of the theory of
relativity. To the layman, and sometimes to the phili-
osopher, this theory represents quite the contrary, a
set of laws which allow for variability from one obser-
ver to another. This one-sided conception is linguis-
tically implied by the word reiativity which does not
characterize the theory as centrally as it should. The
true state of affairs can e seen when attention is
directed to the aforementioned postulate of opjectivity
which required that the basic iaws (the differential
equations of highest order used in +the description of
reality) shall be invariant with respect to certain
transformations. TFrom this the variapbility, or rela-
tivity, of detailed opservations may be shown to folilow
as a logical consequence. To give a simple example:
the nasic laws of electro-dynamics involve the speed of
light, C. If these laws are to »e invariant, C must be
constant. But the constancy of C in different inertial
systems requires that moving objects contract, thit
moving clocks pe retarded, that there be no universal
simultaneity, and so forth. To achieve objectivity of
vasic description, the theory must confer relativity
upon the domain of immediate observations. In philcs-
ophic discussions too much emphasis has bHeen placed
upon the incidental consequence, doubtless because the
spectacular tests of the theory involve this
consequence.

In accordance with this criterion a distinction is made
between the general laws of a nature such as the constant
velocity of light, the gravitational constant or the unity
of space-time as real, and phenomena which are special,
local and adventitious, i.e., "unreal', pecause they are
variant, e.g. tie acceleration of gravity at the earth's

17. Henry MARGENAU, "Einstein's Cenception of Reality",
AEBPS, p. 254, '
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surface as well as space in itself and time in itselsr. It
is only the general laws which are capable of co-variant
formulation.

And yet while Einstein seems to be speaking unmistake-
ably of the conceptual system which, because of its invari-
ance, answers the description of what he would mean by real
there is always operating the belief in an indivudual objectH
ive, extra-conceptual and extra perceptual "thing in itself|

I still pelieve in the possinility of a.model of

reality - that is to say, oif a theory which represents

things themselves and not merely the probability of

their occurrence. 1

On this ﬁoint ire is bitterly at odds with the statisti-
cal propabilists who, according to Einstein, “are convinced
that it is impossible to account For the essential aspects
of quantum phenomena (. . .) by means of a theory which de-
scripbes the real state of things (objecis) ...“19

Einstein has set himself across the patih of the expon-
ents ol the V¥ or probability function as representative of a
"real, factual situation in the sense that is true for a
material system of points or of an electro-magnetic field”.ZE
His concern for "reality” is almost nelligerent in this con-
text. IHe worries deeply avout the knowledge of the individ-

ual system (iining) which the statistical physicists have

18. A, EINSTEIN, "Of Methods.....", p. 20.

19. A, EINSTEIN, "Autoniographical Notes', AEPS, p. 87

20, A, EINSTEIN, Op. cit., p. 83.
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turned their wvacks on. Einstein wants a complete descrip-
tion of the situation and rejects any a priori thesis that
an incomplete descripiion of nature could pe final.zl in

fact, if a complete description is possipble, the laws of

nature would necessarily exclude realistics. e recoustructs

the argumentation of the probabilist to prove his case,

ciple, has rejected what he considers as the ""programmatic
aim of all physics, the complete description of any (individd

ual) real situation as it supposedly exists irrespective of

lle (the probapilist) may argue as follows:

True, I admit that the qguantum and theoretical descrip-
tion is an incomwplete desecription of the individual
system. I even admit that a complete description is,
in principle, tihinkanle. But I consider it proven taat
the search for sucih a complete description would be
aimless. For the lawfulness of nature is thus consti-
tuted tnat the laws can pe completely and suitably
formulated within the frameworik of our incomplete
description.

To this I can oniy reply as folilows: Your point
of view ~- tatzen as theoretical possibiiily =-- is incon-
testanle. Tor me, however, the expectation that the
adequate formulation of tihne universal laws involves the
wsSe of all concepiual elements wihich are necessary foxr
a complete description, is more natural. It is Further
more not at all surprising that, Ly using an incomplete
description, (in tihe main) only statistical statements
can w»e obtained out oif such description. If it should
oe possiovle to move forward to a complete description,
it is diikely that the laws would represent relations
among ail the conceptual elements oFf tihis descript%gn
which, per se, nave nothing to do with statistics.,<=

Finstein is left unsatisfied by a theory which in prin-

21. A, EINSTUIN, "Reply to Criticism', AEPS, p. 674,

22, A, EINSTEIN, “"Reply to Criticism', AEPS, p. 673.°
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any act of owoservation or supnstantiation."
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¢

Einstein rejects the oojection which might be raised by

¥

positivists that he is reintroducing an awpproach to the

world which science has long since vanguished as meaningless
and to ue pitied, namely that of metaphysics. This is pre-
cipitous, he says. The knowledge of the real situation is
what he characterizes as essential and he hopes to Le aule
to convince the probabilists of this in a fuller discussion.

Whenever the positivistically inclined :modern physicist
hears such a formulation, his reaction is that of a
pitying smile., He says to himseli: 'Thére we have the
naked formulation of a metaphysical prejudice, empty of
content,a prejudice, moreover, the conquest of which
constitutes the major epistemological achievement of
physicists within the last quarter century. (as any
man cver perceived a 'real physical situation'? How is
it possibie that a reasonable person could today still
selieve that he can refute our essential tnowledge and
understanding oy drawing up a nloodless ghost?" '
Patience. The above laconic characterization was not
meant to convince anyone; it was merely to indicate the
point of view around which the following elementary
considerations freely group thenselves.=%

Tnese considerations will bring out what seems essential
to him. Bot first, what are the grounds for veing satisfied
with a merely statistical knowledge of an ensemble ot indiv-
idual systems? REinstein reviews the position of the pProba-
pilists here very carefully whilst rejecting it.

In the case of disintegration of a single radioactive

atom one cannct fail to assume that it happens at a definite

23. A, EINUSTEIN, Op. cit., p. 567,
24, Ioid.
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time. And yet the description by the Y~-function implies no
time value. It thus fails to e complete and must be taken
as the description only of an ideai ensemonle of systens.

Furtnermore, there is no room for a complete description in

<

]
W

I8

statistical quantum theory.

Fh

the concepitual franeworlk o

But to this the quantum theorist would reply that the as

9]

er-
tion of a deifinite time instant of disintegration maies
sense only if one can determine it empiricalily. =at in
princiéle it cannot be determined since any attempt to do so
would permit oniy a conciusion concerning the status of a
disturved system. Thus no Jjustification can be found enpir-
ically for a definite disintegration time status of a radio-
active atom and criticism of statistic guantum theory descrip

tion as peing incompiete is also unjustified. 6

Einstein reduces tine whole difficulty on the auestion
to the following analysis: "The entive alleged difficulty
proceeds from the fact that one postulates something not
observale as real. (This is the answer to the quantum

€3

theorist. )"
Einstein is in ifundamental disagreement witih such '"pos-
itivism'", Perhaps this is what Margenau refers to as the

everywhere apparent sign of Rinstein's "keen intuitive sense

Lo

5
U

. EINSTEIN, Op. cit., p. 680,

B

A
6. A, EINSTEIN, Op. cit., p. 669,

27, Inid.
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for what is physically real".®° TFor Linstein's rejection of

the guantum statisticians is based on the deeper rejection

of a Berkelian subjectivisnm:

[»

What I dislilie in this mode of argumentation is the
basic positivistic attitude, which from my point of
view is untenasle, and which seens to me to come +o the
same things as Berkeley's principle, esse est percipis”

Ilis criticism of Berkeley's formula is perhaps more re-
vealing of his methodology than his ontology. Indeed as
Margenausa and NortLrup31 have pointed out, little can we
found in Einstein dealing with traditional questions of on-
tology: whether the real world has traces of the observer in
a Kantian sense; the problems dealing with primary or secon-
dary qualities or the relation of laws of nature as logical
concepts to reality. There seems in fact to be little reanl
attempt at a distinct definition of reality. dere, at least,
however, Dinstein seens clearly to posit the existence of a
reality which does not depend for its constitution on sense
perceptions. But, unfortunately, instead of pushing this
argument into ontological territory as would seen appropri-
ate at this moment he lapses into the argument of methodo-

logical linikage between logical construction and reality.

28. Henry HMARGENAU, Op. cit., AWBPS, p. 2467.

29. A, LINSTEIN, "Reply to Criticism", AEPS, p. 569,

3V. Henry MARGENAU, Op. cit,, p. 240,

sl, F.3.C. HORTHRUP, "Whitehead's Philosonhy of Science'!
Philosophy of Alfred North Whitehead, Liprary of
Living Phitosophers, 1957, p. “0F.
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Being is always something which is mentally constructed
oy us, that is, comething which we freely pesit (in the
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py "the degree to which its (the concept's) use contributes
to making the totaiitv of the contents of consciousness

”intellig*ntc” 'he oijectivity of a thought is meant in

-

this sense i.e, '"as iadependent of experien«::e”.'34 The
"reality" of concepts is intimately connected with this Pro-
grammatic approach to reality and it should apply without
qualification to the study of the microscopic as well as the
macroscopic worlds which may not, from a natural point of

; 35 .
view, ne considered to e indisc neLnuous..

(4

«+.. .30 long as we move within the thus Programmatical-
ly fized sphere of thougnt we are thinking physically.
Insofar .as physical thinxing Justifies itself, in tuae
more than once indicated senge, oy its ability to grasp
exucr*cnﬂc intellectually, we regard it as "Lknowledge
of the real'r,

After what has been said, the “real" in pPhysic is
to be talten as a type of pro'ram, to which we are, how-
ever, not rforced to cling a priori. Mo one is likely
to e inciined to attemnt To give up the program within
the realm of the "macroscopic” (vvoev.). But the "macro-
scopic' and the “mlcroscoplﬁ” are so inter-related that

it appears impractical to give up this program in the
"microscopic’’ alone. Nor can I see any occasion any-
where within the observable facts of the quantum—f;e1d
for doing so, unless, indeed, one clings a priori to
the thesis that the description of nature py the statis-
tical scheme oi guantum mechanics isg final, ¢

S0 that the Iinsteinian rejection oi guantum proovability

theory seems to be M*oundeg on an ontology, however general

33. A. LEINSTEIN, Op. cit., ». 575,

S4. A. EINSTEIN, Op. cit., p. 674,

35. Egid.

35. A, EIN3TEZIN, "Repnly to Criﬁicism”,.§§2§, P. 074,
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and undeveloped.°1 His criticism of its "incomplete descrin-

Nl

tion" refers, on the level of scientific investigation, to

its unnatural omigssion of certain "conceptual elements®

DD

necessary for a complete description.®® This is inevitaiie

with a statistical approach which arryives at only statistical

and incompleté statements of reality.

For me, however, the expectation that the adeguate
formulation of the universal laws involves the use of
all conceptual elements which are necessary for a com-
plete descriwtiocn, is more natural. it is furthermore
not at all surprising that, Oy using an incomplete de-
gcription, )in the main) only statistical statemenzs
can e ostained out of such description, If it shoulad
be possitle to move Forward to a complete description,
it is liliely that the laws would represent relations
among aii the concentual elements of the descriptions
wirich, per se, have nothing to do with gtatistics, <Y

Binstein is worried about the future of a pnysics which
"leaves out" sometning oif reality., 3ince the statistical
theorist renounces his ability to fmnow the time-instant of
an individual system (atom) altnougnh not admitting that this
renders his theory "incomplete" REinstein feels obligated to
prove to nim that his theory actually is incomplete. The

statistical tiheory has held that its time-instant doesn't

3y ey

87. Exactiy the way in which this distinctive attitude
amonyz scientists is related to an Yintuitive sense
for wiat is physically real' is hard to estanlish,
An amaligam of Pythagorean Idealism with Jewish
religious existential itendencies was oralliy suggest-
ed to this writer oy Rev. Gerald Phelan, Professor
at the Pontifical Institute of lied. Studies, Torontd

SG. A, EINSTEIN, Cp. cit., p. 475.
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"exist'. But this, says Einstein, is not the vital auestion
at all.
One may not merely ask: "Does a definite time instant
for the transformation of a single atom exist?" hut
rather: "Is it, within the frameworl of our theoretical
total construction, reasonable to posit the existence
of a definite point of time for the transformation of a
single atom?" COne may not even asi what this assertion

means. Cne can only ask whetiher such a proposition
J A ’

within the framewori of the chosen conceptual system -

with a view to its ability to grasp theoretigally what

is empirically given - is reasonable or not.%

It is because Einstein holds that it is reasonable %o
think it possinle to ‘Ygrasp the real in all its depths”41
that he can reject the statistical position as unreasonable
ecause it is incomplete as it stands.

It is furthermore "unreasonable' because it canno: pro-
vide, in principle, the pasis for a completion of what is
already known abcut nature. And it is seing shunned as a
result because of its "egg walliing" performance done in

order to avoid tne physically reai, which is psychologically

v

disastrous, %2
Thus, generally speaking, the meaning ol "real" to
Albert Einstein has several aspects which, having been pre-

sented textually may e reviewed as follows:
1) The reality which is the ultimate end of science is

a simplest possiicie system of thought which can unify the

=i

20, A, BINSTELIN, Cp. cit., p. 669.

) .

4l. A, BINSTEIN, "Of Method ..., p. 1&
JO

42, A. BINSTEIN, "Reply to Criticism", AEPS, p. 672,
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oiserved facts.,

2) This conceptual apparatus grasps reality independentH
ly of being osserved. It has a "being" as does the “"reality!']
which it grasps.

) This conceptual system is invariant i.e. delivered
from any special point of view and sunlimated into sometiing
aniversal, puiblic and real.

4) This conceptual system is at the same time a model oi
reality which represents things as they arelin themselves.

o) This conceptual system does not stop at mere know-
ledge of ensemblies of things but grasps things themselves.

g) It is reasonable to thinic that this reality can be

grasped in all its depths.

Section B. The Problem of tie Reality of Relations

distoricaily, it was the desire of Sertrand Russell to
anandon absolutely tie concept of the "thing'" in favor of tihd
"event' and Einstein's own unwillingness to do so which helpH
ed to underline the latter's reaiism. On this point, A.
Ushenko writes: "As far as I can see, he (Einstein) had two

*

reasons, the operational bhasis of pnysics and the technical
45
it

[

meaning of the term, "event" (for doing so). At the same
time, it must be noticed that for Einstein the concept of thg
material thing or particle, as the most fundamental reatity,

43. A. UBHENEC, “Einstein's Influence on Philosophy',
AEPS, n. 650.
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had to pe abandoned with the discoveries of Relativity
theory. He states this clearly in the following words:

It, therefore, appears unavoidanle that physical reality
must be described in terms of continuous functions in
space. The material point, therefore, can hardly be

: . . 5 s 44
conceived any more as the basic concept of the theory

It seems, then, as Ushenko has just suggested that Bin-
stein's operationaiism caused him to arrive at the view that
the material thing was not the fundamental object of his
search after all, but rather something that was relational;
thus the name, "Relativity". As has already peen seen, this
insight lead from the Bpecial to the General Theory, provoi-
ed by linkowski's famous declaration that space and time
were related. This relation in the Four dimentional contin-
aam, was, in fact, callied by Zinstein, the "event'.

In the pre-relativity paysics, space and time were

separate entities..... It was not observed that the

element of the space-time specification was the event
specified oy the four numbers, xl, %2, x3, t .....

Upon giving up the hypothesis of the absolute character

oi time, particularly that of simultaneity, the four

dimensionality of the time-space concept was immediate-
ly recognized. It is neither the point in space, nor
the instant in time, at which someithing happens that
has physical reality, but only the event itself.%9

It also seems clear that the retention of the "'concept
of the thing" is operational for Linstein in the same sense
that if there is nothing to relate,viz., two or more "things"]

A

+4%. A. EINSTEIN, "Autobiographical Notes'", AEPS, p. 61

45. A. EINSTEIN, ‘The Meanin~ of Relativity , p. 50.
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there owviously can be no possibility of relativity.46 And
in this sense we can speal of a realism in Einstein, dictat-
ed as it is iy common sense. yiat must now he carefully
examined is the metaphysical prosiem of relational being as
it relates to the suiject of the reality of things. This is

oi especial importance bHecause of its Learing on the first

40. The discovery of the relativity of simultaneity,
which i1s, without duestion, the key one of the
Theory of Relativity, is generally imputed to
Einstein. Based on the finite velocity of light
Einstein concluded that two systems (i.e. bodies)
could not causally affect one another if they are
in spatial separation because the Fastest energy
exchange could not be in excess of light. Thus, he
concluded that instantancous action-at-a-distance
in the sense of Newton (a charge wrongly imputed to
Newton, but that is another guestion altogether)
was physically impossisle. Einstein then went on
to define simultaneity as one in which two systens
could not possibly have an effect upon each other.
‘e following quotation, however, from the famous
commentator on Aquinas, John of St. Thomas (1339 -
1544) is ansolute historical evidence of the prior-
ity of the notion of simultaneity to Albert Rinstein:
"Every relation depends upon its tern; moreover,
relation and term are defined vy each other. Accord]
ingly, the theory that relatives arec simultaneous
in nature and in cognition raises difficuity. Rather
than simultaneity, there seems to he priority of thg
one over the other, for where there is dependence
there is also priority in nature. In order to solve
this problem it is necessary to premise the two re-
quirements of simultaneity: 1) none of the things
said to be simultaneous can be Thé cause o7 6ach
other and, Z) Things sinultianeous imply each other.!
The Material Logic of John of gt. Thomas; ed. Yves
SIMON, Cnicago University Press, 19085, p. 361,
(Italics mine.) 'There is, of course, no question
tnat Einstein gave this principle operational sig-
nificance in tne sense of a theorem with a neasure-
avle test of validity. It is strictiy a matter of
opinion that, as Kinstein contends, something can
have no real significance until it is “provable"
operationally, however.
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tenet of the Einsteinian epistemology, viz., the inductive
beginnings of scientific investigation. Obviousliy, if a
successiul distinction cannot be maintained between the con-
cept and the thing against the Russellites, the first tenet
would be indistinguishable From any oi the other of fin-
stein's epistemological tenets and, as 3t. Thomas observed,

science would then »e a study of Ideas and reduce itself to

L A7
psycnoiogy.‘{

The question that must be examined here, then, is this:
Does the Einsteinian statement that science ‘nows the rela-
tion between .things ox the "events", i.e., things as they

are spatially and temporally related +to other things and thus
nossessed of metrics, make Relativity physics an idealistic
system? In other words, is thie character of relational
inowledge such that it is necessarily ideational? C;early

this is the case, the Eiansteinian requirement of inductive

ko

i
peginnings is meaningless notwitinstanding the strongest faith
that Einstein or other might have in it. It is crucial to
the Finsteinian epistemology, therefore, that the prodlem ise
examined carefulliy and defended if possible with arguments
winich go deeper than the merely pragmatic. Since it is the
necessarily idealistic character of relational knowledge on
wnlch Russell and his sympathizers base their attack, the
sunject will e examined in the light of 3t. Thomas' doctrine

on relational being. Only after this has been done can the

47. Cf. Inira, note 8, p. 140.
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probiem of the coastitution of things, so clearly demanded

for the defense of Realism, as Lovejoy has indicated, he

K3 to
taken up.

o2}

But intermediate between an examination of the
reality of relations and the reality of things, there must
©se an analysis of the exact, operational mode that scicnti—
fic investigafion of the Eiansteinian type tales and of the
depths metaphysically speanxing, that such an inves tigation

of reality can claim. This will be done in the next section.

lo. As Lovejoy writes: "A thinker of tihe true realisti
temverament craves a world of ovjects which have
each some intrinsic and solid character, which do
not endlessly delinquesee into mere relationg to
otiuer Lh*nqs, themselves equally characteriess and
oluqivc.” "Relativity, Leality and Contrachuﬂov”
in Journal of Phii OQODuy, Psychology and Scientiii
Method, Vol Xi™ 16, (Juiy”35"°1514) p. 83U Cn
this point, Professor iorris Cohen wrote: "Professon
Lovejoy.....confuses the reduction of gualities to
relation with their reduction to guantitative
differences. ile then zgoes on to state the more
serious osjection that the reduction of gualiti
to welations would leave us with a world of rela-
t'onu with no terms to be related. This seems to
nle ©o e non sequitur. The demand of a distinction
between gualities and relations does not mean a
denial of terms o terminii of relations. It oniy
means.....a den:%i that things have a nature avart

irom all possisle relations. ™ "Gualities, Rela-~

tions and things", ibid., 16, 23, (Hov. 5, Q14)

P. G238 -~ 624, it should 2e noted here that for
is

5t. Thomas the r"ood and perfection of th*nch
found not only in that which inheres in them
ansolutely, osut also in their order to one another,
4 point Professor Cohen has made very well, A fuli
discussion of this proulcm of t. Thomas' deetrine
on tne wreaxity of relations is nresented in this
section of the t10 is,
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According to St. Thomas there is no justification for
dismissing relation as unreal by calling it an idea. This is
false as is plain, he says, "from the very fact that things
themselves have a mutual relation and order”.49 This is not
to say that there are not non-real or logical relations. But
wvhat must be determined are the conditions that make a rela-
tion real or logical.

Clearly, a relation is logical if its two extremes con-
sist of ideas, St. Thomas says, "as when a mutual order or
relation.... (is established) by apprehending one thing twice
(and regarding) it as two".

Verumtamen sciendum est quod, cum relatio requirat duo

extrema, tripliciter se habere potest ad hoc quod ut

res naturae et rationis. Quandoque enim ex utraque
parte est res rationis tantum, quando scilicet ordo vel
habitudo non potest esse inter aliqua, nisi secundum’
apprehensionem rationis tantum, utpote cum dicimus idem
eidem idem. Nam secundum quod ratio apprehendit bis
aliquod unum statuit illud ut duo et sic apprehendit
quandam habitudinen ipsius ad seipsum.>©

Regarding this kind he says, '"it is clear that the relation

of a thing to itself is not a real relation".®l The context

here is a consideration of the distinction between the Three

Persons of the Trinity, Who differ really but only in the

mode of Their signification. St.Thomas says,'"Paternity is the

49. §8.T., Ia, q. 13, 7.

50. Ibiden.

51. S.T., Ia, q. 42, 1, ad 4; Ia, q. 28, 2.
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Father, and Filiation is the Son, hecause in God the

e 2
and concrete do not dlfier“.s

¢

S52. 1t is interesting to note how John of 3t. Th
depending upon a spurious document attripute
St. Thomas, differs from the latter on the r
of relation in the Trinity while in no wvay c

mising the Divine simplicity. He writes: "3t.

Thomas) mentions (Com. to Annivald, 1, Dist.
g.2, a, 1) another argument drawn from the nm

of the Holy Trinity. Divine Relations, inasmuch as

they are really distinct from each other do

really; if they did not there would be no re
tinction between the relative persons, wihich
heretical, »But they are not distinguished f
eachh otiier except as pure relations accordin
existence. If they were distinguished in an
ity other than that of pare relation, there

division in God, not oniy of the relative iu
of the adsolute." Ye then adds a remark whi
vokes the editor to an interesting statement
the heuristic value of theology. "Why, then

there e anything aisurd about such relations exist-

ing in the world of creatures, where they do
have to we identical with substance and wher

do not have to ke infiuite." The Material Logic of

abvstract
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d to
eality
ONMpPro—
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ystexry
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John of St. Thomas, pp. 305-307G Dr. Simon
"Here 1s a typical example of the guidance t
faith and tneology may exercise upon philoso

research. ‘fhe theologian knows >y raith and theo-

logical inference that there are in God real
tions according to existence. This makes it
for him to acknowledge the reality of pure »
in this world of ours. Owing to the certain
the theological fact, he enjoys a facility ¢
to the handicap suffered by the mystical met
cians whom Bertrand Russell descrined as con
tionaliy piased against the reality of pure

refations.” 'p, 605, note &. Tor a study oif

Thomas first met the pProsiea of relation in

gy,ct. 1. BERGERO?, "La structure du concept

de personne," in ftudes d'histoire litterair

writes,
hat
nhical
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elations
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e et

doctrinale du XIITe §idcle deuxieme serie (¥
d'Iitudes Hedievales, Losa, Ct¥awa), pp. I21-

For a consideration of the question of individuation
as regards the Persons of the Trinity, cf. J. CRO-

TEAU, C.M.I., Les TFondements Thomistes Du Pe
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152,
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In addition, a relationship is logical when it involves
extremes which are apprehended as being or non-being or which
similarly "follow upon an act of reason, as genus and species
and the like".53 Yet, these are not the only kind of relatims
viz., the logical ones, for there is a second and third kind
both of which.are real and which are called "predicamental"
and "transcendental or according to expression" respectively,
St. Thomas describes the second type, of which relation
according to quantity is one example, as follows:
Quaedam vero relationes sunt quantum ad utrumque extre-
mum res naturae, quando scilicit est habitudo inter ali-
qua duo secundum aliquid realiter conveniens utrique;
sicut patet de onmibus relationibus, quae consequuntur
quantitatem, ut magnum, et parvum, duplum et dimidium,
et hujusmodi; nam quantitas est in utroque extremorum;
et simile est de relationibus, quae consequuntur actio-
nem, et passionem, ut motivum, et mobile, pater et
filius, et similia.54
These are the relations which Aristotle says of "their very
essence (include) in its nature a reference to something else,
not because something else involves a reference to it. 99
Unlike the relations of reason, these relations have an
existence apart from an apprehending intellect yet do not
consist of anything besides relation itself, which also

characterizes logical relations. The important difference

is that predicamental relations have, as extremes, real

54. Ibidem.

55. Metaphysics, V, 15. 1021b, 27-28 (ed. Bekker).
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beings functioning as subject and term and having between
them a real relationship which is the foundation of the rela-
tion itself and constitutes its form. Now the foundation of
a relation, as John of St. Thomas 54ys, only exists if

one extreme serves tihe complete function of referring to
the other extreme. Thus substance, which does not refer to
something else cannot act as a foundation and it belongs in
the third category of relations, viz.,, that of the transcen-

2 T 1 L 1 - 5b ERY
dentals as St. Thomas teaches in the De Potentia. Further~

more, he subscribes to the division py Aristotle of predica-
mentals into. relations of being which are the foundation of
measure, of action and passion which are the foundation of
Operation and power and according to quantity which are the
foundation for unity and diversity.57 Relations are not,
however, to we confused with their foundations. Rather, thejy
are distinct entities for, as St.Thomas says, "omnis enim
relatio quae consequitur propriam Ooperationem alicujus rei,
aut potentiam aut quantitatem aut aliquid hujusmodi, reali-
ter in eo existit”.58 But here a brief presentation of the
doctrine of St. Thomas on the being of accidents must be gLV

en in order to achieve a clarification of his doctrine on

56. De Pot., 7, 9.

97, Ibidem. B8t. Thomas writes: "T answer that, accord-
ing to the Philosopher, every relation is based
either on quantity, as double or nalf, or an action
and passion, as the doer and the deed, the father
and the son, the master ard the servant, and the

Liwe <3 3 By A
lixke.," u.T., Ia, QeZ0, ‘&,

53, Cont. Gent. IV, 14, ad3,.
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relation,

In chapter six of the opusculum, "De ente et essentia',

St. Thomas says that accidents have only an incomplete defin-
ition pased on the fact that they have a secondary act of
existing as inhering in an anteriorly existing subject which
is a substance. Thus "they (accidents) do not exist in vir-
3 y . . ) 53
tue of themselves (per se), in separation from their subject’
And since this is so, accidents cause only a secondary act
of eXxisting which in no way demands the existence of the
substance. "An accident, therefore, neithér has the charac—

ter of a complete essence nor is part of a complete essence

-
[

. ; . . . pe C
+«.. (having) wveing....(and) essence in 2 qualified sense."
It also follows from this that substance is the cause of all
accidents. Thus:
Sed, quia illud gquod dicitur maxime et verissime in
quolinset genere, est causa corum gquae sunt post in illo
genere (sicut ignis qui est in fine caliditatis est
causa caloris in rebus calidis, ut in secundo Meaphysi-
corum 1 dicitur); ideo substantia, quae est principium
in genere entiz, maxime et verissime essentiam habens,
oportet guod sit causa accidentium quae secundario et
gquasi secundum quid rationem entis participant.®
But how, precisely, do accidents share in the peing of
substance? Since matter and form are the parts of substance
there will se accidents which derive from either the form or

the matter. An example of derivation from the former would

¢

og. Cf. De ente et essentia, Cap. VI, ed. Roland-Gasselinl

G0, Ibidem.
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be the accident of risipility in man occurring oecause of an
act of knowledge and therefore, proceeding from the soul.
This accident would be found in everything having the nature
oi a genus or species, unlike accidents flowing from the
matter, which az the principle of individuation, would char-
acterize an individual, e.g., the color in a man's skin.
The accident of quantity, as is evident, would be an accident
following from the matter, since it is this accident which
detefmines an individual substance to be extended in its own
way. It is evident, as well, that since accidents are not
composed of matter and form, that they cannot take their
genus from matter and species from form as cdo composite
suwostances. Instead, it is their amanner of existing wiich
deterimines their genus and species. Thus guantity, Ifox éx~
ample, is calied the measure of suvstance, quality its dis-
position, etc. With regard to their differences, this is
derived from the principles which cause the attributes of an
accident. Thus action, passion and guantity are all princi-
. : . 50
ples of relation.v*

Now, in the case of the accidents of relation, St,
Thomas maizes the all-important distinction which is to place
these accidents in a very special category. Without referr-—
ing in this opuscula to velations as such he lays down the

principles for a distinction setween relations as absolute

92. Ibidem.
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o

accidents (relatio ut accidens) and relations "by way of
J

aptitide" (relatic ut relatio). e writes as Tollows:

Sciendum etaim est guod aliquando accidentia ex princi-
Pils essentialibus causantur secundum actum perfectun,
sicut calor in igne gui semper actu est calidus; aligu-
ando vero secundum amplitudinem tantum, sed compiemen-

tum accipviunt accidentia ex agente exteriori; sicut dia-
phaneitas in aere, guae completur per corpus lucidum
exterius; et in talious aptitudo est accideas insepara-

vile; sed complementunm quod advenit ex aliquo principio

quod est extra essentiam rei, vel qguod non intrat con-

stiﬁuggonem rei, est separabile, sicut moveri et uuius-

modi, °*

bThere, in a short passage, St. Thomas lays open at one
stroke the heart of the matter regarding tﬁe special and
unique character of accidents of relation of the two sorts.
Here in a statement of his youtn and even vefore he is to
attain the full expression of his doctrine is laid down a
teaching which, like so many oi nis writings on the natufe
of reality, is to brealk away from even the most illustiious
of his antecedents and contemporaries. Cn the proiolen of
the reality of relations, the influential Gilbert of Porrée,
and his disciples in the Cathedral school of Chartres, are
tiie ones St. Thomas is to vigorousiy oppose. He will even
on occasion refer to them by the name that history was to
give them, ''the Porfetani”. It is Giloext who, by a treatisd

, s g . . . O . - . s .
traditionally ascrised +to him, %vig, De Sex Principiis, isg
3 3 i s

4

to present the Caotegories oif Aristotle to the West and, in o

G5, Tbidem.

v, The earliest attribution was Dy St. Albert, whose
aathority in these matters, as Gilson says, is not
reliable. Cf. Infra,note 65, p.108, esp. Gilson's own note.
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certain way, to fix the meaning of it according to his own
. s 66 P C .
interpretation. Indeed, St. Thomas is to accuse the Porre-—
tani of limiting the consideration of the Aristotelian acci-
dent of relation to a conceptual one as contrasted to its
. .o 6
otier way of consideration, in its esse.””
As Dhas alirveady veen pointed out, a consideration of the

distinction of Persons in the Trinity was the setting from

which the general provlem of the nature of relations evolved.

With Gilbert, it was his commentary on Boethiug', On the

Trinity in which he laid down a doctrine which was +the cause
of the censure of St. Bernard®’ and malie ihin the onject of
many theoiogical attacks., 8St. Thomas, in dealing with the
question of wrelation in God says, "It is reported that
.. . ’ . . . 9.
Gilbert de la Porree erred on this point »nut revolied his
error later at the council of Rheims. Jor he said that the
divine relations are assistant, ox externally fixed." Y Yet,
while theology was the setting for the discussion and
6O0. "Gilzert's place....is clearly defined: he encour-
aged the diffusion of that particular form of Pla-
tonism we might call the realism of essences, and
which the philosophy of Avicenna was soon to so
poweriully endorse." L, GILSCHN, History of Christian

Philogophy in Middle Ages, Mew Vori, Random Louso,
1908, p. 144,

6o. In I Sent., d. u, 4, 3,

o
LN

Cf. St. Bernard, In Cant., serm.LXXX(PL 183, 1170
64. Dicendum, quod circa hoc dicitur Gilbertus Porretanu
errasse, sel errorem suum postmodum in Rhemensi Cono
cilio vevocasse. Dixit enim, quod relationes in
divinis sunt assistentes, sive extrinsecus afiixae.

B.7., In, . 25, 2
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elaboration of the problem of relation, it was the
interpretation which Gilbert gave to the Categories which
wvas to undercut and distort his theological doctrines on

relations in the Trinity. For in the De Sex Principiis, re-

tation is located in the first division of the ten categories
with sunstance, quantity and qguality as having “inherent
forms" in contrast to the last six categories having access-

ory forms (formae assistentes). On this point Giison writes

as follows:

Taken in itself, the distinction was an important one.
The treatise calls "inherent', the forms or principles
which are either substance itself or inherent in sub-
stance itself irrespective of its relations with other
substances.

such is manifestly the case with quantity and quai-
ity, the guantity of a substance seing its own guantity
and the quality 1ts own qualities. At first glance,
the contrary seems true of relations, yet taken in it-
seli, relation is the naturai aptitide of a substance
to be one of the two terms of a relation. As such, it
13 inherent in the substance, since it is of the essence
of a substance to e ant to iecome one of the terms of
a relation. iIn thus binding relation to substance, this
treatise initiated a controversy which was never to
cease during the Middle Ages: is relation real, or is it
a mere ens rationisy ©9

Full consideration has already wneen given to the way in
which St. Thomas transtformed the Aristotelian metaphysics
which itsell never succeeded in rising above form. What
Gilson 1s suggesting here is that the whole crucial prootem
of the realily of relations is completely bound u» with the

nmetaphysical question of essence and existence in such a way

o9, B, GIL3CM, COp. Cit., pp.id40-141,

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES




e

RS

UNIVERSITE DOTTAWA .. ECOLE DES GRADUES

110

that onliy a metaphysics of existence can truly escape a doc-
trine of relations which is logical in character. Certainly
St. Thomas has accused the Porretani of considering the
nccidents of velation as only conceptuali, as has been seen.
The question to be answered now is this: was this erior of
Gilbert, a mére inadvertency or blunder in no way seguential
to his doctrine of being or not? The former disjunction is
a possibility at least and representis a prozlem which can
only be decided oy an historicadl study ox the metaphysical
doctyine of Gilbert ox Porrée, itsels, /0 |

To St..Thomas the error of Gilbert was exactliy that he
had "pound relation to substance" in such a way that relation
could not again be considered what it properly is, viz, as
referring to something else. Gilpert had only one notion of
relation and that was as an absolute accident, inhering in a

supject according to the Avistotelian definition of a proper

7G, This has ueen done oy Giison in his History of
Christian Phiiosophy in the Middle Apes, pp. 141-148
His conciusions awve given in the following words:
"Received by Gilbert of la Porree (he is speaking
here oi the essentialism of the metaphysics of
Boethius), these notions took on a new importance
in his work. 'They coxrespond, in fact, to what was
most Piatonic in the Aristoteiinn conception of be-
ing, and Gilbexrt oniy accentuates its Platonism."
Ibid., p. 143. Thus, there is no metaphysics of
existence in Gilbert in the sense that St. Thomas!
metaphyvsical docirine is spoken »f in that way.
Instead, there is in Gilbert an attriouting of a
sort of realiity to each of the inceiliginie essenced
conceived by the understanding (and a vortrayali oif)
tinite weings as composed of a subzject and of ab-
stract detevminations which, oy qualifying it, causg

1t _to we what it isg,' Qo, Cit, , D, id4.
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accident. But this is a serious error as 3t. Thomas says:

Ad cujus evidentian considerandum est, quod in qguolibet
novem generuwn accidentis est duo considerare. Quorum

unum est esse, quod competit unicuique ipsorum, secun-
dwi quod est accidens; et hoc communiter in omnibus est
inesse subjecto, accidentis enim esse est inesse. Aliud,
cguod potest considerari in unoduoque, est propria ratio
unuscujusque illorum generum. =Rt in aiius quidem gener-
ibus a relatione, utpote quantitate, et qualitate, etian
propria ratio generis accipituy secundumconmparationem

as supjectium: nam quantitas dicitur mensura substantiae)
qualitas vero dispositio substantiae. Sed vatio propria
relationis non accipitur secundum comparationem ad iliud,
in quo est, sed secundunm compairationem ad aliquid extia.
" 3i dgitur consideremus etiam in rebus. creatis velationes
secundum id, quod relationes sunt, sic inveniuntur esse
assistentes, non intrinsecus aitixae, cquasi significan-
tes respectum quodammodo contégentem ipsam rem relatam,
pruot at ea tendit in altexrum? Si vero consideratur

velatio, secundum quod est accidens, sic est inhaerens

sunjecto, et nabens esse accidentale in ipso, Sed Gili-
pertus Porratanus consideravit velationem primo modo

tantum, {+

And since Giibert considered relation only in the mode of a
proper accident, it was inevitanle that when he came to ex-
plain the Trinity within the reguivements of divine simplic-—
ity, he should fail to do so in a consistent manner. Foi
when accident, conceived in this manner, is transierred to
God it immediately would become subsiantial with the divine
essence, for, at St. Thomas says, 'there is no accident in
God since everything in Him is His essence”.72 In ovrdexr,
therefore, to account for the distinction in Persons there

would need to be anotheyr kind of real reiation which was not

fi.05. WM., Ia, . 28, 2.

Y2, Ibiden.
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an inesse, but entirely ad aliud, so that the divine essence
Itself is not signified in a ielationship between the Persons
of the Trinity. The point is delicate and cannot pe main-
tained if real velation is limited, in the first piace, to
inherence in a suizject. St. Thomas writes:
Et sic manifestum est, quod velatio r1ealiter existens
in Deo est idem essentiae secundun rem, et non differt,
nisi secundum intelligentiae rationem, pirout in reiati-
one importatur respectus ad suwn oppositum, gui non im-
-porvtatur in nomine essentiae. Patet ergo, dquod in Deo
lon egt aliud esse relationi, et essentiane, sed unum et
idem, 3
But it is clear that St. Thomas' success with explain-
. - . < . . PR ) / - . .
ing the Trinity in contrast to Gilvert of Porrvee nas ulti-
mately to do, as has been said, with the former's metapnysics
of existence,. Proximately, however, it is traceable to his
doctrine on the veality of velations which may be either an
accident or simpiy a velation in the puire sense. This dual-~
ity of velation is made unmistakeasliy clear by St. Thomas in

the following words, which, written much after his views

contained in "On Reing and Nssence', already quoted, spell

out all that wos merely implicit in the ecarviier treatment.

cro..quod ipsa relatio cuae nihil est aliud quam oido
unius creaturae ad aliam aiiud haoet in gquantum est
accidens, et aiiudin quantum est reliatio vel ordo. In
guantum enim accidens est, habet quod sit in sunjecto,
non autem in quantum est relatio vel ordo; sed solium
quod ad aliud ut quasi in aiiud tiransiens, et quodammodo
rel reiatae assistens. Bt ita veliatio est aliguid

TS, Ioidem.
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innaerens, Licit non ex hoe ipso quod est wrelatio; sicut
et actio ex hoe quod est actio, consideratui ut av agen-
Le, in guantum vero est achHenu, consideratur ut in :
sunjecto agente. Kt ideo niaii prohivet guod esse desid 5
nat hujusmodi accidens ”rnc m¢tatuone ejus in quo est;
quia sua vatio non proiicitur prout est in ipso suujec-
to, sed prout tvansit Ln aLde; Quo subrato, wvatio hujug
accidentis toliltur guidenm quantum ad actum, sed manct
auantum ad causam, sicut et substiacta ma LCLiu, TOLLL—
tur calefactio, iicet maneat careractionis causa. (%

Thus, St. Thomas says that reiation as velation does noi
signify something in the sense oi a susstance or even in the
senseé of an accident. its wnolie si lgnivicance, then, is

neither 1n 3¢ nO¥ in a11o pat simpiy ad aliuad. Relation,

considered as wrelation, is a "towardaess! oL one suustance
for another which it cleariy would lack 1i it iacked thisg
kind of reiation. 1t would then not we open toward other
realities, an opennesSs wihich maue °S, according to St. Thomas,
the actuaiization oi the potencies ratent in every creatved

Suwstance and give

19

it its fundamentan tendenrcy to periec-—
tTion.

An ausoiute contiast to tihis doctiine of tne opeunness
o a created wseing toward other seings wiich assist in its

own deveiopment '"...inguantum est re: aLL ’GL 0xdo. ....quod-

ammodo rei reliatae assi stens', e s provided by the doctyrine

of monads in Leiinig:

Furtiher, there is no way of expiaining how a monad con
e altered ox internaliy changed by any other created
thing; for nothing can e transposed within it, nor can

‘4. De Fot., v, S ad 7,

75, Thidem.
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any internal movement be conceived in it which could be
directed, increased or diminished within it, as is pos-
sible with compounds, where there is change among the
parts. The monads have no windows through which any-
thing could come in or out. Accidents cannot detach
themselves from Substances, or go about outside of them
as the '"sensible species" of the Schoolmen used to do.
Thus neither substance nor accident can come into a
monad from outside.
The monads of Leibniz are, as he says, the '"real atoms of
nature'". They are not, however, the physical atoms of the
scientists since they lack extension. But everything in the
universe ultimately consists of these units which possess
only an '"“inner activity" flowing from a nature which contains
in germ all that will happen to themn. Furthermore, they are
all arranged in a system which represent the best possible
world that God could have created.?? In this system external
relations are impossible for 'an external cause could not
influence their (the monads) inner being”.78 Thus there is
no cause which the human mind can know in terms of any rela-
tion to another created being. There is only "ideal" rela-
tion or interaction between the monads. So that for Leibniz)|
the causal problem of Hume does not exist. 1Instead, for
Leibniz, the scientific problem is the discovery of the funcH
tional laws obtaining between monads and expressible in terms
of mathematical relationships. All this is derived from his

76. G, VW, LEIBNIZ, The Monadology and other Philosophi~

cal Writings, London: Oxford University Press, 1925,
p. 219.

77. Op. cit., Introduction, p. 50.
78. 1Ibid,
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major principle: "Praedicatm inest siuziecto" which demands

that all judgments excent those of existence =he analytic,
since all predicates are implicit in the subject. Trom this

principle, Leinniz derives his definition of substance, vi

™
N

that which can onty ke the subject of a proposition and car

i3

never oe predicated of anything. It follows from this that

e
N

no substance can affect another substance for ali the nroner-
ties of a substance are eternally inherent in it. The
changes that a substance suffers are due to correlations
among suwstances which reflect the pre-established harmony

of the universe which at the same time is con"c;i.ng'can"c."a Thus
the laws which arve formulated on the bhasis of scientific Adisd

covery of nature are themselves contingent inasmuch as the

correlation between suastances could have worked out in

)

8
S
e
cr
0]
3-8

another way. This s Lecause of the non-analytic
of the predicate of "existence" wikich is not contained in itd
Thus while it is Zmpossinie that a cer-
tain property is not pre~contained in its susject, it is
possicle that some other suilstance might have seen whien
lacked the particuiar property in question. Sy But it was not
poszinle that the existence of God 2@ contingent, for Leib-
niz maintains that the essence 0i God includes his
7%, This view of the Pre-estanlished harmony of-natur
as has oeen seen (cf. sunra n, 46) was iﬂflu@n*ia
for Hinstein's worl.
SO. Gl o, LETRIIE "On the Ultimate On

Phllosophlcal Papers and Letters,, ed. 1. 'LEOHKER
Chicago, 1956, p. 791 f¥.

lljn

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES



UNIVERSITE DOTTAWA .. ECOLE DES GRADUES

118

{'“:1 ) .o . . S o
existence.”” And here Leiimmiz, in excepting God from
ovder of contingency, has done so after the manner of

Anselm thereby revealing at the same time the logical

:

\)
fud
~

tions. In this respest, he has simg

2 -

- ..‘l . < " 1 - . -~ L
of Gilbert of Porree to their logical reduction w;tq

monadoliogy, as Proiessor Gilson has remarized:

e

oelongs. cee . LE@LDRAE TOOL Lt up again.....in b
way and (what it alwavs means) is the identifica
real exigtence with intelligiible veing conceived

hounbu.

R, PN

How, the openness or "towardness™ which is the r

relation for Jt. Thomas is not son

manney of a connecting rod or chs

4o

its correlative, And yet the two, subject and term,

.eescrelatio
alio, non tamen ad aliud, sicut materia depende

S, Inidem.

ter of his metaphysics and his view of the nature of rela—~
¥ carvied out the views

1353

This (cvwo‘ ox demonstration of the existence of God isn
assuredly the txiumph of pure dialectic operating on a
deiin“igon..... There have always neen philosophers to

takke it up and refashion it in their own way, and its
implications are so manifold that the sole fact of
having rejected it or admitted it almost suffices to
determine the doctrinal group o which a philosophy

phvsical after the

Linking the sunject to

connected that one cannot be abstracited from the other.

They each, thevefore, imply the other. John of St. T
writes:

cranscendentalis non est primo et per se
as aliud sicut praedicamentalis, cquia licet tota earum
species et essentia sumatur ab alio vel dependeat an

characH

S own
tion of

lJ‘}

are so
homas

a forma
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et actus ab osiecto sicut a causis, a quibus habent esse
et specificationem. &t hoc consequitur, quod respiciuntg
iliud ut termianun. Bed guod primo et per se sit ad
aliud ut ad terminum, est bronrium relationis praedica-
mentalis, ¥t ideo dicitur, guod wespicit terminum ut
pure to:ninua, id est tan uum ut ad aliud, aon ut as alig
vel circa aliud vel guocumque alio causalitatis modo
ﬁzceaaentalnu, ol vero rc*ui L0 praedicament-
alis Jdicitur esse in supiecto, non tollit, quin totum
suuam esse sit ad aliud, totwm, inguam, id est proprium
et pC“L~¢Q” ipsius esse, in quo dlf*crt al aliis generd
ibus absolutis; supponendo tamen rationem communcm acci~
dentis, scilicet esse in aliquo, ratione cuius nen haied
esse ad aliud, sed nec id excludit.ow

“.J

.

ey -
sicut tug

“liere is revealed a trait wihlch i peculiar to relation
apart from all other accidents. It is a well known paxt of the
doctrine of, 3t. Thomas that the actualization of

cies inherent in a susstance taltes

- A o e gmy T —
cerdents, Taus

O
=
!.-:*
4]
0

openness to the rest of reality without which suct actualizo-
tion could not talie nlace. Relations are, in fact, the very

v

fwindowst which Lelbniz did not find in his monads, prezise-

1y because they did not have real xistence. Relations how-

[

ever ave real acclients for It. Thomas cecause they are

caused oy the susstance of really existing beings.

\J

i not the only difference heitween other accidents and rela-
.t.; ong o1 as Rt P m1 ey o t AT T s . Lo | v e e
LOono. A A5 Uv,.  LLIGHIAS CLLD US s "accordl g ¢To tine i e3nect

it is a mediun'; i.e., when two relations inneringe in
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D

ent which,

formed Ly the intellect. It is in this way that it
a mediu in that the “"towanrdaness' is seen o anti-
actual etween the suwxjeet and tern. Hat this is
ay that the conception of reiation in th-
ates reality to it, since this note ig actt
A .
ratic taken as a genus.Y" The reality of the rela-
not determined by the concent but by the suustance
the intellect may discover oy
the real seings involved. Thus the tiruth

nletio

duas res

CWC 1

hetwveen

on =y the
vae o
is re
uia
;1uciic
overationen
tualiter nroce

U; ,f‘

tanﬁum

sunt relationes ra

et

reason ox

intellec

ratio est

Loon & corresgondence witi

Thomas says, relations

completes the

ol weings, in contradistincti

two understood things:

COnSs LO"%icgl soiﬂm operationen in-
sus intell sunt relationes
scilicet ;TLLO adinvenizt
ctas. Sed re Lanlouus guae conse-
tus, quae sunt inter veroum
dens, et Lll 18, 2 qguo procedit,
vtionis toantum, sed rei; guia et
quaedam res; et compara-

reaiiter ad id, quod »nrocedit intelligibiliter,
Ci, , .

fQuodiib, IX, a. 4. it may oe that some snecies of
reliation oy its own ratio implies reality.
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sicut res corporalis ad id, quod orocedit corporaliter,

Hdeve St. Thomas ig emphasizming cthat there is a hind of
triangular relationship involving a real connection between

the intellect and the exiremes wiaiczh ave themselives tending

Thus, it is clear that the ratio of relatien, as dis-
tinct from relation as an absolute accident may be either

real or logical denending upon the conditions cperating in a

o8. 3. T, Ia, . 26, 1, ad 4.

7. It is this special and unique quaL;ty of the acci-
deat of rel at¢oz 1o se completed by the human in-
teliect in the manner just descrinped that, in the
view of th;s thesis, became translated in the

Ao

: i
langnage of Einstein as the ‘inventive! factor ir
the discovery of the primary concepts of his scien—

tific th001iznng. It is precisely here, in thisg
vital arder of relation thati the creatﬁve intoliect
of Einstein "joined"™, Ly the way of very ov

anticipation, the tendency of quanti
to pericct themselves oy a novement ;*“ccton
of other quantified veinss, dowever, it must be yed
marized, without in any way att mpting to minimize
the achievement oif Rinstein that a more accurate
and scientific word for the fruit of this "leap",
as. he chose to call it, is not "invention' Lut
"discovery'. The reason for this suggestion is,
admittedly, a semantical ome bHut nonetheless neces-—
"ary inasmuch as the original meaning of invention
as a simple discovery has een lost in favor of
sometining presently coanoting divising or oviginat-
ing.* The suggestion, further, is clearly indicat-
ed oy what is metaphysicalliy implied in the des CIL T
tion of the relational order given avove, »oth in
its ontological and psychological phases. For un-
less one is prepaved to impute to the celeosrated
Swiss physicist other than purely human cognitive
powers, it seems preferabie and certainly more
Oﬂienti;ﬂc to keep to Language wvhich rclau es t
onjective facts involved rather than to purels
personal and ilmpressioanistic criteria.
*¥Ci, Webster's Wew Collegiate Dictionary, lierriam-
Wewnster, 1U50,
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given context. In any case, this ratio in order to enjoy
any w»eing whatever, must have a two-fold stavility: It must
receive an esse from the intellect which it has as an acci-

dent inhering in a subject as well as a content of truth de-

rived Irom ils conformation Lo ontological reality, which

serves as its foundation. This foundation may be of two

kinds viz., immediate or mediate. An axample of {the Former

)

woulid be the reality that a relation of time vould have when

it i founded oun o measurement of a really moving body unlerd

Wi/

going change of place. A mediate founix ion would we immedid

izased upon the mode of anderstanding of the intelliec

ately +
and remetely be based on exteranl things through contraction,

=

for example, from a genus. And, as Jt. Thomas says, the

chain of remote reasoning, considered cotential

2

L3 relatiocnes
‘iqwuur: guia alio

such reiations for 3t. Thomas are called "intermediate

relations and they are always keings of reasons., Thus

.

clationes, guilous
wmtur ad susnjectun
tiam ad oppositun;
1c;uo ai filiwa refertu

et sioaliguae ru;atio%
fonis tant cwn, et non vei,o

ur ad aliud, non
"wu one AOA_u,
negue ad oot~
a relaticne
dicantur, sunt

‘e

.a
O e

re:
e
ren
ne
ravt

r
e
n

S..‘...:

. o - s =y
vo. .0, Xa, . 28, 4, ad 2.

S9. Cowm. on Hetaph., ¥V, 20 (ed. Cathala, 10352),
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It is evident from the analysis just seen that an
"event', as it is understood in Relativity vdhvsics o

- - .

Einstein, can qualiiy as a real velation, if certain condi-
tions are met, inacmuch az there do exist real relations.

There arc, then, abzolutelyno metanhrsical grounds fov in-
sieting with Russzeil that an "event', undersiood as a quanti-

e ala o] fo.. 4ey - Rl - <
tatively expressed relat

(‘.

ion wetween the objects of physics
is a. logical veing as a matter of necessity. It has oseen

. relation can be purely loglcal, however, and it

-
4]

he confusion that such a fact can cause that a

-

lengthy and careful analysis with the aid of concrete, hig-
torical material was made.
Thus the esgsential thesis of this wori may oe repeated:

the Einsteinian epistemology, denending unon mere scientific

P
useiuiness, ig virtually defenseless against idealistic
attaclhs of the Lind made by FPeritrand Russeil. Nor can the

"feeling for the real', as lLiargenau has called

iist orientation, when sunvorted oniy oy the
weak metaphysical defenses that finstein throws up, as seen
in the fivst section of this chapter, avail much against
idealistic professionalisn. It is ouwr Further argument that
neither would any ordinary counier-professionatism prevail,

kS

since only an existentlal metaphysics, such as that of St.

Thomas, iz fully disjunctive to it, a fact that the discus-

sion just ended has also attemnted to show.
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the claim

a matter of

5o
R
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mneasurea

e deiine

L3 definitional

w0

cComparison s ahe

Siotransporting piold rods Lo one, <ut by no means the only
way to define the notion ol coagruence. similariyv, Rinstein
sserted that time was definitional when it concerned the
guestion of gimultaneity. in the iatter case, as is we
LZnown, the definiq simultanelity which Binstein enploy-
ed was that involving the traversing of equal distances oy
Light rays. Biance iight rays move at o constant svee i.e.

indepeandently

ces covered

o
[

essarily Le

point Binstein

In order to compiete the definition of time we mas
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NsLeE., Zingteln was salntaliniag, then,

[ 2 - . R T D U ek . - 7 Ea . w s ey ey vy oo
¢ <raditions ol physics up to that very moument
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L and is the support of the truth of distance

’
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of mathematico«empirical.investigation that leads directly
to the question of the efficacy of the instrumental mode of
investigating nature to grasp reality, as Einstein hoped, in
"all its depths". Granted the efficacy of this operational
mode, in unravelling some of Nature's physical secrets, the
problem is to determine, by an appropriate metaphysical
analysis, what grounds, if any, support such a hope as a
grasp in depth of reality.

.The first question that must be examined is: what makes
a sensible being capable of being measured? The obvious re-
ply would be that it is extended in space i.e,, that such a
being has parts outside of parts which render it capable of
being sensed and as a result measured. The answer of St.
Thomas is that it is the quantity of a being which renders it
measurable for it is this which gives it parts outside of
parts. He writes as follows:

Materia autem dividi non potest nisi ex praesupposita

quantitate, quo remota omnis substantia individibilis

remanet, et sic prima ratio diversificandi ea, quae

sunt unius speciei, est penes quantitatem. Quod quidem

quantitate competit, in quantum in sui ratione situm

quasi differentiam constitutivam habet, qui nihil est

aliud quam ordo partium.

Thus St. Thomas is saying that quantity determines a
material being to individuation and as a result must deter-—

mine the being of its distinction of parts. In other words,

it is one and the same principle which produces both

92. In de Trinitate, 70, 5, 3, ad 3.
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T

ion of wnarts and iadi

&

distin

o]

the Angelic Doctor interprets the definition of quantity

Aristotle as that which is divisiph

stituent paris of whlch each is b

R Ol .4 oy T imr sy ey e eor .1 EN .. X DA | ied
‘this®, fhis means that a material

Tty would not ue formally exte

el

2Ll

parts

lwstance without guan-

-

ed with parts outside o:

» althouzh it would have parts radicalis

of retaining the alLility *o become extended.
o v

moval of quantity would cause its

unity or

v

T
H

matiter is Liigiisle unless o

. rm T 1. ~ ISP ‘ 4 Red
0, io 5t. Thomas a diversity of

division is presupvosed,

and a division of matter ig unintell

le without dimension)

for, il guantity is removed, suisstance

indivisgioie,

Thus, 1f quantity were removed Ffrom

1ts divisioililit

awt

a suostance it would lc

vosince it would no loanger satisfy the condi-

s

ilons necess ary for the extension of

This, however, does not mean that
duced to a poiant, fow point is the

1.

a suustance would

princinle of quantity and

not of a supstance. Rather, St. Thomas says, such

physical place, its anility to wove

which follow upon quantity Jut Leep

RA) 2 e B . X T AT
93. Metaphysics, v, 13 , L0020
[ -~ K . - o~ .
v&. Cont. Gent., IV, a9&; In

stance would simply lack divisibilid
its entitative composition; it would

and othex
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e would now

. 1

DRDOSS

e

¢y and radically, much in the same manner that matter would
have a potency to formal seing if it existed without Fform.
Thus it is clear that guantity gives i gral parts to sub-
stance ut is in no way consiitutive of the susstance. Tts
function is to set the parts of the sunstance in a certain
order from the confusion which it would have without the
contrisution of auantity, And since this ordering is acci-
dental, rath er than essential to the susstance, guantity is
an accident, It iz, in fact, oune of the redicamental acci-

dents of Arigsto

&

The question

stantiality ofFf
Thomas makes it

-~

else bHu

S

it has parts of

the unextended

selves

The continuous

13 an
already

T

narts

unexteaded,

tle and thus falls into +the category of real
that immediately follows regards the sub-

the susstance itself, 14 is lear that 3t.

radically independent of guantity insofar as

.

accident which

Ltz own entity

itz own,

. viz *?
an
hough

nti

guasr

has radically.

matter

unextendad

Ty which

3

mereiy ordexr the parts that

Actually,

physical,

1=

iy here peing considered,

is divided acecording toe ot. "homas, following Aristotie, in
two ways, viz., into the intriansically measuring and the
©0. Com. on the Heut. i, 3, 4L, a. 1.

"OUNIVERSITY OF OTTAWA o

SCHOOL OF GRADUATE STUDIES




UNIVERSITE DOTTAWA .. ECOLE DES GRADUES

€y ’
‘.l\.l

0 this doctrine the reall

i

extrinsically measuring, - According
continaum is Lntriasi cally measured into tlhree ulitinate
species of this gaantity: line, molid and surface

. The cin-

[ Ty 5 - e wmte maet am eyt i . SN & I IS S B R Sy e “t -
Lenuaum walen LS oextrinsicaliy  measured ig divided into place

the three species of intrinsicalis neasured
continuous guantlly, Aristotie refers them to magnitude S -
ing, "that which is continuous in cne dimension is iength,
~“u two ureadth, in three depth”uwy These in turn rorm the
CASLS 0L the definltion cf the three gpecies for line ig
magnitude Ln length, surrace is magniiture in sreadth and
5044 is magaltore in depth. IHoreoverw, Line, suriace and
deptih ave distinct from each other even though they enter
into the composition of ench other, which results from the
very nature of quantity itself, which is to supply varts.
This distinc tion of each of the three is mnde clear by the
very diversity oif the positions and properivies of extension
according tw length, preadth and depth. As John oi Jt.
Thomas says, when a line or suriace contrisute to a soiid,
they do so materially not formally for both iine and suriace
are genuine quantities in themselves. Thus, uniike matter
and form whose whoie formality iie in constituting a subp-
stance in a material sense, line and suriace have an
vo. For a lengthy statement on extrinsic measurement
see the remaris of St. Thomas contained in note 101.

97. MHetaphysics, v, 15, 102Ca, 12, 1y,
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extension even apart irom the so

distinct from a soliid not because i%

it positively

i

sized additionally vy the Tact €

the types oif lines, suriaces and

straight iines, smooth or rough
solids. This is also a sign of

of quantities Zor oniy real veings can pe modiiied in shape

and pe suwsject to situation.
The kind of guantity that hao
continuous QAQntity, the iden

weingy its poart outside of parts. Foli rowing Aristotie, fouw
oT. Thomas there is another uwind of que Wmitity, vim. discrete
o1 discontinuous ¢uantity which instead of uniti ng parts
sewparates them. I is this latter type which, as Jt. Thomas
Yo L . . . .
remarss, causes o division in the continuuwm giving ¢ the
propeviy oif measuraviliity and ves surting in guancative numper.
Thus he says that the character of mensure is round Drimoii-
(ST

Ly in discrete guantity.¥Y 'This ueans for St. Thomas that
Wwe measuaxre tile continuum oy counting its parts, there seing
no crearer ixind or measure than couniing, wheresy tue parts
ol the separated continuum are exhausted. it is essenvial,
at this point to carerul.y consider that sy wWhich the measur-
ed continuuim =8 counted ou expressed, viz., numoey.

Us, Lom. on tThe Sent. I, 24, 1 a. J.

80. On instants, cap. L.

involives the entity

03

1id. Thus line is formalliy
lacixs depth rcut vecause
of ilength. This is empha-
hat there is diversity in
soiids, e.g., curved ox
suviaces, round or sguare
the reality of these swpecies

[

T whi

been considered so far is

ch giv

es a materiant
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For 5t. Thomas, numover is constituted vy the real ex-

tended things wihich ave counted. It is these things subject-
ed to the act of counting. Thus,numser L3 that which desig-
nates the quantitative condition or muititude which through
the process oi counting measures disciete reing. Turther-
nore, number.possessing as it does, according to Aqguinas, an
essential, per se unity is a true species ofi quantity. This
means that since quantity is a coadition of real neing, the
nimderical unity two dDeings would nossess, when we exXnNIess
this in counting them, places this Lind of nwaser in the
category of real weing as weli., Thus 3t. Thomas writes:

Ot sic dualitas non erunt duse tnitates, sed aligquid
ex duapus unitatibus compositum., Aliter numerus non
ess3et unun nNer se et vere, set per accldens, sicut
gune coacervantur. 490

4 4

St. Thomas does not mean here that nusery 1s a supstantial

n ot

per se belwy Lor he is clearly putting it in the category of
quantity. John oif St. Thomas exnincins this doctrine of the
Angelic Doct or by comparing the way in which number derives

its own cuantitative measure in contrast to the extension of

-

time and motion whizh refer always to an existing continnuun:

«eecnumerus dicit veram extensionem et rationem nensuead
artam ¢x divisione continui, guom non dicit sots multi-
tudo confuse aczcepta per modum acervi vel comiali, Ouae
ratio s ic exniicanda est: guin numerus fundatus in guan-
titate divisa habet veram et Droprium mensuratioaen pex
modwm e xtensionis et multiplicationis, cua exhaurire et
adaequare potest ipasa partes et extensionenm continui.

It hanc rationem mensurationis et extensionis non nanet
tamguam quantitas ver accidens sicut temnus et motus,

- e - . - —
LOG, In Hetlanh., i1, 13; (ed. Cathalin, 1588.)
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quae ratione continui extenduntur. Numerus autem suam

propriam mensurationem discretam non habet ratione

guantitatis continuae, cum wvotius dividot et solvat
continuitatem eius.....{si)sit mensura in genere guan—
titatis et extensionisg.’

Yet, if this kind of number is a ner ge, real being,
where does it devive the form necessary to maike it soY  TFor
St. Toomas, the unity that such numbers have is not the
unity derived Zrom a form at all but only the unity of order

It is an order that is guantitative in nature but does not

derive from a guantity

inhering in all the units contained

implicitly within the last terwm but only frowm the last ternm

fe]

«

101, John of t. Thomas, Op. cit., II, {VI, IiI, Prima
conclusio. According to aC. Thomas, time, motion
and piace are not per se species of guantity but
arve quantitative by accident. $t. Thomas writes
as folliows on this nroblem:

"Distinguit modos guantitatis per accidens: et
ponit duos modos guantitatis ner accidens: guorum
unus est secundum quod aligua dicuntur guanta per
accidens ex hoc solo, guod sunt accidentia alicu—
Jus qguanti, sicut album et musicunm per hoc guod
sunt accidentia alicujus subiecti guod est guantum

Alio modo dicuntur aligua quanta per accidens
non ratione subjecti, in quo sunt, sed eo guod di-
viduntur secundum, guantitatem ad divisionem alicu-
Jus quantitatis; sicut motus et tempus, quae dicund
tur guardam guanta et continua, propterea quod ea,
quorum sunt, sunt divisibilia, et ipsa dividunturad
divisionem eorum. Tem»nus enim est, dividinile et
continuum propter motum motus autem propter magni-
tudinen; non quidem nronter magnitudinem ejus quod
movetiur, sed propter magnitudinem ejus in quo ali-
quid movetur. Ix eo enim guod illa magnitudo est
quanta, et motus est quantus. It propter hoc quod
motus est quantus seqguitur temnus esse quantum,
Unde hoec non solum, ner accidens guantitates dici
possunt, sed magis ner posterius, in quantunm, guan
titates divisionem ab aliquo priori sortituntur,"
In Hetaph. VvV, 15, 954,
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of the series itselrf. Otherwise, it would be like continu-
ous quantity itself which has a unity of form. Thus number,

according to St. Thomas, is a distinct system of measurement

characteristic only of discrete cquantity. "Nor is this order

v
one of relation such as that obtaining in an accidental
unity such as a group of neople, for numerical unity is
truly an essential unity. However, 3t. Thomas says that the

one which is a number is not the onec convertivble with being

. : , . e 102 .
for in the latter there is no division, Instead the unity

is the order given to a series of numbers when they are en-~

closed and set within a determined limit by the last number.,
o

-2

The guestion of the vrole that the intellect taikes in the
A

designation of the last number of a series is taken un by
John of St. Thomas because he recognizes it as a real diffi-
culty and an attempt to impute to the intellect the formal
role of the constitution of the ultinate number in a series

thus converting the unit into a neing of reason:
«eo.unitas secundum se est materia numeri inadequata et
partialis, ut autem ultima, est forma. =t rursus, qguod
sit ultima guantum ad effectum et formalitatem termin-
andi et claudendi omnes unitates sub termino determin-
ati numeri, habet in re, licet designationem materialem
habeat ab intellectu. It ista terminatio seu ratio
ultimi vere est aliguid in quolibet numero determinato,
quia vere in re invenitur hoc officiwm claudendi et ul-
timandi unitates sub ratione numeri, v,o., in ratione
quinarii vel senarii,t93

102, In Metaph., v, &, 375

ot eman s s

163, John of 3t, Thomas, Cp. cit., IT xVYI, II, Resp.
AD., 3.
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The question which must be examined in this

connect

jion

is that of the reality of numbers vhich are clearly the work

of reason such

&

as negative numbers, constants and
Before this is done, however, it should be noted

problem of the capacity of sensible peings to bhe

SO on,
that th

neasure

e

d

has been ansivered oy St. Thomas in his doctrine of the acci-

dent of quantity, continuous and di ete and the species of

real accident, number,

It is clear that in St. Thomas!' metaphysical doctyine

it is not the »arts of the substance which xender

being caonable of iLeine measured inasmich oo subst
[ -~ o

a nsible
ance, radi-

cally taken, has only a note ency to have actually extended

5

parts.  The weasurability is rather due to the actualization

of the confused parts within the substance by the

J.C(.;,L ]

nt

of quantity whethex continuous or discrete giving extension

to these parts. it is also clear that since the extension

is o real nroperty of the sensible veing that quantity is a
real or predicamental accident. Thus when this guantity of
extension is known, it is a reality which the intellect is
grasping. And since the whole essence of this accidental
form oi quantity is in seing extended metrically it is

eminently suscentible of ann vlysis by mensuration
Lknowledge that is derived is continuous with the
oi being which it considers. And in achieving o

of the metrical determinations of the guantified

substance, as the seat of the extension ol narts,

so that

modific

Znowled

being,

is

ation
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the

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES




UNIVERSITE DOTTAWA .. ECOLE DES GRADUES

134

involved as object, too. Thus a measurement taken of a sen-
sible being will reveal the metrical extension of the sub-
stance of such being. Yet it is not the substance which is
known but the quantity which, as was seen, is not constitu-
tive of the substance of the being itself. For this reason,
while a substance can be known by means of measurement in
the way that it is accidentally quantified it cannot itself
pe known by any such approach to either its constitutive
physical parits, essence or veing. And since mathematical
physics has.no existence outside of its measuring instruments
it is clear that it can know nothing at all about any unex-
tended reality. Indeed, only Duhem, of all modern scientistg
of the first rank has seen this clearly.lo4 Hor does it have
any knowledge of quantity which is not metrical, such as the
accidental relation of quantity to substance, just consider-—
ed. Rather, it is strictly limited to a knowledge of exten-
ded bodies insofar as they are extended and to what extent
this is so.

Thus it is evident that mathematico-physical investiga~
tion does not, and cannot, succeed in'"grasping reality in all

1

its depths." The knowiedge that it does achieve, however,
is that of the "quantified oxtension of a real worlid, topi-
cal and metrically relational though it be. The investiga-

tion which attains to such knowledge is a true physics but

104. Cf. Introduction to this thesis, p. vii,
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one that has allied itself, mutatis mutandis, only to mathe-

matics rather than, as it cleariy could, to metaphysics as
well, in which case the resulting knowledge would be no more

real for being deeper, satisfying at last Einstein's hope.
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CHAPTER IIX

THE METAPHYSICAL FOUNDATICNS CF EINSTEIN'S EPISTEMOLCGY

sSection A. The Foundations of Inductive Beginnings

The first requirement of scientific investigation for
Einstein, as has aiready been seen, is that it begin with
sensipble experience. For him this was of pivotal importance,
It can be called a mark of his realist approaciHs to the ma-
terial world. And yet, it is one tihing to declare scomething
a necessary feature of scientific investigation and quite
another to give it an unshakeaile, scientific character,.

How, it is an ironical twist of fate that the central
and most revolutionary idea to come out of Relativity
tneory, viz., the fusion of space and time, shcoculd be seized
upon by the idealist camp in the person of Bertrand Russell
to challenge this first and, perhaps, most important epis-
tenological tenet of Hinstein. For it is not long after thg
pronouancement of Relativity Theory that Russell makes his
provocative remarks (contested by Einstein) about the "impli
cations' of the merging of space and time. Russell will
settle for nothing less than the discarding of all referencs
to "things' in scientific vocabulary, agreeing with Whitehead:

Since Einstein, and still more since Heisenberg and
Schrodinger, the physical world is no longer regarded
as consisting ci persistent pieces of matter moving in
a three-dimensional space, but as a four-dimensional

maniiold of events in space-time. The old view result-
ed from an attempt to male the common-sense concept of
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"things" availablie for science; the new view means that
"things" are no longer part of the fundamental appara-
tus of physics..... The essential business of physics
is the discovery of "causal laws', by which I mean any
princinles which, if true, enable us to infer something
about a certain region of space-time from something
anout some other region or regions.

Now, while Einstein seems to show at times an occasionall
inclination to dispense, in the manner of Russell, with the
reality of material things, his realism is never more empha-
tic than in his briei remarks on Russell's theory of know-
1edgé. Thus, with reference to "events'" Einstein says the
problem is compliicated by the lack of clarity "in picturing

2
. 0 a . e 0 . 0 ~
to ourselves relations in this rTour-dimensional continuum'.

And although it was easier to do sc¢ in the three-dimensional
Baclidean continuuwm, even there, "its concepts and reiations
are only of an aistract nature in our ninds, and not at all
identical with the images we form visually and through our
: 3

sense of touch',

Indeed, to Einstein, any objection to the retention of
the notion oi the “thing"

g

wniciy i3 pased on metaphysical piad

is not suliicient grounds at all. And this is what is ailing

i

Russell more than anyvthing in his haste to dispense with the
‘ > -

"thing". No matter how much one may admire the acute
analysis which Russell has given us in his
iatest pook on Meaning and Truth, it stiil

1. A, WHITEHEAD, Process ad Reality, New York, 1929,p.401.

2, A, EINSTEIN, The Meaning of Reality, p. 31,

.

S Ibiggm.
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seems to me that even there the specter of the meta-
physical fear has caused some damage..... However, I
see no 'metaphysical" danger in taliing the thing (tno
object in the sense of physics) as an 1ndeDcndcnt con-
cept into the system together with the Proper spatio-
temporal strucgure.e

The conflict between Einstein and Russell on the whole
guestion of ihe reality of the ousjective world, therefore, is
closely related to the question of events as opposed to
things. This can he seen from a brief consideration of
Russell's theory of knowledge.

For Russell, there is no ontoio gical distinction hetween
mind and matter, the distinction at btest peing a methodologi-
cal one. Thus Russell says, ''the distinction of mind and
matter came into piilosophy from religion, alithough, for a
long time, it seemed to have valid grounds. I think that
woth mind and matter are merely convenient ways of grouping
events“.5 This doctrine he calls "Neutral Monism', a doc.
trine in which the event destrovs the possibility of the
material thing and thus removes tiie ground for any continui ng
distinction between mind and matter, Science is converging
from both ends in support of this doctrine.

Whiie phyvsics has been making matter less material,

psychiology nas oeen making mind less mental,..... lnus,
from both ends physics and psychology have been

HSTEIN, "Remarks on Rertrand Russell's Theory of

4, A, BI
wviedge", Library of Living Philosophers, p. 291,

Kno

9. B, RUSBELL, A History of destern Philosophy, New York,
Simon Schuster 1945 p. 833. '
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approaching each other, and making more possible the
doctrine of "Heutral Monism'.

How, Einstein and Russell agree that events in the sense

of worid points are complietely without extension. But, while

t‘J

this is proof to Einstein only thatl events are concepts and
are the means used 2y the mind to understand extra-mental
eality but not that reality itself, it is proof to Russell
that there is no ontological difference between the contents
of tihe mind and material things. Again, where Einstein would
noid that, being concepts, events are not deduced from exper-~
lence, Russell admits no dicnotomy petween mind and things
and assumes a logical patn from one to the other. Thus the
controversy ietween the two on thig point brings into relief
the way in which Sinstein's "concern for the real" guides
him in an aimost instinctive way not only in the maintenance
of his own realist positions put also to a perception of the

idealist positions of others. !

It is clear, at the same time, that Sinstein does not
throw up any adequate defense of his realist views. That is
why it is of crucial importance that an attempt be made o

provide one witihin metaphysics inasmuch as only epistemologi-

cal tenets »nased on necessi ty, as distinct from the merely

- L
C. pid.

7. Russelli's remarl: on Relativity physics in this con-
nection is corrouvorative: "Like all physics (Relativ-
ity Dh“~‘cs) assunes tiie realistic hypothesis,™ 3.
RUSSELL, The Analysis of liatter, Wew York, Havcourt,
urace, 1927, p. 43,
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useful, can be called "adequate'. The special task for the
thesis at this point is to try to find such adequacy within
tne metapihysical doctrines of St. Thomas Aquinas,

Tirere can be no doubt at all that the metaphysical in-

vestigations of 3t. Tihomas bdecin Dy a consideration of sensi-

UO

ble beings. . The reason for this is that all human cognitive
activity has as its proper object the form as existing indi-
vidually in corporeal matter. St. Thomas rejects Piatonisn
and clearly makes objective, sensible being the first and the
proper object ol the knowing human inteliect,

Manifestum esL etiam, gquod species intelligiples, quibus

intellectus possinilis fit in actu, non sunt ooJcctum
intelliectus. Non enim se havent 1d intellectun sicut
quod inteiliigitur, sed sicut quo intelli tgat. Sicut enim

species, quae est in visu, non est gquod videtur, sed est
quo visus videt; quod autem videtur est color, qu1 est
in corpore; simiiiter quod intellectus InLellL“JL est
quidditas, quae est in reous; non autem species intelli-
gibilis, nisi inquantum 'nLeiieﬁtus in seipsum reflecti-
tur., Manifestum est enim quod scientiae de reous, non
autem de specievbus, vel intenti ion:iyus intelliigiopilibus
nisi sola sc 1nntia rationalis. Unde manifestum est )
quod species intelifniu1i¢s non est objectum intellectus,
sed quidditas rei intellectae.®

Thus the wveginnings of science for St. Thomas, just as
they were for Einstein, are sensiple bei ngs in the world. It
must be noted here tiaat the former is not giving, as he
mignt, a fundamental reason why this is so but is content to
reduce its contradiction to an apsardity. Actually, he has
given tne real reason for this beginning in real neings in

is metaphysical writings where they properly pelong, and

(8]

d. In De Anima, 3, &,
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which will one examined at this time, for the full clarifica—
tion of the tenet, so explicit in Einstein. IFather Owenis,

writing in Mediaeval Studies, interprets the doctrine of St.

Thomas on the proper starting peint of metapihysics as
follows:

In giviang a metapnysical account of a thing, one cannot
think of the essence as something already counstituted
by its Torm or matter and then having the act of being
added to it. tatiner, from a metaphysical viewpoint,
one has to start with the act of being that the primary
efficient cause gives oy participation, ..... it is
the constitutent that exercises the mosf fundamental
priority in the thing that is produced.”

In other words, 3t. Thomas is interpreted as saying
that one cannot know what does not exist and as a conseguence
if there were no existiing beings there would be nothing to
know. In addition it is because of tihe pPriority of this act
of being waich mates a thing real that we must turn to the
o i N - S b e . . 10
really existent thing in the first cognitional movement.

Of course, if something otner than the reality of the thiag

came first, it would ie metaphysically possible, even neces-

sary, to begin human cognition somewhere else, e.g., outside

9. REV. DR. Joseph CWENS, C.88.R., The Accidental and
mssentaas Caaracter of Being in the Doctrine of
ol. ‘fuomas Aquinas, vots. LK, D. oo.

10. This view of 3t. Thomas on the priority of existencd
was cnallenged oy the important mediaeval scholar,
iles of Rome, who said that essences had an intel-
ligipility of their own even in priority to becom
ing actuatized oy egse. Cf. William L. CARLC, Tne
Doctrine oi Creation in Giles ox gome, Ph.D. thesis,
Toronto University;195

ibid, ©», 27.

Joseph OWENS, C.S85.R.,
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real being itself., But tihis is not the case, says St.Thomas,

for the reason that the only other constitutent in a sensi-

L,

v
—

ble thing is the essence, and this is sometiing whose whole

meaning is with reference to what a thing is, i.e., its de-
) o . . - e s

finition. it has nothing to do with the reality of the

tning which. is the result of efficient causality.

It is rather being for 3St. Tahomas which is the terminus

3

N

AT . h¢ L . o I53 M 4
of efiicient causality, "....ei quod iit faciens dat esse.’
Without »neing a thing cannot exercise any efficient casuali-
ty. St. Thomas clearly says that tihe essence cannot e the
efficient cause of its own being because, if it could, a be-
ing could ne known pefore it was a Deing: "Si ergo aliquid
sibi 1ipsi esset causa essendi, intelligeretur esse antequam
1 1. . A 4= 3 . oo b il "13
haberet esse, guod est impossinvle; ....

HNow all this does not mean, howeverr, that with refer-
ence to accidental weing that accidents cannot be actually
known before the subject in which they inhere; "invenitur
enim aliquod ens accidentale causatum ex principiis sui sub-
jecti, ante quod esse inteiligitur esse substantiale

11, "Moreover, since that by winich a thing is constitut-

ed in its proper genus or species is what is signi-
fied »ny tne definition expressing what the thing is,
philosophers nave taken to using the word quiddity
for the word essence. The philosopher frequentliy
calls tihis the what a thing was to be, in otiaer

words, that oy which a tihing is a what." On Being
and Hissence, transi. A, MAURER, pp. 27-23.

12. De Pot., LIY, i, 17.

ls. Cont. Gent. 1, 22,
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.-L‘I .

not just the rart, the formal and material (undesigna-
ted) principles., 'This is indicated by snecch for white it is
true to say that Socyates is a man, it is not true to say
tihat he is humanity. Thaus, St. Thomas savs:

sic erge patet guod essentia hominis significatur

ut dictum est:

nraedicatur

aecidit omnnen
uis noninig
nomen essentia
sSocrates
itur enim Socrates essentia guacedan est,
negatur,
Soccrates. Lo

st owecause only

4
s,

essence taken without pre-
takken in this latter sense, &5t. Thomas savs, the
de considered in two woys: either in an ansoiute
existing either in the mind or in rveality. In

sense tie essence "clearly abstracts from every act
sat in such a way that none may be excluded

Iii dem .

Tidi

144

albeit

hoc
hoc nomine humanitas, sed diversinode,
gquia hoc nomen homo 1gn ificat eam ut
in quantum scilicat non pPraecidit Je31ﬂnat*ouem
tae, sed implicite continet eam et indistinet
dictum est quod genus continet differentiam:
noc nomen home de indi iduls; sed hioc
significat ecam ut parten, quid non
id quod est hominis in guantum homo, et
designationen materiae, unde do individ-
Jiaodlcatur; et propter hoc, gquandogue
invenitur praedicatum de re; dicitur
essentia invenitur praedicatum de re; alc-
et guandoque

howmo et

numanicas

nisi

110N

sleut dicimus quod essentia uoaxatis non est
that essences abstracted with brecision are said

the individual, that is,the whole

And wien tune individual is predicated it must

of the whole, i.e, 2y

den.,
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18 The reason for this is cliear i7 we take the

from it'.
nature of man, for"if existing in this individual belonged
to man as man, it would never exist outside tihis individual.
Similarly, if it belonged to man as man not to exist in this
individual, human nature would never exist in i't“.19 in
other words, in its absolute consideration, an essence a-
stracts from peing in any individual man or in the mind. It
can one either, thereiore, hut it need not e in either,

Now, this abstraction, ansolutely considered, is ap-
straction without precision, i.,e., while aostracting £1om
the mode of being in either the mind or in reality, it does
not actually exclude being. Clearly, if it did $t. Thomas
implilies, since he seems to regard it as seli evident, there
would be nothing to conceive in the first place. Thus,'to
think of something and at the same time exciude its weing
is impossible. 'The abstraction irom neing without »recind-
ing drom seing, toerefore, remains open to all ways in which
a thing can exist, i.e., whether in the mind ox in reality.

The important thing to stress nere is that the assolute

consideration is srecisely, a 'coasideration'. Since the
Joy

o]

intellect alwavs iy deating with an essence eitner as exigt-
ing in the mind or in reality, it cannot experience it di-

rectly as an avsolute in the above sense. But tihis does not

1o, Ihideit,

1%, Ioidem.
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mean that it cannot appnreciate that since it does not have
to exist in eithwer mode it can ne considered absolutely, i.e.
as existing in neither mode. But stiil it can never nrecind

from peing despite the independence of the apsolute consider-

ation., It folil fyom this that, since the mind cannot

arecind from peing that every esseince mogt be a being.

The question now concerns tihe exact nature of this
essence which must ve a being, concretely considered. St.
Thomas has aiready pointed out that it the nature of man as
such existed in any individual man that nature would boe
unzque. e maintains, furthermore, the very same thing for
weing, d.e., 1f seing exists as such in any aature that

-4 : - ay 5 ey O ¥ - ‘i H - o ¢ CYgq e
nature would e uniqgue. It woultd, in fact, Le God. 22uzx
this is precisely how God defined lMimself to Moses in reovel-
ation: I AM Who Am. 7Thus:

32 autem ponatur aliqua res guac sit esse tantum, ita

ut ipsum esse sit sunsistens, hoc esse non recipiet

additionem differentiae, quia iam non esset esse tantam,
sed esse, et praeter hoc forma aliqua: et muito minus
recipet aditionen materiae, auia iam esset esse non
sudsistens, sed materiale. Unde reliquitur guod gaiis

res quae sit suum esse, non potest esse nisi una. 2

Thus, accoxrding to 8%, Thomas, God's is a real nature Whose

act of existing tdentical with His nature, i.e., uni

c
b
9]

e,

()

Therefore, It cannot coalesce with any ctuaer nature in veal-

ity. Tais means, of course, tiat tne reality which God

20. 8.T., Ia, 45, 5, ad 1 m.

2L, Op. cit., cap. IV,

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES



UNIVERSITE DOTTAWA .. ECOLE DES GRADUES
147

communicates to creatures cannot coalesce with their essences
wiich it actualizes. Clearly, then, it is outside (Qﬁgg@g{)
the essence, and the reality can join it only accidentaily.,
Thus 5t., Thomas says, "whatever is in something as outside

LUB8 esgence L3 oLn At ELCCldGl’lCD..Ll:‘,’. ' I‘ur‘cnermore, LT L3 1n

as an act recelved into a notency remaining really distinect
irom the potency itselif. The existence then is the act re-
ceived into tue potency, the essence.
Cmne autem qued recipit aliquid ab alio, est in potentia
respectu iliiug; et hoc quod receptum est in eo, est
actus eius. lNrgo opertet quod ipsa forma vel guidditas,
quae est Intelligentia, sit in potentia respectu esse

aguod 2 Dec rqgipit; et iiiud esse recaptun est ner
modum actus, <9

Lxistence, then, is an accident out o prior aceident
pecause wiaat nkas to wve regarded as the first effect in a

Ty oy P B R B o
Cii11Y A5 LTS eMNis

o
©

ace.  And this is clear for, as has peen
previousiy noted, if the thing does not first exist no otiher

Je present as a second efrect. Thus, 3t. Thomas

>
6]
G
0]
)
o
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3

can say, "tae existence is the effect which all ffects
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ol tihe Minstedinlan epistemoiogy on tie nroinlem of inductive

22. Comp., Theol,, LIVI,

8. Cp. cit., cap. LV, p. 47,
24, Comp. Tae we are given tne me-
oy

caniiysi { ) ;
int Relat: NDAYBLCS, 1110 materias o C
LS Const ted here wWith Lis own act of existence,
not uo deilquesce, as Lovejoy wuts it, into a mere
relation. Ci., Supra, notie 48, p. 100

LLonal
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tihe exact vole tiat the essence talies in the constitution of

a weing is itself clarified. This is especially

Since it is the fLormal rather than efficient cause

important

the onject of mathematics, and thus caveful conside

whic

rati

h is

on of

tne part plaved wy the Ffoim in general, iu the Thomistic

o

netaphysics, is mandatory. To achieve . this, attention m

0. . ' .

rivst be paid to the role of the form in Arvistotle.

In Aristotle there is no more cexiain doctrine

cagse, 1t ls the Form which is going to carry the

the actuality of o thing in contrast to its

“
-
=
o
cr
r’s
o]
L

llere is nothiang Ligher than the form. Since this

ust

purden of

its potentialityv., How this form is the ousia, that

say, the suwvstance. In coatrast to Piato, however,

ey e ety el ey - 1 el . 2 e 4 A
cated tie forms ox Yideas", as tney are caired,

out

tes the I

. . . ., . 25
individual and real things in the sensioie worid, <o

pecause tie wihole actualit:s i thne ti gocomes Lrom

wiatever Lt Ls the form is, that,

individual is, How siunce the form 1s ousia or subst

the individual is an ousia or substance as well.

substantiality of <things is the resulit of Tormal

operating within the thing {to mate it

ewise, is what

Wil
side

Ol

1o-
or

in

causality

oF
’\_:
[
e
cr
(0]
<~
@
=
2
.
ot

whatl precisely s a thing, e.g., a man, for Arvistotiey

stagirvite is wnmistateasily clear that 14 iz the

25. Metaphysics, I, 9, 991b.
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7]

fhiomas i3 so great'that when it cane to be appreciated
in the thirteenth century for wihat it was, it produced a
reaction that was nothing short of monumental. This was
especially true in the reaction of the ominent Siger of

The whole difficuliy setween St. Thomas and Siger real-

4

ly reduced itself to the question of how faitihful to Aristo-

1+

tle, the pagan, a Chvistian theologian writing in the thir-
teentih century had to we. To St. Thomas, Aristotle was a
guide, a valuaikle iastrument but no more than an instrument
in the service of Chvistian truth. indeed, it was 3tC.
Thomas' view tiiat to the extent that truti was to ue Found
outside Christian teaching, it was to he seized as wrongiul-
1y possessed, sut not without gratitude to its discoverer.
To Siger, conversely, it seemed that the most devastating
accusation tnat could Le made against a philosopher in the
dniversity oi Faris in those days was that he was non-
Aristotlelian., Tor was not Brother Thomas ascribing a caus-
al action to a principle, viz., the act of existing, thereiy

PR

ting a fourth princinlie when for Aristotie there were

3

POS:

i~

only three: matier, form and accidents? Gilson writes as
follows on this very crucial woint:

cevewin susstances, there is nothing else nesides
matter, form and accidents. To add existence to them
is to posit a Zourth nature in things. This criticism
wrings out in full relief the novelty of tine Thomistic
answel to the proolem: instead of repeating Aristolle,
Thomas had indeed posited a fourth nature in veings
(to use Siger's own werds) namely, the act of veing.
At the same tlime, it typifies what was to be a very
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commen odjeciion to the new dogcirin
of neing pos lewbeﬁ Many a so-c:
wvonder about it,«v

. what can this act
4

e
1ited Thomist will

Siger has no orief witi this formulation which is so COmpro-

nmising to the revered teaching of the sStagirite. In answver-—

o

A

/

ing Thomas, as Gilscn says, he does not accuse him oi fali-

A\
gy

-

sity for wiﬁh homas' conclusion Siger nas no auarvel viz, ,
that the peing of a thing is constituted Ly its essence.
Tnis is Aristotelian doctrine. But 3t. Tuomas' mode of ex—
pressing tinis truth comes in fdr repbuke, Siger accusing
Thomas of trving to Ffind a middie way aetﬁeen Avicenna and

B0 s : ; i
Aristotlie.” ¥or 3iger it was Averroes wio was the Commen-

tator on Aristotle and not Avicenna. The latter's doctrine
on this point was that being was an accident which was

superadded in the oeing of a creature. And so when Si

03.
2

finds Thomas talking about a fourth principle which is not

the essence wut constituted by the pyincinies of the essence

[\
&3]

E. GIL3(0N, The Iistory of Christian Philosophy in
1

the Niddie Ages, p. sb4. “"Sed dicere quod Co”e sit

aliguid additum essentiae rei, ita quod non sit res
ipsa, neque pars ebSGHLLaO ut materla vel forma, et
dicere quod non sit accidens, est ponere quartam

naturam in entinus." Siger DE BRABANT, Quaest. in
letaph, IZdited by. Cornelio. Andrea GRAIP», G.S5.B.,
Louvain, 1%4g, p. 18, 28=-32,

29, B, GILSOH, ibid., p. 394,

SO, "Ponunt autem quidam modo medio, quod esse est ali-
quid additum essentiae rei, non pertinens ad essen-
tiam rei, nec quod sit accidens, sed est ali Lguid
additun quasi per essentiam constitutum sive ex
principniis essentiae." tger de Brabant, Gp. cit.,
n. 1G, a1-24,
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ne is understandanly mystified., Tor sometihing which is

ed to a thing in the Aristotelian sense would ne an acci
o

out Brother Thomas says that it is not an accident, unde

stood as one of Aristotle's predicamentals. At the sane

it is not the thing nor any of its essential parts while

7l

ing constituted by the essence of the thing. Therefore,

since it is not an Aristotelian accident, it cannot wve pPoS—

terior to the thing in the sense of inhering in a sunject

ifirst

o

N

constituteq. Hor can it obe coterminus with the

essence for it is not the essence. It ig precisely what

Thomas calis it, viz., a prior accident which is outeide

tThe t

adcl-

dent

-

timg

ise-

i
[ VS

of

aing itseli. Clearly this is not Aristotelian doctrine

and siger is absoiutely right.

e ig

formul

diffe

disju

Le put

S & ‘1‘!’

The difficulty for siger in this whole matter is olear.
trying to explain a created universe with a doctrine

ated to explain an eternal one. Dut inasmuch as th
rence 2eitween tiaese two universes could not be more
nctive, Aristotle needed to e changed organically

into the serwvice of Christian truth. This 3t. Th

wonas

and it seems equally clear tanat Sicer did not. Fortun-

for nim, as Gilson savs, "it is aiso clear that God

not intend to save mankind thyvoush metaphysics', 2+
W J

since tials YLourth nature" is clearly not the Aristote-

foram which was considered earlier, the final qguest
Sk, Ch

on
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tnat must e answered is: What role does the form pilay in

e metvaphysics oi St. Thomasy It was noticed, for example,

that Siger nad no complaint with St. Thomas' couciusior Tlat
the being if a thing is constituted oy its form or essence.

plays Lts role of formal zausality in Thnomistic
metapnysics and nast se in its own way tie cause of a

o, Zut now does it opeirate and in what mauner
is it comparaizle, i¥ at all, to the work ol efificient caus-—
alityy Cleariy if the efiicient cause, wiiich was seen earli-

er to oe the cause of a thing's bheing is to e truly ceifici-

1

ent how can a iformal cause have any aciuvalizing power of its

L

own. And vet, the formal cause 15 a true cause in tio

.

Thomistic metaphvsics, Higint tine two causes operate in the
reciprocal way that Lorm and matter worl waere the Ffirst
pecifies and the second individuates?Y But to e true of

2xistence and essence, it would mean dewvriving the form of

alli actuality and reducing it to a potency Like matter. If

o

this is the change taat 5t.Thomas has made in Aristotie, i
could not possibliy be a more radical o complete one, for as
was geen, in Arigtotie the form was identical with the act.
And, to foliow the logic, ii the whole zectuality is ifrom the
exigtence then since this is outside (praeter) the essence,’
tue actuality would algo e outside the essence.

te Se

St. Themas nas Litile or no Qifficuity reconciling the

O

serations ox tae two principles while alliowing tiem cach

a

their own proper Function and autonony, e writes:

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES




UNIVERSITE DOTTAWA .. ECOLE DES GRADUES

154

Cinnis enim efiectus dependet a sua causa, secundum quod
est causa ejus. OSed considerandum est, quod alicuod
agens est causa suil effectus secundum fieri tantum, et
non directe sgecundum esse ejus.... sic autem se hanet
omnis creatura ad Dewn, sicut acr ad solem illuminantem
sicut enim sol est lucens per suam naturam; aer autem
Tir tfuminosus participando lumen a sole, non tamen nar-
ticipando aaturam solis: ita soilus Deus est ens nexr
essentan suanl; guia ejus essentia €31 SUWM esse omnis
attem creatura est end participative, non quod sua
agsentia sit ejus esse, @

Here, in using the analogy of iight wiaich travels througl
the aiy, St. Thomas is revealing wiat he means by the form
acting as a potency and yet operating as a true formal cause.

For just as the ether has a potentiality ner se to pe iliu-

mined, so the form nas a tendency ito receive the act oi be-

o

ing that makes tihe thing a being, per se. This means tnat

i

its vreceptivity is essentially, as distinct from accidental~
1y, to being and wiiat is more, operates to cause the kind of
penng that a thing has., This does not mean tinat it can
cause its own zeing any moie than the ether can cause its
own illumination. And yet as a formal principle of wseing it
exercises its dowrmal causality determinatively.53 But the
most impoxtant woint is that the essence or form is not an
act for St. Thomas as it was for Avistotle. The act, which
causes the tning to e absolutely is, as has been seen in
Thomistic metaphysics, purely and sinply existence (esse);

and this act ig other than the thing and prior to it in the
&

S2. 8.7, Ya, g. 104, a, 1,

33. De Yot., VII, 2, ad 9.
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line oif efficient causality.
We are in a2 position anow to relate +tie Einsteinian re-

quirement for empirical beginnings for piitysics to its meta-
physical roots. It is clear from wiaat has been secn thrat

tne analysis of being and reality is not a simple matter »Hut
involves the most careful and systematic treatment. In fact),
it resembles the most rigorous type of mathematical or logi-
cal. reasoning. But more importantly, for this study, tais
metaphysical analysis of reality reproduced here as the
thought of 3t. Thomas is seen as vearing this mark of Ein-

steinian methodology, that of inductive peginnings, but in a

& =
oY)

deeper and more prototypal Form.“ It is the sensible
object, as has been seen, whica is Tirst experienced in meta
physics and which must serve as the initial ground for an-
alysis. And by pursuing this metaphysical analysis further,

2 0

it is to discover the causes of its own experimental pegin-
nings within reality itself, sometining wihich only a metaphy-
sical analysis can do. And wahile it is significant to dis-~

cover that both metaphvsical and mathematico-physical analy-

sis begin in experience, this fact could still pe ascribed

o
PN
t=1

t is noteworthy that the method of postuiation is
ased in Thomistic metaphvsics to develop the inves-
tigation of material neing. Tihe argument which
goes to the Supreme Being for the full analysis of
the proolem is technicalliy put in hypothetical form.
Thus it argues that if a being existed whose very
nature was to be that SBeing would se God and as a
consequent such a nature could not coalesce with
the Being of creatures. The essentials of the
argument have peen presented in tihis section.
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to coincidence until the roots are found within the struc—
ture of reality itself. And the roois of this requirement
of empirical beginnings not only for scientific investiga-
tions, but for metavhysical ones as well, are the priovity
0i the act of exisience to the essence of nature in tie for-
mation of any material peing. It is ciear Ffrom this fengthy
review of St. Thomas' metaphysical doctrines that it is

existence which malzes a thing Lknowahie by first malking it be.

N R

I3}

Nor, as has been seen, is it possible to speal of the real-

€

ity of a materiali thing in terms of any nature constituted

apart ifrom the material thing enjoying real existence, even
though the act of its existence does not coalesce with the
nature in the material thing. It is cicar, therefore, why
for 3t. Thomas there is simply no way of knowing other than
oy Reginning with the material thing. And this is why the

material being is the starting point of scientific investi-

P

gation in its most Fundamental and radical cause. Taus it
is not simply a coincidence that scientific and metaphysical
investigations segin with concrete experience. And vet,
witnout laying rare the very structure of reality in the
way that 3t. Tuomas has done it, it needs must have always
appeared just that, a coincidence. fnd, 2wy the same toizen,
would the instinctively realist epistemoiogy of Alberl Ein-
stein remain weak and inexplicable in the face of idealist

criticisms and assaults.
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G
O

ection B, The Roots of the Formation of the

Primary Concepts.

Einstein has repeatedly said that sensibple experience
cannot dictate the primary concents and postulates which are
to serve as the foundation for tihe deductive system however-
much it is true that the oveginnings of scientific knowledge

are in the worid of sensinie peines. Rataer, he says, cu-

[t Re

perience can cut sugrest them., In any case, Dianstein is

D

emphiatic in his ue

st cannot go from

sense data-to tae Sy any “arocess of anstraction'.

How, on this wvery critical point, it seens quite clear thal
there is some esseontial agreement hetween Binstein and st.
Thomas.

Binstein nhas said that images seem to serve him as

)
:

"elements' oi his thought which are reproduciizle at will,

Farthermore, he savs, “there is, of course, a certain conanecH

35
tion between those elements and reievant logical concents'.

5t. Thomas tells us what that “connection i3, showing that
for him as well there is no such tning as abstracting from

sensiuvle beings in themselves. In discussing the three

grades of cognitive powers viz., angelic, human and orute,

Intellectus autem humanus medio modo se habet: non enin
est actus alicujus organi, set tamen est guaedan virtus

C
h
0]
=
1Y
[\]

J. HADAMARD, Cp. c
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guace est
est copncscere forman,
ter existente HLGM

materia; cognoscere ve ro id, quod est in materia
individuali, non prout est in Ldl* materia, est abstra-

Torman o materia individuali, cuan repraesentant
paantasmata; ed ideo necesse est dicere, quod intelleo-—

noster ﬁiuv-‘ it matevi ’a avstralendo a vhantas-

aateriaiia

atiguaien “O“Q'u"OﬂCM deveni

the word "“ausstraction®

and Hinstein has oojec

insizting that the scientist aoes not asstract
perience osut rather freely inwents the primary con-—
nis systew on the stre ngti of what experience may

to hiim.  Coe orolliem is to determine in the lighit of
Just seen seen as the meaning oi the word “"ianven-

i R i et vy ey
e aizrerence petween the

point oi coanecting the

minstein ool

as

)OAHL “ionv Lonerwan WVites: ool just as

15 107 rrom the rnauox' ial
53 0% and ab cuaravher'dc the
conditions . uccor;_ g to tnﬁ
of bpecial and GODG ai fo Latiy 3 C
expression of vhvsz cal princ es aund laws 15 in-
variant W-Lu résbect to iaer and, nore “OHOLLL-J

contiguous transformations of spatio-temporali reier-
ence Lliﬂpo. . tlow, 4chractL01 aad invariance are
hQL aact tae same thing, for abs traciion is
J cated o’ the concept or inier word, _wihile :
ance ig Dredicated of the ﬂatncmaurg“l expression
of certaln concepts or inner wor 'as. otill, expres
sion and concept, outer and Jgnner word, differ onix
as supn and "‘”nLchd as c*xeu and cius e; and oLoth
&‘”LFWPLLOH 4nd m¢n3bc d;qn nvarian;c
'-;e} ent manners tha U;c moductc of
are _nJoJcniouc o the &7 aLlO—?Om001ﬂL

LDOJT

forma corporis....et ideo
in materia cuidem corporali

non tamen

ons _xlC:.L ata in Lnug

s, b
anpears in the text

cleaviy

ted to

two thinlers
images o

a senant

ol

morniism or Lnom“ut a“d
; Zpu"nlbLg, nomao
“JUL 1ie, For n’]n“

0. 80 ff‘

Droprium

orout est in

Woaterial-

this word in a

on thig

"relevant logmical

:

ical or a real

C:.I.O .LOV(,,L \,J.\;..)CL" 3C .
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says, proceeds in the first place
principles which implicitly con-

Inowledge gained from a study of the

principles

in nozig quaed:un ientiarum sem-

ina, scilicet primae conceptiones intel iccuu& guae
statim lumine intelliectus agentis cOUnos vuntur ner soe-
cies a sensibilip apstractas, sive complexa, ut dig~
nitates, sive incomplexa, sicut ratio entis, et unius

et huiusmodi, quae statim intellectus annrehend't. E&
stis auten principiis universalius omnia principia

seguuntuy, sicut
Quando ergo ex
educitur vt actiu
potentia, et
aliqguls dicitur

oy God as o ind

s
. LW 2wy -
ated truth".”” These

vident

~evident it is in
Bx ipsis
ea guae ex eis
naliter teneda;
re;quqda aliis
101,

So. De.

3¢, Iuiden.

40, ibidem. 3t.
mary" to
numan inowing
theory,
may be co
as it it

ex quisusdan z

LE8TLS

U s
SCLGnt*dﬂ

innate within us

Trutis
some way the

enim priz

"O; "u. ) l.j..

Thomas
refer

vesnecti

ciear

%u*OALuus seninaiihus,

universaltl cognitionisus mens
“ownogcat warf*cu,hr;a guae prius in
in aniversali “O”TQSCCu&Hidr tunc

acquirere, 9o

naving seen "imnlanted

us of uncre-

form the pasis of under—

and even of those which arve not

cause:

cipiis per se notis considerat, guod
necessario congequuntur
quae
autem assensum vraciere

sunt certitudi-
con:zaria, totaliter
potest, vel

vero eis sunt

and Einstein use the word "uri

to the most general Orinciples of
and fthae first principles of rela tvx +
vely, Certainiy hoth principl
fled "primary' without any (onLladlction

from what follows,
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Xow Dby an immediate or -self-evident truth st. Thomas does
not mean a truth that is necessariiy evident to everyone
for if, due to ignorance, some person cannot see that non-

podily things are not in a place, to use the example 3¢,

A

soethius, the trutn would still remain

. . - o A - . \
lmmediately evident in itself. 1 There is, however, a kind

poni

Tuomas takes from

of truth that is immediately evident to everyone, whatever

their education, e.g., "if you take equal parts from things
- - W 42 . o ; . .
things that are ecual’, Agquinas telils what is required

5

for somethiag to be rmnediately evident in the following

words

‘

Ad hoc enim guod aliquid sit per se notwa, ninil aliud
reqgquiritur aisi ut praedicatum sit de ratione susjecti;
tunc enim suiectwm cogitari non potest sine hoc quod
praedicatum sini inesse appareat, Ad hoec autem quod
sit per se notum, oportet quod nobis sitcognita ratio
sulecti in qua concluditur praedicatum., Bt inde est
quod quaedam »er se nota sunt omninus; gquando scilicet
propositiones napent talia suwjecta cguorum ratio omni-
uus nota est, ut, omne totum maius est sua varte; quil-
ivet enim scit quid est totum et quid est pars. Cuae-
dam vero sunt per se nota sapientibus tantum, qui -
rationes terminorum cognoscunt, vulgo eas ignorante.*9

Thus, a truth seif-evident in itself would not ne discovered
by means of reasoning from principles which reaches conclu-
sions and, then, '"by way of judgment examines the conclu-

sions which have uveen found, ana Lyzing them nack to the

o

41, De, Verit., 10, 12, <.
42. Iuiden.

43. Ibidem.
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principnles”, tnis, rather, is a description of the truth
obtained '"by way of discovery'" wherein what is predicated of
the subject is later seen as actualliy true of it. 1In this
latter case, reason resorts to other +than the primary, in-
nate principie since, as St. Thomas says, ail intellipgiple

tnings are not equally near to the intelilect. Jome rather

can be seen immediately, while others only vy examining

P -

other principles. ° Now, these "other principles' are gain-—
ed througnh tite action of the agent intellect, just as ave
the primary concents,

Cne difference is that tne primary principles are im-

mediately evident following conceptualization wiaiie the

other principles await the action of the two sdisequent actis
of the mind, viz.,, judonent and reasoning. The origin of

tiaese two tvpes of princinles, viz., the innate and the ac—
quired, is however, a common one, according te S5t. Thomas.

Quantum igitur ad utrumque, Deus nominis scientiae
causa est excellentissimo modo; quia et ipsam animam
intellectuali iumine insignivit, et notitiam »rimorum
principiorun ei impressit, quae sunt guasi guaedam
seminaria scientiarum; sicut et aliis naturaliibus renus
impressit seminales rationes omaium efiectuun

Ll

producendorum, =t

o ”

ientific discovery of scientific principd

j

U

Thus, if s

[¢]

ig Te be expiained, there is required the existence of an

et

44, Op. cit., 10, o, ad 10.
<5, Cp. cit. 14, 3, c. such secondary principies anpem
3 2 » J ok i 1)

in special velativity theory as 1) the constant
Speed of lignt ian vacuo and 2) the gpecial princinle

ol relati oo CEV BUpra, p. 67.

A, Ibiden.
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active intellectual power in each man. And, for 3t. Thomas ,
tiie very nature of tie agent intellect is that it is aLways
L1 act according to its very substance,

prohioet noc 2EpeCtu Liliug esse s nduain
et secundunm iud i ’nu, sicat in resus
videmis: acxr i u humidus et ncten—
terra autem e conv or;o. racce autem compar-
atio invenitur esse inter animan iuteilectivam et phan-
tasmata., Iabet enim anima intellectiva aliquid in actu
ad guod phantasma est in potentia: at ad aliguid est in

- . i
potentia guod in phantasmatiisus actu invenitur.4?

How all this is an activity proper to man where oy he

4

emnloys the natuvral iignt of his owa inteliest to iltumine,

as Einstein has noliced, certain imarzes he has formed
uig as a result oi tne activity cof his external senses, Anc

tne reliance of the inteliect apen the imagination is clear,
as wt. Thomas says, from what happens in ouy anderstanding
waen the srain s diseased or the imagination disturibed or

even when we weilect on our own experiences conceraing the

attempt to undersiand ar yihing:

Uudc manifestum est gued ad hoc guod intelliectus actu
intelligat, non solum accipiendo scientiam de novo, sed
etiam u104do scientia iam acquistia reguiritur acbu°
Imaginationis et ceterarium ‘tutum.  Videmus enin
quod, impeditc actu virtutis imaginativae per laesionem
organi, ut in pnreneticus; et dimil”ter impedito actu
memorativae virtutis, ut in let chargicis; impeditur homo
aw intelligendo in actu etoim en guoerum scientiam prae-
accepit. sccundo, quia hoc qui. et in seipso exveriyi
potest, quod guando aliquis cognatuw aliguid intelligere
Tormat aliqua phantasmata sioi per moduwn exemplorum, in
quibus quasi imspiciat quod intel: gere studet. DR
inde est etiam quod quando aliwa voiumus Tacere aliguid
inteliigere, proponimus ei exemplia, exX quious sini
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phantasmata fovmare possit ad inteliigendunm,
Following this clue of 3t. Thomas it seems tiat it would not
2e distorting Binstein's own statements apout his cognitive
life to justly »nicture the Latter mentally "examiniag" an
imaginary representation of the Micholson experiment in an
attempt te understand its true meaning. ‘There seems to be
tittle difference between a theory of knrowledge stating that
the "inower examines' his phantas: and rinds their meaning

est to the

TQ

and one wihich states thnat the phantasms "sugg
Znower' their meaning, except a semantical one. Indeed, the

vernal preferenze of minstein, whose active inteliectual

And it is on this very poilut ox the active intelliect of
GZinstein, which "saw something", as it were, in his imagin-
ary reproduction of the Michelson expeviment wihich his con-
temporaries d4id4 not, that St. Thomas' doctyine of the asent
intelliect imvwinces with the greatest force .Ag It is cleaxr
that if the meaning of this experiment was seen only bv Hin-
stein it must have heen a) because the meaning was opscure,

or that the phantasm was dark, using the analogy of the

avsence of pnysical ilipght on it; and ») Zinstein was abie to
see the meaning or to illuminate the phantasm. KNow this is
y da, q. o4, V. This Fact, in relationshin to
Einstein's postuliates, will ne considered in detail
in the next section.

49, ¢f. S.T, I-II, 50, 5, ad 2; In De Anima I11, 11,
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precisely what the active intellect of a person does accord-

o

to st. Thomas and, by inference, what it seems to have

ing
done for Einstein. For there was a time before he saw the
meaning of the experiment and after he saw 1it, and 3t.Thomas

would call the former state of mind Eiastein's possibie

intellect and tae latter his condition of actualiy undeir-
standing. Furthermore, it was the meaning that Einstein saw
through the power of his active intelliect which transformed

O reduced the possibie intelliect to actual understanding,

Iivy

'nis meaning 3

-

. Thomas would call the ”ihtelligible snecies
which is the likeness of the thing understood, iu tihig case,
the quantitative wealiities of the experiment in their vrela-
tionship to each other.

Thus St. Thomas writes:

Lt ideo »nrae omnijus praedictis positionibus rationabi-
Lior videtur sententia Puilosophi, cqui ponit scientiam
mentis nostrae partim an intrinseco 2sse, partim ap
extrinseco; non solum a rebus a materia separatis, sed
etiam ab ipsis sensibilibus. Cum enim mens nostra com-
paratur ad res seansiniles quae sunt extra animam, in-
venitur se habere ad eas in duplici nasitudine,

Uno modo ut actus ad potentiam: inquantum, scili-
cit, res quae sunt extra animan sunt intelligibiles in
potentia, Iipsa vero mens est intelligibilis in actu;
et secundum ho ponitur in ea intellectus agens, qui
faciat inteliginilia actu.

Alio modo, ut potentia ad actum: prout scilicet in
mente nostra, rormae rerum determinatae, sunt in poten—
tia tantum, quae in rebus extra animam sunt in actu; et
secundum noc ponitur in anima nostra intellectus possi-
Dilis, cuius est recipere formas a sensivilinus an-
stractas, factas inteliigibiles actu per lumen intellecH
tus agentis.

Quod quidem Xumen intellectus agentis in anima ra-
tionali procedit, sicut a prima origine, a suvstantiis
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separatis, praecinue a Deo.50
It would seem, however, that not onliy the external real-
ities of the experiment, viz., the actual quantified bodies
which suvplied their intelligibilities in the form of numbers

for distances, velocities, etc., but the whole of present and

o

past scientific history was operating in the capacity of a
teacner for Einstein. HHere the words of 3t. Thomas are oif
the highest significance:

Unde ipsa verba doctoris audita, vel-visa in scripta,
oc modo se habent ad causandum s >ientiam in intellectu
sicut res quae sunt extra animam, quia ex utrusque in-
tellectus intentiones intelligibiles aceinit; guamvis
vcrfa doctoris propingquis se habeant ad causandum

cientiam guam sensibilia extra animan existentia in-
quantum sunt sipgna inteliigibiiium intentionum.

Yet, it is not as though the +teacher causes knowledge
Oy helping the person to "see better, Nor does he impért a
hknowledge of <tlie pPrimary principles. The wori of tne teach-
cr is to furnish sipgns to the external sense faculties.

fHiomo autein, quia secundum ordinem naturae alteri homin:
par cst in specie intelilectualis fuminis, nullo modo
potest alteri homini causa scientiae existere, in co
lumen causando vel augendo, Ucd ex parte 111& gua
scientia &hnotorum per principia pner se nota caus atur,
alteri womini cauua sciendi guodamnando existit, non
sicut notitiam principiorum tradens, bed sicut Ld quod
implicite, et guodammando in potentia, 94

fa

ot, Thnomas is saying here that the teacher does not im-

plant ideas in the inteliect of +tie pupil, bput provides him
A L pe

50. De, Verit., 10, 3.

Sl. Cp. cit., 2, 1, ad 11,
52, Op. cit., 1i, s,
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with sensiblie signs "of the manner in which conclusions are
deduced irom the principles”,53 St. Thomas makes clear the
exact efficacy of the work of the teacher in the following
words:

... ounde et secundum hoc unus alium docere dicitur,
quod istum discursum rationis, quem in se facit ratione
naturali, alteri exponit per signa et sic ratio natura-
lis dicipnuli, per huiusmodi sini proposita, sicut per
quacdam instrumenta, pervenit in cognitionem ignotorum
eees Bt secundum noc dicit Philosophus, I Posteriorum,
quod demoastratio est syllogismus faciens scive. nd

0o

it is clear that tne learning process tirrougin the in-

strumentality of the teacher involves, similaxly, the

abstraction of intelligible species Trom phantasms, for,

"the teacher leads the pupil to wnowledge of things he does

noL know in the same way that one divects himselif througi

the process of discovering something de does not inow, "

“o

And since the orviginal source of the teacher's Lknowledge was

tihe natures of sensible things, it is clear that iinowledse

zained by tne pupil is just as truly gained from exnerience
as that gained Ly immediate personal contact.

There is no question but that Hinstein received a vast
amount of the intellizizle lilkenesses of the world of physi-
cal reality through the instruments of inown and unlinow:

L Vel

teachers whether ther spole to him as living persons or

53, Iniden.
94, Co. eit., 1L, 1.
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across the grave. Ag hds neen seen, ne was guite aware of
Iiis debt to many and guilte candid and grateful for ali that
re had received by way of instruction From others, it is
also accurate to »noint out that short of the profoundest
snowiedge ol the history of ideas, sometning which Einstein
did not claim, it would have been impossiole for him to
separate the original from the merely secondary human sources
of tae &Lnowliedge that made up his fund of knowledze at one
given time, oY

How the whole sufiiciency of the intellisible forms
J

N
0
¢
0]
joN
Fa

which have heen abstr
tive oif the sensinle objects themselves is that they are
lilkenesses whicihh have the same intelliginle character of
that tae tiings have in potency. For, as Aguinas say3;

Hon enim oporteil guod eiusmodi esse habeat similitudo
cuiusimodi est id cuius est similitudo, sed solum quod
in ratione conveniat; sicut forma nominis non habet

tale esse in statua aurea, guale csse habet forma homin-
is in carnibus et ossibpus, o’

A problem, however, scon arises regarding the diiferenca
in the manner of existing of the forms in the intellect and
in the material thing, itself, Tor, as the first objector
pointed out in St. Thomas' consideration of whether our in-
tellect undevstands corporeal and material things by

56, All the essential ingredients of relativity theory,

for exzample, were Lnown to John of St. Thomas and
cxpressed Sy him in the most explicit terms., | Cf.
note 46. Considering his role as a transmitier of
consideraiie importance coi VWestern ideas, what debt,

if any1 does Iiinstein owe him: Cbviously an unan-
swerable guestion.

57. De Verit,, 10, 4, ad 4,
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avstraction from the phantasm:
Videtur, quod intellectus noster non intellicat res
corporeas, et materiales per awvstractionem a phantas-
matibus, Quicumgue enim intellectus intelligit wem
aliter, quam sit, est falsus: formae autem rerum mater—
ialum non sunt abstractae a particulariius, guorum si-
militudines sunt phantasmata; si ergo intelligamus res
materiales per abstractionem specierum a phtantasmati-
bug, erit falisitas in intellectu nostro.°®
And St. Thomas would agree if this meant that the intellect
understood a thing otherwise than it is. But this is clear—
iy nmot so in the case of abstraction from the phantasm
secause the intellect does not, for example, abstract "the
species of a stone from its matter in such a vay as to think
.
that the species did not exist in matter, asz Plato held”.o9
This is not to say tiat there is not a difference hetween
the thing in sensible reality and the thing as understood
since the thing understood is immaterially in the one who
anderstands, according to tihe mode of the intellect, and not
. ‘ . . C 5
materially, according to the mode of a material tnlng.b)
However, S5t. Thomas is emphatic in saying that the nature of

a stone or oi any material thing cannot be iknown completely

and truly, except inasmucih as it is lknown as existing in the

jet

individual.®

But siance they do exist as natures in material things
Ny o

56, 8.T1., Ia, g. 85, 1, ap. 1.

59, Inidem.
50, Ibiden,

6L, Op. cit., fa, q. 4, 7.
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and not as subsistent realities in the Platonic sense,Oz
these forms of material things are only potentially intelli-
ginvle, to become actual only when they have been disengaged
not only from their designated matter as "this flesh or this
oone" in the individual but from material condition as re-
presented in the phantasms.63

Thus, according to S5t. Thomas, the act of human cogni-—
tion is something far more extraordinary than a mere ansorp-
tion of certain facts of the universe that it has succeeded
in forcing nature to relinquish. Instead, there is to be
found in his psychological writing a particular term which
is its whole leitmotif, viz., the concepnt. And while it is
true that e himself 4id not first use tnis term in connec—
tion with human cognition,he did give the Diological charac-
ter of it, as connoted by the employment of this tern, a
profoundly truer meaning and accuracy. Human knowledge for
Aguinas, as the consideration which is to foliow will reveal,

involves an assimilation of the knower with the known in

such a way that a condition of being is achieved by the
Inower possessing all the formality tiat actualized the
thing in the fivst place. But this is only the first stage
in the assimilation because, if the knower is to become in

his knowliedge like the known in a true nossession, there

must bHe an act whereby that which the thing nas over and

T 3 ofe b .., i 2
52, Cp. cit., ia, g. 84, 3,

[

] De unte et Essentia, cap. 2.
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above its iform, namely its act of existing, is attained.

This is precisely accomplished in the act of the judgment.

Fut it is an act which will be assimilated to being in all

its fullness and in this sense, as Gilson has remarized, it
is not, however, the judgment of Aristotlie:

The radical ordination of the hudgnent to the existiag
real had already been stressed vy Aristotle on the
plane of supstantial being as he himself understood it.
For Aristotle, it is quite true that substances alone
exist, but it is equally true that, for him, to exist
is simply to e a substance, or, in other words, that
to be is berfowre all to bhe sonecthing. More particularliy,
and in the fuliest sense, it is to e one of those
things which, owing to their form, possess in them-—
selves the cause of what they are. Thus, the being at
which Aristotie stops is "that-winich-has-the-act-oi-
being", minus the act-of-being itseif, 9%

Indeed, it is not at all surprising that tie judgment
for St. Thomas should be so prefoundly iwmporitant in his
psychology given on the one hand his netaphysics of reality
and, on the other, the career that the human knower has iaid

EN

out for him. On tiis point, St. Thomas and Aristotle were

. . - W N e 8
as one in agreeing that the soul is in a way all things.
The reason, it is clear, is that for bhoth Iinowledge had to

pe a complete assimilaticn of ihe real. But only an assini-
lation to tihwe whole of reality of a material thing can pro-

duce real fecuandity,

54 ¥ RPN H Ty g Y [RITE e A (ti 5o
4. B, GILBOH, The Christian Philosophy of St. Thomas
g . . . Fy TR e e e -
Aguinas, p. 42,
agtioads
& IRV Iy ) B 254 A6y, IS VTV A C ~ 7ot o
IS STCT LS y l‘)e B Uy ":..'uoa.. ; IS THCMAS ’ De Ve

ARI »J X
2, 2. .
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Hept on the plane of quiddity, Thomism will spend its
streagth maiiing one inventory after another of its
inheritance. Raised to the plane of the Judgment,
Thomism will again malze contact with the very heart of
the reality it is interpreting. It will become fecund
once more, and again will de awvle to create. If hig—
tory has any lesson for us on tihis point, it is because
it enabies ug to watch that flowering oL new trutis
wiich mariied tiae appearance of Thomism, v

Loch 9

it is evident, then, that there is a way to account for
the formation of the Primary concepts oi Einstein 2y locat-
ing it within the doctrine of azstraction of St. Thomas

Aguinas, The plame that the word "anstraction'" is not de-

art of the wori: of scientific theoriza-

)

scripeive of this

tion must be laid at some other pPhilosophical door of

4. .

nisteory. And vet, it is not so important that the word "aoh-
o R b

R

straction' Le defended as the daoc

4.

trine tiat peginning with
sensinble experience, the intellect iy 1ts own active bpowver,
awakens first to the requirements of the primary, innate
principles wiiich govern all knowledge, aad in whose light it
then postulates those secondary princinles of human science
whichi occur to the inteliect as new meanings within the
pPhantasms of experience, oniy later, oy the acts of Jjudgment
and reasoning to "“discover' that they are actualliy true (or
failse). Buch a docirine seems properly and profoundiy to

account for the tenet of the ¥Yinsteinian epistemology deal=-

ing with the formation of the primary concents, as weil as

69, Op. cit., p. 45, GILSCN gives us an example of an
inventory that was a masterpiece, viz., that of
Alberto LEPIDI, G.P., De Iinte generalissimo DI out

est aliauidvpsychologicum, logicum, ontologicunm,
Pladentiae, Tedeschi, 1sul.
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the larger epistemological and psychological problems which

Einstein does not raise.

Section C. Judgment and Reasoning as Related
to Scientific Postulation.

It is e?ident that the formulation of postulates of the
Einsteinian epistemology connotes the proposal of a set of
ideas which are not yet known as truear false. In the
postulation, then, the concepts which camé into being in the
first act, just considered, are proposed, i.e., put in a
form which makes a definite statement as to meaning, but not
as to truth or falsity. Obviously, if a postulation propos-
es something which is more than a mere meaning, there would
be no need of the discursive and confirmatory labors which

must be undergone in Einstein's scientific theorizin .67
g

67. The relation that scientific hypothesis and its
verification has to the whole metaphysical question
of essence and existence is brought out sharply. by
Father Lonergan in the following way: "..... If we
ask why scientific hypothesis needs verification
and why Thomist definition needs Jjudgment, we meet
with similar answers. The scientist will insist
that it is a mistake to try to base science on
a _priori necessities, that the one fruitful proced-
ure is to scrutinize things as in fact they are, to
discern in them what pPossibly may be their laws, to
formulate these possibilities as mere hypotheses,
and to submit such hypotheses to every test before
placing any great reliance on them. The Thomist
will reply in apparently quite a different manner.
He will point out that definition stands for judg-
ment as essence to existence, that a finite essence
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In point of fact, it is.the very task of this post-postula-
tional work to make a determination as to the truth or
falsity of what has been proposed. This is not to deny that
in some implicit way, as Einstein has maintained, and has
Just been seen in St. Thomas' doctrine, the postulates do
pre-contain the truth if they are, in fact, true. However,
psychologically speaking, the mind does not yet know it, and
therefore cannot give its consent. The views of St. Thomas
on.this point are especially revealing.

The intellect has not stopped with the assimilation of

exists not necessarily but contingently, that
divine wisdom can select any set of finite essences
and arrange them in any of a vast variety of world
orders while divine will is free to choose any
whatever of the possible orders, and consequently
that, while divine wisdom guarantees that there is
a reason for everything, still in each case the
ultimate reason must be the fact of divine free
choice (Contra Gentes II, 24, et 26: S. Theol.,
III, q. 97, aa 3 ss.) Plainly, the empirical
character of science and the freedom of divine
choice are two different things, yet there is a
notable similarity between their functional .
significance in scientific and Thomistic thought.
The scientist has to verify his hypothesis because
ultimately what counts is that it is in fact so;
and the Thomist has to rass judgment on definitions
because ultimately what counts is that God chose to
be so." B, LONERGAN, S.J., Op. cit., p. 120.
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mode of existence whicih it nas Just achieved. It is "what
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itseli to the object through the instrumentality of the
species. It has gone on immediately under the impulse of
that actualizing process to form witihin itself g concent,

that is to say a mental word which is the #fruit of the new

o e ) N . - o g oy d
the intellect conceives in itself and expresses Dy a word',
in which it '‘seeis natarally to manitest or to 'tell itseld!

6Y
vhat it has just nercelived", by L¥:

3

&

> 5t. Thomas says:

Dico autem intentionem intellectam id guod intellectus
in seipso concinit de re intelieccta,  Quae guiden in
nobis neque est ipsa res quae inteliligitur; neque ipsa
substantia inteliectt U3y sed ezt quadam similitudo con-
cepta in 1ntoiiectu de re iztellccta, quam voces exter
iores sigai Lilcant; unde et ivsa intentio veroam inter-—
ius nominatur, quod est exteriori verbo blgnificatum.
Bt guidem quol praedicta intentio non sit in nobis res
intellecta, inde apparet quod aliud est 'nLOWL*wore
rewm, et aliud est intelligere ipsam inte entionem intel-
lectam, gquod intellectua facit dam super suum onus
reflectitur: unde et aliae czcnniac sunt de resus, et
aliae de intentionibus krtcvichﬁu.

It is clear frowm tihese words that we are dealing witih a suo-
gstitute for the object in the concept. It is a likeness put
not in the way that the specles which is abstracted Lrom the

phrantasm resemsles the thing vecause it ig reiated to the

thing, »nut a ilikeness waich is "nothing more than a represen-

. ’:’ i T s ! i
tation', At the same time, as St. Tuomas, says, the
8. E. GILSON, Up. cit., p. 22y.

GY, J, MARITALH, Yormal Logic, lew York, Sheed and Ward,
1945, p. 17,

70, Contra Gent., IV, 11, 6,

71. E. GILSON, Gp.

ci

i C‘f‘
bha
P
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intellect forming the intention in this manner, Lknows the
72

thing This is because the continuity between the concept

and the species was not broken inasmuch as the latter caused
the former, Tor the only way in which the species could

give vise to the concept

[0

the thing was by first being the
species of thnat same thing. And yet, unlike the species,
the conceptl is not one with both the intellect and the thing
since at St. Thomas says, it is, "what the intellect con-

ceives in itselif of the thing undevstood!, It is therefore

\

listin

)

¢t Lfrom the thxing inasmuch as il exists only within

‘

the intellect wheveas the thin

oexists in reality apavt from

o conceiving intellicet, Yet the concent, litewise, 1s not a

guod 2ut an a ¢uo, for it is the very instrument by weans of

R

g

wiich the inteilect graspsihe “"whatness" of the thing in

doing so0, two things are clear: L) the formatiocn of the con-

cent by the intellect with which 1% grasvs tie guiddity of a

thing is a completely natural, unreiflective operation nor-

te

tormed eiiortlossly oy the knower; 2) there is yvet no ques-

tion of truth or ervor involved Lecause there is no deliiner—-

ation, no judgment »Hronounced, SInDLY o grasping

oject uy a Lacully acting according i«

I

respect, the intellect can ve compared to a sense Lfaculty

and ils proper ouject:
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Quidditas autem vei est proprie ovjiectum intellectus;
unde, sicut sensus sensibilium Drondriorum semper est A
verus, ita et intellectus in cognoscendo guod quid est,

The question oif truth does not arise until the conform-

ity tnat the concevnt has to its ooicct wecomes known to the

[

c e dicendun guod guamvis formatio guidditatis sit
pPrima operatio intellectus, tamen per eam non habet
intellectus aliguid aliud proprium quod possit rei
adequari; et ideo non est ibi propriec veritas, (°

The inteliect now has the power to reflect on itso
apprenension of a thing, this taiing place not in apprehen—
sion itself, out in tae Jjudgment,

Tunce auten iudicat intellecius de ve apprehensa quando

dicit quod aliguid est vel non est, qguod est intellec-

tus componeniis et dividentis..... 19

The problem of truth then for the firgt time arises

-

vith tne judgment. This is clear for another reason. In

simple apprehension there is no essential discontinuity

)]

either between tne species and the thing or the concent and

the thing. It represcented a natural, indeliserate act, as
nas peen said., With the Judgment, however, there is a “froec

activity of mind which dominates and enriches reality

J e e e s e

(adding) something oif its own Lo tne exterior reality it has

Just assimilated......and this tine there are really two

. . R ard . . .- . .
distinet real;“;es“./ Cn this point Gilson nas written:

i<, De Verit,, I, 1

N

{5, Cp. cit,, I, 5,

Y7 B, GILSCH, Op. cit., p. 231, Cf. De Verit., 1, 3.
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ten in itself, the notio
directly to Ll-ﬂgﬂ, Jut to
things.,.... oy dl‘l”.do ne i
associating or disassociat
ig r“Luoq in thought ih1
reside, ?

noof tiu apnlied not
though nowledze of

3 an gpevation of reason

ing concents. Therefore, it
truth is nx operly said to

at Gilson quickly hastens 1o

Un the otiner nand, if we looi: at the relation of thought
to things {Lrom the point of view of its szJs, \¥{c] nafe
to say that truth ig in LfLﬂ”b, rather an in ti

I say that Peter exists; i1 thls chlﬂmcﬁ 3.

is true, it s Decause Peter does

that reter ig o rational aninal’;

it is vecause iadeed Peter

withn reason. Lot us ao durt

canngt we both Liseii and i hs

nle is true, 21t ig iadeed b seing is the

seing that Lt 1o and not as ek principle is

oaviously {rue Lecause tho ot is of cuo“:‘Ling
true which we can say of any wseing Ls the pri imary fact,
seyond which: thousat cannot $o, <tnat this being is what
it is,?¥ '

And vet, it is cguaily true that in the act which i
weyond concentualization, viz,, the enunciation, ithere is
stTill nothing more than an act of Justaposing ideas in Dro-
positional form with o meani ng compounded from the new coi-

position.

l ne Il.l_.‘.»

proposal and then

‘C.‘

Biastein has seen tiis

Tirst act of the mind, the
a simpie coniformity of the

clearly

2Epra, p. 51,
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intelicect to the thing in which thereis an assimilation of

o

he knower to the Imown. Such truth as is present is not in
tae Znower as such but as in a true seing.  With the jude-

ment, however, the inteliect must reflect on the conformity
witicin it has to the thing or to the Arincinlies on which +the
truti depends and ecnunciate whether oy not it exists. When

it does so, moveover, it i

N

immediately subject to the gues-
tion of truth as defined in the classic formula, viz.,

adaequatio rei et intellectus. Si. Thomas called this the

. . s s ol
act of cemposing and dividing.

Now, 3t. Thomas does not limit nisg consideration to o

.

single phase of this zeocond act of the mind wherein one con-

cent i3 comparved with another in order to apprehend the

dentity or diversiiy of the thiners conceived, composing the

o

[
~

IS

concepts in the Former case and dividing them in the latte
This-is because tihe term compositio should Le applied also to
the act winerein the intellect compares concepts not as oby-

Jects but as intentional likenesses insofar as they are truel

For the Angelic Doctor, as has been seen, spealks of truth

]

b

&

"in the intellect Knowing what a thing is"YY But here the

Si. De Verit., I, 3.

OZ. In I Yerihewvm, 3, 4, The distinetion netween the
two phases of judsment does not always involve ga
temporal separation. For example, in self-evident
propositions or ones of immediate experience, tihe

assent ig virtually instantaneous witn the enuncia-
tion., Tiaere, the only sequence isoone of logical

necessity,

3. Cf. Note 75, p. 176.

Co
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true,

There is

simply. a com-

position or synthesis of simple concepts in which they are

encompassed in a mental unity., ‘this is necesgary if the

inteilect is iater

when they are |

withh the

Cr principles

seing consi

to e able to affirm o deny tihe terms

oW as being in conformity or disconformity

Thus the

o

concepts are vrought into unity or eanunciated for the later

purposes of the act of assent or dissent,

iation by Binstein is an outgrowth of the -
the judgment in its two phases,

the very way the ming Proceeds in its advance toward

should propose

wherein, for tne time
thely meaning bhe understeod or enunciated,
seen in Einstedin,
involving as it does in
nically anstruse matiematical r
the mind to a noint where
tests and checizs can »e made and as

This postulational metihod used by Hinstein

cd. 3.0,

Tuis Light, it is clear that

"

O

~the use of postu-

structure of

The method of hypothesis ig

Inow-

itselt various enunciations

the theorems will receive corrosoration

(assent) or rejecaiion (dissent) by the employment of experi-

It is therefore only natural that SZinstein

nis sclentific nypothesis postulationally

there wust

» Ia,

veing, nothing move is intended than

liowever, as also

then pe a deductive effort made,

a.6o, 3;q48, 2,

Relativity theory, lengthy and tech-
easoning in order to pring
» in theorem form, the appropriate
sent given or withneld.
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to and rendered necessary oy the second act of the mind
witerein it first enunciates (ggmgggitgg) and then truly

Judges (compositio aut divisio) its postulates in the Light

s

0f evidence rendered proximate and anplicanie by reasoning.
” wia . . §

Here in tais order, toc, which iz the intelicct's own

proper one (alicuid proprium) the problem about the distance
of the deductive process from its inductive feginnings,
which was sucihh a scandal for liach and other of the vositivie
tic‘school as ias been seen{;“‘5 fades into unimportance. Tow
Jjust as it isthe vrelationof conformity, in which, according
to 5t. Thomas, truth consists, so a real diversity is de-
manded o5y tihe way in which the exirsa mental world differs
from the world of tuought. Here in its own proper world,
the intellect is free +to Jjourney down its own paths, long or
snort as it may itseld accide, ygowverned oniyv by the laws of
its own inner logic and subject at last, no matter how far
it has straved irom experience, to experience again as its

measure and justification.

wection D. Tihe Confirmation of tihe Theorems and the

‘Hature of Scientific DProof.

It is a widely held populiar helief that the validity of

Reiativity Theowy has peen demonstrated ny the verification

s

e

01 certain oi its predictions. 'Tue case of the perihelion

oL Mercury had a great deal to do with tuls feeling of.

n. 858,
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necessarily Lo conflirmed theorems., Rinstein rvefers to this

for example, when he asserts that the notions of physical

T1°chc to per"c*vcﬂ facts in the nmost logicallisy
perifect way., Actualliy, a glance at the dev c*opmo: oif
Phiysics shows that it has undergone far-reacning chano-
es in the course of time, oY

verification of the thecrems of a Thcory Ls not a puarantoe

theory nas ncver oecn proved sy mere emperimental confirila-—

tion to i

ouserved

"can never he final"

since, however, sense perceptions onliy give

Sinsicein L telling us nere that the mere experinental

9]
(0]

o -
162
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*uiOrﬂ&LLOd

exteraal werlid ov vsical realigy!
YCocan onlv grasy Y 2Y speculative

Trom Th: our notions of
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ange these notions - that is to asavy

P
wwstructure of pny

Les - in order to

Cyoof that theory and, furthermore, that a

the only theory capanle of doing Justice to
Sy
WO

data.

Ve

A, BINSTEII, "On Clerk Maxwell's Influence', p. 40,

A variant of this itimitation is cxnressed
man in tane following manner: “iwo seneral I
of tae generalttheocyy of relatzvity may ose red
rstilry, there is the wathematical ;
o equations and the rules oy Wn¢cn tize
tie equations are to se correlated With
oL physical operations: and secondly,
the attitude of mind, ox Wuat I may call
I wosophy, that leads to the arguments used in
deriving ino oquatLons and to the e: ucctat_on tiat
thie eguations so derived wiil have physical amNJIh.
These two asncct are not uniquels connected; irom
a given mathematical edifice one cannot uniquedl
deduce phLLOuOUhV that led to the orecLLon of
the edifice, and even less can one infer from the
success of the mathematics in reproducing certain
aspects of experience that therefore the philosonhy
vack oi it was true." £, V. BRIDGHAN, "Hinstein’
and Cperationalism', AEPS, », 547

v
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beings, Thus, for example, the modern atomic theory of
material beings, a view which, when first formulated and,
for some years succeeding, seemed to many to be a final
one, is now in a state of serious compromise, while the
hylomorphic theory of the physical constitution of material
things remains empirically unshaken.90 This is so because
the latter theory refers to the real physical constituents
of material beings, viz., matter and form as distinct from
a ‘certain mode, fruitful it is true, of conceiving bodies
under the accidental aspects of their extension and mobility

90, DYAbro calls attention to this fact in the
following words: "Consider again the FitzGerald
contraction, Here Lorentz thought it permiss-
ible to apply the transformations; but owing to
the slight difference in their significance in
his theory, he concluded that a body in motion
was really contracted owing to its real motion
through the ether, Although the observer
carried along with the body could not detect the
contraction, yet it was physically real and
would be observed by the observer at rest in the
ether, A similar interpretation would have to
be placed on the slowing down of phenomena, In
Lorentz's theory the difficulty consisted in
accounting for an identical contraction manifest-
ing itself in exactly the same way for all bodies
soft or hard. Lorentz again appeals to the
electronic and atomic constitution of matter and
has to take into consideration elastic forces,

With Einstein the explanation is simple,
The contraction is due solely to a modification
in our space and time measurements due to
relative motion, and is completely irrelevant to
the hardness or softness of the body. whose
atomic or electronic structure need not be taken
into consideration at all. In much the same
way an object appears magnified under the
microscope, and this magnification is indepen-
dent of the body's nature.," A. D'Abro, The
Evolution of Scientific Thought, New York, Dover,
1950, pp. 149-150, (Italics mine.)

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES



UNIVERSITE DOTTAWA .. ECOLE DES GRADUES

In addition, another type of experimentum crucis, val-
idating the philosophy of St. Thomas, an historical one, is
aptly recalled in the following quotation by M. Maritain:

The men of today have the very instructive privilege of

watching the historic failure of rationalism., It would

be suicidal to blame reason. But they can observe
everywhere, even in the economic order, what is produc~

ed by the claim of imposing upon matter, the rule of a

reason which itself refuses to be guided by the highest

and most essential realities, All rationalization
inevitably engenders absurd results when it is not the
work of an integral reason which heeds the order of
wisdom and nature,

And there is yet, still another "critical test" of the
absolute validity of Thomistic metaphysics which has been
used as a basis of explanation and confirmation of the
Einsteinian methodology in this thesis., It is this: The
existential metaphysical synthesis of the Angelic Doctor
not only can account for the epistemological procedures of
Albert Einstein that have been presented, providing them
with the foundation without which they can have no stability,

but it alone of all known philosophies seems able to do so,

91,

185

J. MARITAIN, The Dream of Descartes, Editions Poet
ry, London 1946, p, VIII, F.S.C, Northrup has
dealt with the subject of the experimentum crucis
of philosophical systems as applied to religion in
his Logic of the Sciences and the Humanities, in
the chapter, "The Methods and Grounds of Religious
Knowledge", While he does not refrain from criti
cizing the system of St, Thomas, he appears torate
it higher than any other Western or Eastern
philosophical systenm,
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CONCLUSION

There are two considerations under-riding the achieve-
ments of Albert Einstein in Relativity theory. The first,
openly declared by him but, it would seem neither known by
scientists generally nor, when known, accepted, is this:
RelativityAtheory is the fruit of a unique, epistemological
procedure. The main elements of that procedure which were
presented in the first chapter may be listed as follows:

1) The requirement of strictly inductive'beginnings, 2) the
factor of free invention of the postulates, 3) the remote
character‘of the deductive process with 'respect to the in-
ductive beginnings and the rules of simplicity and natural-
ness which act to guide the deductive work, and 4) the re-
quirement of physical confirmation of the theorems. The
second consideration, one which does not appear to have been
grasped by Einstein is this: Just as there is an epistemol-
ogy which inevitably under-rides Relativity theory, there is
a metaphysics which grounds and explains this epistemology.
The writer learned of the existence of this unique Einstein-
ian epistemology for the first time from the words and work
of Einstein and part of the thesis problem has been to ab-
stract the Einsteinian methodology from the actual workings
of Relativity theory, as well as to reconstruct it from the
hints and declarations within his critical writings. It is,
of course, no surprise that Relativity theory uses a definiue

epistemological procedure for this is true of any and every
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properly scientific work and relates to the laws and dynam-~
ics of human thought on the one hand and the structure of
extra-mental reality on the other.

The second and most important part of the thesis has
been to provide metaphysical foundations for Einstein's
epistemology. It was felt at the outset that this base
could be found in the metaphysical and psychological writ-
ings of St. Thomas, especially if its claius to being a true
metaphysics were valid ones. And while the failure to
accomplish this thesis, like the negative experiments in
physics itself, e.g., those of Michelson and Morley, would
not prove that it could not be done, a successfully main-
tained thesis would provide new evidence of the perennial
and even heuristic character of the system and body of
insights of the Angelic Doctor.

But the main objective was not so much to prove the
value of Thomistic doctrines but to provide the critical and
epistemic views of Albert Einstein with a solid and sure
foundation and with guarantees that g0 beyond the utilitari-
an., It was felt that Einstein's epistemology, which stands
as something critical if not causal to the discoveries of
Relativity theory, not only deserved a surer base for it but,
if idealistic assaults by thinkers within the empiriological
domain were to be successfully met, such a base would be
needed.

Thus, the second part of the thesis concerned itself
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with the problem of providing a foundation for the first
part. The approach made was to take each of the main tenets
of the epistemological doctrines of Einstein laid out in the
first part and, without distorting or converting its precise
meaning, to ground it in the similarly undistorted pertinent
metaphysical doctrines of St. Thomas wherever possible. The
writer felt that a consensus gained at the expense of the
integrity of doctrine of either Einstein or Aquinas would
defeat the main purpose of the thesis, expressed in its
title and any other secondary and accidental purposes which
might be also served.

It is the conclusion of this thesis that there is no
main Einsteinian epistemological doctrine that does not
receive, in a completely natural and undistorted manner,
such hoped-for support by way of essential explanation with-
in the relevant metaphysical and bsychological positions of
St. Thomas Aqiinas. For example it was discovered that 1)
the requirement of inductive beginnings by Einstein receive
their necessitly from the doctrine of the priority of exist-
ence of St. Thomas, a doctrine which, incidentally, appears
to uniquely characterize the Angelic Doctor's whole synthe-
sis as Gilson, Owens and others have wvorked to show. It was
found further that 2) the factor of free invention of the
postulatés receives grounding and explanation within the
doctrines of relational being, of the formation of concepts

(which had to be elaborated at some length) and of the pro-

visional character of the enunciative part of the Jjudgment.
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The tenet of 3) the remote character of the deductive pro-
cess with respect to the inductive beginnings seems to have
its explanation and justification in the general character
of activity of knowing following conceptualization wherein
the intellect is working with something peculiarly its own

(aliquid proprium) which the extra-mental object does not

have, and demanding therefore a true diversity. The
Einsteinian guiding rules of simplicity and naturalness,
acting to guide the deductive work relate well to the notion
of an ordered and efficient universe stamped with the crea-
tive work of a primal and radically simple Intelligence
Whose Nature is To Be. Finally, 4) the requirement of phy-
sical confirmation of the theorems is related to the whole
manner in which human thought is directed to the world of
material beings which is the cornerstone of the psychologi~-
cal doctrines of Aquinas to ultimately be founded upon his
metaphysics.,

The writer found it necessary, for the full delineation
of the thesis' parts, to consider, sometimes at length, cer-
tain collateral material of an historical nature in order to
bring into sharper relief the particular views of both
Einstein and St. Thomas. Thus, for example, the positivis-~
tic views of Hume, Mach, Carnap and others were presented in
their relevant connections to Einstein and those of Gilbert
de la Porrée, Leibniz, and others, to Aquinas.

The thesis is submitted in the hope that its purpose,

which has been to provide the theory of knowledge of Albert
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Einstein with a secure metaphysical foundation, may help in
some way to serve the larger pruposes of Science and Philoso-
ply and in some small way carry out the Leonine program:

"vetera novis augere et perficere'. A fitting closing

quotation to the thesis might well be:

«++..His Holiness, Pope Pius XII, has invited scientistd
to seek the unity of all scientific knowledge in a
philosophy, (Au Moment, April 25, 1955); but scientific
certainty regards not the changing content of theories
but the permanent structure of method; and so one might
suggest that scientists will find the philosophy they
seek by reflecting on their method and through the
structure arriving at a corresEonding, isomorphic
epistemology and metaphysics.® .

91. B. LONERGAN, S.J., Op. cit., p. 127.

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES




“mn
B

55

UNIVERSITE DDOTTAWA .. ECOLE DES GRADUES

EINSTEIN,

191

BIBLIOGRAPHY
1. BOOKS AND ARTICLES BY ALBERT EINSTEIN
Albert, Elektrodynamik bewegeter Korper. Annalen

de Physik, ser. 4, Vol, 17, 1905, pp. 891-921.
This is the initial paper on special relativity.

The Principle of Relativity, an English transla-

tion of the above work by W. Perrett, G. B. Jeff-
rey and H. A, Lorentz, London, Methuen, 1923,
216 pp.

Grundlage Der Allgemeinen Relativitatstheorie,

Leipzig, Barth, 1916, 64 pp. This is the initial
paper on general relativity.

The Principle of Relativity. A collection of

.original papers in English on the special and
general theory of relativity, including English
translations of the special and general theories
of Einstein, and the paper by Minkowski, "Space
and Time'", which first appeared in German in 1908.

The Meaning of Relativity. The Stafford Lectures

delivered at Princeton University in May, 1921,
4th edition, Princeton University Press, 1953.
165 pp.

Relativity: The Special and the General Theory,

Great Books Faundation Edition, Chicago, Regnery,
1951, 107 pp.

Sidelights on Relativity: I. "Etherand Relativity!',

II. "Geometry and Experience', transl, by G. B.
Jeffrey and W, Perrett, London, Methuen, 1922,
56 pp.

Mein Weltbild, Amsterdam, Querido, 1934, 269 pp.

Some of its contents are noted under separate
items of this bibliography.

The World As I See It, transl. by Alan Harris, New

York, Covici-Friede, 1934, 290 pp. A translation
of Mein Weltbild, with a changed order and a fore-
word by Einstein not in the German edition.

Out of My Later Years, New York, Philosophical

Library, 1950, 247 pp. A collection of articles
written since 1934,

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES



?

UNIVERSITE D'OTTAWA .. ECOLE DES GRADUES

EINSTEIN, Albert, "Space and Time', in Encyclopedia Brittan-

192

ica, 1l4th edition, Vol. 21, 1929, pp. 105-108.
This is reprinted without revision in the 1942
edition.

"On the Method of Theoretical Physics", The
Herbert Spencer lecture delivered at Oxford Univer-

sity, June 10, 1933, Oxford, Clarendon Press,
15 pp.

""Physik und Realitat", Franklin Institute, Journal
Vol. 221, 1935, pp. 313-347. A translation in
English by J. Picard, 349-382 Pp.

Essays in Science, New York, Philosophical Library

(no date).

" "Autobiographical Notes"in Albert Einstein, Phil-

Ideas and Opinions, New York, Crown Publishers,
1954, 377 pp.

osopher and Scientist, edited by P. A, Schilpp,
New York, Tudor, 1951, pp. 3-98,

"Reply to Criticisms", ibid., pp. 665-668.

The Evolution of Physics, with L. Infeld, New York,

AQUINAS, St. Thomas, Opera Omnia jussu impensaque Leonis

Simon and Schuster, X, 319 Pp.

2. BOOKS BY ST. THOMAS AQUINAS

XIII edita, T. 1-15, Romae, ex typographia poly-
glotta s.c. de propaganda fide, 1883-1930.

Opera Omnia, edited by Stanislaus Frette, Paris,

1875, 26 vols,

In Metaphysicam Aristotelis Commentaria, cura ac

studio P. Fr. M. R. Cathala, 0.P., altera ed.
attende recognita, Taurini, Marietti, 1926, pp.
X111, 786,

In Aristotelis Librum De Anima, cura ac studio,

P. Fr. Angeli M. Pirotta, 0.P, editio secunda,
Taurinin, Marietti, 1924, X, 303 pp.

Quaestiones Disputatae, cura ac studio P. Fr. Ray-

mundi Spiazzi, C.P., ed. revisa, Taurini-Romae,
Marietti. 1949, XXX, 616 Pp.

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES



B

UNIVERSITE DOTTAWA .. ECOLE DES GRADUES

AQUINAS,

193

St. Thomas, Quaestiones Quodlibetales, cura ac
studio, P. Fr. Raymundi Spiazzi, 0.P., ed. revisa,
Taurini-Romae, Marietti, 1949, XXIII, 269 Pp.

Summa Contra Gentiles, edito Leonina manualis.

Taurini, Marietti, 1934, 581 pp.

Summa Theologiae, cura ac studio Sc. Petri Caramel-

lo, cum textu ex recensione leonina, Taurini~Romae,
1950.

Summa Theologica, trans. by the Dominican Fathers,

2nd. rev. ed., London, 1920-1922, 21 vols.

Summa, Contra Gentiles, trans, by the Dominican

Fathers, London, 1923-1929, 5 vols.

Basic Writings of St. Thomas Aquinas, edited by

Anton Pegis, New York, Random House, 1945.

On the power of God, trans. by the Dominican

‘Fathers, Westminster, Maryland, 1952.

The Commentary of St. Thomas Aquinason Book I of

the Physics of Aristole, trans, by R. A. Rocourek,
St. Paul, 1947,

Truth, Vol. I, q. I-IX, trans, by R. W. Mulligan,

S.dJ., Chicago, Regnery, 1952.
, Vol. II, q. X-XX, trans. by J. V. McGlynn,
S.d., Chicago, Regnery, 1953,

On Being and Essence, trans. by A. Maurer, Toronto,
Pontifical Institute of Mediaeval Studies, 1949,

Commentary on the De Trinitate of Boethius, q. V-VI,

in The Division and Methods of the Sciences, by A.
Maurer, Toronto, Pont. Inst., 1953,

On Spiritual Creatures, trans. by Mary C. Fitzpat-

rick, Milwaukee, 19490,

The Trinity and the Unicity of the Intellect, trans.

by Sister Rose Brennan, St. Louis, 1946,

Exposition of Posterior Analytics, trans. by P.

Conway, O.P., Quebec, Librairie Philosophique M.
Doyon, 1956,

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES



UNIVERSITE DOTTAWA .. ECOLE DES GRADUES

194,

3. BOOKS AND ARTICLES BY OTHER AUTHORS

D'ABRO, A., Evolution of Scientific Thought, New York, Dover,
1950.

ALBERT, The Great, St., Commentarii in Librum Boethii de Di-
vigsione, critical edition by P. de Loe, 1913,

» On the Intellect and the Intelligible, I, 1-8;
II, 1-5; III, 1-3, English translation in R.
McKeon, Selections, I, pp. 368-375.

ALLERS, Rudolf, "On Intellectual Operations", in New Scholas-
ticism, Vol. 26, (Jan. 1952) p. 1-36,

ANONYMOUS, Liber de Causis, edited by O. Bardenhewer, Frei-
: burg, 1882,

ARDLEY, Gavin, Aquinas and Kant, London, .Longmans, Green,
1550.

ARISTOTLE, Complete Works, transl. by J. A. Smith and W. D.
Ross, Oxford, 1908-1931.

» Basic Works, edited by R, W. McKeon, Random
House, New York, 1941,

AUGUSTINE, St., De Trinitate, Migne, P.L,, Vol. 42.

BACHELARD, Gaston, "The Philosophic Dialectic of the Concepts
of Relativity', in Albert Einstein, Philosopher
and Scientist, edited by P, A. Schlipp, New York,
Tudor, 1951, pp. 565-580. This work hereinafter
referred to as AEPS.

BACON, Francis, The Philosophical Works of Francis Bacon,

edited by J. M. Robertson, London, Routledge,
1905,

BACON, Roger, Opera hactenus inedita, edited by Robert Steele,
Oxford, Clarendon Press, 1905, vol. X, Quaestio-
nes supra libros quattour Physicorum Aristotelis,
ed. F., Delorme, 1928,

BERGERON, M., "La structure du concept latine de personne',
in Etudes d'histoire litt. et doct. du XIIIe
siecle, Inst. D'Etudes Medievales, 1932, Ottawa,
pp. 121-162,

BERGSON, Henri, Durée et simultaneité, Paris, Alcan, 1926.

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES



UNIVERSITE DOTTAWA .. ECOLE DES GRADUES

195

BERKELEY, George, The Works of George Berkeley of Cloyne,
edited by A, A, Luce and T. L. Jessop. Princi-
Ples of Human Knowledge, Vol. I, Edinburgh, 19409,

BERNARD, St. Patres Latina, Vols, 182-185, edited by Migne.

BORN, Max, Einstein's Theory of Relativity, Methuen & Co.,
London, 1924,

BRABANT, Siger de, Quaestiones in Metaphysicam, edited by
C. Graiff, 0.S.B., Louvain, 1948,

BRENNAN, Robert, 0.P., Thomistic Psychology, Macmillan, New
York, 1941,

BRIDGMAN, P. W., The Nature of Physical Theory, New York,
‘ Dover, 1936, '

, "Einstein's Theories and the Operational Point of
View", in AEPS, pp. 333 ff.

DE BROGLIE, Louis, Revolution in Physics, New York, Noonday
Press, 1953,

BURTT, E. A., The Metaphysical Foundations of Modern Science
New York, 1926,

CAJETAN, Thomas Card., 0.P,, In de ente et essentia D,Thomae
Aquinatis, edited by M.-H. Laurent, Turis, 1934,

, In Praedicamenta Aristotelis, edited by M.-H. Lau-
rent, Rome, 1939,

» The Analogy of Names and the Concept of Being,
edited by E. A. Bushinski and H. J. Koren,
Duquesne University Press, 1953,

CAMPBELL, Norman, What is Science, Dover, New York, 1952
(1921),

CARLO, William E., The Doctrine of Creation in Giles of Rome)]
Toronto University, 1955.

y "Freedom and Human Knowledge", Concept of Freedon,
edited by C. Grindel, Chicago, Regnery, pp.1-36.

"Toward a Systematic Philosophy of Science'", in St.
John's University Studies, Series I, New York,
St. John's University Press, 1959, pp. 5-50,

—————

UNIVERSITY OF OTTAWA .. SCHOOL Of GRADUATE STUDIES



UNIVERSITE DOTTAWA .. ECOLE DES GRADUES

196

CARNAP, Rudolf, Philosophy and Logical Syntax, 1935, esp,
chap. 1, "The Rejection of Metaphysics'.

, Logical Syntax of Language, New York, 1937.

CASSIRER, Ernst, The Philosophy of Symbolic Forms, Vol. III
Yale University Press, 1957,

’

CHENU, M. D., La théologie comme science au xiiie siécle,
2e ed., Paris, 1943,

COHEN, I. B.. "An Interview with Einstein'", Scientific
American, (July 1955) Vol. 193, 1.

COHEN, Morris R., "Qualities, Relations and Things'", in
Journal of Philosophy, Psychology and Scientific

Method, Vol. XI, no. 23 (Nov. 5, 1914).

COHEN, M. R. and NAGEL, E., An Introduction to Logic and
Scientific Method, London, 1934,

CROMBIE, A, C., Mediaeval and Early Modern Science, 2 vols.
New York, Doubleday, 1950.

» Robert Grosseteste and the Origina of Experimental
Science, Oxford, 1953,

CROTEAU, Jacques, O.M.I., Les Fondements Thomistes du Per-
sonnalisme de Maritain, Ottawa, Editions de
1'Universite d'Ottawa, 1955.

, "L'€tre dans de lit de Procuste', Rev. de 1'Univ.
d'Ottawa, Vol. 29 (1959).

CUSA, NICHOLAS of, Of Learned Ignorance, transl. by Germain
Heron, London, 1954,

DAMPIER, W, C., A History of Science, New York, Macmillan,
1948,

7
DANTZIG, Tobias, Henri Poincare, New York, Scribners, 1954,

;» Number, tne Language of Science, 4th edition, New
York, Doubleday, 1954,

DESCARTES, Rene, Les Oeuvres de Descartes, Adam Tannery edi-
tion, Paris, 1902.

, Discours De La Méthode, texte et commentaire par
Etienne Gilson, Paris, J. Vrin, 1947,

p

UNIVERSITY OF OTTAWA . SCHOOL OF GRADUATE STUDIES



UNIVERSITE DOTTAWA .. ECOLE DES GRADUES

197

» A Discourse on Method and Selected Writings,
transl. by Jouhn Veitch, London and Toronto,
Dutton, 1951,

DREYER, J. L. E., A History of Astronomy from Thales to
Kepler, New York, Dover, 1953.

DUHEM, Pierre, The Aim and Structure of Physical Theory,
transl. by P, Weiner, Princeton University
Press, 1954,

, Le Systéme du Mode, 5 vols., Paris, 1913-1917.

"Essai sur la notion de théorie physique de Platon a
Galilee', Annales de philosophie chretienne, vi,
1908.

"Physics, History of'", Catholic Encyclopedia, New
York, 1911.

"Le mouvement absolue et le mouvement relatif'! Revue
de la Philosophie, Xi-xiv, 1907-9.

FABRO, Cornelio, La nozione metafisica di partecipazione
secondo San Tommaso d'Aquino, Milano, 19390,

FARADAY, Michael, Researches in Electricity, London, .
B. Quadritch, 1838-55.

FRANK, Phillip, "Einstein, Mach and Logical Positivism",
AEPS, pp. 271-286.

GALILEO, Galilei, OPERL, editio per A. Favaro, Firenze,
1890-1909, 21 vols.

, Sidereus nuncius, Venetiis, 1610,

, The Sidereal Messenger, Engl. trans. by E. S.Carlos
London, 1880,

, Dialogo sopra i due massimi sistemi del mondo,
Opere, ed. Naz., Vol. VI1I, Firenze, 1897.

» Galileo Galilei, Dialogue on the great world
systems, Engl. trans. by Giorgio Santillana,
Chicago, 1953,

» Dialogue concerning the two chief world systems,
Ptolemaic and Copernician, trans. by Stillman
Drake, Los Angeles, 1953.

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES




UNIVERSITE DOTTAWA .. ECOLE DES GR:‘\DUES

198

GIEGER, L. B., "Abstraction et séparation d'apres S. Thomas"
Revue des Sciences, phil. et theol., (1947)
pp. 3-40,

GILBERT of la Porree, Liber sex principiorum, Migne, PL.,
188, pp. 1257-1270.

» De Trinitate, Migne, PL., 64, pp. 1255-1412.

GILBERT, William, De Magnete Magnetisque Corporibus et de
Magno Magnete Tellure, London, 1600.

» On the Lodestone and Magnetic Bodies and on the
Great Magnet of the Earth, Engl. trans. by
P. F. Motteley, London, 1893.

GILSON, Etienne, History of Christian Philosophy in the
‘ Middle Ages, New York, Random House, 1955,

» The Christian Philosophy of St. Thomas Aquinas, New
York, Random House, 1956,

, Being and Some Philosophers, Toronto, Pontifical
Institute of Mediaeval Studies, 1952.

» The Unity of Philosophical Experience, New York,
1937. '

» Reason and Revelation in the Middle Ages, the Rich-
ards Lectures delivered at the University of
Virginia in 1937, New York, Scribners, 1950,

» ""Notes sur le Vocabulaire de 1'Etre", Mediaeval
Studies, VIII, (1946) 152-155.

HADAMARD, Jacques, An Essay on the Psychology of Invention
in the Mathematical Field, Princeton, Princeton
University Press, 1949,

HEISENBERG, Werner, Physical Principles of the Quantum
Theory, New York, Dover, 1930,

HEMPEL, Carl, "Geometry and Empirical Science'", The World of
Mathematics, edited by J. R. Newman, Vol. 3, pp.
1637 ff. New York, Simon Schuster, 1956.

"Fundamentals of Concept Formation in Impirical
Science'", International Encyclopedia,. - Chicago
Press, 1952, )

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES



A

UNIVERSITE DOTTAWA .. ECOLE DES GRADUES

199

HILBERT, David, The Foundations of Geometry, Chicago, 1902.

HUME, David, An Enquiry Concerning Human Understanding, in
Enguiries Concerning Human Understanding and the
Principles of Morals, edited by L. A. Selby-
Biggs, Oxford, The Clarendon Press, 1902,

JAMMER, Max, Concept of Space, introd. Albert Einstein,
Cambridge, Harvard University Press, 1954,

JOHN OF ST. THOMAS, Curcus Philosophicus Thomisticus, Ars
Logica, Paris, 1930.

, The Material Logic of, Taurini,., Marietti,

edited by Y. Simon et al., Chicago University
Press, 1955.

JOURDAIN, Philip, E. B., "The Nature of Mathematics", The
World of Mathematics, edited by J. R. Newman,
Vol. I, New York, S3imon Schuster, 1956, pp.4-72.

KANT, Imménuel, Prolegomena to Any Future Metaphysics,
edited by L. W. Beck, New York, Liberal Arts
Press, 1951,

» Critique of Pure Reason, Great Books of the Western

World, Chicago, Encyclopedia Britannica, Inc.,
Vol. 42, 1952,

» Critique of Pure Reason, A Commentary to, by Norman

Kemp Smith, London, 1918,

KLUBERTANZ, George, S. J., Introduction to Being, New York,
Appleton Century, 1955,

KORZYBSKI, Alfred, Science and Sanity, 2nd edition, Lancas-
ter, Pa., Science Press, 1941.

KOSSEL, Clifford G., S.dJ., "Principles of St. Thomas' Dis-
tinction Between the Esse and the Ratio of
Relation", The Modern Schoolman, (1947) XXIV.

KOYRE, Alexander, From the Closed World to the Infinite
Universe, New York, Harper, 1957.

-~ Vd
"Etudes Galileenes'", the Philosophical Review, 1943,

LE BLOND, J. M., Logique et méthode chez Aristote, Paris,
1939. .

UNIVERSITY OF OTTAWA - SCHOOL OF GRADUATE STUDIES



UNIVERSITE DOTTAWA .. ECOLE DES GRADUES

200

LEIBNIZ, Gottfried, Oeuvres De Leibniz, M. A, Jacques, 12
vols., Paris, Charpentier, 1842,

» The Monadology and Other Philosophical Writings,
trans, by Robert Latta, London, Oxford University
Press, 1925,

» Selections, edited by Philip Wiener, New York,
Scribner, 1951,

» The Leibniz-Clarke Correspondence with Extracts fron
Newton's Principia Mathematica, edited by H. G.
Alexander, Manchester, The University Press, 1956

LENZEN, Victor, "Einstein's Theory of Knowledge", AEPS, p.
_ 355 ff.

LONERGAN, Bernard, S. J., "Isomorphism of Thomist and Scien-~
tific Thought", Sapientia Aguinatis, Romae,
Officium Libri Catholici, (1955), pp. 119 ff.

LOCKE, John, An Essay Concerning Human Understanding, edited
and annotated by Alexander Campbell Frazer,
Oxford, Clarendon Press, 1894.

LORENTZ, H. A., "Electromagnetic Phenomena in a System Moving
with any Velocity Less than that of Light'", The
Principle of Relativity, New York, Dover (no
date).

LOVEJOY, Arthur O., The Great Chain of Being, Cambridge,
Mass., 1936.

MACH, Ernst, The Science of Mechanics, Chicago, Open Court
Publishing Co., 1902.

» The Analysis of Sensations and the Relation of the
Physical to the Psychical, ed. C. M. Williams,
Chicago, Open Court Publishing Co., 1897.

MARGENAU, Henry, The Nature of Physical Theory, New York,
McGraw-Hill, 1950.

» St. Thomas and the Physics of 1958, Aquinas Lecture,

1958, Marquette University Press, 1958.

"Einstein's Conception of Reality', AEPS, pp. 243-
268,

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES



UNIVERSITE DOTTAWA .. ECOLE DES GRADUES

201

MARITAIN, Jacques, Distinguer pour unir ou les degréé du
savoir, 5e edition, Desclee De Brouwer, Paris,
1946.

» The Dream of Descartes, trans. M. L. Andison, New
York, 1944,

» Existence and the Existent, trans. L. Galantiere
and G. B. Phelan, New York, Pantheon, 1948.

» The Philosophy & Nature, New York, Philosophical
Library, 1951.

» Science and Wisdom, trans. B. Wall, London, 1940.

, Three Reformers, London, Sheed and Ward, 1950.

» ""The Conflict of Methods at the End of the Middle
Ages", The Thomist, (Oct. 1941) pp. 527-538.

,,Réflexions sur l'intelligence et sur sa vie propre,
Paris, 1924,

, Primauté du Spirituel, Paris, Plon, 1927.

MAZIARZ, E. A., The Philosophy of Mathematics, New York,
Philosophical Library, 1950, "

MEYERSON, Emile, Identité et Realité, 4th ed., Paris, Alcan,
1932.

, De 1l'Explication dans les sciences, Paris, 1921.

MINKOWSKI, H., "Space and Time", The Principle of Relativity
New York, Dover (no date).

von MISES, R., Positivism: a Study in Human Understanding,
Cambridge, Harvard University Press, 1957.

MILL, John Stuart, A System of Logic, New York, Harper, 1900,

MORE, Henry, An antidote against atheism, or an appeal to
the natural faculties of the minde OF man,

whether there be not a God, 3rd edition, London,
1662,

NEWMAN, James R., The World of Mathematics, 4 vols., Simon
and Schuster, New York, 1956,

NEWTON, Isaac, Mathematical Principles of Natural Philosophy,
trans. by Andrew Motte, revised by Florian Cajo-
ri, Berkeley, California, University of Calif.
Press, 1946.

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES



UNIVERSITE DOTTAWA .. ECOLE DES GRADUES

202

, Optiks, or a Treatise of the Reflections, Refractions]
Inflections and Colors of Light, based on 4th
ed., London, 1730,

NOGAR, Raymond, O0.P., "Toward a Physical Theory', The New
Scholasticism, (Oct. 1951) pp. 397-438.

NORTHRUP, F. S. C., Logic of the Sciences and the Humanities
New York, Meridian Press, 1950.

, "Einstein's Conception of Science", AEPS, 385-408,

, Science and First Principles, New York, Macmillan,
1931.

OWENS, Joseph, C.Ss.R., The Doctrine of Being in the Aristo-
telian Metaphysics, Pontifical Institute Oof
Mediaeval Studies, Toronto, 1951,

» '"The Accidental and Essential Character of Being in
‘ the Doctrine of St. Thomas Aquinas, Mediaeval
Studies, Vol. XX, pp. 1-40.

, 'Theodicy, Natural Theology and Metaphysics'', The
' Modern Schoolman, (Jan. 1951) rPp. 126-137.

» St. Thomas and the Future of Metaphysics, Aquinas
Lecture, Marquette University Press, 1957.

PARENT, J. M., O.P., La Doctrine de la Création Dans 1'fcole

de Chartres, Ottawa, Institute d'Etudes Mediae-
vales, 1938,

PIERCE, Charles, Essay in the Philosophy of Science, edited

by V. Thomas, New York, Liberal Arts Library,
1949,

PLATO, Opera, edited by J. Burnet, Oxford, 1902-1906.

rd .
POINCARE, Henri, La Science et Hypothése, Paris, E. Flamma-
rim, 1935,

POPE PIUS XII, Au Moment, a discourse delivered to the Pont-
ifical Academy of Sciences, April 24, 1955,
Reported in Osservatore Romano, April 25-26,
1955, French Text, Transl. The Pope Speaks,
May 1955,

PRICE, Lucien, The Dialogues of Alfred North Whitehead,
Boston, Little, Brown, 1954,

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES



R ——

UNIVERSITE DOTTAWA .. ECOLE DES GRADUES

203

RENOIRTE, F., Cosmology, Trans. James Coffey, New York,
Wagner, 1950,

REICHENBACH, Hans, From Copernicus to Einstein, New York,
Philosophical Library, 1942,

RUSSELL, Bertrand, The A B C Of Relativity, New York, Harper
1930,

» Our Knowledge of the External World, LaSalle, I11.,

Open Court Publishing Corp., 1914.

» A History of Western Philosophy, New York, Simon

Schuster, 1945,

SANTILLANA, Giorgio, The Crime of Galileo, Chicago, Chicago
University Press, 1955,

SARTON, George, Introduction to the History of Science,
3 vols., Baltimore, 1927-48.

SCHILPP, Paul, Aibert Einstein, Philosopher and Scientist,
editor, New York, Tudor, 1951,

, Philosophy of Bertrand Russell, editor, Evanston,
Illinois, 19483, S

SMITH, Vincent, "Philosophy and Science", in Redman,
St. John's University (1960) p. 12 ff.

, Philosophical Physics, New York, Harper, 1950,

» St. Thomas on the Object of Geometry, Aquinas Lecture

Marquette University Press, Milwaukee, 1954,

SOMMERFIELD, A., "To Albert Einstein's Seventieth Birthday",
AEPS, pp. 99-105,

, The Principle of Relativity, editor, New York,

Dover (no date).

TARSKI, A., Introduction to Logic, Oxford, Oxford University
Press, 1941,

TYRRELL, Francis, "Concerning the Nature and Function of the
Act of Judgment', The New Scholasticism, XXVI,
(Oct. 4, 1952) pp. 393-493,

UBERWEG, F., A System of Logic, transl. by T. M. Lindéay,
London, Longman, Green, 1871,

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES




UNIVERSITE DOTTAWA .. ECOLE DES GRADUES

204

WENZL, Aloys, "Einstein's Theory of Relativity Viewed from
the standpoint of Critical Realism and its Signi-
ficance for Philosophy", AEPS, pp. 581-606.

WEISS, Paul, Reality, Princeton University Press, 1938,

WEYL, Hermann, Space, Time and Matter, transl. H. L. Rose,
New York, Dover (1922).

WHITEHEAD, A. N., Science and the Modern World, New York,
-~ 1925,

» Process and Reality, Gifford Lectures, New York,
Macmillan, 1929,

WHITTAKER, Edmund, Space and Spirit, Chicago, Regnery, 1948,

WILD, John, '"The Conceptaf the Given', Phil. & Phenom.Reewrch
(Sept. 1940), p. 70 ff. ’

WOJCIECHOWSKI, G., "La relation sujet-objet et la physique
quantique'", Revue de 1l'Universite de Ottawa,
Vol. 29 (1959), p. 88 f=%.

WOODGER, J. H., The Axiomatic Method of Biology, Cambridge,
England, 1937,

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES



