Aristotle's treatise known. as the Physiecs, is actually

an introduction to the study of nature as a whole: to Physics in

o . . . . b i the more recent sense, inasmuch as its aim is to approach the
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general laws that govern the universe (which Aristotle had at-

tempted in the De Caelo, a treatise on the universe as a whole),

as well as to the study of life in nature, including man himselfs

! . Book I of the Physics bears on what, in general, the study of

| - . . : : . : :m&:m.m is about, and what are the egsential conditions of the
subject that is its own. Book II is concerned with the method
to be followed in the study of nature as well as with its limi-
tations; this is still very general, for each particular depart-
ment of u....wwﬁ.PH science has a Em.ﬂ:ca more peculiar to it .G.v .
which is gradually established Sﬁ.o:mr. practice and therefore

more and HOMm. dependent on the evolution .oh that particular

branch of science.

: (1) St. Thomas, In II Metaph., lect. 5, n. 335: "...Cuia diversi

N secundum diversos modos veritatem inguirunt; ideo oportet

; . quod homo instruatur per Guem modum in singulis scientiis

sint recipienda ea quae dicuntur.— Et guia non est facile
quod homo simuml duo capiat, sed dum ad duo attendit, neutrum
capere potest; absurdum est, quod homo simul guaerat scien—

- tiam et modum Gui convenit scientize. Et propter hoc debet

! : o : prius addikere logicam quam alias scientias, cquia logica

. R o tradit communem modum procedendi in omnibus aliis scientiis.

Modus autem proprius singularum scientiarum, in scientiis

singulis circa principium tradi Hebet,"




Chapter I |

THE KIND OF SCIENCE HERE TO BE STUDIZD.

i
|
St. Thomas prepares us for the study of Aristotle's W
natural philosophy by means of a general preface which, &ﬂrosmnm
only a few paragraphs long, is of such ﬁﬂwH importance that it ,
seens well both to quote it in full, and to offer the beginner
some assistance in seizing the main ideas which it contains. : W

The first paragraph might be translated as follows:

"Since the treatise called the FPhysics, which it is our

"purpose to explain, is also the one that comes first in the study
|

"of nature, we must show, at its very bezinning, whet natural

|
i
“science is zbout — viz. its metter and subject. To this end, '

- |
i

"we should point out, on the one hand, that inasmuch as every

"science is in the intellect, and since a thins becomes intelli=ible
|
"in act insofar as it is more or less abstracted from matter, thines,

"according as they are diversely related to matter, are the oo:owws.
[

"of different sciences. Again, since science is obtained b:

ﬂ
i
"demonstration, and the middle term of demonstration is the !

"definition, it follows, of necessity, that the sciences wiil be|

"distinzuished according to_a difference in their mode of nmww:wwwo:.zﬁ.v

(1) In the Leonine edition, mn. Thomas's own introduction noangwwm
nn, 1 to 4 of Lesson I.- The recent manual edition of A.—4. |
E.noﬂ«b» 0.P., numbers the paragraphs of the entire comasentary’

from 1 to 2550, In the margin of this work we refer to the di-
vision of St. Thomas's text of the Leonine edition and, between
parenthesis, to the nuabers of the Pirotta's mznual text.

In the very first sentence of this paragraph 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 certaln principles regarding the nature of our
thinking which simply must be grasped before we can hope
to understand the kind of sclence 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 context, hes in mind only one kind, we must
first point out what this is, When a single word is

‘currently used to mean different things whose relationship

is not clear on first sight, it may be useful to point out
an example of something wnich, pertaining to the same general
field — such as 'knowledge! — is manifestly not an instance
of any of its recognized meanings. E.g., the knowledge

that Socrates i3 now standing at that cornmer of this street
may be very certain to him, or to someone else who sees him
there, but we are not in the habitf of calling this kind of
knowledge *science!, The reason is not that it is merely
knowledge of a strictly individual fact, for soms such

facts are said to have been established in a scientific

way. When a historical fact has been ascertained as the
result of an orderly approach, complying with definite rules
that are susceptible of being verified — e.g. that Aristotle
wag not the author of the Iiber de causis — we are wont to
call this knowledge "scientific®., We all know what is meant
when one historian is called 'more scientific! than some
other who takes hearsay for fact. It is futils to quarrel
over the use of the word 'sciencs! 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 hehaviour of
people and the weather (comprising such items as suns and
constellations), we say that they are scientifically céertain.
When the makers of cigarettes announce that their particular
brand has been *scientifically testéd', they mean to refer
to a process of examination performed according to accepted
rules. "Any mode of investigation by which scientific or
other impartial and systematic knowledge is acquired" is the
description of Scientific Method found in an article under
this heading in the Encyclopsedia Britannica.

A1l this suggests that the term !science! has to do
with knowledge obtained by some recognized means or process
emphasized as impartial. It is implied that anyone who can
grasp the means or can understand the process, ought to
agree that what is discovered or proved by it, deserves his
assent,




Among the studies callad sclences, mathematical
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
approach its exactness. Now, what we must notice is that,
if mathematical physica is called the most exact, it is
becanse it attains more clossly to the precision of
mathematics itself, which is undoubtedly more rigourous
than any other science. In fact, when Aristotle mentions
the 'disciplines! without qualification, he mesns
mathematics. .

2. An examgle of mathemstical science.

If mathematics is science in the truest sense and
so recognized in every age, it shouid make a safe beginning
to choose a mathematical example as cur first guide towards
learning what is the idind of knowledge wirh reference to
which other kinds are called scientific in the measure that
they approach or resemble it. Take the following statement
in the context of Buclidian geometry: 'The sum of the anzles
of any triangle is two right angles!, How this proposition
is not self-evident: it follows from reasons already known

_ but not contained in the proposition itself. How is his

reason established? and how do we procsed from it to that
proposition which is its conclusion? Euclid has resort to

the following proof: (2)

’ I
(2) Book I, Theorem 32. The Thirteen Books of Fuclidls Elements,

translated by Sir Thomas Heath, nmﬂ&ﬁ.&mo University Press,

1926, 3 vol.

-In geometry, demonstrations should be of this
nature: the means employed should in the end be none other -
than the definition of the subject. Science, in the
typical example used above, is cbtained from knowledge
of the proper reason why the triangle has this property;
it is knowledge acquired by meens of what is absolutely
prior to what is kmown in a sciertific way. This implies
that what is prior to the property is also first known by us.

But the name 'science', let alone the adjective
tacientifié!, is not reserved to such knowledge alone.
For, although in science proper we camobt acquire imowledgs
of the unknown except through the mediation of something
else already and bztter knowm, not everything that is .
prior in our knowledge is also- prior in itself. Herice it
can happen bthat things better known, in the scnse of more
intelligible in themselves, which might serve us as means
of understanding, cannot at once be reached or used, because
what we know first is not zlways what actually comos first.

If we imagine an ignorant savage, setting out
unaided to understand the phenomenon of the electric light
in this room, it is clear that the knowledge with which he
is obliged to begin will not explain very much. He is
aware that when you press a switch the light comes on, and
when you press it again the light zoes off. This property
4is not of much value where a knowledge of the source and
transmicsion of elsctric power is what is wanted, but he
will simply have to use it for what it is worth until by
means of it he can attain properties nearer to ths nature
of what he is investigating., In the study of the resl
world we are usually forced to work backwards in this
fashion. For example, we know ths alternation of day and
night before we lmow the reason for it — a reason which it
took some time to discover. As a consequence, the reason
that we offer in support of some general statement that is
not self-evident, will usually have to be scms proposition
reached by observation and induction. This proposition
becomes a substitute for the definition required by science
in the strict sense.

.u. Induction of self-evident principles from sense—verception.

It has Just been stated that the propositions
which, in the study of nature, we must often make do in place
of definitions like those available in mathematics, are
arrived at by induction. This tem induction is another
which we must now examine with scme care, if we are to

" understand what St. Thomas means in his preface., By




ey

induction, in general, is meant thinking cur way from
particulars to. universals. The main thing to notice

in the beginning is that there are two basically different
types of induction. One of them passes unnoticed in ordinary
life, because it goes on as unceasingly and as unconsciously
as breathing. dJust 23 we hardly notice how we ‘have come to
be so sure that Socrates has come into the room and is now
before our eyes, so we hardly notice how we have come to be-
so sure that if he or anything is present it cannot in the
same regard bs absent. Bult the fact is that our certainty
about the most general principles implied in all reasoning,
such as 'it is impossible to be and not to be at the tize
and in the same respect!, is the result of inducticn, of an
act of induction so natura} that it may pass unobserved.

The other kind of induction, which examines all the
particular cases within reach and concludes to a gensral
notion or to a general proposition, is familiar to us as
the typical procedurs of the arts and crafts as well as of
experimnentel science in general.

In comparing these two sorta of induction, it must
be noted that they differ, not merely in the frocuency or
ease with which they are carrisd on, but more fundazentzlly
in the role assigned to the emumeraticn of particular
Instances ard ip the certitude finally achisved. It may
sound surprising, but an induction may yield entire certitude
without all instences having been coversd (a3 in the zbove-
mentioned case of 'intuitive induction') end, on the other
hand, mey cover 11 instances without ylelding a sufficient
reason. The first and basic type of Llxiuction, whereby the

mind moves from sense perception to general notions and self- '

evident principles, never attempts a complete enwueration.
Indsed, a princigle like 'it is impossible to be and not to
be ete.!, or Yany two things which, in the same respect, are
1ike to a third, are in that respect like to one another!,
could hardly be ths result of an examination of all cases of
t. In ths process of acquiring knowledge, propositions like
this one are manifestly dependent on sensation, memory and
experience, yet, once we grasp them, we see that they must
hold good in all ossible instances. In other words, it is
characteristic of this first type of induction that the

survey of the particular cases is not given as the
reason for its universality ard truth. nmv

L. Induction by enumeration.

Since in the kind of induction which wWe have
just referred to, no smount of particular instances is
ever offered as the reason for accepting the strictly
univarsal notlon o proposition, it can scarcely be called
peientific all by itself, bub is rether a necessary
preliminary to all science. Ne must now turm our attention
to the second typa, where the multiplicity and similarity
of the particular cases is actually ziven as +he reason for
a general statament which is offered as a conclusion. In
this kind of reasoninz from particular to universal, the
emumeration of the cases may be either complete or incompletes.
By complete is meent an emmeration vhich exhausts all
possible cases, provided, of course, they are limited in
number. Now, even when complate enumeration 1s possible,
such that the property x is shown to be true of every
possible instence, the inductive argunent mey still fail to
give a proper, universal reason for its conclusion, 2lthough
the conclusion may be known with certitude.

in oxample, using the materials of geometry, will
show us what is meant by complete emmeration failing to reach
the proper reason for a propesition that is enounced as a
conclusion. Suppose one established that 'the sum of the
angles of any triznzle is two right angles! by way of e
induction in that the method one chose was to verify the
theoram in each of the three kinds of triangls, "first in the
equilateral, again in the isosceles, and afterwards in the
scalene trizngls?. (6)  Since these three species exhaust the
possiblas kinds of triangle — for a rectilineal three-sided
flzure either has its three sides equal, two of its sides

(5) ¢f. Post. Anal,, II, c. 19, 99 b 15. Cf. St. Thomas, ibid.,
lect. 20 — (On the distinction between sense-perception, memory and
experience, see also Metaphysics, I, ¢, 1, 980 b 20 - 931 a 30. ' St.
Thomas, ibid., lect. 1.} — Of this universality Aristotle says that
it is "at rest in the mind® inasmich as it is then perceived as .
independent of the particular, variable, instanceg, although we are
dependent. upon the sensation of some instances, upon memory and
ccmparison of the instances retained, which rasulta 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 roard. For
this type of induction, modern logicians still refer to Aristotle, and
eall it ™immediat” or intuitive induction". See, e.g. W.E. Johnson,
Logic, Part II, chapt. VIII, Cambridge, 1922, pp. 188 et sqq.; Horris
Cohen and Ernest Nagel, An Introduction to Logic and Scientific iMethod.
Routledge and Kegan Panl, chapt. XIV, pp. 273 et sqq. .
(6) On whether Aristotle's mention of such a proof (Post, Anal., I, ¢. 5,
mWw 1. a E.mwmﬁ.om.ﬂ development of the theorem, see
32
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alone equal, or its three sides unegual, —=- the general
atatement will be certain enocugh: !In every kind of
triangle, the sm of the angles is two right angles'.

Yot the verification of the general statement by
enumeration of all the possible kinds of triangle does

not provide the cammensurately 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 together
equal to two right angles, whether by means of the same

or different proofs; still, as long as one ireats separately
equilateral, scalene, and isosceles, one does not yet know,
excopt sophistically, that triangle has its angles equal
to two right angles, nor does one yet know that triangle
universally has this propsrty, even if there is no other
species of triangle but these. For one does not kmow that
triangle as zuch hes this property, 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 recognize this property". {(7)

In the study of nature, too, an induction is judged
complete when soms general proposition is taken as true
merely because it has been verified of each member of an

‘adequate division; as when it is said that ™rritability

(the power of responding to a stimulus) is the general
property of living beings™ because it is true of both enimals
and plants. (8) However, although this may be the reason why
we believe the property to be common, it is not a
commensurately universal reason. The same criticism could
be made of an argument which would show that all mobile
beings are bodies because both animate and. inanimate things
— a clearly 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 bs a body. A genuine demonstiration, would have
to show that 'to be per se in movement' belongs primarily teo
body as such, and this is the effect of Aristotle's reasoning
in Book VI of the Fhysics.

|
{7) Post. Anal., I, 74 a 25-35. Gf. St. Thomas, ibid., lect. 1i-12,
-~ Inasmmeh as 'triangle! and other types of plane figure, such as
circle, divide the gemms 'plane figure!, triangle is a species which,
with regerd to the kinds of triangle S&« in turn divide triangle

into species, has the nature of genus. Figure is called gm
genus!, triangle 'proximste gemus!,

fremote

(8) Bven this so-called complete induction is only p%uowwmﬁbm“_..
inasmich as it must assume that the terms of the division vwsm

been verified. Such universality was formerly qualified as
mnc”, i.e. valid in all the cases considered.

-5..

More often, however, the inductions used in the
study of natura cannot be made complete. We say, for
instance, that 'man is mortal', If this proposition is
considered to be general amumu.% 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 Tno man has been known to survive! is
not. the natural. reason why 'every man is mortal's, If the
sun rises tomorrow, it is not becense, in all human experience,
it has alweys happened before. (9) The regularities observad
in nature (such as the eventual death of o<8..< animate
thing), so long as we cannot find the reason why they are,
will offer by themselves no solution to the problem, Ths
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 therefors from being a man.

(9) Aristotle's famous hypothesis of a radical difference
between celestial and earthly phencmena is a case in
point, He assumed that the former vere entirely
uniform, unaging and unalterable, from which he
concluded that there was no contrariety in them, so
that the heavenly bodies, such as the sun, were
incorruptible, "The mere eviderce of the senses is
enough to ccnvince us of this, at least with human
certainty. For in the whold range of tims past, so
far as our inherited records reach, no change appears
to have tsken place either in the whole scheme of the
outernost heaven or in amy of its proper parts.!
(De_Gaelo, I, 3, 270 b 10.) "Kevertheless St. Thomas
adds, in his commentary, lect, 7, n. 6 this not
necessary, but only probabls. For the more a thing
is lasting, the mors time is required to observe its
change; for instance, the chan:e.that takes place
in a man, ‘over a period of two or three years, is
not as readily observed as that which affects a dog,
or some other shorter-lived animsl. ience, one could
say that, while the heaven is naturally corruptible,
it is so long-lasting that the vhole space of time
which memory can record is not enough to observe
its change.®

10




5, The ‘universal! of demonstration is not the same

that 1o merely 'predicable of manyl.

. : derstood in
In other words, ths universal, as un L
strict science or demonstraticn, of which an ouwuvw“u ﬂu mww”
have its three angles equal to -two right angles m e a1
the following characteristics: & it must be tru of o)
instances that are under it na.mm .«MM ﬂoﬁw wu..»w_.Mw.Mwu onus%mw
ubject must belong .
nonﬂaW«M“m..w tto have two argles equal to two right wumu.n —.QN«
wbv“_hmu trisngle as the per se subjoct OMnnMwu E.ovma..ww Cro b
it follows with necessityj3 ¢© primari
Mmewwou it is said (1.e. primarily in wauum% as such, and
not primarily in each ons of its species). ( .
To assume that one has demonstrated gwwcﬁm vamwww
as such has the sum of its mbwgnon:ww Mwﬁ «MM Mwmuw sbww. e
it to be true primarily of ea kinds
”o”ﬂwunwmn with tha mere appearance of a nouuwnmgg mwomw M..”o
statement: 'In every kind of triangle the sum o u:u.mumu.a eles
two right anglest?. when ib iz understood as the re  usim
Mumnoﬁou by ooﬂb\.wom emmeration, is not a demonstrative nWw s
t all, but a mere restatement of scmething already E«MH. N. ol |
wm.n:mwﬂégbmwawm&.gmnm.w.onmm b 8 L, |
‘g gach have their sngles squal to two right angles.

is not to
duction as true of a class of gwamu
movugmamarwnm%ggw:wgn the nature of the thing in Hnmmuk. wmasmw )
inductions, however exhaustive, will always mchnow. TOm tnds ,
limit w.wo:. The reason is that a class as such, 1s neve W
e ME.:m.mm a universal. A class, or collection, is E»u.hoﬂ.
ﬁ an incidental whole, a mnocmﬁmwmm:“w..rwwnwwwvomwu un..m.w ng
n many objects, arily something ”
svﬁ%mwnagmgﬂ :ww« they are in themselves. 1z, ubm«aﬁ.u ona»ou 1 - |
aning 'a rectilineal figure contained by three sides', v h |
w@um in notion, the term ‘triangle' were used to nwombaawﬁg :
d imsediately for the class of each and 211 triengl wmuan of a
wu jangle! could be said of no triangle tvuewwoﬁn..am »ma fa
E.v“ nor of an instance of a kind, Vhere ttriangle ww.mw mﬂ o
to mean a class of thinzs, to mbwbwﬂf.wwmub omoww.ﬁwwmgo. nmw 2
articular one, would mean uila , |
ww»wpw triangles, zmgrmn equilateral or no. r»wa&uaoac“ uwPM ; w
ignoring the rules of supposition,(11) we interpre ,

(10) Post. hnal,, I, cco b &5, 73 8 20 = T4 b 5. - Stu' Thouss, ibide,

Honﬁ.OlPN. P. I HPV. 11,
Themas Philosophicus, Logica, Ps I, 11D .
(11) Cf. John of S%. 5 6 (odit, Reiser, to I, ppe 29-355

- ce. 10-123 mﬁwmw.bplmﬁwc Q 4
pp. 166-122).

|

|

m:m«‘ﬁggmg»mwgﬂgaogﬁuv |
|
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' mean primsrily and immediately the class 'men', that 1s,

all of the subjective parts of the universal nature 'man' »
then, to say 'man' of Socrates would mean that he is each

anrd every man: Socrates and all men who are not Socrates,

i.e, all who have been, are, shall be, might have bean,

and even 'all the posasible men', who are inccmposaible,
Actually, a collection, as such, like an individual, cen be
predicated only of itself, viz, in a proposition of identity,
such as 'Soorates is Socrates' and 'AlL Greeks are all Greeks',

. If 'triangle’ meant primarily and no more than the

class of ‘all triangles, the 'equilateral' could not even be
called 'triangle! since this would imply that the class of

all triangles is in the same respect both equal and unecual

-to. only part of itself. It would be false to say: 'A roctilineal
figure that has its three sides equal is a figure!, or that

‘it is a rectilineal figure!, or 'a rectilincal figure that

has three sides', For all these terms would be no more than

. symbols that staxd for a mers collection.

6. On the use of =ﬁ..“vou.m.

The brief reumarks on class, which we found it necessary -
to make in order to appreciate the limitations of scme scientific
inductions with regard to eithsr predicable or comensurate
universality, can now be used to throw soms light on the nature
and use of symbols. This is to the point, since several
departments. of natural science must have resort to synbols as
distinguished from names. A mere class is such that the mind
demands & special sort of sign for it. Our usual commnicative signs
for natural objects are words or names. But whenever we can zive
a name to a given thing, it is because ocur mind grasps it as
one per se, We do not have a name for 'pale flutist!, inasmch
a8 'to ba a flutist' and 'to be pale! are not one thing -~
although there may be a good ruason why this flutdst is pale,

A siple example mey help, Uhen we say, 'Let X stand for all
the objects in Mr, Smith's backyard', X is not a namo, tut an
arbitrary symbol assigned to stand for the incidental class or
group. Now the mind can surely bring the two together, and their
being together mzy be true encugh, as in the propesition fOscar,
the pals flutist, builds a house!, provided this person is a
flutist, is pale, and builds a house., But a2 person is not a

flutist because he 1s a persom, nor pale becanse he is a flutist,
por does he build a house because he is a person or a flutist, -
Although the proposition is trme, it could not express all that
as something one per se, and there can be no simple name which
signifies 's pals, building, flutist'. But we could say 'lot

X stand for such a parsont.




The origin of the word 'symbol! may help us to
wnderstand how it differs from a neme, The Greek word
'symbolon'! comss from the verb 'symballein', msaning,
literally, 'to throw together!: syn with 4~ ballein to
throw. This original meaning is retained in the tem
'Symbol of Paith?!, such as 'The Symbol of the Apostleat,
which means a 'collaction of truths held by faith, (12)
responding to the particulir, contingent needs of thas tims, -
as distinguished from an intrinsically ordered presentation

. of doctrine. Hence the word 'symbol' understood as an

extrinsic sign of membership in a collection, such as a X
uniform, which permit cns to identify a perscn as belonging
to the amy or navy; and the insignia of office. Symbol, as
ve use it in the preseant context, is the proper sign of what
has no more than the unity of a collection or incidental whole,

e get closer to the latter meaning in the example
'Let X stand for all the objeots in Mr., Smith's backyard?.
The point to note here is that the sign stands for a definite .
collection whose members may be uninown except that sll of
them are in that person's backyard., Hence, x stands for all
but for no one of them in particular, nor does it tell us what
any of them are. v

Symbols, in a more practical sense, are used in the
formal logic of the syllogism, such as ¥ for the middle term,
P for the major extrems, and 3 for the minor extreme. These
signs should not be understood as abbreviations of names:
they are not succinct ways of writing Subject, Middle, and
Predicate. In fact, these particular lstters have a distinct
drawback inasmuch as they appear to be substitutes for words,
We may just as wall, and even with advantage, replsce them by
Ay By G provided they stand for anything that msy be invested
with the logical intentions of extreme (A, C) or middle (B)
terms., The symbols of formal logic are called !transcendent
terms! because they signify 'Sunis et nihij', B, for instance,
would signify anything that can be invested with the logical
relation of middle tem, yet not any such thing in particular;
it stands for whatever may turn up as the middla of a syllogism,
such as 'man’, ‘triangle', or 'impossible'.’khat they bave in
common refers to an operation of the mind, whereas in reality
they may be as incongruous as 'point', 'snesze', or 'nothing!.

(12) st. Thomas, IIa Ilas, g. 1, a. 9,

7» lopical and mathematical symbols. -

The operational symbols of formsl logic have, in
their proper context, the greatest generality and
indetermination inasmuch as they transcend all categorias.
Since they refer to whatever may be invested with the
relation of a syllogistic term, we might call them
‘transcendent variables!, These should not bs confused

z“_.g the symbols of mathematics, :

Now ciphers, such as 2, 3, 4ye.., may be taken as
substitutes for nmmes with a view to calculation; but they
are somotimes unddrstood as symbols in the above defined
sense —~ a3 we shall see in n... of the present chapter.

It i3 the signs of algebra, which are more patently symbols
of variables and more similar to the transcendent terms of
logic, that we must considar at this juncture, They too are
operational. But the algebraic symbol refers to a type of

‘operation characteristic of mathematics, viz, the so-called

fundamental cslculations: addition, subtraction, mulbiplication
and division. W®hile mathematics exhibits the most rigourous
trps of syllogiaing, its reasoning implies and is deperdont
upon an operation that in itself is not a reasoning process.
Consider the alementary equation x +4- 2 = 5. This equation
assumos that x 4~ 2 on the one hand, and 5 on the other,

are aquals, whers 2 is the known part of the whole that is 5.
flence the unknown part of 5, viz. X, will be the diffarence
between 5 and 2, viz. 5 = 2. A.v,, the reason why x = 3

is that 5 « 2 = 3. The conmon principle that lies at the
basis of this operation is that the parts of a whole are,
togethar, the same as the whols — materially, Now, the
subtraction (5 - 2 = 3) is not a process of reasoning; yet,
owing to this operation wa can reason to tho identification
of x, the terms of the syllecgism being 3 (A), 5 - 2 (b),

and x (C)s It is the equality exhibited by 5 = 2 = 3 that
is the proximate reason why x = 3. (x) <« .

To assume that the symbols of logic and those of

; mathematicas have the ssme generality, e,v. that in the dauation

Y =m 4 X, x can have a generulity coexternsive with B, the
middle tera, would imply either that the rature of the things -

} Alfred lorth Whitshead, in An Introduction to Mathematics, states
this as scmething that is self evident. "Now the first noticeabls

fact about arithmetic is that it applies to everything, to tastes
and to sounds, to apples ami to angels, to the idoas of the mind

and to the bones of the body. The nature of the things is perfectly

indifferent, of all things it is true that two and two make four, ‘

Thus we write down as the leading characteristic of mathematics that
it deals with properties and ideas which are applicable to things just
because they are things, and apart {rom any particular feelings, or
emotions, or sensations, in any way comnected with them. This is ihat

is meant by calling mathematics an abstract science,®




