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PREFACE

THE present book i1s ultimately based on a course of
lectures delivered to the third year students of science
at the Umiversity of Bristol 1n the session 1920-21 It
is an admirable custom, which, like many other benefits,
that University owes to my distinguished predecessor,
Professor Lloyd Morgan, that all students of science
are expected to attend such a course before completing
their career. It seemed worth while to elaborate the
lectures, to remove their more obvious blemishes, and
to present them to a wider public

In the First Part 1 have started with the highly
sophisticated concepts of the classical mathematical
physics, have trnied to express them clearly, and
have then discussed the modifications which recent
advances 1n scientific knowledge have necessitated 1n
these concepts. I have carried this account to the
end of the Second Theory of Relativity I have not
penetrated 1nto the still more revolutionary speculations
of Weyl, because I do not feel that I yet understand
them well enough myself to venture to explain them
to others A philosopher who regards 1gnorance of a
scientific theory as a sufficient reason for not writing
about it cannot be accused of complete lack of origin-
ality, as a study of recent phiimsophical literature will
amply prove.

I begin with an /ntroduction, which states what 1

think Philosophy to be about, and how I think it to
3



4 SCIENTIFIC THOUGHT

be connected with the special sciences. I then try to
explain in simple terms the nature and objects of
Whitehead's Principle of FEztensive Abstraction This
seerns to me to be the ‘' Prolegomena to every future
Philosophy of Nature.” It 1s quite possible to explain
its motives and general character without entering
deeply into those logico-mathematical complications
whuch are inevitable when 1t 1s applied 1n detail. Next,
greatly daring, 1 have discussed the difficult problems
which centre upon the general notion of Time and
Change. Here I have tried to make some answer to
the very disturbing arguments by which Dr M‘Taggart
has claimed to disprove the reality of these apparently
fundamental features of the Universe. After this the
rest of the First Part should be fairly plain sailing to
anyone of decent general education, though I do not
pretend that 1t can be understood without effort by
persons who are unfamihar with the subjects which it
treats

In some of these later chapters the reader will find
a number of mathematical formulz He must not be
frightened of them, for I can assure him that they
involve no algebraical processes more advanced than
the simple equations which he learnt to solve at his
mother’s knee 1 myself can make no claims to be
a mathematictan the most [ can say 1s that I can
generally follow a mathematical argument 1f I take
enough time over it. I hke to believe that, 1n expound-
ing the Theory of Relativity, a clumsy mathematician
has some of the qualities of his defects. His own former
difficulties will at least suggest to him the places where
others are likely to have trouble

In Paret /T we start afresh at a quite different level
+ Here 1 try to point out the sensible and perceptible
,facts which underlie the highly abstract concepts of
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science, and the cruder, but still highly sophisticated,
concepts of common-sense. Beside the intrinsic interest
and importance of this topic 1t has a direct bearing on
Part I. A great deal of the difficulty which many
people have in accepting the newer views of Space,
Time and Motion, anses from the tact that they regard
the traditional concepts as perfectly plain and obvious,
whilst they feel that the [ater modifications are paradoxes,
forced on them w: ef armus by a few inconvenient and
relatively trivial facts. The moment we recognise how
extraordinarily remote the classical concepts are from
the crude facts of sense-experience, from which they
must have been gradually elaborated, this source of
incredulity vanishes The hold of the tradition 1s
loosened , and we are prepared to consider alternative,
and possibly more satisfactory, conceptual syntheses of
sensible facts.

I have tried 1n Parz I to focus before my mind what
seems to me to be the most important work that has been
done on these subjects since 1914, when the publication
of my Perception, Physics, and Realsly unhappily pre-
cipitated a European war. If 1 have learnt nothing
else since then, I have at least come to see the extreme
complexity of the problem of the external world and of
our supposed knowledge of it. My obligations to
Moore, Russell, Whitehead and Stout are continual,
and will be perfectly obvious to anyone acquainted with
the literature of the subject. I here make my grateful
acknowledgments to them, once for all. To a less
extent I have been influenced by Alexander and Dawes
Hicks. I have merely mentioned Dawes Hicks’s theory
of appearance and then left it. .»This 1s not because I
think it either smpossible or unimportant, but because I
am here deliberately trying to work out a different view,
which I also think to be possible and important.
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I cannot claim to have put forward any new and
startling theory of the umiverse. If 1 have any kind of
philosophical merit, it 1s neither the constructive fertility
of an Alexander, nor the penetrating critical acumen of
a Moore , still less 1s it that extraordinary combination of
both with techmical mathematical skill which character-
1ses Whitehead and Russell. I can at most claim the
humbler (yet useful) power of stating difficult things
clearly and not too superficially.

* Excudent alu spirantia mollis aera,
Credo equidem , vivos ducent de marmore vultus, "’

but I hope that I may at least have smolten some of the
metal and hewn some of the stone which others will
use in their constructions

[ must end by thanking Dr R. S. Paton of Perth
for kindly reading the proofs and helping me with the
index; Mr E. Harrison, of Trinity College, Cambridge,
for his gallant efforts to involve my dedication in ‘' the
decent obscurity of a learned language”; and the
printers for the care which they have taken in printing
what must have been a rather troublesome piece of
work.

C. D. BROAD.

Lonpon, Sept 1922
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SCIENTIFIC THOUGHT

INTRODUCTION

““Noli, Lector, expectare hoc loco, contra Philosophiam
aut Philosophos orationem mvectivam Distinguo inter
Philosophos et non Philosophos, et inter Philosophiam
veram, vitae humanae Magistram sapilentissimam, humanae
naturac decus sinpgulare, et 1llam, quae jam din pro Philo-
sophia habita est, fucatam et garrulam meretriculam "’

(HoBBES, Leviathan, Part IV cap xlvi)

The Subject-matter of Philosophy, and its Relations
to the special Sciences

1 saaLL devote this introductory chapter to stating what
I think Philosophy 1s about, and why the other sciences
are important to it and it 1s important to the other
sciences A very large number of scientists will begin
such a book as this with the strong conviction that
Philosephy 1s mainly moonshine, and with the gravest
doubts as to whether i1t has anything of the shightest
importance to tell them 1 do not think that this view
of Philosophy 1s true, or I should not waste my time
and cheat my students by trying to teach it. But I do
think that such a view 1s highly plausible, and that
the proceedings of many philosophers have given the
general public some excuse for 1ts unfavourable opinion
of Philosophy. 1 shall therefore begin by stating the
case against Philosophy as strongly as I can, and shall
then try to show that, 1n spite of all objections, 1t really
1s a definite science with a distinct subject-matter 1
shall try to show that 1t really does advance and that

it 1s related to the special sciences 1n such a way that
II
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the co-operation of philosophers and scientists is of the
utmost benefit to the studies of both

[ think that an intelligent scientist would put hus
case against Philosophy somewhat as follows He
would say: ' Philosophers discuss such subjects as
the existence of God, the immortality of the soul, and
the freedom of the will. They spin out of their minds
fanciful theories, which can neither be supported nor
refuted by experiment. No two philosophers agree, and
no progress 1s made  Philosophers are stll discussing
with great heat the same questions that they discussed
in Greece thousands of years ago. What a poor show
does this make when compared with mathematics or any
of the natural sciences! Here there 1s continual steady
progress ; the discoveries of one age are accepted by
the next, and become the basis for further advances
in knowledge. There 1s controversy indeed, but it 1s
fruitful controversy which advances the science and
ends in definite agreement; 1t 1s not the aimless
wandering 1n a circle to which Philosophy 1s condemned
Does this not very strongly suggest that Philosophy
1s either a mere playing with words, or that, i1f 1t has
a genuine subject-matter, this 1s beyond the reach of
human intelhgence ?

Our scientist might still further strengthen his case
by reflecting on the past histary of Philosophy and on
the method by which 1t 1s commonly taught to students.
He will remind us that most of the present sciences
started by being mixed up with Philosophy, that so
long as they kept this connexion they remained misty
and vague, and that as soon as their fundamental
principles began to be discovered they cut their dis-
reputable associate, wedded the experimental method,
and settled down to the steady production of a strapping
family of established truths. Mechanics 1s a case in
point  So long as it was muxed up with Philosophy it
made no progress ; when the true laws of motion were
discovered by the experiments and reasoning of Galileo
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it ceased to be part of Philosophy and began to develop
into a separate science. Does this not suggest that the
subject-matter of Philosophy 1s just that ever-diminishing
fragment of the universe in which the scientist has not
yet discovered laws, and where we have therefore to put
up with guesses? Are not such guesses the best that
Philosophy has to offer, and will they not be swept
aside as spon as some man of genius, hike Galileo or
Dalton or Faraday, sets the subject on the sure path of
science?

Should our scientist talk to students of Phfiosophy
and ask what happens at their lectures, his objections
will most likely be strengthened. The answer may take
the classical form . ‘‘ He tells us what everyone knows
in language that no one can understand.” But, even
if the answer be not so unfavourable as this, it 1s not
unlikely to take the form. ‘* We hear about the views
of Plato and Kant and Berkeley on such subjects as the
reality of the external world and the \mmortahty of the
soul.” Now the scientist will at once contrast this with
the method of teaching i his own subject, and will be
inclined to say, if,¢ g ,he be a chemist ‘' We learn
what are the laws of chemical combination and the
structure of the Benzene nucleus, we do not worry our
heads as to what exactly Dalton thought or Kekule said
If philosophers really know anything about the reahty
of the external world why do they not say straight-
forwardly that it is real or unreal, and prove 1t? The
fact that they apparently prefer to discuss the divergent
views of a collection of eminent ‘back-numbers’ on
the question strongly suggests that they know that there
1S no means of answering 1t, and that nothing better
than groundless personal opinions can be offered ”

I have put these objections as strongly as I can, and
I now propose to see just how™much there is 1n them
First, as to the alleged unprogressive character of
Philosophy  This is, 1 think, an illusion; bul it is
a very natural one. Let us take the question of the

1]
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reality of the external world as an example Common-
sense says that chairs and tables exist independently
of whether anyone happens to perceive them or not
We study Berkeley and find him claiming to prove
that such things can only exist so long as they aie
perceived by someone. Later on we read some modern
realist, like Alexander, and we are told that Berkeley
was wrong, and that chairs and tables can and do exist
unpercetved We seem merely to have got back to
where we started from, and to have wasted our time
But this is not really so, for two reasons (i) What we
believe at the end of the process and what we believed at
the beginning are by no means the same, although we
express the two beliefs by the same form of words.
The original belief of common-sense was vague, crude
and unanalysed Berkeley's arguments have forced
us to recognise a number of distinctions and to define
much more clearly what we mean by the statement that
chairs and tables exist unperceived. What we find 1s
that the original crude belief of common-sense consisted
of 2 number of different beliefs, mixed up with each
other Some of these may be true and others false
Berkeley's arguments really do refute or throw grave
doubt on some of them, but they leave others standing
Now 1t may be that those which are left are enough to
constitute a belief in the independent reality of external
objects If so this final belief in the reality of the
external world 1s much clearer and subtler than the
verbally similar belief with which we began. It has been
purified of irrelevant factors, and 1s no longer a vague
mass of different beliefs mixed up with each other.

(1) Not only will our final belief differ in content
from our onginal one, 1t will also differ in certainty.
Our original belief was merely instinctive, and was at
the mercy of any sceptical erntic who chose to cast
doubts on it. Berkeley has played this part Our final
belief 1s that part or that modification of our original
one that has managed to survive his criticisms. This
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does not of course prove that it 1s true; there may be
other objections to it But, at any rate, a belief that
has stood the criticisms of an acute and subtle thinker,
like Berkeley, 1s much more likely to be true than a
merely instinctive belief which has never been criticised
by ourselves or anyone else Thus the process which
at first sight seemed to be merely circular has not really
been so. And it has certainly not been useless; for 1t
has enabled us to replace a vague belief by a clear and
analysed one, and a merely tnstinctive belief by one
that has passed through the fire of criticism

The above example will suggest to us a part at least
of what Philosophy 1s really about. Common-sense
constantly makes use of a number of concepts, 1n terms
of which it interprets its experience. It talks of things
of various kinds ; it says that they have places and dates,
that they ckange, and that changes 1n one cezuse changes
in others, and so on Thus it makes constant use of
such concepts or categories as thiaghood, space, time,
change, cause, etc  Science takes over these concepts
from common-sense with but shight modification, and
uses them 1n its work. Now we can and do use
concepts without having any very clear idea of their
meaning or their mutual relations 1 do not of course
suggest that to the ordinary man the words swbstance,
cause, change, etc , are mere meaningless noises, like
Jabberwock or Snark It 1s clear that we mean some-
thing, and something different 1n each case, by such
words. If we did not we could not use them con-
sistently, and it 1s obvious that on the whole we do
consistently apply and withhold such names But it
1s possible to apply concepts more or less successfully
when one has only a very confused 1dea as to their
meaning. No man confuses place with date, and for
practical purposes any two meén agree as a rule in the
places that they assign to a given object  Nevertheless,
if you ask them what exactly they mean by place and
date, they will be puzzled to tell you.
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Now the most fundamental task of Philosophy is to
take the concepts that we daily use 1n common life and
science, to analyse them, and thus to determine their
precise meanings and their mutual relations. Evidently
this 1s an important duty In the first place, clear and
accurate knowledge of anything 1s an advance on a
mere hazy general familiarity with it. Moreover, in
the absence of clear knowledge of the meanings and
relations of the concepts that we use, we are certain
sooner or later to apply them wrongly or to meet with
exceptional cases where we are puzzled as to how to
apply them at all. For instance, we all agree pretty
well as to the place of a certamn pin which we are
looking at. But suppose we go on to ask . ‘* Where 1s
the image of that pin 1n a certain mirror, and 1s it in
this place (whatever it may be) in precisely the sense
tn which the pin itself 1s in z45 place?” We shall find
the question a very puzzling one, and there will be no
hope of answerning 1t until we have carefully analysed
what we mean by betng :n a place

Again, this task of clearing up the meanings and
determining the relations of fundamental concepts 1s
not performed to any extent by any other science.
Chemistry uses the notion of substance, geometry that
of space, and mechanics that of motion. But they
assume that you already know what 1s meant by
substance and space and wmotfion So you do 1n a vague
way , and 1t 1s not their business to enter, more
than 1s necessary for their own special purposes, nto
the meaning and relations of these concepts as such.
Of course the special sciences do 1n some measure clear
up the meanings of the concepts that they use A
chemist, with his distinction between elements and
compounds and his laws of combination, has a clearer
idea of substance than an ordinary layman. But the
special sciences only discuss the meanings of their
concepts so far as this 1s needful for their own special
purposes. Such discussion is incidertal to them, whilst
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it 1s of the essence of Philosophy, which deals with such
questions for their own sake. Whenever a scientist
begins to discuss the concepts of his science in this
thorough and disinterested way we begin to say that he
15 studying, not so much Chemistry or Physics, as the
Philosophy of Chemistry or Physics It will therefore
perhaps be agreed that, in the above sense of Philosophy,
there 1s both room and need for such a study, and that
there 15 no special reason to fear that it will be beyond
the compass of human faculties.

At this point a criticism may be made which had
better be met at once It may be said: ‘' By your own
admission the task of Philosophy 1s purely verbal; 1t
consists entirely of discussions about the meanings of
words ” This criticism 1s of course absolutely wide of
the mark. When we say that Philosophy tries to clear
up the meanings of concepts we do not mean that it 1s
simply concerned to substitute some long phrase for
some famihiar word. Any analysis, when once 1t has
been made, 1s naturally ezpressed in words, but so 100
1s any other discovery When Cantor gave his defini-
tion of Continuity, the final result of his work was
expressed by saying that you can substitute for the
word ‘‘continuous” such and such a verbal phrase
But the essential part of the work was to find out exactly
what properties are present in objects when we predicate
continuity of them, and what properties are absent
when we refuse to predicate continuity. This was
evidently not a question of words but of things and
their properties

Philosophy has another and closely connected task
We not only make continual use of vague and
unanalysed concepts We have also a number of un-
crnticised beliefs, which we constantly assume 1n
ordinary life and 1n the sdences. We constantly
assume, ¢.g. that every event has a cause, that nature
obeys uniform laws, that we live 1n a world of objects
whose existence and behaviour are independent of our
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knowledge of them, and so on Now science takes over
these beliefs without criticism from common-sense, and
simply works with them We know by experience,
however, that beliefs which are very strongly held may
be mere prejudices. Negroes find it very hard to
believe that water can become solid, because they have
always lived in a warm climate. 1s 1t not possible that
we believe that nature as a whole will always act
uniformly simply because the part of nature in which
the human race has hved has happened to act so up
to the present? All such beliefs then, however deeply
rooted, call for cnticism. The first duty of Philosophy
1s to state them clearly; and this can only be done
when we have analysed and defined the concepts that
they involve. Until you know exactly what you mean
by ckange and cause you cannot know what 1s meant
by the statement that every change has o cause And
not much weight can be attached to a person's most
passionate beliefs 1f he does not know what precisely he
1s passionately believing  The next duty of Philosophy
15 to test such beliefs, and this can only be done by
resolutely and honestly exposing them to every objection
that one can think of oneself or find in the wnitings of
others Weought only to go on believing a proposition
if, at the end of this process, we still find it impossible
to doubt it. Even then of course it may not be true,
but we have at least done our best

These two branches of Philosophy—the analysis
and definition of our fundamental concepts, and the
clear statement and resolute criticism of our fundamental
beliefs—I call Cratzcal Philosopy. It 1s obviously a
necessary and a possible task, and it is not performed
by any other science. The other sciences wuse the
concepts and assume the beliefs, Critical Philosophy
tries to analyse the former and to criucise the latter.
Thus, so long as science and Critical Philosophy
keep to their own spheres, there is no possibility of
conflict between them, since their subject-matter is



INTRODUCTION 19

quite different. Philosophy claims to analyse the
general concepts of substance and cause, ¢.g., 1t does
not claim to tell us about particular substances, like
gold, or about particular laws of causation, as that
aqua regia dissolves gold. Chemistry, on the other
hand, tells us a great deal about the various kinds of
substances 1n the world, and how changes 1n one cause
changes in another. But it does not profess to analyse
the general concepts of substance or causation, or to
consider what nght we have to assume that every event
has a cause

It should now be clear why the method of Philosophy
1s so different from that of the natural sciences Ex-
periments are not made, because they would be utterly
useless. If you want to find out how one substance
behaves in presence of another you naturally put the
two together, vary the conditions, and note the results
But no experiment will clear up your ideas as to the
meaning of cause 1n general or of substance 1n general,
Again, all conclusions from experiments rest on some
of those very assumptions which 1t 1s the business of
Philosophy to state clearly and to criticise  The experi-
menter assumes that nature obeys uniform laws, and
that similar results will follow always and everywhere
from sufficiently similar conditions This 1s one of the
assumptions that Philosophy wants to consider critically.
The method of Philosophy thus resembles that of pure
mathematics, at least in the respect that neither has any
use for experiment.

There 1s, however, a very important difference In
pure mathematics we start either from axioms which no
one questions, or from premises which are quite explicitly
assumed merely as hypotheses; and our main interest
1s to deduce remote consequences. Now most of the
tacit assumptions of ordinary [ife and of natural science
claim to be true and not merely to be hypotheses, and
at the same time they are found to be neither clear
nor self-evident when critically reflected upon. Most
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mathematical axioms are very simple and clear, whilst
most other propositions which men strongly believe are
highly complex and confused Philosophy 1s mainly
concerned, not with remote conclusions, but with the
analysis and appraisement of the original premises.
For this purpose analytical power and a certain kind of
insight are necessary, and the mathematical method 1s
not of much use.

Now there 1s another kind of Philosophy; and, as
this 1s more exciting, it 1s what laymen generally under-
stand by the name. This 1s what 1 call Speculatrve
Philosophy. It has a different object, 1s pursued by a
different method, and leads to results of a different
degree of certainty from Critical Philosophy. Its
object is to take over the results of the various sciences,
to add to them the results of the religious and ethical
experiences of mankind, and then to reflect upon the
whole The hope is that, by this means, we may be
able to reach some general conclusions as to the nature
of the Universe, and as to our position and prospects
n at.

There are several points to be noted about Speculative
Philosophy. (1) If it 1s to be of the shghtest use it
must presuppose Critical Philosophy. It 1s useless to
take over masses of uncriticised detail from the sciences
and from the ethical and religious experiences of men
We do not know what they mean, or what degree of
certainty they possess till they have been clarified and
appraised by Critical Philosophy It 1s thus quite
possible that the tume for Speculative Philosophy has
not yet come, for Crtical Philosophy may not have
advanced far enough to supply 1t with a firm basis. In
the past people have tended to rush on to Speculative
Philosophy, because of its greater practical interest.
The result has been the production of elaborate systems
which may quite fairly be described as moonshine. The
discredit which the general public quite rightly attaches
to these hasty attempts at Speculative Philosophy 1s
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reflected back on Critical Philosophy, and Philosophy
as a whole thus falls into undeserved disrepute.

(1i) At the best Speculative Philosophy can only
consist of more or less happy guesses, made on a very
slender basis. There is no hope of its reaching the
certainty which some parts of Critical Phulosophy might
quite well attain Now speculative philosophers as a
class have been the most dogmatic of men  They have
been more certain of everything than they had a night
to be of anything.

(11) A man's final view of the Universe as a whole,
and of the position and prospects of himself and his
fellows, 1s peculiarly liable to be biased by his hopes
and fears, his likes and dislikes, and his judgments of
value. One's Speculative Philosophy tends to be 1n-
fluenced to an altogether undue extent by the state of
one’s hiver and the amount of one’s bank-balance No
doubt livers and bank-balances have their place in the
Universe, and no view of it whick fails to give them
their due weight 1s ultimately satisfactory But their
due weight 15 considerably less than their influence on
Speculative Philosophy might lead one to suspect. But,
if we bear this 1In mind and try our hardest to be
‘‘ethically neutral,” we are rather hable to go to the
other extreme and entertarn a theory of the Universe
which renders the existence of our judgments of value
umintelligible

A large part of Critical Philosophy 1s almost exempt
from this source of error Our analysis of truth and
falsehood, or of the nature of judgment, 1s not very
likely to be influenced by our hopes and fears Yet
even here there 1s a slight danger of intellectual dis-
honesty We sometimes do our Critical Philosophy,
with half an eye on our Speculative Philosophy, and
accept or reject beliefs, or analyse concepts in a certain
way, because we feel that this will fit (n better than any
alternative with the view of Reality as a whole that we
happen to like
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(1v) Nevertheless, if Speculative Philosophy re-
members 1ts limitations, 1t 1s of value to scientists, in
its methods, if not 1n its results. The reason is this.
In all the sciences except Psychology we deal with
objects and their changes, and leave out of account
as far as possible the mind which observes them In
Psychology, on the other hand, we deal with minds
and their processes, and leave out of account as far as
possible the objects that we get to know by means of
them A man who confines himself to either of these
subjects 1s likely therefore to get a very one-sided view
of the world The pure natural scientist 1s liable to
forget that minds exist, and that 1f it were not for
them he could neither know nor act on physical objects.
The pure psychologist 1s inclined to forget that the
main busmess of minds is to know and act upon
objects, that they are most intimately connected
with certain portions of matter, and that they have
apparently ansen gradually in 2 world which at one
time contained nothing but matter. Materialism is
the characteristic speculative philosophy of the pure
natural scientist, and subjective idealism that of the
pure psychologist To the scientist subjective idealism
seems a fairy tale, and to the psychologist materialism
seems sheer lunacy. Both are nghtin their criticisms,
but neither sees the weakness of his own position. The
truth 1s that both these doctrines commit the fallacy of
over-simplification ; and we can hardly avoid falling
into some form of this unless at some time we make a
resolute attempt to think symoptically of all the facts
Our results may be trivial , but the process will at least
remind us of the extreme complexity of the world, and
teach us to reject any cheap and easy philosophical
theory, such as popular materialism or popular theology *

Before ending this chapter 1 will say a word about
the three sciences which are commonly thought to be

* Theology, whether *“natural ” or ‘‘revealed,” 1s a form of Speculative
Philosophy, in our sense of the word  So, too, 15 Alheism.
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specially philosophical. These are Logic, Ethics, and
Psychology. Logic simply is the most fundamental
part of Critical Philosophy It deals with such concepts
as truth, smplication, probability, class, etc. In fact it may
be defined as the science which deals with propositional
forms, their parts, their qualities, and their relations.
Its business 1s to analyse and classify forms, and to
consider the formal relations that can subsist between
them. Now all science consists of definite propositions,
and each of these 1s of one of the forms which Logic
studies ; but it 1s not the business of any other science
explicitly to duscuss proposittonal forms. Similarly all
science 1s full of inferences, good and bad, and all
inference depends on relations that are supposed to
subsist between premises and conclusion But 1t 1s
for Logic, and for it alone, to decide what relations do
in fact justify inference, and whether these relations do
actually subsist 1n a given case. Thus Logic 1s that
part of Critical Philosophy which deals with the most
general and pervastve of all concepts, and with those
fundamental beliefs which form the ‘‘ connective tissue”
of all knowledge

The greater part of Ethics again 1s simply a branch
of Critical Philosophy It 1s a fact that we not only
believe that such and such events happen, but that
we also pass judgments of approval or disapproval on
certain of them. Such judgments use peculiar con-
cepts, like good and bad, right and wrong, duty, etc
A very umportant part of Ethics 1s the attempt to
analyse and define these peculiarly obscure notions
which we all use so gaily in everyday life. Again,
there are a great many judgments of value which many
people assume as certain; e.g. Pleasure 1s good, It
1s wrong to tell lies, A man has a right to do what
he likes with his own, and so™n. Another important
part of Ethics is the attempt to state such judgments
clearly, and then to see what evidence, if any, there
t1s for them  Thus, Ethics 1s that part of Critical
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Philosophy which analyses the concepts and criticises
the presuppositions that we use in our judgments of
approval and disapproval.

Psychology, as it seems to me, is not a part of
Philosophy at all, but is simply one of the special
sciences This 1s shown by the fact that, unhke Logic
and Ethics, 1t argues inductively from experiment and
observation, though the observation takes the peculiar
form of introspection It 1s, however, a very peculiar
kind of special science. Itis obvious that Chemistry and
Physics are much more like each other than either of
them 1s like Psychology The reason is that the two
former sciences treat two rather different but very
pervasive sets of material propernes, whilst the latter
deals with minds, which apparently occupy a unique
and strangely 1solated position in the Universe. Or,
again, we may say that Psychology deals with what
1s relatively private, whilst all the other natural sciences
deal with what 1s relatively public If, now it should
be asked wny Psychology has been supposed to be
specially connected with Philosophy, I think that the
following answers will be fairly satisfactory.

(1) Psychology supplies Cntical Philosophy with a
number of concepts as raw material for analysis and
cnticism  Such are the concepts of mund, self, con-
Sciousness, instinct, sensatiwn, perceptron, etc. Now these
notions we all admit to be highly confused and obscure,
whereas we are inclined to think—until we learn better—
that there 15 no particular difficulty about such concepts
as placé, date, matter, cause, etc , which we use 1n the
other sciences. Thus a great part of any standard
book on Psychology does in fact consist of attempts
to analyse and define certain concepts, and this is of
course Critical Philosophy.

(1) When we try to clear up the meanings of
physical concepts like place, date, matter, etc., we often
find that a reference to the processes by which they
come to be known is essenuial, and that they owe part
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of their obscurity to the abstractions which science and
common-sense have made. Thus, 1n doing Critical
Philosophy, we do constantly have to appeal to facts
~hich belong to Psychology, even when we are not
primarily dealing with psychological concepts *

(1) In Speculative Philosophy we ought, no doubt,
to take into account the results of a// the sciences. But,
owing to the unique subject-matter of Psychology, we
shall go hopelessly wrong 1f we omit it, whilst we shall
not go so hopelessly wrong if we omit one of the
sciences of matter, such as Mineralogy or Botany.

For these reasons we may admit that Psychology
1s of peculiar importance to Philosophy, though we
must deny that 1t 1s a part of Philosophy, like Logic
and Ethics.

The present book deals wholly with Crtical
Philosophy, and only with a small part of that Itis
concerned almost entirely with an attempt to clear up
some of the concepts used in the natural sciences It
does not deal even with all these, ¢ g very httle 1s said
about causation The reason 1s that I did not want to
deal with purely logical questions; and it is hardly
possible to discuss causation adequately without going
into the question of induction, in which causation is
commonly thought to play an important part.

Additional works that may be consulted with profit .

F H BRADLEY, dpgearance and Reality, Mntroduction

H SIDGWICK, Philosaphy 1ts Scope and Relations

B A W RUSSELL, Our Knowledge of the External World,
Lectures I and If

J GRroTE, Exploratio Philosophica, Part 1 Caps 1 and Il

DESCARTES, Rules for the Direction of the Mind

Discourse on Method

* It 1s also true that we cannot give a complete trealment of Logic
(Espﬂmlly the subjects of Inference and Probability) without refernng to
mmds and their specisl limitations -



CHAPTER 1

*“When I use a word,”” Humpty-Dumpty said m rather
a scornful tome, ''1t means just what I choose it to mean
—neirther more nor less ™

“The question 1s,”’ said Alice, ‘' whether you can make
words mean so many different things ™

" The question 15,”’ saild Humpty-Dumpty, ** which 15 to
be Master—that's all

(LEwis CarrorL, Through the Lookwng-Glass)

The Traditional Conception of Space, and the Principle
of Extensive Abstraction

IT 1s not ultimately possible to treat Space, Time, and
Matter, as used in physical science, 1n 1solation from
each other, for we shall see that they are closely
bound together in their very natures  This is, however,
a comparatively recent discovery , and the traditional
view, with which most of us still work 1n daily life, 1s
that Space and Time, at any rate, can be adequately
analysed 1n 1solation from each other and from matter.
As this 1s the familiar view, 1t seems best to start from it
and gradually to point out and remove 1ts imperfections.
In any case we must start somewhere, and the fact that
the three concepts 1n question have so long been treated
as separable without serious practical error shows that,
to a great extent, they are separable The truth s that
what 1s logically most primitive in nature is not what
1s now most familiar to us, and therefore it 1s better for
didactic purposes to start with the logically derivative
but practically familiar, and work back to the logically
primitive but practically unfamiliar  For example, the
immediate data of sense, like coloured patches, are
lugically prior to the notlor; of physical objects, which
2
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persist, and combine many qualities; yet the latter is
much the more famihiar notion to us. I shall start then
from the traditional conception of Space

Unquestionably we think of Space in ordinary life
and 1n science as a single great box or container n
which all physical objects are kept and in which all
physical processes go on. It is true that many books
on Mechanics do lip-service to a different view of Space,
which makes 1t consist of relations between bits of matter
But this conception 1s forgotten as soon as the author
has worked off that particular chapter, and ever after-
wards he and his readers use the ‘'box" theory of
Space. We shall deal with this alternative view at a
much later stage. Again, we shall see later that the
notion of a single box needs overhauling, but we shall
not be able to appreciate why this 1s so until we have
considered the connexion of Space with Time.

For the present then, we shall take the common
practical view of Space as a single hox ‘' with no sides
to 1t,” 1n which the things and events of the physical
world move and have their beitng The first point to
notice 1s that, when people talk of Space and spaces,
they may be using these correlative terms in two
different senses. (1) When we talk of Berkeley Square
as one space and Grosvenor Square as a different one,
we simply mean that they are two different regions
which do not overlap, but which are both parts of the
single Space of nature We do not mean that they
are different zinds of Space  Neither Berkeley Square
nor Grosvenor Square 1s a Space—for neither 15 a box
containing the whole of nature; but each of them 1sa
Space, 1n the sense of a part of such a box

(1) On the other hand, when mathematicians talk of
Euclidean and non-Euclidean Spaces, they are discussing
different possible £:nds of Space,®nd not different spaces
like the two London Squares which are parts of the
Space of nature, of whatever kind that may be. The
word Space 1s thus used (2) as a proper name, tn which
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case it is equivalent to the phrase ‘‘ ke Space of nature,
of whatever kind that may be”; and () as a general
name, 1n which case it connotes the property of being
a Space, and denotes all the various wholes of that kind,
such as Euclidean Space, Lobatchewskian Space, and
so on. Finally, every kind of Space has parts, which
are spaces, but not of course Spaces

As a matter of history the concept of Space In
general sprang from the investigation of the Space of
nature. Euclid certainly meant his axioms to describe
the Space in which we live and move But, on further
reflection, two very important facts emerged (1) The
validity of Euchid’s deductions does not depend in any
way on this assumption being true. (1) We can con-
ceive of extended wholes which are continuous and
have several dimensions, like the Space of nature, but
which yet differ from the Euclidean kind of Space in
many of their properties. We decide then to call any
whole that sufficiently resembles the Space of nature
a Space, but we allow that there are many possible
wholes which agree to this extent and yet differ in
their remaining properties  Mathematicians at first
only made timid modifications 1n Euclid’s axioms, but
as boldness grew with familianty, they gradually con-
sidered what, from the Euclidean point of view, were
wilder and wilder kinds of Space

The important thing for us to notice is that the pro-
positions of any system of pure geometry are merely
hypothetical They simply state that such and such
propositions follow from the axioms, when the terms
employed are defined by the definitions and postulates
of the system. We ought not to say that the angles
of a triangle are together equal to two nght angles,
but that, if a triangle be i1n the Space defined by
Euclid’s axioms, this will follow This fact is hidden
from the beginner in mathematics, because (2) the
Space of nature 1s commonly assumed to be Euclidean,
and (¢) figures are commonly used in proving pro-
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positions. But the truth 1s that figures in geometry
are used only as illustrations, like statistics in the late
Mr Chamberlain's tanfi-reform speeches. They play
no logical part in the proof, as 1s shown by the fact
that a proposition about circles can be proved just as
conclusively with a rough circle drawn 1n chalk on a
blackboard as with an accurate circle drawn with a
patr of compasses. The real premises of the proof are
the axtoms of the system, and the definitions of the
terms which we are arguing about

When these facts are once grasped it I1s easy to
see the connexion between the Space of physics and
the Spaces of pure geometry = We have arrived, by
whatever means, at the concept of one physical Space
—the single sideless box 1n which all the phenomena
of nature are kept  This has various characteristic pro-
perues, such as continuity, three dimensions, etc
From this the pure mathematician generalises He
takes a selection of these propertres as the defiming
marks of Spare 1n general, and then, by varying the
remaining properties, conceirves various kinds of Space
and works out their geometry. At that stage, and not
till then, the question can be put ‘‘Of what kind 1s the
Space of nature?” *“ Which of the various possible
Spaces accords best with the Space of physics?™

This 1s the question ‘‘In what kind of a box 1s
nature contained?” It turns out not to be quite so
simple as asking whether one’s clothes are 1n a port-
manteau, a trunk, or a Gladstone bag In the first
place, the actual entanglement of physical Space with
Time and with Matter becomes highly relevant at this
point. For instance, our geometry and our physics
are constructed to deal with different but intimately
connected factors in nature, which are not met with
tn 1solation. It is therefore ¢dnceivable that several
different systems of geometry will equally fit the spatial
side of nature provided that suitable modifications be

made in the forms of physical laws Apart from this,
C
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there 1s the purely mathematical question as to whether
the difference between Euclidean and certain kinds of
non-Euclidean geometry be not merely a difference in
the conventions for measuring a single kind of Space.
The first kind of complication 1s roughly comparable
to the possibility of a box which changes its shape
according to the way in which we pack our clothes 1n
it If some bluff, downright person (such as an Oxford
tutor) then asks whether your box 1s a trunk or a port-
manteau, and insists on ‘' a plain answer to a plain
question,” there 1s likely to be misunderstanding It
15 not so easy to illustrate the second kind of complica-
tion mentioned above, but perhaps the following analogy
will be of use The difference of temperature between
two places might be defined either by the difference 1n
length of a certain column of mercury when held at the
two places, or by the difference 1n pressure of a certain
volume of gas when 1t 1s transferred from one place to
the other When temperature-difference 1s measured
by the first convention, two pairs of points may have
the same temperature-difference, when 1t 1s measured
by the second convention the same two pairs may have
different temperature-differences There 1s no question
of nght or wrong in the matter, we just take two
different measures of temperature-difference, one of
which s more convenient for one purpose and the
second for another purpose  Substitute *‘‘distance
between two points” for ‘‘temperature - difference
between two places,” and you have a case where two
different systems of geometry mean, not two Spaces,
but two alternative ways of measuring a single Space
So much for the distinction between the one Space
of the natural scienust and the many Spaces of the
mathemaucian  Let us now ask ourselves - What is
the irreducible minimum of properties that the ordinary
scientist ascribes to the Space of nature? (1) He holds
that 1t 15 1n some sense continuous, and that i1t has
three dimensions We need not go 1nto the accurate
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mathematical definitions of continuity and dimensions
Roughly we mean by the former that any two spaces
that do not overlap are at once separated and joined by
another space, and that all these spaces are parts of the
one big Space of nature By saying that Space has
three dimensions we roughly mean that three inde-
pendent bits of information are needed to fix the position
of a point.

(i1) Again, the scientist and the ordinary layman
draw a sharp distinction between Space and the things
in Space. They hold that Space, as such, never causes
anything. Mere position has no effect on any property
of matter. If we move a bit of matter about, 1t may of
course change 1n shape or size The mercury column
of a thermometer will do this iIf we move 1t from outside
the window to a place near the fire  But the traditional
view 1s that the mere change 1n position 1s not enough
to account for this The length has changed because
the mercury has altered its position with respect to
certain matter 1n Space The complete inactivity of
Space 1s, I think, for the plain man z4¢ mark that dis-
tinguwshes 1t from matter i1n Space Whenever it seems
to break down we feel perplexed and uncomfortable 1
can illustrate this 1n two ways (a) On the older
theories of physics there was supposed to be a peculiar
kind of matter, called Ether, that filled all Space On
these theories the Ether was supposed to produce all
kinds of effects on ordinary matter, and it became almost
a family pet with certain physicists As physics has
advanced, less and less has been found for the Ether to
do In proportion as this has happened physicists have
begun to ask ‘Do we mean by the Ether anything
more than empty Space?” On Lorentz's theory of
electro-dynamics, 1t 1s difficult to see that the Ether 1s
anything but the concept of alksolute Space, and that
eminent scientist's attitude towards 1t recalls Mrs
Micawber's statement that she ‘“will never desert
Mr Micawber ”
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many mathematicians have con-
h difference of position does make
a difference to the shapes and sizes of bodies, and have
successfully explained physical phenomena thereby.
Prof Chifford 1s one example, and Einstein, 1n his theory
of gravitalion, 1% another But we do not as yet feel
comfortable with the theories of this type, however well
they may explamn the facts, because they seem to involve
the action of Space on matter, and this seems to upset
all means of disunguishing between the two The
average intelligent physicist will accept from the
mathematician any kind of Space that fits the observ-
able facts, so long as 1t does not act on matter. But
the wilder kind of Spaces that the pure mathematician
can offer him he refuses to accept as Spaces at all,
because it 1s part of what he means by Space that 1t
shall be indifferent to, and thus distinguishable from,
its content It may be that we ought not to accept
this objection as ultimate, because the sharp separation
between the three concepts of Space, Time, and Matter
has all the appearance of being artificial, but in the
present chapter we are confining ourselves to the tradi-
tional view

Space then, at present, 1s to be thought of as a single
wnfinite, three-dimensional receptacle, in which all the
events of nature have their being, but which 1s indifferent
to them If we reflect, we shall see that the evidence for
the existence of such an object 1s by no means obvious.
We can neither see nor touch empty spaces, what we
see and touch are bits of matter Now of course most
things 1n which scientists believe cannot be perceived
by the senses; no one can see or touch a hydrogen
atom or a light-wave, Such objects are inferred by the
scientist from the perceptible effects which they are
supposed to produce. But Space 1s not even 1n this
positon  For, as we saw, the essence of Space on the
traditional view, 1s that it does not produce any effects.
Obviously then the existence of Space cannot be inferred

(6) Conversely,
cerved Spaces in whic
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from 1ts supposed perceptible effects, since it 1s not
supposed to have any. If then Space is neither per-
cerved nor inferred, whence do we get the concept of 1t?

In dealing with both Space and Time there are two
distinct sets of concepts used, which we might call
distributive and collective  The collective properties of
Space and Time are those that belong to them as
individual wholes. Thus the questions of how we come
to believe that there 1s one Space, that 1t 1s Euclidean,
that it can be distinguished from the matter in 1t, and
so on, are questions concerning collective properties of
space  On the other hand, there are certain concepts
that apply, not so much to Space as an individual
whole, as to every bit of space. These are distributive
properties, such as divisibility, order of points on lines,
and so on In this and the next chapter we shall
confine ourselves to distributive properties of Space and
Time respectively, 1t 1s only at a much later stage that
the question of one Space or Time, and 1ts distinction
from things or events in 1t can be faced.

Now all the distributive properties that we ascribe
to Space have their root 1n certain facts that we can
directly observe 1n our fieclds of view, and to a less
extent, in our fields of touch Whenever 1 open my
eyes I am aware of a variously coloured field This 1s
extended, or spread out, and this extendedness 1s the
root of my notion of surfaces and volumes. Again,
within the total field certain specially coloured patches
will stand out against a background, ¢ ¢, there might
be two green patches, which are in fact the visual
appearances of a pair of trees Such patches have
shapes and sizes ; and here we have the sensible basis
of the concepts of definite figures Then, between any
two such outstanding patches there will always be an
extended background with a different colour, which at
once joins and separates the patches. If, e.g ,we are
in fact looking at two trees, standing up against a
cloudless sky, our field of view will consist of two
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characteristically shaped green patches separated and
surrpunded by a blue extension. In the visual field
there 1s nothing to correspond to the notion of empty
space, for the whole field 1s occupied by some colour or
other. Sull, the visual experience that we have been
describing does suffice to give us, tn a rough form, the
distributive concepts of extension, shape, size, between-
ness, and continuity  And 1t suggests, though 1t does
not by itself actually give us, another concept A field
of view does not come sharply to an end at its edges
It fades gradually away, and the details become less
and less definite the further they are from the centre
Thus there 15 nothing 1n the experience to suggest that
the field of view 1s an independent complete whole ; 1t
rather presents itself as a fragment of something bigger
This suggestion 1s strengthened by the fact that when
we move our heads shightly the new field of view 1s only
shightly different from the old one Some details that
were distinct have become less so, others that were
indistinct have become clearer, a little that was present
has vanished and a little that was not present has been
added at the extreme edges, but the bulk of the field
has scarcely altered. This confirms the feeling that
any field of view 1s only a fragment of a larger whole,
and I believe that 1t 1s one of the roots of the limitless
character which we ascribe to Space

Much the same concepts are crudely presented to us
in our tactual fields When I grasp anything 1t feels
extended, and some things feel bigger than others.
Agan, if the thing has projections, 1 can feel them
as standing out from a background of ‘' feeling ” in the
same kind of way in which the green patches stand out
from the blue background 1n the visual field. But there
are certain peculiar facts connected with touch, and
more especially with touch 1n conjunction with move-
ment, which are the germ of the distinction between
empty and filled spaces. Had we been confined to
sight 1t 1s difficult to see how we could have reached
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this distinction, since the visual field, as we have
already said, 1s everywhere full of colour. (1) If I put
my hand on the top of an open tin box 1 get a pecubiar
sensation. I feel a cold, sharp outline, and, although
it would not be true to say that there 1s no felt back-
ground within and without this, yet it 1s true to say that
it 1s neutral and indefinite as compared with the blue
background of the visual field 1n our example. (ii)
Suppose I move my fingers along the edge of a ruler
I have a series of kinasthetic sensations accompanied
by a series of tactual sensations. Suppose 1 continue
the movement until my finger gets to the end of the
ruler, and stll continue 1t afterwards The tactual
sensations cease, but the kinasthetic sensations g0 on
just as before. The ceasing of the tactual sensations
15 the basis of the concept of emptiness; the persistence
of the kinasthetic sensations 1s the basis of the concept
that extension goes on 1n spite of the absence of extended
matter

Many of these remarks, which are here just thrown
out, will need to be more fully developed when we
come to deal with the collecuve attributes of Space In
the meanwhile we notice that all the information gained
in this way 1s extremely crude, as compared with the
concepts that we use 1n geometry and apply 1n physics
We see and feel finite surfaces and lumps of complicated
shapes, not the unextended points and the lines without
breadth of the geometers And the spatial relabions
that we can immedately recognise between ouistanding
patches 1n our fields of view are equally crude. They
are not relations between points and straight lines, but
between rough surfaces and volumes All that I am
maintaining 1s that these crude objects of sense-aware-
ness do have properties that are evidently spatial, and
that we can see 1n them the gesens of the refined notions
of points, straight lines, etc  The question 1s: * How
are the refined terms and their accurately definable
relations, which we use 1n our mathematics and physics,
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but cannot perceive with our senses, connected with
the crude lumps or surfaces and their rough relations,
which we actually do sense?”

The real problem 15 this. The relations of rough finite
volumes, such as we can perceive, are of unmanageable
complexity Agamn, the continuity and boundlessness
of Space, as suggested to us by our sense-experiences,
are vaguely felt, not intellectually grasped. In this
state it 1s impossible to lay down their laws or to reason
about them  What we want to do 1s to analyse
finite Aigures and their fearfully complicated perceptible
relations into sets of termswith simpler and more manage-
able relations If we can do this successfully we shall
have killed two birds with one stone. We shall have
done fiull justice to the spatial properties of what we
can perceive, for our analysis i1s supposed to be
exhaustive And, on the other hand, we shall be able
to grasp these properties and to reason about them
in a way that was impossible while they remained in
the crude unapalysed state 1n which we meet them
in sense-awareness [ will give examples of what I
mean, starting with very crude ones, and gradually
working up to more refined cases

(1) If 1 want to measure an irregular piece of ground
[ first try to divide it up into triangles. Why? Because
the triangle 1s a simple figure, and the areas of all
tnangles are connected with their linear dimensions
by a single simple law  Moreover, I can exhaustuvely
analyse any rectilinear figure into triangles. Thus,
instead of having to apply a different principle of
mensuration to every different rectilinear figure, I can
treat them all by this analysis (n accordance with one
simple law.

(1) The notion of the distance between two finite
bodies 1s clearly indefinite ; so too s that of the direction
of the line Jomning them. For there 1s no one distance
and no one direction in such a case Yet evidently
there s a certain relation between two such bodies,
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which I can perceive, and should like to be able to treat
mathematically. Two trees are at different perceptible
distances from a third, and one pair of them may
define a different perceptible direction from another pair
Thus there are crude perceptible relations of distance
and direction, which we should like to be able to express
accurately and to treat scientifically Now we notice
that the smaller we take our patches or lumps the less
15 the 1naccuracy 1n the notion of zk¢ distance between
them or ke direction determined by them Sull, so
long as they have any area or volume, the theoretical
difficulty remains. What we should like to be able
to do would be to cut up our finite areas and volumes
into sets of parts of zo size, as we cut up our irregular
rectilinear figure 1nto a set of triangles that exactly make
it up, and to regard the crude complex relations between
the finite wholes as compounded out of the simple and
definite relations between these unextended parts

Now this second example shows us an important
general principle and an important general difficulty,
both of which extend beyond Space and apply equally
to Time and Matter., We find that the relations
between objects become simpler and more manageable
as the objects become smaller We therefore want to
analyse finite objects and their relations into smaller
and smaller parts, and their simpler and simpler
relations. But we find that when we try to pursue
this course to the bitter end we land 1n a difficulty.
The relations do not become really definite and manage-
able t1ll we have come to parts with 7o size or events
with #o duration And here we are faced with a dis-
continuity What we perceive 1s always objects with
some magnitude and duration, and the relations that
our perception tells us about are always between such
objects Have we any right.to believe that finite
objects consist of parts of »o magnitude, or that such
parts, if they exist at all, will have relations 1n the
least like those which hold between fnite areas and
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volumes? A point 1s something different 1n kind from
a volume or area, however small. We know what
we mean when we say that a big area can be cut up
inte smaller ones; but 1t 1s not at all clear what we
mean when we say that it can be cut up into points.
The one thing that 1s certain 1s that the sense in which
points are parts of volumes must be different from the
sense 1n which httle volumes are parts of bigger ones.
The latter sense of part and whole 15 one that we find
exemplified among perceived objects. The former is
not, and we are bound to define it before we can feel
comfortable 1n using points and instants.

We commonly slur over this difficulty by entertain-
ing two incompatible notions of poiats, and using them
alternately as convenience requires. This expedient
1s not unfamiliar to theologians, and to business men
returning their incomes for purposes of taxation. When
we want to talk of an area as analysable into points we
think of points as little volumes If we feel qualms
about this we usually suppress them with the excuse
which Midshipman Easy's nurse gave for her baby,
that ‘‘after all, it was a very little one.” When we
want to think of points as having exactly definite
distances we take them to have * position but no
magnitude,” as Euclid put 1t Now nothing will make
these two conceptions of points consistent with each
other Either points are extended or they are not.
If they are not, how can they fit together along their
sides and edges (which they will not possess) to make
a finite volume or area? If they are, in what sense
can you talk of r4¢ distance between them, or of zke
direction determined by a pair of them? To call them
infinitesimal volumes or areas only darkens counsel,
for the word wnfimitestmal here only serves to cover the
attempt to combine these two incompatible qualities.

The method by which such difficulties as these
have been overcome 1s due to Whitehead, who has
lately worked it out in full detail in his Principles of
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Natural Knowledge, and his Concept of Nature, two
epoch-making works To explain 1t in full would take
us into regions of mathematical logic which I do not
propose to penetrate in the present book But the
problem 1s so important, and the method 1s of such
general application 1n bridging the gaps between the
crude facts of sense and the refined concepts of mathe-
matical physics that [ shall give a sketch of it

The first thing to notice 1s that it does not 1n the
least matter to science what 1s the zzner nature of a term,
provided it will do the work that 1s required of it If
we can give a definition of points which will make
them fulfil a certain pair of conditions, it will not matter
though points in themselves should turn out to be
entities of a very different kind from what we had
supposed them to be The two conditions are (1) that
points must have to each other the kind of relations
which geometry demands, and (1) that points must
have to Anite areas and volumes such a relation that a
reasonable sense can be given to the statement that
such areas and volumes can be exhaustively analysed
into sets of points. Aay entity that answers these
conditions will do the work of a pomt, and may fairly
be called a po:nt, no matter what its other properties
may be. This important fact, that what really matrers
to science 1S not the inner nature of objects but their
mutual relations, and that any set of terms with the
rnight mutual relations will answer all scientific pur-
poses as well as any other set with the same sort of
relations, was first recognised in pure mathematics
Whitehead's great merit 1s to have applied 1t to physics

I will first dlustrate 1t from pure mathematics, and
then consider its application to our present problem.
Consider such irrational numbers as /2 and /3.
Why do we call them numbers ? Sumply because they
obey the formal laws of addition and multiplication
which integers, like 2 and 3, obey, z.e., because they
have to each other relations with the same formal
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properties as the relations th;it hold between integers.
Now numbers hike ./z and /3 were at first defined as
the limits of certain series of rational numbers. Thus
/2 was defined as the limit of the series of rational
fractions whose squares are less than 2. Similarly /3
was defined as the Limit of the series of rational fractions
whose squares are less than 3 Then you can define
what you are going to mean by the addition and
multiplication of such lLimits These will be new
senses of addiwon and multiplication. The sign +
does not stand for the same relation when we talk of
/2+ /3 as when we talk of 2+ 3. But addition and
multiplication, 1n the new senses, have the same formal
properties as they have when used in the old sense.
Thus, eg ,n/ZFa/3=a/3+2 just as 2+3=3+2.
We have extended the meaning of add:ition and
multiplication , but, as they have precisely the same
logical properties 1n both senses, no harm 1s done by
using the same name for both, and talking of the
addition and multiphication of irrationals. Consequently
there 1s no harm in caling /2 and /3 numbers, for
we agreed that any set of entities were to count as
n