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Chapter I
THE KIND OF SCIENCE HERE TO BE STUDIED.

St. Thomas prepares us for the study of nature
by means of a general preface which, although only
a few paragraphs long, is of such vital importance
that it seems well both to quote it in full, and to
offer the beginner some assistance in seizing the
main ideas which it contains. The first paragraph'
might be translated as follows :

"Since the treatise called the Physics. which it

is our purpose to explain, is also the one that comes

first in the study of nature, we must show, at 1ts

very beginning, what natural science is about — viz.

its matter and subject. To this end. we should

point out, on the one hand, that inasmuch as every

science is in the intellect, and since a thing beco-

mes intelligible in act insofar as it is more or less

abstracted from matter, things, according as they are

diversely related to matter. are the concern of diffe-

rent sciences. Again, since science is obtained by

demonstration, and the middle term of demonstration

is the definition, it follows, of necessity, that the

sciences will be distinguished according to a diffe-

rence in their mode of definition”. (1)

(1) - In the-Leonine edition, this preface comprises
nn. 1 to 4 of Lesson I. The recent manual edition
of A.-M, Pirotta, 0.P., numbers the paragraphs
of the entire commentary from 1 to 2550. In the
margin of this work we refer to the division of
St. Thomas’s text of the Leonine edition and,
between parenthesis, to the numbers of the Pirotta
manual text.




1. - Some meanings of the term ’science.’

In the very first sentence of the para-
graph just quoted, several terms are used
which require some attention here. They have
already been treated in Logic. but it will
be useful to call to mind certain principles
regarding the nature of our thinking which
simply must be grasﬁed before we can hope
to understand the kind of science that we
are now being invited to study.

Because the word science is frequently
used to signify widely different kinds of
knowledge, and since St. Thomas, in this con-
text, has in mind only one kind, we must
first point out what this is. The expression
‘natural science’ as it is generally under-

stood today, refers to a%ﬂ@gggﬁgfgz§§§§ggg_ f\i«iguiﬂ-

type of knowledge that differs, nearly UkﬂﬁAﬂ}ﬂ
beyond recognition, from thguﬁind~oé—knew%edﬁ wiwid
J@4 that is intended by ‘natural science’ in v et
this paragraph. When a single word is cur- Ry
rently used to mean different things whose
relationship is not clear on first sight, it
may help to point out an example of something
which, pertaining to the same general field —
such as ‘knowledge’ — is manifestly not an
instance of any of its recognized meanings.

E. g., the knowledge thaf Socrates is now
gtanding at that corner of this street may be
very certain to him, or to someone else who
sees. him there, but we are not in the habit

of calling this kind of knowledge ’science,’
no matter how certain. The reason is not

that it is merely knowledge of a strictly
individual fact, for some such facts are saild
to have been established in a scientific way.
When a historical fact has been ascergained

as the result of an orderly approach, comply-

ing with definite rules that are susceptible




of being verified — e.g. that Aristotle

was not the author of the Liber de causlis —

we are wont to call this knowledge ‘scientific.

And we all know what is meant when one histo-
rian is called 'more scientific’ than some
other who takes hearsay for fact. It is futi-
le to quarrel over the use of the word
'science’ in connection with such knowledge,
and far better to enquire why it is actually
so used. Again, of the observed relationship
between the tides and the phases of the moon.
or between the behaviour of people and the
weather {comprising such items as suns and
constellations), we say that they are scienti-
fically certain. When the makers of consumer
goods announce that their brand has been
'scientifically tested,’ they refer to a pro-
cess of examination performed according to
accepted rules. “Any mode of investigation
by which scientific or other impartial and
systematic knowledge is acquired” is the des-
eription of Scientific Method found in an
article under this heading in the Encyclo-

paedia Britannica.

All this suggests that the term ’‘scien-
ce’ has to do with knowledge obtained by some
recognized means or procéss emphasized as im-
partial. It is implied that anyone who can
grasp the means or can understand the process,
ought to agree that what is dlscovered or
proved by it, deserves his assent.

Bmong the studies called sciences, ma-
thematical physics is often presented as so
ideal in method and standards that the other
departments of the study of nature are called
scientific only in the measure that they ap-
proach its exactness. Now, what we must noti-
ce is that, if mathematical physics is called

the most exact, it is because it attains more

’




closely to the precision of mathematics itself,
which is undoubtedly more rigourous than any
other science. For mathematics proceeds, more

than any other science, “in the mode of disci- — Y dowk Bk ok,

pline” (1). In fact, when Aristotle mentions Aol weudd, b
the "disciplines’ without qualification, he %ﬂALHiuNb wotl, e
means mathematics. On the other hand, if we “LLA*“Jk% ?t e

refused to consider as subjects of investiga-
tion those which are not amenable to the exact-
ness of mathematics,(2) we would have to
renounce even mathematical physics, if only
because of its dependence upon sense experien-
ce.

To show what is meant by ’science’ in
the strictest sense of this term, we will the-
refore consider in illustration some examples

of demonstration in mathematics

(1) - St. Ehomas, In Boethium de Trinitate,

qu. a. 1.

(2) - Cf. Aristotle, Metaphysics, II, ¢. 3,
995a; St. Thomas, {Elﬁ., Tect. 5, nn.
384-337.




2. - Illustration from Mathematics.

The geometer accepts the meaning of the
word ’‘triangle’; but he also proves that there
is such a thing, as when, on the basis of the
radius of a circle he constructs an equilateral
triangle. The expression ‘a plane figure having
its three sides egual’ has meaning. but from
this alone it does not follow that there can be
such a thing.(l) The name ‘centaur’ refers to

*half man and half horse,’ but the truth of

" this meaning as a meaning does not suppose that

there is such a being, nor that there could be.
'The diagonal of a square, commensurate with
the side’, has meaning, too; yet no such thing
can be.(2)

To show, concerning the equilateral trian-
gle, that it is. could hardly be done by point-
ing to a figure on the blackboard, so careful-
ly drawn that its three sides are indistinguish-
able in length; for no amount of physical mea-
surement could verify the exactness of ’equal
sides.’ To designate an actual horse would be
enough to show that the name ’'horse’ stands
for soméfhing that is; this does not hold for
the subjects of mathematics. While the geome-
ter assumes the continuum as ‘what is divisible
without end,’ according to one or more dimen-
sions, any subject of which he demonstrates
some property, e.g. ’'triangle,’ must first be

established by way of a construction to show

(1) - On the difference between the meaning of
a word, and the definition of what a thin
is, see Post. Bnal., II, c. 7; St. Thomas,

ibid., lec
(2) - The queotlon ’Can it be ?' is not the same as
'Can it be in nature ?’. Being is understood

here, of what is true; not of what is or can be

in reallty. In the present context, “’to be’(td etvar)
and '’ (td EoTiv ) mean that a thlng is true

and not to be’ (ph efvar ) that it is false.

Similarly too in afflrmatlon and negation; e.g.,

in ‘Socrates is cultured’, ‘is’ means that this

is true; or in ’‘Socrates 1s not-pale’ that this

is true; but in ‘the diagonal [of the square] is

not commensurable with the side’ means that it




+hat there ’‘is’ such a thing. Demonstrations
by way of construction are called ‘quasi Epe—
rational.’ (1) Every attempt at proof by ex-
perience that ’the equilateral triangle’ is
(in the sense of 'true’), must prove hope-
less (2). How, then, can we know of what we
define as 'a plane figure having its three si-
des equal,’ that it also is =— in the sense

of true ? Euclid provides the following proof :

is false to say it is.” (Metaphysics, v,
c. 7, 1017 a 30. Cf£. St. Thomas, ibid.,
ject. 9, nn. 895-896; Quodl. X, a. 3,

C. et ad 4.) -

Tf someone said that the word 'horse’
stands for a certain kind of vegetable,
his account would not be true. Nor could
we know whether a proposition is true or
false unless we first grasp its true
meaning.

(1) - St. Thomas, In I Post. Anal., I, lect. 2,
n. 5. In this, the mathematical disci-
plines resemble, somewhat, the productive
sciences. To construct a subject, e.g.,
a house, is the very purpose of the latter;
they remain radically distinct, however,
inasmuch as the construction of a subject
is the very purpose of the latter, whereas
in mathematics the construction is a means
of discovery. (Ibid., lect. 41, n. 7.)

(2) - See, below, p.
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(i) - On a given finite straidght line to cons-
+ruct an equilateral triangle. o W

Let AB bethe given finite straight line.

Thus it is required to construct an equi-
lateral triangle on the straight line AB.

With centre A and distance AB let the
circle BCD be described; [Post. 3]

again, with centre B and dis-
tance BA let the circle ACE be des-
cribed; [Post. 31

and from the point C, in which
the circles cut one another, to the
points A, B, let the straight lines
CA, CB be joined. [Post. 1]

Now, since the point A is the
centre of the circle CDB,

AC is equal to AB [Def. 15]

Again, since the point B is the
centre of the circle CAE,

BC is equal to BA [Def. 15]

But CA was also proved equal to AB;
therefore each of the straight lines CA, CB is
equal to AB.

And things which are equal to the same
thing aré also equal to one another; [a.N. I]

therefore CA is also equal to CB.

Therefore the three straight lines CA, AB,
BC, are equal to one another.

Therefore the triangle ABC is equilateral;
and it has been constructed on the given finite
straight line AB.

[Being] what it was required to do. (1)

(1) - Book I, Proposition 1. The Thirteen Books
of Euclid’s Elements, translated by Sir
omas Heath, ridge University Press,
1926, 3 vol., vol. I, pp. 241-242.
Cf.4St. Thomas, In II Post. Anal., lect. 6,
n. 4.




This deménstration by way of construction
shows that there is ’a triangle whose three
sides are equal,’ and that this is indeed a
definition, not just of the name 'equilateral
triangle,’ nor even of a property. but of
'what it is to be such a triangle.’ This
¥ind of proof establishes that there is
such a subject, and by means of its defini-
tion must be demonstrated in turn any pro-
perty it may have. We must now turn to the
¥ind of demonstration which establishes a
commensurately universal property that fol-
lows with necessity from rywhat its subject
is.’

Let us take in illustration another
proposition from Euclid :

In any triangle,if ome of the sides be produ-

 ced the exterior angle is equal to the two

interior and opposite angles, and the +hree

interior angles of the t+riangle are equal to

two right angies. This statement is not self-

evident. That ‘the sum of the angles of the
triangle equals two right angles’ is a propo-
sition requiring proof : it follows from some-
thing other than itself, from a reason alrea-
dy known. How is this reason known, and how
does it lead to such a proposition ? Assuning
certain demonstrations already provided, we

quote the proof from Buclid :

(i1) - Let ABC be a triangle, and let one side
of it BC be produced to D;

A

cecannasesD

B ¢
I say that the exterior angle ACD is equal

to the two interior and opposite angles CAB, ABC,

and the three interior angles of the triangle




ABC, BCA, CAB are equal to two right angles.
For let CE be drawn through the point C
paralleled to the straight line AB. [z, s1]

Then, since AB is parallel to CE, and AC
has fallen upon them, the alternate angles BAC,
ACE are equal to one another. [I, 291

Rgain, since AB is parallel to CE, and the
straight line BD has fallen upon them, the ex-
terior angle ECD is equal to the interior and
opposite angle ABC. [I, 291

But the angle ACE was also proved equal.
fo the angle BAC; therefore the whole angle
ACD is equal to the two interior and opposite
angles BAC, ABC.

Let the angle ACB be added to each; the-
refore the angles ACD, ACB are equal to the
three angles ABC, BCA, CAB.

But the angles ACD, ACB are equal to
two right angles [I, 18]; therefore the angles
ABC, BCA, CAB are also equal to two right an-
gles. Q. E. D. (1)

What is the exact reason from whicﬁ this
property is inferred ? It is none other than
the definition of the subject to which, in the
conclusion, we attribute the property 'to have
the sum of its angles equal to two right an-
gles.’ Now the definition which, in this de-
monstration, is the middle term and contains
the proper principles of the property is not
just ’‘a figure enclosed by three straight lines,’
but, as the first part of the propogition sta-

tes, it is such a figure inasmuch as it has its

(1) - Book I, Proposition 32. Heath, Ibid. vpp. 316-317.
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"exterior angle equal to the two interior and
opposite angles.” It is in this exact res-
pect, brought out, ‘made actual,’ by means of
a construction (”if one of the sides be produ-
ced”)(1), that the triangle is both the sub-
ject and reason of the property ‘to have its
three interior angles equal to two right an-
gles.’ (2)

Knowledge of a necessary, universal and
commensurate property acquired from the defi-
nition of its subject, is called ’'science a
priori,’ because what is actually prior to
the property is also first known by us.

(We would never say : ‘This figure is a trian-
gle because it has its angles equal to two
right angles’ -— which would be putting the
cart before the horse.) Such knowledge, then,
is science in the most rigorous sense of the
word. But the name ’science,’ let alone the
adjective ’'scientific’, is not, in actual usage,
reserved to such knowledge alone. For although
in science proper we cannot acquire knowledge
of the unknown except through the mediation of
something else already and better known, not QKLW.PAA4NLhi% wHilk

everything that is priorly and better known to o Qfaﬁ-. Breut ﬁAAJ“HlQ
s Lo ke ,w,muhiui,

[‘L.:(l 1L Leantio A o

us is also prior in itself. Hence it can hap-
pen that things better known in the sense of

, . , . ke o lﬁwﬁ_giluﬁ.
more intelligible in themselves, which would be

(1) - Aristotle, Metaphysics, IX, <. 9, 1051 a 20 :
"Geometrical cons%ruc%ions, too are disco-
vered by an actualization, because it is by
dividing that we discover them. If the
division were already done, they would be
obvious; but as it is the division is only
there potentially. Why is the sum of the
interior angles of a triangle equal to two
right angles ? Because the angles about
one point [in a straight linel are equal to
two right angles. If the line parallel to
the side had been already drawn, the answer
would have been obvious at sight” (H.T.).

Cf. St. Thomas, ibid., lect. 10, n. 1888 et sq.

(2) - Cf.gSt. Thomas, In L1 Post. Anal., lect. 1,
n. 9.




the means of a perfect demonstration, cannot
at once be reached or used, because what we
know first is not always what actually comes
first on the part of the known considered in
itself. '

In the study of nature we are usually
forced to work backwards in this fashion.
For example, we know the alternation of day
and night before we know the reason for it -
a reason which it took some time to discover.
To know that this phenomenon has always taken
place, in all recorded experience, 1s one
thing; to know why it takes place, is another.-
The expression of the observed regularity, as
a general proposition reached by induction,
becomes a substitute for the definition requi-

red by science in the strict sense.
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3. - Induction of self-evident principles from sense-perception.

It has just been stated that the propo-
sitions which. in the study of nature, we
must often make do in place of definitions
1ike those available in mathematics, are ar-
rived at by induction. This term induction
is another which we 'must now recall to mind,
1f we are to understand the import of St.
Thomas’s preface. By induction, in general,
ig meant thinking our way from particulars
to universals. The main thing to notice in
the beginning is that there are two basical-
ly different types of induction. 6ne of them
unnoticed in ordinary life, because it goes
on unceasingly, and as unconciously as breath-
ing. It would be difficult to say just when -
we First suddenly understood that ‘it is im-
possible to be and not be at the same time
and in the same respect,’ or that ‘nothing
can be a whole and a part in the same res-
pect.’ But the fact is that our certainty
about the most general principles, presuppo-

- sed as it is to all reasoning, is preceded by
an induction, so natural that it passes un-
observed.

The other kind of induction which, now
spontaneously, now deliberately, considers
the particular cases within reach and conclu-
des, from them, to a general proposition,(l)
is familiar to us as the typical procedure
of the arts and crafts as well as Sf experi-
mental science in general. These propositions
are used as principles, but they are not the

reason for the reqularities which they enounce.

(1).» This—type of induction is analyzed in Priora Analytica, II, c.
23, 68b5. See also Albertus Magnus, i{Pid., Lract. VII, c. 4.
The text of this important exposition of the Priora has been
transcribed from the Borgnet edition, long out of print, and
made available in mimeograph by Michel Doyon, 725, Chemin
Ste-Foy, Quebec, 1851.




- In comparing these two sorts of induc-
tion, it must be noted that they differ, not
merely in the frequency or ease with which
they are carried on, but more fundamentally
in the role assigned to the enumeration of
particular instances and in the certitude fi-
nally achieved. It may sound surprising, but
an induction may terminate in complete certi-
tude withogt all instances having been covered,
as in the case of first,‘self«evident princi-
ples; and, on the other hand, may cover all
instances without yielding a sufficient rea-
son. The first and basic type of induction,
whereby the mind moves from sense perception
towards general, self-evident principles, is
nothing like a complete enumeration, nor do
we need as much. Indeed, a principle like
it is impossible to be and not to be etec.,’
or ’'any two things which, in the same respect,
are.like to a third, are in that respect like
to one another,’ could hardly be the result
of an examination of all the cases, of which
there is no end. In the process of acquiring
knowledge, mxropositions such as these are de-
pendent on sensation, memory and experience;
yet, once we grasp them, we see that they must
hold good in all possible instances. In other
words, it is characteristic of this first type
of induction that no attempt is made to offer
the survey of the particular cases as the pro-

per reason for the truth of the universal pro-

- 18 -




position (1). Cases may be referred to by
way of illustration, but the reason for the
t+ruth of such a principle is none other than
what we intuit in any single instance --
once we have reached this term.

Since in the kind of induction which
we have just referred to, no amount of par-
ticular instances is ever sought as the rea-
son for accepting the strictly universal
proposition, it can scarcely be called scien-
ce, except in a loose sense, inasmich as it
has great certitude and is a necessary pre-

liminary to all science.(Z)

(1) - See Post. Anal., II. ¢. 19, 99 b 135.
Cf£. 3. Thomas, ibid., lect. 20. —
(On the distinction between sense-per-
ception, memory and experience, see al-
so Metaphysics, I, c¢. 1, 980 b 20 -
981" a 58. Sf. Thomas, ibid., lect. 1). =
Of this universality Aristotle says that
it is “at rest in the mind” inasmuch as
it is then perceived as independent of
the particular, variable, instances;
although we are dependent upon the sen-
sation of some instances, upon memory
and comparison of the instances retained,
which results in experience. If we had
no such knowledge, no word we use could
have any meaning except as vocal sounds
such as. are produced by the beasts,
i.e. signs of a state of passion, as
the dog’s bark or the lion’s roar.
For this type of induction, modern logi-
cians still refer to Aristotle, and call
it “immediate” or “intuitive induction.”
(See, e.g. W.E. Johnson, Logic, Part II,
chapt. VIII, Cambridge, 1 , pp. 188
et sqq.; Morris Cohen and Ermest Nagel,
An Introduction to Logic and Scientific
Method, Roufledge and Kegan Paul, chapt.
XIV, pp. 273 et sga.)
“Intuitive induction” is not a very
happy expression, inasmuch as this in-
duction and the intuition that follows
it are not one thing. The “seeing” or
intuition consequent upon the induction
is not the proper effect of the induc-
tion itself.

(2) - Traditional philosophy accounts for this
use of the word science.  Cf. Post. Anal.,
I, 81, 88 a 5. B8t. Thomas, ibid., lect.
42,1?459; and In VI Ethicor., lect. 3,
n. .
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We must now turn our attention to the second
type of induction, where the multiplicity
and similarity of the particular cases are
actually given as the reason for a general
statement offered as a conclusion. In this
kind of reasoning from particular to univer-
sal, the enumeration of the cases may be ei-
ther complete or incomplete. By complete is
meant an enumeration which exhausts all pos-
sible cases, implying, of course, that they
are clearly limited in number. Now, even
when complete enumeration is possible, such
that the property x is shown to be true of
every possible instance, the inductive argu-
ment may still faill to give a proper, univer-
sal reason for a general statement that is
vet certain.(l)

An example, using the materials of geo-
metry, will show what is meant by a complete
enumeration failing to reach the proper rea-
son for a proposition that is enounced by
way of a conclusion. BSuppose one established
that ‘the: sum of the angles of any triangle
is two right angles’ by way of induction in
that the method one chose was to verify this
properly in each of the three kinds of trian-
gle, “first in the equilateral, again in the

isosceles, and afterwards in the scalene tri-

(1) - "An error of this kind is similar to the error into which we
fall concerning particulars : e.g. if A belongs torall B, and
B to all C, A will belong to all C. If then a man knows that
A belongs to everything to which B belongs, he knows that A
belongs to C. But nothing prevents his being ignorant +hat C
exists; e.g. let A stand for two right angles, B for triangle,
C for a particular diagram of a triangle. A man might think
that C did not exist, though he knew that every triangle con-
tains two right angles; consequently he will know and not know
the same thing at the same time. For the expression ‘to know
that every triangle has its angles equal to two right angles’
is ambiguous,meaning to have the knowledge either of the uni-
versal or of the particulars. Thus then he knows that C con-
tains two right angles with a knowledge of the universal, but
not with a knowledge of the particulars; consequently his know-
ledge will not be contrary to his ignorance.” Priora Anal.,
IT, c. 20, 67 a 5 - 20.




angle.” (1) Seeing that a rectilineal three-
sided figure either has its three sides equal,
two of its sides alone equal, or its three
sides unequal, the general statement will be
quite certain : ‘In every kind of triangle,
the sum of the angles is two right angles.’
Yet the verification of the general statement
by enumeration of all the possible kinds of
triangle does not provide the comﬁsnsurately
one and universal reason why it is true of
each kind. “... Even if one prove of each
kind‘of triangle that it has its angles toge-
ther ecqual to two right angles, whether by
means of the same or different proofs; still,
as long as one treats separately equilateral,
scaléne, and isosceles, one does not yet
know, except sophistically, that triangle has
its angles egual to two right angles, nor
does one yet know that triangle universally
has this property, even if there is no other
species of triangle but these. For one does
not know that triangle as such has this pro-
perty, nor even that every triangle has it,
except in a numerical sense; nor does one
know it according to the species [triangle]
universally, though there be no kind

[of triangle] in which one does not reco-

gnize this property.” (2)

(1) - On whether or not Aristotle’s mention of such proofs (Post.
Anal., I, c. 5, 74 a 15-35) refers to a .historical develop-
ment of the theorem, see Heath, op. cit., vol. I.pp. 317 et
sqq.

(2) - Post. Anal., I, 74 a 25-35. Cf. St. Thomas, ibid., lect. 1ll-
12, — Inasmuch as ‘triangle’ and other types of plane figu-
re, such as circle,divide the genus ’'plane figure’, triangle
is a species which, with regard to the kinds of triangle that
in turn divide triangle into species, has the nature of genus.

- Figure is called the ’‘remote genus’, triangle ’'proximate
genus.’




In the study of nature, too, an induc-
tion is judged complete when some general
proposition is taken as true because it has
been verified of each member of an adeguate
division; as when it is sald that “irritabi-
lity (the power of responding to a stimulus)
is the general property of living beings”
because it is true of both animals and
plants. (1) However, although this may be
the reason why we believe the property to be
common, ‘it is not a commensurately universal
reasorn, which must be one and adequate to
all possible cases. The same cqualification
should be made of an argument showing that
all mobile beings are bodies because both
animate and inanimate things.- an adequate
division of mobile beings — reveal three
spatial dimensions; yet this is far from
being the commensurate universal reason why
anything that can be in movement must be a
body. A genuine demonstration would have to
show that "to be per se in movement’ belongs
primarily to body as such.

More often, however, the induction used
in the study of nature cannot be made comple-
te. We say, for instance, that ‘every man is
mortal.’ Yet, if this proposition is consi-
dered to be general merely because no man
has been known to survive, its basis is an
induction that is necessarily incomplete.
For all practical purposes, the proposition
is sound, but it is not based on the reason

why man is mortal : that 'no man has been

(1) - Even this so-called complete induction
is only hypothetical, inasmuch as it
must assume that the terms of the divi-
sion have been verified. Such tentative
or dialectical use of the ‘dici de omni’
provides a universality that was for-
merly qualified as “ut nune,” 1. e. valid
in all the cases actually known.

Cf. St. Thomas, In I Post. Ansl., lect. 9, n. 4.




known to survive’ is not the natural: reason
why ’'every man is mortal.’ If the sun rises
tomorrow, it is not because, in all human
experience, it has always happened before.(l)
So 16ng as we cannot find the reason why they
occur, the regularities observed in nature
(such as the eventual death of every animate
thing) will by themselves provide no strict-
ly universal proposition. The reason why
man, as well as any other animate thing, is
mortal must be found in what is inseparable
from being an animate thing, and therefore

from being a man.(Z)

(1) - Aristotle’s famous hypothesis of a ra-
dical difference between the phenomena
on our planet and those of an astrono-
mical scale, is a case in point. He
assumed that the latter were entirely
uniform, unaging .and unalterable, from
which he concluded that they could not.
be subject to contrary states, such as
hot and cold, so that the heavenly bo-
dies, e.qg. the sun, were actually in-
corruptible. “The mere evidence of
the senses [he said] is enough to con-
vince us of this, at least with human
certainty. For in the whole range of
time past, so far as our inherited
records reach, no change appears to
have taken place either in the whole
scheme of the outermost heaven or in
any of its proper parts.” (De Caelo, I,
3, 270 b 10?

“Nevertheless [St. Thomas adds, in his
commentary, lect. 7, n. 6] this is not
necessary, but only probkable. For the
more a thing is lasting, the more time
is required to observe its change: for
instance, the change that over a period
of two or three years takes place in a
man is not .as readily observed as that
which affects a dog, or some other
shorter-lived animal, during a time of
equal length. Hence one could say
that while the heaven is naturally cor-
ruptible, it is sol.long-lasting that
the whole span of time which memory

can record is not enough to observe

its change”. '

(2) - We shall see, in Part II, that any
observed frequency in nature must set
us on to seek a determinate reason.




5. - The ‘universal’ of demonstration is not the same as the
universal that is merely "predicable of many’.

In other words, the universal, as under-
stood in strict science or demonstration —,
of which an example is ’‘to have its three an-
gles equal to two right angles’ -~ must show
the following characteristics : [a] it must
be true of all inséances that are under it
(e.g., of each and every triangle; [b] its
subject must belong to the very definition
of the property (e.g., ‘to have two angles
equal to two right angles’ implies triangle
as having an exterior angle equal to the two
opposite interior angles, viz. the per se
subject of this property which follows from
it with necessity); [e] it is primarily in
that of which it is said (i.e. primarily in
triangle as such, and not primarily in each
one of its species)sl)

To assume that one has demonstrated
that the triangle as such has the sum of its
angles equal to two right angles by showing
it to be true primarily of each one of its
kinds, is'to be satisfied with the mere ap-
pearance of a reason. In fact the statement :
"In every kind of triangle the sum of the
angles is two right angles,’ when it is un-
derstood as the result of an induction by
complete enumeration, is not a demonstrative
conclusion at all, but a mere restatement of
something already known, viz. [a] that any
triangle is either ¢, i, or s; [b] that e, 1,
and s each have their angles equal to two

right angles.

(1) - Post. Anal., I, cc. 4 & 5, 73 a 20 -
St. Thomas, ibid., lect. 9-12.
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What we are trying to show is that to
establish something by induction as true of
a class of things, is not to prove.anything
about the nature of the thing in itself.
Such inductions, however exhaustive, will
always suffer from this limitation. The
reason is that a class, as such. is never
the same thing as a universal. A class, or
collection, may be no more than an inciden-
tal who]o.'e/rfw% %%i\ping which supposes some-
thing held in common by many objects, but
not necessarily something pertaining_tq what

they are in themselves. If, instead of mean-

ing 'a rectilineal figure contained by three
sides’, which is one in notion. the temrm
"triangle’ were used to stand primarily and
immediately for the class of each and all
triangles, ’triangle‘ could be said of no
triangle whatsoever, neither of a kind nor of
an instance of a kind. Where the term
"triangle’ is intended to mean a class of
things, to say triangle of equilateral, or
of this particular one, would mean that
‘equilateral’ is the class of all triangles,

whether equilateral or no. Likewise, if,

ignoring the rules of supggsition,(l) we in:> ant th

terpreted ‘man’ to mean primarily and imme- yk AAJ1“PA4HJik““ ?
diately the class ‘men’ (that is, all of the

subjective parts of the universal nature

'man’, viz. all beings of which ‘man’ can be

predicated), then, to say ‘man’ of Socrates

would mean that he is each and every man :

Socrates and all men who are not Socrates,

viz. all who have been, are, shall be, might

(1):- Cf. John of St. Thomas, Cursus Philo-

sophicus, Logica, P. I, Tib. ;
cc. 10-12; -
Quaest. disput., g. 6 (edit. Reiser,

t. I, pp. 29-35; pp. 166-182).
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have been, and even ’all possible men.’
Actually, a collection, as such, like an in-
dividual, can be predicated only of itself,
viz. in a proposition of identity, ‘A is A’,
'Socrates is Socrates,’ or ‘All Greeks are
all Greeks.’

If 'triangle’ meant primarily and no
more than the class of gll triangles, the
‘equilateral’ could not even be called ’‘trian-
gle’ since this would imply that the class of
all triangles is in the same respect both
equal and unequal to only part of itself.

It would be false to say : ’'A rectilineal
figure that has its three sides equal is a
figure’, or that ’'it is a rectilineal figure,’
or 'a rectilineal figure that has three sides.’
For all these terms (’figure,’ ‘rectilineal
figure’, etc.), when used to signify collec-
tions qua collections:“are equivalent to sym-
bols, viz. the kind of arbitrary signs that

are distinguished from names.




6. - The object and subject of a science.

By the ’'object’ of a science, in the
strictest sense of the term science. we mean
the kind of knowledae which is acquired as
the result of demonstration, e.g. that ‘the
plane triangle has its angles ecqual to two
right angles’. The object of science is the-
refore none other than the conclusion. in
which something (e.g. ‘to have its angles
equal to two right angles’) is said about
something (e.g. 'triangle’). This object,
then, is something complex : a composition
of subject and predicate, which. in peffect
science, follows from the definition of the
subject (e.g.,to be a triangle is ‘to have an
exterior angle equal to...’”) or from the
subsfifute of a definition. By‘the ’suﬁject'
of a science, we mean that about which we have
knowledge by demonstration, viz. the very sub-
ject of the conclusion or ’that about which’
(e.g. ’'triangle’) something is asserted (e.g.
the property ’to have the sum of its angles
equal to...’").

Now the subject about which we assert
something in the object or conclusion of the
demonstration does not of course make its
.first appearance in the conclusion. Something
has already been prédicated of that same sub-
ject, in the principles or premises of the de-
nonstration. E. g., of the triangle we said
that ‘it has its exterior angle equal to the
two interior and opposite angles,’ and it is
in virtue of this that the conclusion follows,
viz. that ‘the triangle has its three angles

equal to...”. A. v, the subject of scientific
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knowledge is both(i) what is f;;st known, viz.
‘ (1) '

that about which we seek science, and
(ii) what is last known, viz. that same subject
as possessing such or such a property. The
subject, considered in the latter respect, is
‘called the ’'term’ of the science.(Z) There
is, then, no contradiction in saying, on the
one hand, that students should know “from the
very beginning of their course... what the
science is about”, and, on the other hand,
tﬁat “the last thing to be discovered in any
science is what the science is reélly about”g3)
Although every demonstration produces
scientific knowledge; a particular demonstra-
tion, obviously, does not constitute a scien-
ce all by itself, since, if it did, there would
be as many sciences as there are particular
demonstrations. Rather, a singlé science, such
as geometry, embraces many objects or conclu-
sions, é.g. that ‘the sum of the angles of a
triangle is two right angles’: that ’‘the angle
in a semi-circle is a right angle’; etec. And

these form what is called the material object

of a science. Now what is the principle that
gathers such objects into a single science ?
Why do certain conclusions belong to mathema-
tics and not to the science of nature ? This
will be What is called the formal object of the

science.

(1) - In geometry, that which is first known
and about which we seek scientific know-
ledge, is magnitude; whereas the particu-
lar subjects are known by way of construc-
tion, as we saw. These, in turn, are
known before the demonstration of their
properties.

St. Thomas, In I Post. Anal,, lect. 41, n. 7.
A. N. Whitehead, An Introduction to Mathe-
matics, the Home University Library, pp. 8
and 223.

—
w N
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We have noted that the means by which
we acquire scientific knowledge are none
other than the definitions. Since the defi-
nition is the proper principle of the con-
clusion or object of science, what, for ins-
tance, do the definitions of geometry have
in common ?

To make this point briefly, we prbpose
the question : how could we show that
in nature there is such a thing as an equila-
teral triangle ? By what method could we
verify that this triangle cut in bronze has
its tﬁree sides equal, or that its exterior
angle is equal to the two opposite aqd inte-
rior angles ? By what means could we demons-
trate that the angles of a metal triangle
are equal to two right angles ? The only way
would be a process of measurement by means of
some standard or 'measure.’ By ’‘measure’ we

mean ‘that by which the quantity of a thing

is known, primarily.’ If the measurement is

()
@{;Zz;&wu404u~¢21dﬁaag;¢

L meaomnesl ens be
'¢u/u,yacé?f¢nm¢w.

to be quite exact, the measure must be indi-
visible.A’ﬁbali'fahbe qui%e-inai;zgible’ is
.true only of the ’‘one’ that is the principle
of number; whereas of thingé, in nature, that
are gontinuous, there can be no exact measure.
For, on the one hand, “the measure is always
homogeneous with the measured : the measure
of magnitudes is a magnitude, and in particu-
lar that of length is a lengtﬁ, that of
breadth a breadth, that of articulate sound
articulate sound, that of weight a weight,
that of units a unit. (For we must state
the matter so, and not say that the measure
of numbers is a number: we ought indeed to
say this if we were to use the corresponding

form of words, but the claim does not really




correspond - it is as if one claimed that
the measure of units is units, and not a
unit; number is a plurality of Egiﬁg.)”(l)
On the other hand, the measure of a magnitu-
de is itself a magnitude, and every magni-
tude qua magnitude is divisible without end.
Hence, to be entirely exact, the standard
of length would have to be both length and
not length, divisible and indivisible.

That is why, for all practical purposes, so-
me length, chosen by convention, like the
yard or the metre,is declared the correct

(2)

standard. The subdivisions of such a

standard make possible some improvement in

(3)

precision, but can never attain the exact-
ness of mathematics, nor permit the demons-

tration of a theorem.

(1) - Metaphys., X, c. 1, 1058 a 25.
(2) - Cf. Erlstotle, Metaph., X,c. 1, 1052 a

15 - 1058 b 8. . Thomas, ibid., lect.
1 and 2. - Sir Arthur Eddington, Space
Time and Gravitation, Prologue -16

. Pp. .
OF the standard of length Sir Artﬁur said
that “it has no length.” This paradoxe
may prove helpful to call attention to
. the difference between (&) length as
‘to be extended according to one dimen-
sion’ and (b) length as ‘what is known
by means of the measure of length.’
The measure must have length in the first
sense; it cannot have length in the
second sense since, by definition, the
standard of length cannot be measured -
except rer accidens, as when we express
the raglo between the standard of one
system of measurement, e.g. the meter,
in terms of the standard of another
system, e.g. the English, or the U.S.
‘yard’; but in either case the measured
ceases to be talen as the standard.
(8) - The metre, although of considerable ma-
gnitude, may be called the ‘minimum
of length’, provided we mean ’the mate-
rial object whose variations owing, e.qg.
to changes in temperature, can be more
conveniently controlled; while the va-
riations in a smaller object would be
less noticeable.

- 25 -




The reason why we can achieve complete
exactness in geometry is that the definitions
we use are formally independent of, and have
no reference to, the order of sense-experien-
ce, while the conclusions are established as
following from such definiticns with necess-
ity. Yet geometry-can demonstrate that the-
re is a triangle whose sides are equal, and
that the angles of any triangle are equal to
two right angles. Why can we not do the
same of a metal triangle ? A. v., why should
the object of sense experlence place such a
limitation on exactness ? By explaining the
words, from the quotation of St. Thomas,

“a thing becomes intelligible in act insofar
as it is more or less abstracted from matter,”
we may obtain the answer to this question, and
show the reason for the distinction between
the ’‘matter’ and the ’subject’ of a science.

Now the word ‘matter’ in ’abstraction
from matter’ and-in ’‘the mattér of a science’
does not mean quite the same thing. First,
what is this ’‘matter’ from which we must
prescind as an essential condition of

science.




7. - What is ’‘abstraction from matter’ ?

Both the Greek word Uan and the Latin
materia, originally meant “timber’; then, 3 wesdi whatfar
more generally, ‘building material’, including ™ fuowadbn” W‘KM ot e
stone as well as timber, bricks, cement, etc.: o Lt wend. ,by\_
finally, the ’‘stuff’ or ’‘that of which’ any- WM\L%‘&, BubiL fos
thing is composed, e.g. the vapor of a cloud, )\,LJ(UJ.UM_ s u\Mt‘wLm‘
the water of a wave, the sides of triangle, Db, At b s

the terms of a syllogism, etec. . B
oL WAL %Mw,w_a..i.t...

)x%uu_u_um . Wred Le
tolbed, luwbe, trea
whew ALl i dafe %uber
LTSS N ST VY nwbt,cuﬁ .

Now the original meaning of words is
often necessary to understand the meaning of
its later impositions. The reason is fchat
the original meaning refers to what we know

first and best. For instance, the word
b Aeud

‘1ight’ means primarily that which makes ma- 5 5

nifest to the sense of sight; then it is ex-
tended to kriowledge of any kind, as when we
say : 'Let us look at this problem in the
light of new evidence'. The understanding
of an extended meaning of a word depends
upon knowledge of an original sense, as in
the case of 'light’, ’‘substance’, ‘matter’,
"form’, 'abstraction’, etc. This does not
imply that the understanding of an extended
meaning depehds upon knowledge of a word’s
authentic etymolog&. Whatever the philologi-
cal origin of ’to illuminate’, the kind of
original meaning we have in mind here is |
sufficiently verified by pointing to what is -5
the case when we switch on a light that en- ;
ables us to see. Extended meaningsof words

express the order of our knowledge, for we i
name things as we know them, and the names /
of things not immediately known should first ) /

be verified of things first knowm. /
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THE MisTHOD FOLLOWED

By Philosophy of naturs I understand what Arlstotle
calls "the more philosophical parts" of the study of nature.
This work is intended to be no more thah a general introduction
to such a study, leading to the specislized fieida of physics,
chemistry, and biolozy.

Although I follow as closely as 1 can Aristotle's
Physics and Aquinas's commentary on that work leaving out “
those problems and discussions which are no longer relevant,
ny aim is purely doctrinal, not at; all historical, The double-
spaced text is largely a paraphrase and in parts direct
translation. (The translations I use ars those of Hardy-Gaye
‘Oxford | , Wicksteed-Cornford ‘Harvard . The translation of
St. Thomes is my own,) That text makes up the main body of
the worke. I have decided to follow the division of the leonine
edition of St. Thomas's commentary, which is also that of |
Pirotta's recent manual edition. This should prove an ad'vantage
to the teacher who may wish to Vei;ify the fidelity of my |
exposé, making the latter more useful to the student as an.

introduction to further study of the original texts. Itry
to take into account the positions of modern philoaophers on %

the various subjects discussed,

Q& i
1
X

A1l marginal considerations are copled with ainglo
spaca, If the curriculum does not allow time to go through the
whole work in one semester, the course may be confined to the
main text,

As much a8 possible I try to avoid so-called "technical® \

terms, and have recourse, instead, to words in coumon usage,
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