[ Whereupon this person got himself-Involv

In the same\Old Testament_ to which M A.M.Turin ‘/~(' !

instance of a theological argumertt refars)thare »

@lso . question) of one who declared:Non ser¥iam! /,1v9/17ﬂu @¢fﬁﬂﬁhﬂféiﬂc

Lty sedly,
( T {’:/

n
al multitudo negotiations(Eze.xxviii,16). St.Thomas

L&n\a_mgod—e -scholag: explains at”t‘é““““’l(nznﬁx(ﬂfga;«_vt'

7 |—{including ar infinity of logics)jthus contriving to make the ,J Al ’f’

ux"/f ” )3

. '"a mere bundle’ of fleeting *occurrences’ have far more the/j 7z J/ it Yo
/ nature of sheer many than have the integral parts of a /Z;,,, e e v oidl |
totum per se. Hence,to meet ths new standard of being, - s7... ,,C/a¢7f1¢
What could be more suitable than to father the rational %;“‘, weie doap |
animad as a mere bundle of occurrences rather than as.a ”Jinéaé %J“‘ e
it g o &"“"Zﬁ“ﬁéiiii’* e Theeeitoy g
er O ry;iel a "hopeless y 5
- muddle-headed notion’th‘ughvuhunmn-nnun&yﬂigﬁhe has in mindas h;?@WWf
whide-esiny that word,we Hught @ agrme with-him)a. ' fW“
Accordingly, ¥xx? "Mr.Smith? becomes a collective term, " ‘“)ﬁﬁﬁ5$ﬂw
as in ’ly name is-Legion.’ On the other hand,man,in the [ ;?

N\ which we have provided an antistrophes we have echoed the

N R R

activity of the Bearer-of-light,averted WY /9 |
from the First One,was bent upon the many of inferior o {
things,and it was their primacy that he coveted”(QQ; |
odlibetales,qdl.s,a.7) Thought and action were : \umﬁfh*-&~w-f-ﬁaf””"
Ted fowards- the_mnitmtndtnnnl“mera‘muititudinous~emﬁL aeisi s geing A Sl €V
the scattered-for their own—sake./ Now the sophist,too, NI /
his-elaborate-ratiocinations)unrestrainad by truth
draws at will upon the infinite store of ens per accidens 7.l (7 ltsst

]

worst appear the better reason and : / Zg
that which is most)so—thet whatever there is most of s | v, |
appears what more truly is,and nothing is but what is not. “Tritg

For instance,of lr.Smith,not fo mention.the. events- composing the
bundle,there are far more particles than men on earth.The
choice will therefore be sim?le,seeing that the many conveyed bwjﬂé‘ e Here

; (7 Hictide cC

order of operation,is lowered to the level of a mere

tool,and thus can do no more than serve;a tool,like any
insirument TDbeing of its nature movens motun, (A rather strange
tool,at that instrument without a principal agent, THee-
like a sign A does not signify,or a relation adrift o
without terma; for the maker and agent iz buried when one tool 7
gives birth to another,seeiﬁ%mﬁussell has shown =k something

to the effect that we nay have tools of tools and nothing but

tools without end,so that evervthing may well be ig the service

of noihing.)-4Uhether or not we belisve in Sacred Doetrineg is *

not at present to the point. The plain fact remains that the
literature to which Turing refers sets forth a strophe for

/ non serviam) ass the attending desire of primacy for the sheerest
many; not in the romantie way of Karl lMarx quoting Aeschyles’s
Prometheus,nor by merely enslaving “some of these infernal
machlnes”(as EeTeBell calls them) to do the repulsive drudgery;

but in identifying science with the mechanical process itself,

making what goes on in the computer to be one and the same with

the highest form of life,namely,thought. And it is worthy of note
that the keenest joy is expressed when such reductions are male.
Similarly,the scattering thought finds an entitative counter-part

in the nere bundles that are !r.Smith,Earl Russell,etc,s; a dispersio
that should be carried on and extended to the universe as a wﬁo%e-—
the supreme heap of bundles that outbundles them all, Russell has
said that we may one day blow up the universe,and he is appalled at
the horrible gxmpm prospect. Yet,it being by nature already so much 1
out of joint,one can hardly see what there is of the universe to explode, !
or that it could make much differenceinor why any one should re&lly

care soeing that,to whatever there {s'in the universe it will be as

if it had never been.Besides,it would all happen most legally.
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The v&.bomm ow this Introduction Mm ».o mroa what are the |

msvumo.a and principles of what Aristotle calls the science of
nature or natural philosophy. We shall attempt this by way of
én exposition of the first two books of his Physics. The reader ot

thmle
-must know from this very beginning that we are not wholly

unaware of the extent to which the meaning of the words just
aavu.oug has changed - viz, 'science, ' 'subject of a science,?
'principles of a m&.m.gmu. and 'science of nature.' It would

be difficult to find a single ubmdmuam in which the same words \ -

mS.HH mean d:m same thing., Plainly, we cannot afford to
neglect this fact.

Many a teacher called upon to give an elementary course

in the Philosophy of nature which sometimes goes under the

. title of what is actually only one of its parts, viz. Cosmology —

@il feel impatient when we muoa some measure of solldcitude for

~ the mnnobﬂ.&b climate that is proper to owr day. Why should

we bother abont it, he might say. We have the mandate to teach

~ the subject , so let us get down to business. .Precisely, can

—

. We reasonably get dowm to 1t? In fact, is there such a subject?

For some reason or other we may be already convinced that there

 is. Put that is not the point, when in teaching one must begin



o bir fuetipivace
?oiwwnwe,mm known to the listener. zoﬂ\,&g Mamoa.awgob - if

only that which was gathered from the headlines 'ngwg%
, \ twhsmfwmxﬂﬁghoﬁ an elementary

!

course in some special subject of philosophy, is very different
from pha &6% { the beginner of some half century ago. One
would compound the confusion by ignoring the difference. No-
onwo_vwmﬁ we hold in esteem thought he could neglect the opinions
of his times. Tt would be most unfair to let the student believe
that what is meant by science in the philosophy of nature mist be
roughly the same as what is meant by sclence today =— only to learn
eventually that they really have no more in common than a dog and the
| constellation wwmw goes by the same name. Yet the fruits of modern
w mnwmwom grow with cosmic violence. What then?

The first thing to be noted is that all that will be said

in this Introduction will be expressed by means of words.

- 1. = Science of nature and the use of words.

It has. demu.ﬁw. be come rdther obvious a:ma the giant menuamm
of the smdumsmﬁvoww study of smdcam are concomitant with a gradual
emancipation from gm use of words. The mathematical physicist

| does not know what he is talking about until he can have recourse
_ to symbols that are not names. At the same time this very

. statement uses nothing but words, and it is difficult to see how

-M'



one covld make such statements in any other way. One might
mzmmwwn drwa thisstatement could be symbolized by the sign 'S.!
But the interpretation of the symbol would have to refer to the
statement made in words.

When Sir Arthur Eddington shows so convineingly that the
exact science of nature can get nowhere until it has reduced
its definitions to measure-numbers, and that these are expressed
in terms of mathematical symbols, not words, he uses words to
show ﬁ%um. Even the terms ‘exact,! 'science, ! 'symbol! and
'nature,' he employs as words intended to mean moaﬂ..ﬁum in the
way that words do. Indeed he does so while showing just how

the physicist obtains his measure-numbers and is oonnmu.uoa.obww

| with them. By length, for instance, which is otherwise defined

as 'what is extended in one dimension,' he, as a mathematical

physicist, means ‘'when we take a reasonably fair copy of a

 certain platinum-iridium bar kept in Paris... and apply it

mcnommmwdmu.w or by division to kinow the distance between A

'Thus defined, the standard of length can of course have mo xw \,

i
¢
{
i

'

|

W and B; the result of the operation may be expressed by Lx.!

i
[

length ; when there is no other standard, so that length oEQ |

is once the measurement is had. TIn turn, weighf is 'when using

m tmu.wEbmluﬁagm.... » and so on for all. the basic definitions.

.E.m importance of 'when' in these definitions can hardly be

T.E A lrynce

{
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 defined length he may tell us "this is length," but this is

exaggerated. If the physicist said tlength is...! instead of

. tlength is when...' he would revert to a mode of definition

which aims to state 'what' a thing is absolutely, and not merely
what the name or symbol is intended to mean. Having thus

- with. In mathematical physics definitions should be no more

~than interpretations of the, symbols that-were chosen) by

- describing how the measure-numberiwere obtained. It is

_interesting to note that if only this type of definition

were valid in any field, then the definition of 'man' wonld

have to be like 'when I tread on something and it produces a

|

~ setles of sounds such as "Where do you think you're going?® '

And that is man.

It is also plain that when interpreting the time-

- symbol t the mathematical physicist does not intend even a

- nominal definition of the word 'time'yas this term was and

is stil1l used Jc.h&wnvﬂ& specific reference to the sw% in which

~ the measure-number is obtained. The same holds for the 4.03«

| expression 'mathematical physics,! meaning a certain type of .

knowledge about 'nature.' He would not try to define in terms
of measure-numbers what the word tnature' stands for, although

we might point out that even his kind of definition has

. only another way of saying that that is all he can be concerned \



' something to do with what we call nature. Take, for instance,
the mowHocwsm statement made by Einstein: "It is my conviction
. that pure mathematical construction enables us to discover S

W the concepts and the laws connecting them which give us the

key to the understanding of the phenomena of Nature. Experience

~can of course guide us in our choice of serviceable mathematical
~concepts; it cannot possibly be the source from which they are

~derived; experience of course remains the sole criterion of the

serviceabllity of mathematical construction for physics, but

the truly creative principle resides in mathematics." He makes

~clear what he means by physics when he adds that by itself such

construction "can give us no wuomwmamm whatsoever of the world

of emperience; all knowledge about reality begins with experience

and terminates in it. Conclusions obtained by purely rational
processus are, so far as Reality is concerned, entirely @aﬁww.=ﬁwv

We do not know how he would have interpreted the names 'Hature!

and 'Reality' though he might have suggested that to the

,u:%mwnwmw they are what the measure-numbers somehow refer to,

and the test of the relevance of rational construction to his

(1)~ On the Method of theoretical Physics, Herbert Spenfer Lecture,
ﬂwoav waub PPe ﬂb 12, )




vummmwmr.;sw are confident that he would not have confined
w»anmww to 'Nature is when using such or such a standard of
am&nam...ms... — although in doing so there would be
reference to nature, and to what he already knew reality!
to aomw.

ouuo world of mathematical physics, and the
h construct ictions' of mathematic

Once Eddington has made it clear that from the
amwumsuwuamu physicist's standpoint the world is a symbolic
one — in the sense that what he knows of it ean be conveyed
only by symbols and involves a generous share of fiction,
starting from and referring to metrical structure — but that
:umnm<mn the symbols convey is not all that the world is, o
he momm on using words to vwwmm.rosm his thoughts on the
mcdumcw. Hence, to employ either words or symbols Hu not a
matter of choice : sms one, mwww.nsm other, is imposed upon
us according to what we wish to express. We are sometimes
led to cmuwmqm that the use of symbols is a way of economizing
words. %www is not the whole truth. _HSWMH use certainly
economizes thought. But it is far more important to realize
that the mathematical piysicist, as well as the mathematician,

does not use symbols instead of names for the sake of

abbreviating his equations, but because he could not resolve
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As we shall see further on, the art of calculation simply ,
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cannot be concerned with objects in the sense of what names refer \

us to, like 'man,' 'horse,' or 'nature.' REven what the ancients

' had named 'number' or 'figure® is of no formal interest to it.

"Mathematicians do not study objects, H. Poincaré said, but theé

W relations between the objects; it is therefore indifferent to

| them when the objects are replaced by other objects, so Honw as

the relations do not change. Not the matter, but the form is

W £ 7
their concern.t

(1) - science et hypothdse, p. 32. ~— To illustrate Lord Bertrand
Russell's saying that "Mathematics may be defined as the subject
in which we never know what we are talking about, nor whether

" what we are saying is true," the French mathemitician M. Jean
Hadamard chooses the following example: "Having bought 6 metres
of cloth at 12 franks a meter, how much does one have to pay?
In raising this problem, are we really talking about cloth?

Not at all. Instead of asking the price of 6 metres of cloth
at 12 franks a meter, we could just as well have asked the
price of 6 pounds of meat at 12 franks a pound. We might have
replaced the meat by copra, and the pupil could have provided
the answer without even asking the teacher what copra is.
Hence, in raising this problem, one does not know what one is
talking about; or, to put it otherwlse, there is noy need to
know it. Here, then, in a first, simple instance, we have the
notion of mathematical abstraction.” 1In Encyclopsdie francaise,
section "Mathématique," 1,52=3, =~ I do not think that

M. !ladamard wishes to state here all that is intended by what
Lord Rusell said, inasmuch as the numbers in question are
themselves only material with regard to more abstract forms
which de—net- say < about numbers.

rme \om~m\

Now the objects that are of no concern to . m.stmu.«s,



him are mot merely those like horse or apple, but numbers and
figures as well.

Now what about the objects that neither mathematician

. nor mathematical physicist is concerned with? What has

w happened to the number, e.g. 'three,' which we had named

W before putting it into an equation, or.to the 'time' we named

W before we manufactured the measure-number by the clock? The

. operations upon the symbols may have been so proficient that

~ we forgot.or believed we should now forget,what those names

M meant while we were amwnm.&zmao Could we really replace what

- the word 'man' meant by referring henceforth to no more than _,

+ the mathematical physicist's <Hmw of him a2s a swarm of electric
oﬂmﬂmmmw This no doubt man is, but is it twhat it is to be nw

“ man'? It must be true that if the. physicist could produce

m that particular kind of swarm he would have indeed produced

- a man. But why would we call it a man unless it were like

. what we already identified as w_amSw

3. - Where words remzin in use.

If neither the mathematician nor the mathematical
vrwmwowuﬁ can be nof more than hampered by the use of names,
apparently they must use them when they want to convey what

~ their knowledge is about and especially what it is not

r

W



M

_ concerned withe In saying that they cannot be concerned with
-

N
'3

vuwmmw as they are named, they are using names to say it,
TR LUl ST SPEIK i bR
though [whilf in doing so ‘they are admittedly not saying it \
qua mathematician or mathematical physicist.
The question we are trying to raise here is this :
can there be true knowledge of what the names we use about

nature are intended to mean? Can the things they refer to

be defined and used to demonstrate something in a way which

deserves to be called scientific? Must the term tscience! be

restricted to the art of caleuwlation and its application?

What did we mean by 'change,?! ‘movement,' 'infinity,? and

"time,' before we defined them by measure-numbers; has &wnuﬁ
neaning now become mere fancy? Tt has been smgzested that

the only reason why we shall continue to use words is that

they are necessary to communication in wxm order of behaviocur —

that language is essentially vﬂmnﬁuomww No court of law would

- excuse manslaughter as being no more than a disturbance
| produced in a particular swarm of electric charges by another

' swarm reasonably like the former. So we continue to believe

that Mr. Smith is there in some fashion or other perhaps not

00 clear, and thethe after 21l still has richts and

~ obligations, even as we do. But it seems that so soon as we

forget about the practical order — about how we should behave



and treat our neighbour, and all such things expressed by
names - wbn apply ourselves to scientific investigation,
things 1ike nan and his doings are irretrievably left behind,
If the thing (while even 'thing! ma2y be distressingly
unscientific) we call 'man' does persist, it is only as what
turns up for breakfast or is summoned to pay taxes, or allowed
to sleep, and in some event even to study physics.

It is no doubt significant that words are mmmm to tell
us these things, and that these things would not be told

unless in using words osH.ﬁ:oum:am were turned to something

- recognized as their meaning. Nor is it less significant that
. the practical life should force their use upon use And there
is no denying that many of the words which for centuries

- remaindd basic in vsuHomoﬁswvHMwm 'matter,' *form,? ‘action,!

originally referred to the order of making and doing, and

not to the things of nature; and 'time! may well have meant

something we do not have enough of. Surely these facts are

- worth looking into, however little scientific a curiosity

' about such things may seem.

w L. - If all definitions were to be of names or of symbols only.

If it must be assumed that there can be no true knowledge

' of things as we name lhem, but only of what can be expressed by

-10 -



the- mwawo”_.m of logic and in calculation, gmb what we say

wvos.w aE.m or any other kind of knowledge’ ub a\wwmm,soﬂmm could \
am&&.« be true. Let us put it still another way. If, as

| Stuart Mill mmwao "All definitions are of names, Eﬁ ow names L v e .v
, only, >maou gww the things named cannot be defined in - \ﬁ\
gmsmmu.dmm- however tentatively, meaning that we cannot know ;
, e Jwe usey to signify

- what they are but only what|thelrame §o—tuad
,. them, and since there cannot be a science of the names themselves

K

inasmuch as they signify no more than by convention, it is clear
- that there can be no science of anything to the extent that it
is named.

On the other hand, what Mill says applies literally to
| the mwamcu.m of the art of calculation, whether applied in
mathematics or in physics : to define is simply to interpret
the symbol by explaining how it is to be taken, not by stating
| zsma the thing named is. For instance, when asked to define

nsm zzscmﬁ azo. gmm&&omomwo&.mﬂo:tﬂhngﬂ.aqﬁoag
, .,\
At . T3
us what &80 va because what two is never enters into the
) : el A
operation of calculation. In that activity, "two1s onlya = , ) RS

L I/ SEAEEN
term with a function similar to that which it fills in an , o
equation like 2 plus x » 5. Whether two here is actually

'one two' or 'two ones'! can make no difference. The only



W ubwmw_emo.wﬁmmmmmmm in such an mn:mwwoz is the unity of a symbol;

- and whatever sort of unity 2 may enjoy apart from that assigned

| to it as an operational symbol is quite irrelevant to a definition
 derived from its operational use alone. Lord Russell puts it

- this way:

w "We naturally think that the class of couples mwoﬂ example)
is something different from the number 2. But thére is no doubt
. about the class of couples: it is indubitable and not difficult
‘to define, whereas the number 2, in any other sense, is a
metaphysical entity about which we can never feel sure that it
exists or that we have tracked it down. It is therefore more
prudent to content ourselves with the class of couples, which
we are sure of, than to hunt for a problematical number 2 which
must always remain elusive. Accordingly we set up the following
definition: w
The number of a class is the class of all those classes
that are similar to it.
Thus the number of a couple will be the class of all couples.
In fact, the class of all couples will be the number 2, according
to our definition.” (1) .

It is admittedly difficult to see how any other way of
| being two could be relevant to the eguation 2 plus x = 5. In
this context, therefore, Aristotle!s definition of number as
'a plurality measured by one! must appear awkward, and is

| certainly vseless. But Aristotle was trying to convey what

number is, not what an o@mammwosmu symbol may stand fore.

(1) - Introduction to Mathematical Philosophy, p. 18.




o ,.Ummwnwﬂonm of the same type appear in connection with
geometry. Hermann Weyl had this to say in illustration of
what he meant by 'creative definitions! :

"Thus, in geometry, the concept of circle is introduced with
the help of the ternary point relation of congruence, OA == 0B,
which appears in the axioms, as follows, "A point ) anda
different point A determine a circle, the Tcircle about
through At; that a point lies on this circle means that =

OA &= OP." For the mathematician it is irrelevant what circles
are. Tt is of importance only to know in what mamner a circle

- may be given (namely by O and A) and what is meant by saying

- that a point P lies on the circle thus given. Only in statements
of this latter form or in statements explicitly defined on their
basis does the concept of a circle appear." (1)

Especially deserving of attention is the neat statement that
"For the mathematician it is irrelevant what circles are,"
Further on, Hermann Weyl pu mm down his understanding — most
mathematiclans do share his view — of what is now meant by

the t'concept! of number :

"If one wants to speak, all the same, of numbers as concepts

or ideal objects, one must at any rate refrain from giving them
independent existence; their being exhausts itself in the ! 3
functional role which they play and their relations of more

or less. (They certainly are not concepts in the sense of
Aristotle's theory of abstraction.)" (2)

(1) - Hermann Weyl, Philosophy of Mathematics and Hatural Science, p. 8

(2) Tbidem, p. 36.




= Turning now to the mode of definition in mathematical

1 t

vmewomr we have Eddington's incontrovertible statement about

what a definable weight is : "Never mind what two tons refers = mmum,

tos what is it? How has it actually entered in so definite

ol

wm 28

& way into cur experience? Two tons is the reading of the
pointer when the elephant was placed on a smumrubmlamnswamHawv
Tt was never intended to reveal what weight is apart from this
vmwﬂumswmw mode of mmwwsunmu viz. by describing how the

physicist obtains this kind of measure-=number,

5. = Just what is implied when we are told that science is no
onger concerned YobJects,?

We have been told that the mathematician is not concerned
ith OGWmnam. he cannot get very far with the number, like two,
f which Lord Russell says that 1t "is a metaphysical entity
ibout which we can never feel sure that it exists or that we
1ave tracked it @osu.zAmv And to the geometer in particular,
mnzwm also irrelevant fwhat circles are.! We must be aware
of wwm.uavyuomﬂuos of this fact with regard to what was previously
Called mathematical science, and which had to do with quantity,
“his being either number, the subject of arithmetic, or continuous

~uantity, the subject of geometry. According to Aristotle,

1) - wum Nature of the Physical World, p. 251.

2) - Introduction to Mathematical Philosophy, p. 18,




amwmm wnvgmnam are to be defined in metaphysics, while the
smarmuﬁﬂunumn ssumes themg|but replaces them by symbolic
construction or creative definition, as we tmdm tolde Now
it is important to note that asmwm constructions are not
intended to replace those subjects absolutely. The latter I
are simply left out, because, it is said, we can newer feel \
sure that they exist or nrﬁ& we have tracked them down.
Hence, they who would continue to apply their mind to those
subjects would be seen as moving about on muuvmmww groand

We may perhaps amwm clear what has happened by comparing
what Poincaré said to be the nouamwziow the BWw:mamﬁwn»mb —
viz, avw form, and not the object that he also calls the

’

matter - with what the Greeks (Plato and Aristotle in ,M o
particular) called the mstter and the form of a number.
>Humaome distinguishes a matter and a form that constitute

a number intrinsically, they being related as potency to act.
The smwﬂmﬂ of a number is the units that compose it in the
order of material cause, like the pieces of wood that make

up a table, or, better still, like the limbs that make up -

the Uom% of a man. Ry the form of the number, he meant the
bmwawomwmw kind of unity and order sruom is exhibited by

adding a unit to a unit, a unit to the number, obtained, and \

o —~J

\\:..ﬁ.ﬁ\. m\«
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8o on udu_mHH.wvm integers. The addition does not fabricate
the number but merely brings té mind new kinds of number
which, though they are not conceived as existing in reality
the way Socrates does, nevettheless are considered as having
certain properties which are true even when am do not actually
consider thems Number, thus :namumaoom\um defined as 'a
plurality measured by one! — one being the principle of

| " number. Now, any proper measure must be one in kind with

the measured, meaning, here, that to be in number the units
must be of the same nmazwm. The particular kind of wnity

that is proper to any given number depends upon ﬁwm homogeneity

of its components. Otherwise we have no more than "a sort of

heap" (Metaph. 104la). The number two, then, is not a:m same
as two mere units of any kind, .

mnuupnmdmu when objects are umﬁ;wm the same kind, we can
count them nevertheless, like nuMyMMmMon »l this room —
persons,; desks, chairs, oormwmu absences, the relations of reason
that we have in mind, and even those which we ought to have but
" do not. Thus we have a number that applies to the heterogeneous
elements of a heap or mere mmmwmmmwmn a number which we use to

v o e

express how many objects src there. This type of number arises

in the act of sheer counting. Tt is the number of the art of
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caleulation which was called logismos or logistikd. Whatever

unity such a number aww.wmqm. it is provided in the operations : , .
of addition, multiplication, wﬁdﬁwmnawos and division. Its

unity is independent of what the things are that we Hmwmd to : .m
as being such or msnrn n:swmwm this is the number which

has been ammwuma~ “_ﬁsm QMme of all those classes which are

similar to it. Thus the number 2 is the class of all couples,
~ no matter what their kind or the kind of their elements. Nor
* do the couples or their units have to be coupkes or units in
any positive sense, for if number is defined cu,esm operation,
whatever the operation may be applied to will by that very
fact be such a number, like zero, or a fraction, or an

irrational number. And number, thus understood, is admittedly

not an object in the sense in which the number two that is one
Eonpenind

ero is an object. It is m>mwnﬁuou which our mind has produced.

Though a fiction, it is nonetheless proficient, as can be seen
from the fact that we can count ‘things regardless of what they
are. Thus, what the things are is of no account to the | o TM . Tl
calculator. The Munwhmmamsom of this number with regard to \w: |
the nature of the numbered is equalled only by the indifference
of ﬁwm heap as a heap. |

The science of arithmetic, as Aristotle and Euclid

>

ST A ) S 4,
understood it, is about the numbers that are per se onej : N PSR o

i
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| gﬁuw.m“u.dmwmaow» it does not abstract from what the things are
that it applies to : mgeum.mcdumaw of agy science

U, g

. as 26% understood this term, ,be one per se. MH« Whitehead

: 5, TRVE_ SMIN il
says about arithmetic would apply only to th of calculation

which the science employs :

"Now, the first noticeable fact about arithmetic is that it
applies to everything, to tastes and to sounds, to apples and

- to angels, tb the ideas 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 from any
particular feelings, or emotions, or sensations, in any way
connected with theme This is what is meant by calling
mathematics alf abstract science." (1)

Perhaps we ought to make explicit that the nature of things.
is indifferent to the point where all that Whitehead mentions °

can be gathered under a single number.

6. - The expression 'mathematical science' now has a new meaning.

Arithmetic, as it is undérstood in this context, has

nothing to do whatsoever with the subject of what the ancients

——

? ] \ I's y ¢
called by that same name. In fact, most moderns would say that /Aar /e anciuk And o #isdd

A} was not axience at all. This is what Lord Russell implies
when he says its subject would be something "about which we can

- never feel sure that it exists or that we have tracked it down."

(1) - An Introduction to Mathematics, p. 9.
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On the oawmﬂ mwnm~ there is no doubt about the owwmm of couples:
anything, thing or no, will belong to it, if it is a coaple oo
~ matter what of. Thus mathematics as it wm.sbmmwmaooa today has
put aside everything that might be called into question in any
way. To possess what is Hmm& we do not even have to discuss
whether anything corresponds to the fictions, no ¥4d whether
these mﬂm only in the mind., To save their value, even *logical!
in "logical mwonuommu. does not have to be tied down to what is

(1)
- in or of the mind. It is enough that 'logical! should refer

bt ac :

to Homwmsamm\tha@ it should certainly not refer to logic in the

Aristotelian sense of this term,
A further point is worth noting here. The art of
calculation does not take into account whether a number is a

muoabAdm actually divided elements, or whether it is a one

(1) -"When we have decided that classes camnot be things of the
same sort as their members, that they cannot be just heaps
or aggregates, and also that they cannot be identified with
propositional functions, it becomes very difficult to see
what they can be, if they are to be more than symbolic fictions.
And if we can find any way of dealing with them as symbolic
fictions, we increase the logical security of our position,
since we avoid the need of assuming that there are classes
‘without being compelled to make the opposite assumption that
there are no classes. We merely abstain from both assumptions."
(B. Russell, Introduction to Mathematical Philosophy, pe. 185.)

‘.l..FVI.



drmﬁ is divisible yet not divided. Whatever is to the right of

the symbol m& equality is essentially the same as what is to the
left of ite Thus 1 ¢+ 1 = 2 is exactly the same as 1 $1 =1 + 1.
Hence, whether 2 stands for one two, or for two ones of m:w.wwna.

, (1) )
is completely indifferent. Whether the number that it applies

v
~ S . _M, ~.“.__ ]
ﬂowmmnﬂmwwwwoawoﬂ MGﬁanHH amb%HmOHbomnndub«smum.man:

- is the case of all the basic laws of the art. We may neglect,
then, whether a number is Man aggregate of mnits, as is said by
some [e.g. Thales, who is said to have defined number as a
bundle of units]; for two is either not one, or the wnit is not

(@) |
present in it in complete actuality.® Likewise with regard

(1) - This has been clearly exhibited by Courant and Robbins,
What is Mathematics? chapt. I.

(2) - Metaph. VII, xiii. Here is the context: "A substance cannot
consist of substances present in it in complete actuality;
for things that are thus two in act [i.e. each having a
complete and distinct actuality of its ownl, are never one
in act, whereas if they are two only in potency, they can be
one {in act], like things.that are double, as two halves
potentially; for the complete actualization of the halves
divides them one from the other; therefore if the substance
is one, it will not consist of substances present in it and
present in this way, which Democritus describes rightly;
he says one thing cannot be made out of two nor two out of
one; for he identifies substance with his indivisible
magnitudes. It is clear therefore that the same will hold
good of number, if number is no more then an aggregate of
units, as is sald by some; for two is either not one, or
the unit is not present in it in act.” (1039a1-15)



to magiltude, whether the line is actually divided or only

potentially so, is irrelevant to the art of calculation when D coniiie o dihivs )\\%i\& \K\&%
applied to it. Moreover, whether a ?ﬁ&g o2 in acf, o \\.“.p&\.\&ms«. \Q\ 2 i prieds Vo
infinite—+mrEny wayy—is-indifferentTATi-that—ts—required Q&5x5mgmw@:mn& &Agz.xwwmawfx |
is-thatf we should be able to define it operationnally. The olioAiichin, Denten acl areel \%&SW b deseile Hi / by

Infinite classes can indeed be easily defined in this waye.

But whether there is an infinite class in the way there is

. & number that is per se one is a matter irrelevant to what
the art defines and applies to. V\ eo\. it, such a_.ummw»gm can be
no more than obtrusive.

,_q.leum.amaswnﬁwwom.eum«mamﬁﬁma.omwn.osﬁsmawuﬁnﬁwmg
ﬁ ween 'per se' and 'per accidens.!

A1 this implies that loglsmos side-steps the distinction N RN

between what is per se and what is per accidens, either as to 14¢ 7 °

. being or as to unity. That the mind can transcend this division
- is plain from the fact that we can string together the following
* incidentally connected 'bald-headed pale barn-building flute-
playing thrice-married ill-tempered barber.' We cannot name
what it is to be such a particular accidental ensemble —
although it may be 'Oscar! — but we can make a symbol stand

for it. In terms of the calculus of classes, anything which

" 1s all those things together belongs to the class that is the



Homﬂmmw-wﬂomsnd of the classes 'bald-headed,! 'pale,! tbarn-
csuwmwumm._mﬂnau and the product may be represented by the
single arbitrary sign\y.

This wumn of abstraction may lead to certain paradoxes

e

which are mwa only inasmuch as we may still be using names
agbout thems Take for instance the principle that the whole

is greater than any of its parts. Tt is said that this
uwwunwwwm does not always apply, and therefore is not universal.
Consider, @.g., the series of whole numbers compared to the

series of even numbers in the following way :

Hh Nb UM rh [ X X )
Nh M«‘ m‘ mv oo

“There is one entry in the lower row for every one in the
top row; therefore the number of terms in the two rows must
be the same, although the lower row consists of only half the

(1) :
terms in the top row." Actvally the lower row is not part

(1) - B. Russell, A Hist of Western Philosophy, p. 829. The
comical paradoxes that are, fo in his writings have an
explanation in the fact that Lord Russell everywhere puts
what is per se one and what is only incidentally so on the
same footing, in which he may be right as a calculator.

To him, e.g., 'Mr. Smith' stands for no more than a bundle
of events. (ibid., p. 201.) The example would not be funny,
it would lack the proper incongruity, if there were no
clash between the per se unity which we cannot help but keep
in mind, and the incidental whole that is a mere bundle.

It is like the cartoon of the elephant eating the jam and
following his trunk so corpletely that in the last picture
he has swallowed himself entire, as you can see that he is
no longer there. HNow if the cartoonist were not allowed to do
such things, how could you expect him to be funny? How could
we have Alice in Wonderland? :



of the w»mme — it is another row of the same amount. It is
a part only because you say that it is. If part were used
in its proper meaning, your two rows would have to look like this:

HU Nh WE. ru swesoe

2, by eesees
In the top row you would then have two members for each in the
lower, mmmwmmmu there is nothing to prevent us from taking as
many instances of the single number two as there are whole numbers,
so that any single part of the series will be equal to the series
of the whole numbers. And why not take two instances of 2 for
every instance in the series of whole numbers? We cannot see
that tuniversal' and 'particular instance'of it could have any
meaning in terms of symbolic construction, when they who use the
word ‘universal' in this nomemxwo interpret it as a class or
collection. The paradox arises because we have forgotten that
w*ummmwam from number, first signified as one per se,to a mere

/ /
aggregate that is one only by symbolic construction, the meaning

......

of the ro&n 'number! has changed, w»xmawwm. 'dog! is used to
mean the constellation. If we had not kept in mind the original
smm:wam of 'number,) 'whole,! 'odd,' 'part,' and Thalf,! there
soawm be no paradox. On the other hand there would be no pr
statement of paradox ww the words did not retain reference ﬁmh;

what they meant outside this new context. In the present

-23 -
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