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PREFACE

Tre peasent hook is ultiptaly basert og & course of
lectzres delivered to the third yexr students of schence
at the University of Bristel in the session 1gac-z1. It
iy an .ldmxrlhla custom, whu:h. like many other bene-ﬁu.
that Uni y awes to my distinguished
Professoc I.loyd Morgazn, that all sodemts of seience
are expected to atiend such & course before completing
their caresr, lt seemed worth while to elaborage the
lectuges, to remove their more obvicus blemishes, and
o present them 1o 2 wider public.

!n the FJM Pars [ bave started wn.h |.hn htgh]y

k pts of the clags
p'hyms, have reled to sxpress them cleady, and
bave then discussed the modifications which recent
advances in scientific knowledge have necessitoted in
these concepts. 1 have carried this account Lo the
end of the Second Theoey of Relativity. I have oot
penetrated it the atill more revolutionary speculatons
of Weyl, bocause 1 do pot feel that [ yet understand
them well enpugh myseli o renture to explain them
ta others. A philosopher wha mgards ignocances of a
scientific theary as 2 sufScient reason for not writing
nbout it cannot be sccused of complete lack of odgin-
alicy, a5 & study of mcent philosophical Titerature will
amply prove.

I begin with an faireductian, which states what §
think Philosophy to be sbout, and bow 1 think it to
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be connectad with the spedal acesces. [ then by to
explin ia sAimple terms the nature end objects of
Whitchead's Priwapl of Srtexrior Absiractior. This
seems to me w0 be the * Prolegomema o mvery future
FPhitosophy of Nature.,” It ia guite poasible to explain
jis motives and geoerl dumr umhout enwnng
decply into those logi
which are: inevimble when it is applied in dml. Next,
greatly daring, [ have discussed the dificult problems
which centre upon the general potion of Time and
Change. Here I hawe tried to make some answer to
the very disturbing arguments by which Dr M‘Taggan
has claimed to disprove the reality of these apparenily
fundamenta) features of the Universe. Afer thiy e
seqt of the Fissr Part should be fairly plain sailing to
anyone of decent general education, though T do not
pretend that it can be understood without efort by
persont wha are unlmilinr with the subjects which it
Ereata,

In some of these later chaptees. the reader will Gnd
a number af mathematical formols. He most not be
frightenad of ﬂlm for I can agsure him that chey
invoglve no algek more ad d than
the simple equations wlmh he learnt to 3olve a1 hig
mother's koee. I mysell can make no claims @ be
a mahematician: the most T can zay iz that 1 o
geoelly follew o mathemadesl argumeat if [ ke
enough time over it. I hike to belicve that, in 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 ham the places where
cthers are likely to have trouble.

In Part If we ytart afresh st a guite different bevel.
Here I try to point oot the sensible and perceptible
facty which underlie the highly abstact concepts of
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sciance, and the cruder, but =till highly sophisticated,
pts of Beside the intrinsic intares:
and impoetance of this topic it bas a direct bearing on
Fart £. A great deal of the difficulty which many
poople have in accepting the newer wiews of Space,
Time and Hmion.nrinuﬁwﬂlemmtlheyum
the traditional ¥ plain and obvicus,
whilstthey feel that tha llur mndlﬁﬂlmslmwm
forced oo them =i g armsir by & few inconvenient and
relatively trivial facts. The moment we recOgnise how
dinarily Temote the clnssi are From
the crude facts of sense-experience, from which they
must have been gradually elaborated, this souncs of
incredulity vanishes. The held of the h‘ndltmn is
loosened ; and we are prepaced to i
#eul possibly mun satisfuctory, cuncrptual syntbeses of
sensihle facts.

i bave tried in Part I w focus before my mind what
seem3 to me ta be the most important work that bas been
done on these subjects xinpe 1514, when the publication
of my Poception, Phynes, and Reshiy unhappdy pre-
cipitated a European war. If [ have learnt nothing
elso since than, [ have at least come ta see the extreme

plexicy of the probl of ihe | world and of
our sepposed knowledge of it. My obligations to
Moore, Russell, Whitehead and Seque are contlnual,
asmd will be perfectly obrrious to anyone acquainted with
the lirtrature of the subject, 1 here make my grateful
acknuwledgments to them, once for all. To a less
extant [ have bees influenced by Alexander and Dawes
Hicks. 1 bave meroly meaticosd Dawes Hicks's Iheacy
of appearance and then left it, This is rot because 1
think it either imspassible or unimportant, hut hacause }
am bam deliberatoly trying to work out » diferent view,
which I ais think to be possible aed important.
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1 cannut claim to have put forward soy oew and
startling theory of the universe. IF | have any kiod of
philosphical merit, it is neither the conmroctive ferdlity
of an Al der, nor the p ing rxritieal acumen of
n Moore ; sl lesa is it that extmondinary combination of
both with technical mathematical akill which character~
iwexs Whitsbead amd Rusmell. | o at most claim the
bumbler (yet useful) power of shating difficult things
clearly and not too superficially.

“ Eneallesnt alii spiruntis molbin s,

Coeada equadem , vivoe docent de marmore valie ™
tut  hope chat I may st least bave smolter some of the
metal and hewe some of the stone which others will
use ic their copstructions.

T must end by thacking Dr R. S, Paton of Perth
fer kindly resding the peoofs and helping me with the
index ; M: E. Harrison, of Trinity College, Crmbeidge,
for hiz gallant efforts te involve my dedication in © the
decent obscurily of & learned lacguage”; mod the
printers for the cant whick they have taken in printing
what must have been = mtber troublesome piece of
work.

C. D. BROAD.
Lowocw, Seht. 1977
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INTRODUCTION
" Noh, expectars hoe Phloscphmm
aut Ilgho:lh\oyhn cTaganEm mvwh\;l'a‘ m:D-tmm wier
m I ct mter F

veram, YA hl

mhnruaemu ztdhmqnujmdmpmmln-

sophus hedots iz, et garroiam mevskrculam
lﬂﬂlll!. Lﬂldlﬂq Part [V cup xha)

The Subject-matter of Philosophy, and itw Retations
in the special Sclences

I suaLL devote this introductoey chapter to stmting what
1 think Philosophy is about, and why the other sciences
are important w it and it is important to the other
scignces. A wery Iarge cumber of scientists will begin
such 2 boak sy this with the strong conviction that
Philesophy is mainly moonshine, and with the gravest
doubts a3 to whether it has anything of the slightrst
importance to tell them, 1 do not think that this view
of Philosophy is true, or | should not wastte my time
and cheat ey stodents by Irying to teach it. Butl do
think that such a view s lughly Plausible, and chat
the dings of many § p have given the
gmﬂl public some excusa for its unfuvourable opinion
of Philosophy. I shall therefore begin by stating the
caze against Philesophy as strongly as { can, and shall
then try to show that, in spite of a1l objections, it meally
is a definite scicnee with 3 distinet subjecimatter. 1
shall try to show that it really dues advance and that
Itig related io the special soences in such & way that
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the co-operation of phil aod sci in of the
atmost beneft o the sudies of both.

I think that an intelligeat scientist would put bis
case aguingt Philosophy somewhat as follows, He
would say ¢ * Philosophers discuss such subjects as
the existence of God, the immortality of the soul, and
the freedoxm of the will, They spin out of their minds
fancifu? theories, which can nait]u:r be supparted nar
refuted by experi No two pt phers agree, and
f0 progress is made.  Phl hers are still di i
with great heat the same questions that they discussed
in Greece thousands af years agn. What a poor show
doeg this make when compared with mathematics or any
of the natural sciences!  Hern thers in comtinnal steady
progrens ; the discoveries of one age are accepted by
the next, and become the basis for Rirther advances
in knowledgr. There is controversy indecd, bat it is
fruitful ontroversy which advances the science and
ends in definite agreemest; n if eot the almless
wandering in a circle to which Philosophy is condezaned.
Doen this oot very strongly suggest that Philesophy
is mther w mere playing with words, or that, if it has
a gensine subject-matter, this iy beyond the rench of
human intelligence "

Our scientist might stiil forther strengthen his caze
by refiecting on the past history of Fhilosophy and as
the method by which it is commonly taught (o students.
He will remind us that most of the present sciences
ntarted by being puxed up with Philosophy, that so
long as they Bept this consexion they remained minty
and wague, and that ax 300n as their fundamental
principles began to be discovered they cut their dis-
seputable associate, wedded the experimental method,
and setiled doawn 16 the steady production of a strapping
family of biighed truths. Mechanics iz & case in
point. So long as it was mixed up with Phllesophy it
tsade no progress ; when the true laws of motion were
i3, d by cher axpri and ing of Galileo
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it ceased tn be part of Philagaphy wnd begun to develop
into r separite stlencs. Does this not sugges that the
subject-mattar af Philosaphy is just that evez-diminishing
fragment of the universe in which the schentist has not
yet discovercd laws, and where we hawe therefors to put
op with guesses? Art not such gueses the best that
Philasophy has to offer; sod will they not bo swept
axide 25 zoon as seme man of geoius, like Galileo or
Daiton or Faraday, sets the subject on 1he sure math of
sclence?

Should our seientist talk to of Phil &
and ask what happens at their Tectures, his objections
will most likely be atrengthened.  The angwer may take
the claxsical foem : ** He tells us what everyons knows
in langumge that no cne can ynderstand.”  Bui, cven
if the answer be not so unfavourable as thiy, it is not
unlikely to take the form: “ We hear about 1he views
of Plato and Kant and Berkeley oo such subjects as the
reality of the external workd and the immormlity of the
soul.”  Now the scientist will at once contrast this with
the method of teaching in his own subject, and will be
inclined to say, if, e.2,he be & chemist: " We learn
what ar¢ the Jaws of chemical combization aed the
structure of the Henzene nucleuy, we do not worry our
heads as to what exactly Daleon thought or Kelule ssid.
If phi: really know aaything about the reality
of the external world why do they not fay straight-
focwardly that it is real or unreal, and prove it} The
fact that they appnreutl}f prefer w ducuss the dnwrg!m
views of & -
the question strongly suggutl that they know that there
iv no means of answering it, and that nothing better
than groundlass perscnal opinions can be offered.”

I hawe put these objectlons as strongly as 1 can, and
[ now propose o sct just how much there is in them.
First, ay to the alltged unprogresslve chacacter of
Philogopby, This ia, I think, an illusion ; but it is
& very patural one. Lot us take the questioa of the
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reality of the external world as an example. Commoe-
sense suys that chairs and tables exint independently
of whether anyoue happens to percelve them or not.
We study Berieley and End him claming to prove
that such things can only exist so long as they are
perceived by someone.  Later on we read some modern
realist, like Alexander, and we are told that Berkeley
was wrong, and that chairs and mbles mn and do exist
unperceived. We seem merely to have got back o
where we sarted Fow, and o have wasted our time,
But thiz is not really 50, for twe teasons. (i) What we
belicve at the end of the process and what we believed ot
the beginning are by oo means the same, although we
expreas the two beliels by the same form of words.
The orlg'mll betld'orf COMmOon-sonse Was vague, crude
and 1y have forced
ux L0 recOgmisa 3 2 nusber od' distinctions and to define
much more clearly what we mean by the statement that
chairy and thles axlst unperceived. What we find is
that the crrgine] crude beli=f af common-gense consismd
of 2 pumber of different belief, mized wp with tach
other. Some of these may be true and others flsc.
Berktlay's arguments reslly do refute or throw grave
doubt an some of them, hut they leave others standing.
Now jt may be that those which are jeft ant eoough io
congtitute a belief in the independent reality of

objects. If so this fnal belitf in the rality of the
exteroal world is much clearer sod subtler than the
perdtify similar belief with which we began. [t has been
purified of izrtlevant factors, and is oo longer B TRgue
mass of difiereat beliafs mixed up with each cther.

{ii) Not only will pur Gsal belief differ in content
from qur arigival one, it will also differ ic certainty.
Our prigingl belief was merely inytinctive, and was at
the mercy of sny sceptiml critic who chose to rast
doutis on it Berkeley bas played thix part.  Dur final
belicf is thet part or that modification of our edginal
one that hay menaged o survive his eriticitms.  This
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does not of courst prove that it is true ; therm may be
other chjections to it But, at any mte, n belie! that
bas stood the eriticisms of an scute and subtie thinker,
like Beckelny, i3 much more likely to be true than a
mercly instinctive belief which hag sever bean criticised
by oursslves or enyone elge. Thus the process which
at first sight sermed to he merely tircular bas not really
been o, And it has certainly not hean verless; for it
has enabled ua to replace a vague belief hy o clear wnd
analysed one, and a merely instinctive belie by one
that has passed through the fre of crillcism.

The above txample will suggest to us 4 part at least
of what Philesophy is really about. Common-sense
constantly makes use of & zuciber of concepls, in terms
of which it interprots {ta expacsence. 1t talks of rAdezr
of various linds ; it says thet they have poas and dons,
that they chemgr, wnd thet changes in ooe mws
in others, and 20 on. ‘l‘hnu it mn.‘ns ocmshnt use of
such o (T3 hood, space, ime,
change, cause, etc. Sclenee takes over these concepls
from commoen-sense with but slight modification, and
uses them in ita work. Now we can and do wer
concepts without having any very clear idea of their
maaning or their mutual relations. 1 do not of course
suggest that to the grdisary man the wonls swérdeme,
cawss, chamge, etr., are merp meaningless noises, like
Jobderwock or Sxark. It ig clear that we mean soma-
thing, and somethung diffarent in each case, by such
words. §f we did not we could not wse them con-
siseently, and it is cbvious that on the whole we do
consistently apply and withhold stuch names. But it
is possible to apply concepts more of lexs succexsfully
when one hag only a very confused iden as to their
meaning. Mo man confuses place wnth date, and for
practical purposes any two men agree as & rule in the
placan that they assign to & given object.  Nevertheless,
if you ask them what exactly they mean by ploar and
detr, thay will be puzzied to tall you.
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Now the moat fund | sk of Philosopby is 1o
take the concepts that we daily use in common lite and
science, to analyse them, and thus to determine their
precise meanings and their mutual relations.  Evidently
this is a0 important duty, iIn the first place, clear and
accurate knowledge of anything 15 an advance on a
mere hury general familiarity with it Mogeover, in
the ahgence of clear knowledge of the meanings and
selations of the cancepts that we use, we are certain
soonez or later to wpply them wrangly or to meet with
exerptional casrs where we wre purzled as to how o
apply them at ell. Far instance; we all agree peetty
well as to the place of a cartain pin which we anr
loclong at.  But suppose we go on to ask : ' Where is
the image of that pin in & cerin mirtor; and is it in
this plice {whatever it may be] in precigaly the seoxe
in which the pin itself 15 1n x5 place?”  Woe shall find
the question a very puzeling one, and thers will be ac
hope of answerdng it untit we have carsfully analysed
what we mean by g ob @ place.

Again, this taghk of l:leanng up the meanings lnd
d the
not perﬁurmed te any extent Dy any other sclemu
Chemistry weer the notion of substance, geometry thai
of space, snd mechanics that of motion. Hut they
agsume tha you already know what s meant by
awkrtance and spaes and motrsx,  So you de in a vague
way ; and it is oot thewr business to enter, mare
than lsneeeanryﬁrﬂmrmspacul purposcs, into
thr and of thew pts as guch.
(423 enursethe special sciences do (o some messure clear
npl.be meanings of the meepu ihat d:uy uze. A

ist, with his dissi and
compounds und his laws of combiostion, bay a clearer
idea of substance than an ordinary layman. But the
special seienees ouly discuas the meamings of their
concepls so far as this s needful for ther own special
Such ai ico is incadental vo them, whilst
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it in of the 2asence of Philosophy, which deals with such
questions for their own sake. Whenever a scientist
beging to discuss the concepts of his science in ihis
thorough and divinterested way we begin to say that he
is studying, not 50 much Chemustry or Physics, as the
Pleioraphy of Chemistry or Physics. [t will therefore
perhaps be agroed that, in the abowe sense of Philosophy,
there is both room and peed for such a study, and that
there is no special zeason to fear that it wull be beyond
the compasy of fuman faculties.

At this point a criticism may be made which bad
Detter be met np ance, [t may be said: ** By your own
admission the sk of Philosophy is pusely vertal; it

ists entirely of di about the meanings of
words.™ This criticism is of course absolurely wide of
the mark. When we say that Philosophy Lries to clear
up the meanings of concepts we do nol mean that itis
simply concerned to substitute some long phrase for
some familiar word. Aoy analyms, when ance it has
been made, is naturally agpreresd jo words but 8o too
iz any other discovery. When Cantor gave his defini-
ton of Continulty, the final result of his work was
expressed by gaying that you can substitute for the
word "continuous” such mnd such a verbal phrase.
But the eqgential part of the work wag ta find out exactly
what properties are present in chjects wheo we predicate
continuity of them, mnd what propertics are absent
when we refuse tc peodicate contiooity.  This was
evidently not 4 queation of wonds but of things and
their properties.

Philosophy bas another and closely connected tagh.
We not only make contioual use of vague and
unanzlysed concepts. We have also a number of un-
criticined  beliefs, which we consandy wmume in
ordinary life and in the sciences. We constantly
aamume, rg. that every cvent has n cause, that nature
obeys uniform Laws, tlnt w Hve m .l warld of objects
whoae axi and b are i dent of our
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knowledge of them, and sa an.  Now acience takes over
theye beliefy without criticiym from common-sense, and
simply works with them, We know by experience,
however, that belinds which are very strangly held may
e ment pegjudices. Negroes find it very hard ta
beliere thut wattr can become solid, bocause they have
always lived io & warm climate. s it not posaible that
we believe that nature ay a whole will always act
uziformly simply because the part of nature in which
the homan racy hes lived hes happened to act sa up
to the present? All such heliefy then, hawever desply
rooted, call for criticism. ‘The first duty of Philasophy
i to slate them clearly ; and this mn ouly ba done
when we have apalystd and defincd the concepts that
they iovelve. Until you know exactly what you sutan
by chengs and cexre you cannot know what is teant
by the statemeni that mery chawge dzr & coae. And
not much weight can be attached to & person’s most
passionate beliefs if he does not know what precisely he
is passwoaately belicving. The oext duty of Philosophy
ismml such beliels; and this can oniy be dane by

dutely and h I ing them toevery chjection
that one can think of oneself or find in the writings of
others. Weought only to go on believing a proposition
if, at the end of this procesa, we still ficd it impossible
1o doubt it. Even then of course it muay not be iros,
but we have at loast done cur best,

two branches of Philosophy—th lysi
and definition of gur fund 1 F und the
clear snd resolute criticizm of pur fund, |

belicth—I cail Crusal Pheloraphy, It in obrviously a
necessary and a possihle sk, aod it is not performed
by any ather science. The other sciances ssv the
moacepts and srswmr the boliels ; Critical Philosophy
tries 1o analyse the formor and to ctiticise the later
Thus, 80 lomg ma science snd Crtical FPhilosophy
keep to their own spheres, there i3 no pogsibility of
conflict between them, since their subject-mutter i
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quitn different, Philogophy claims to analyse the
geoeral concepts of sobstance and cause, of.; 1t does
not cluim o tell vy aboyt particular substances, like
gold, or ahout parncler Inws of cauzation, as that
agEa repa disgolves gold. Chemistry, on the other
hupd, tells us @ grest desl about the varigus kinds of
substances in the world, and how changes in one cavse
changes in another.  But it does not profess to anaiyse
the gencmal pts of sut or ian, ar ta
consider what right we have to assume that every event
has 1 cause.

1t should now be clear why the method of Philosophy
is 5o diffareat from that of the natural sciences. Ex-
perimeits are 201 made, because fhey would be utterly
useleas, If you wunt to find ocut how one substance
behaves in presence of another you nawralfy put the
two , vary tha conditions, xnd note the results.
But no experiment will clear up your ideas as to the
meaning of atwe in general or of doiawer in groemnl.
Again, il conclusions from experiments rest on some
of those very asszmptions which it is the butines. of
Fhilosophy to state cleacly and to criticise.  The experi-
menter assumes that nature obeys uniform laws, and
that similar results will follow always and everywhere
from sufficiently simir condiuces, This is one of the

priany that Philosophy wants ider critically
‘The method of Phulosophy thus resembles char of pu
mathematics, at least in the reapect that nefther has any
uge for experiment.

There j5, howerez, a very imporiant difference. In
pure mathematics we sast either from axioms which oo
one questions, of fom premiseg which are quite explicitly
asmumed mecrely as hypotheses ; and our main isleres
iz to deduce remote conscquenica. Now most of the
turlt assumptions of ardizacy Tife and of natura} science
claim i be troe and not merely to ba hypotheses, and
nt the same time they are found to be owither clear
nor sed-evident when critically rwflected upon, Most
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mathematical ulomu are very simple and clm, whllat

st other prap which men gly believe are

highly ,' and fused. Philesophy is muinly

voncarmned, not with remote wn:lusions, but wlﬂl the
Iysis and 1]

Fur this purpase analytical power and a oerum Tind of

insight are ¥, and the | method iy

not af much uge,

MNow there ix another kind of Philosophy i and, as
this is more exciting, it is what laymen generally under-
stared by the name. This is what [ call Speowfarme
Fhufosopdy. [t hag a different ochyect, i pursued by a
Gifferent method, and leady to resubs of a diffarent
degree of certainty from Critical Phiksophy. lis
olyect 15 to ke over the resulta of 1he varions sciencey,
t0 add to them the results of the rehgious and ethical
experiences of mankind, end then to reflect upon the
whole, The hope is that, by this means, we may be
able to reach some gensmsl conclusions as to the natune
of the Universe, and ss to our position and prospects
in it

‘There are several polnta to be noted about Speculative
Fhiloscphy. (i} If it is to be of the slightest use it
must presupp Critical Pbilogophy. [t is useless to
take over mayses of uncriticised detail fram 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 bave been clurified and
apprused by Critical Philosaphy. It is thus quite
possible that the ume for Speculative Philosophy has
not yet come ; for Critical Philosephy may not bave
advanced far enough to supply it with & firm basis. Io
the past prople have tended to cush on 1w Speculstive
Philosophy, becauss of ita gzuter pﬂulul interest.
‘The result has bean the prod
which may quite falrly e demmhed ax xamnalnne. The
discredit which the geooral puhllc quhe ragllu;r nlm:.hel
to these hasty at phy s
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reflscted back na Critieal Philosuphy, and Philosophy
15 & whale thus Ealls into undeserved diseepute.

(ii) At the best Speculative Philosephy can enly
conyim of more or less bappy guesses, made on a very
slender basis. There is no hope of it reaching the
certainty which some parts of Critical Philosophy might
quite walt attain. Now spaculative philosophers as a
clasg have been the most dogmatic of men.  They have
bean mere certain of everything than they had a right
1u be of anything.

{ii1) A man's final view of the Universe as a whole,
and of the position and progpects of himself and hin
fellows, is peculiarly hable to e biased By his hopes
and fears, his likes and dislikey, and his jodgments of
value, One's Speculntive Philosophy tends to be in-
fuenced to an altogether undue extent by the state of
one's liver and the amcunt of one's bank-alence. No
doubt livers and bank-halances have their place in the
Unlverse, and ne view of it which fails to give them
their due weight is ultimataly mbsfactory, But their
due weight is considerably less than their infuetnes an
Speculative Philogophy might lead one to suspect.  But,
if we bear this 10 mind and try our hardest to be
" ethically neutral,” we are rather hable o go to the
other extreme and entertain a theory of the Universe
which renders thw existence of our Judgments of value
unintelligibla.

A lzrge part of Critical Philesophy s almost exempt
fram this source of error. Owur anklysis of truth and
elsthood, or of the nature of judgment, is not very
likely to be inBurnced by our hopes and fears. Yet
evtn here there is a slight danger of intellecua) dis-
honegty.  'We sometimes do our Critical Philosophy,
with half &n eye on gur Speculative Philosophy, and
acospt or reject beliefs, or enalyse concrpis io a cermin
way, becauss we feel thar s will St in berowr than any
altsrnative with tha wiew of Reality as a whole that we
happen 1o ke
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{iv) N hell if 5 Philosophy re-
membery it Gmitations, it i3 of value to scienting, in
its methocly, if not in its resabts. The reason is this.
In all the sciences except Paychology we deal with
objects nnd their changex, and leave out of account
as far an possible the mind which cbserves them. In
Poychotogy, on the other hand, we deal with minds
and their processes, and leave out of account as far as
possible the abjects that we gee o know by means of
them. A men who confines hizsell 10 either of thess
subjects is Likely therefore to get a very one-sided view
of the world. The pure natural scientist iz lmhble ©
forget that minds exist, and that if it were not far
them be could neither know nor act on physical objects,
The pure paychologist is Inclined to forget that the
main business of minds s 10 kmow and st wpon
objects; that they are moxt intimately coanscted
with certain portions of matter; and that they have
appacently arisen gradually in a world which ar one
time oonumed um.hmg bnt matter.  Materialism iz

the ch philogophy of the pure
natural peignti and trjective fdealis that of the
pure paychologist, To the scianti PP

seems a fairy tale, and o the psychologist materiatism
seems sheer Jusacy. Both are sight in their eriticisms,
but neicher sees the weakzess of his own poaition.  The
truth is that both thest docttines comsmit the Sllacy of
over-simplificatibn ; and wt can hardly avoid falling
into some form of (his unless at some Hme we tnalm s
resolote attempt to think gwspricaly of all the farcts
Our reandts may be trivial; but the proeers will at least
remind us of the exireme complexity of the world, and
teach us to reject any cheap and sasy philosaphical
theery, such as popular materialism or popalar theology.*
Befors ending this chapter 1 wlil .nyawmd about
the three =cl which are hought 1o e

 Tiaclogy, wheiher * natymi ™ or - nﬂbﬂ."tllw-nlsm
Phakacply, i cor s of the woed. B, (na, 3 Abras,
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specially philosaphical. These are Logie, Ethies, and
Psychology. Logic simply is the most fundamental
part of Critical Philasophy. 1t deals with such concepts
as trutk, ancphcation, profability, dasr, tte.  In fact It may
be defined ax the science which dealn with propositional
forms, their parts, their qualities, and theiwr relations.
Ity business is to analyse and clawsify forms, and to
congider the formal relations that can subsist between
them. Now all science amnsss of definite propositions,
and each of thes: is of one of the forms which Logic
gtudies ; but it is not the business of any other stience
explicitly to ghssss propesitional forms.  Similacly all
s:{enoe is l'ull ut' inferences, good and bad, md lI1
i on rel that are Supm
subsist b igeg and s But n. is
for Laogic, and for it alone, to decids what relations do
n fact Justify infarence, end whether these relations da
actually subnizt in a given cast. Thus Logic is that
part of Critical Philosophy which deals with the mogt
gensral and pervasive of all concepts, and with thase
fundamental beliefe which lorm the ** connective tinaus™
of ull knowledge.

The greater part of Ethica again ia simply & branch
of Critical Philosophy. 1t is & fact that we not only
believe that mh an such mnls 'hnppe«, Ttrut \hll
we aiso pasa jud of i or di 1 en
certain of them. Such _qudg-mant.-a use pecnlm con-
cepts, like eoed and dad, repds and wrome, duy, ste.
A wery important part of Ethies is the attempt to
analyse and define these peculiarly chbscure notinng
which we all use 5o gaily in cveryduy Life. Aguin,
there are & grest many judgments of value which many
people assumse a3 certain; rg. Pleasure & good, It
is wrong to tell lies, A man bas a right to do what
be likes with hiy awn, sod 50 on.  Anocther important
part of Ethics s the atiempt to gtate such judgments
clearly, and then ta see what evidence, if any, there
is for them, Thus, Hihics is thet parl of Critical
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Philoaophy which wnulyses the pts and
the presuppositions that we use in our judgments of
approval and disapproval.

Puychelogy, ax it seema to me, is not a part of
Philosophy at all, bot s smply ons of the special
scieaces.  Thig is shown by the fact that, unlike Logic
and Ethles, it argues inductively from experiment and
obscrvativa, though the observation takes the petuliar
form of i p Itis, h o & very pecoliar
kind of zpecinl sclenct.  1tis obvious that Chemistry and
Physics are much more hke each ocher than either of
them is like Paychology, The reason iz that the two
former sciences treat two rather different hut very
pervasive sets of matsal properties, whilst the Latter
dexly with mmd.s, which lppnmtly QUCUpY & umigue

and gely isolated pogition in the LT Or,
again, we may sy that Pyychology deals with what
is relatively private, whilst sit the other naturl sciences
deal with what ig relatively public. If, now it should
be asked wihy FPsychology has becn supposed to be
specinlly moneeted with Philosophy, 1 thiok that the
following anzwors wall be faldy satisfactory.

{i) Psychelogy supplies Cm:ul Philosoph)r with &

number of pts as raw is and
eriticism. Such are the concepts ef ming, seff, cem
rstinct, ¢ic. Now these
notioas we ail admit 1o be highly mnl‘used and gbscure,
whereas we are tndmed wl.blnk—unul we learn better-—
that there is no parti Ity apout such
Ag place, dats, mmr. ouge, elc,, which we mse in the
other scinces. Thus a great purt of any sandard
book on Psychology does in fact consst of
tc analyse and define certain coocepts, and this is of
course Cridcal Philosophy.

(ii) When we try to claar wp the meanings of
physical concepts like plery, dife, marier, wic., we often
find that a reference to the processes by which they
cpme to be known iy easential, and that they owe gurc
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of thair obscarity ta the whatractions which scisnce and
common-senze have made, Thus, in doing Critdeal
Philosophy, we do constantly have to appeal to facts
which belung to Psychology, even when we are aot
primacily dealing with: psychologica! concepts.®

{iii) 1 Speculstive Philosophy we ovght, no doubt,
1o take into avcaunt the resulis of a2 the scicnces,  But,
owing o the unique subpect-matter of Paychology, we
shall ga hopelessly wrong if we omit i, whilst we shall
oot go 50 hopelessly wrong if we omit one of the
aciences of matter, such ay Minerlogy or Betany.

For these reasons we tmay admit that Psychology
is of peculisr imporiance to Philosophy, though we
must deny that it is 3 part of Pholosophy, like Logic
and Ethica,

The present book deals wholly with Critical
Philosophy, and only with s small part of that. Itix
conceroed almost entisely with an attempe to clear up
some of the coocepts used in the naturtl aciences, Jt
does eot deal even with atl these, eg. very little 1 sad
about crusation, The rexson is that 1 did not want to
deal with purely logicat questions ; and it i hltdly

ible b distuss 1y mthour gomg
into the question of inductien, in which causation is
<ommenly shought to play an important part.

Additional works that may be consvited with profie :

F U Buancay, dgaersee and Readily, furndection.

H Sinowick, Phlvaply 14 Sage and Relatons

B A W Rumswy, O Knowdidee of 25 Exiornal iFerid,

Lecturss 1 and JF.
] Grore, Explvats Phefoumhbicn; Fare | Caps. ! aod IL
DEICARTES, Ruies fow tie Derectione of the Mt
Doureguires o Matkod,

S0 who irec Het we cannol e & complele iesen of Lope
(Mlhmdidmudmhhlq wnhout sefernng ta
ndy nad ther el lutalcor
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The Tradltional Conception of Space, and the Principle
of Extengive Abstiaction

It is cot uitimately possible to treat Space, Time, and
Matter, as used in physical science, in isolation from
each oiher; for we shall mee that they are closely
hw.ndmgc‘»her in their \mry natuses. This is, however,

ively recent di ,,mdthe ditional
vlur, with which mast of us sill work in duly life, is
that Space and Time, st any ratr, can be adequately
analysed 1n isolation fram each other and from matter.
As this is Lhe fapnliar view, it seems bast to start from it
and gradually to point out and remove its imperfections.
In any case we must start somemsbere, and the fact that
the three concepts in question have so iong been treated
as separable withour serous practical ervor shows that,
toa great extent, they are separable. The truth is that
what is Jogically most primitive in nature is aot what
in ow raogt Bmiliar to ny, and therefore it 18 better for
didactic purposrs to start with the logically derivative
but peacticalty Gamiliar, and work hack to the fogically
primitive but practically unfamitiar, For example, the
immediate dats of sense, Lke coloured patches, are
lugically prior to the notion of physical phpects, which
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persint, and combine many qualities; yet the latter is
much the more Bmiliar notion to us. [ shall start then
from the traditionat conception of Space.

Unquestionably we think of Space in ordinary life
amd In sclenee a8 & Single great bax of contaizer in
which all physical objects are kept and in which all
physical processes go on, It i3 true that many books
on Mechanics do lip ice to 2 view of Space,
which makes it congist of relations between bits of matter,
But thiz cooception is forgotlen as soon as the author
has worked off that particular chapees, and ever after-
wards bhe and his readers wse the *hox™ theory of
Space. We shall deal with this alternative vimw at a
much later stage. Aguin, we shall see later that the
notion of a single box needs averbauling, but we shall
not ba able to appreoats why this is sc untll we have
considersd the coanexion of Space with Tine.

For the present then, we shall take ihe comzon
practical view of Spacc as a single box “with no sides
te it," in which the things and events of the physicsl
world move and have their being. The first point to
notlce is that, whan people talk of Space and spaces,
they may be using these corrglative termy in two
diffarent senves. (i) Whep we mik of Berkeley Square
as one space and Grosvenor Square as & different one,
we imply mean that they are two diferent regions
which do not averlap, but which are both parer of the
single Space of nature We do not mean that they
are different femds of Space. Neither Berkeley Square
nor Grogvenoe Squoare is a Spear—for welther is s box
coutwining the whole of nature; but each of them ixa
share, in the sense of & part of such a bax,

(ii} On 1be other band, when mathematicians talk of
Euclidean and non-Enclidean Spaces, they are discassing
different positile dveds of Space, and not diffarent spaces
like the twa London Squares which are gartr of the
Space of oature, of whatever kind that may be. The
word Spacs is thus used (s} a3 & proper name, in which
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case it is equivalent to the phrase ‘' she Space of nature,
of whatgrer kipd rhat may be”; and [} ana genecal
namp, in which tase it connotes the property of being
n Space, lnd denom all dle nnoulvlmlu of that klad,
such ax E Spacs, Space, and
so oa. Finally, mqrhndofSpmehnparu which
wre ypaces, but pot of course Spaces.

As a rmuner of history the concept of Space in
grneml gprang from the investigution of the Space of
nature. Euclid certainly meant his axloms to describe
the Space in which we live and move. But, on further
reflection, twg wery important facts emerged. [} The
validity of Euclid'a dedurctions doss not depend in any
way an this psaumption being true. (i) We can con-
ceive of extended wholes whirh ase continuous and
have scveral dizmensions, liko the Spage of nature, but
which yet difer from the Euclidean kind of Space in
many of their propertics.  'Wo decide then o call wny
whole that sufficiently cesembles the Space of fature
& Spaer, but we allow that there are many possibie
wholes which agree to th!s extent and yet differ in
heir ini Math ici at first
coly made timid modificktiuns. in. Evclid’s axioms, but
as boldness grew with familinrity, they graduslly con-
sidered what, from the Eoclidean point of view, wers
wilder and wilder kinds of Space.

The important thing for us in natice & that the pro-
poaitions of any Aystem of pure geometry are menely
hypothetical, They simply stac that such and such
proposlticns follow from the axioms, when the terms
employed are defined by the definitions and postulites
of the system. We gught not tr say that the aogles
of & triangle wrr wgether cqual to two right angles,
but that, if a trangle be in the Space defined by
Enclid's axioms, this will follew. This fact is hidden
froes the beginner in mnhumnim becaune M the
S;m:e of natore ia to be Ei

and (4] figures aem eonmnn]r used in proving pro-
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poaitions.  But the truth ix that Sgures in

are used only as illustrazions, like stafistics in the Iate
Mr Chamberlain's tarifFreform speeches.  They play
no logical part in Lhe proof, as is showsn by the fact
that a propositlon about circles can be proved just as
conclugively with & rough rirle doawn in chalk on &
blackboard ax with ao accurate circke drawn with a
puruff F The real premises of the proof am
the axioms of the gystem, and the definiuons of the
termy which we are arguing abour.

When these Bcts are onge grasped it 15 easy W
e the connexion between the Space of physics and
the Spaces of pure geometry. We have arrivad, ny
whatever means, at the concept of one physical Space
—the single sideless box in which ail the phenomens
of nature are kept.  Thiy has various chamcmnsul: pro-

perties, such =z » thren k.
From this the pure mathematician generahses. He
takes a zelectlon of these prop as the definiog

marks of Space in gmral: and then, by varying the
various kinds of Space
and works out lhe:r geometry. At that stage, end not
till then, the question can be pur  * Of what kind is the
Space of nature?"  * Which of the vasious possible
Spaces accerds best with the Space ol physics?"

This i¥ the question: ' In whal kind of a box is
nature contained?™ It turns out not to be guite sa
simple as asking whether one's clothes are in o port-
tmanteau, & trunk, or a Gladsione bag In the first
place, the actual entanglement of physical Space with
Time and with Matter becomes highly relevant at this
point.  Foc instance, our geometry and our physics
are constructed to deal with diferent but intimately
connected factors in nature, which e ot met with
in isolati It is therek hle that seversl
different aystems of grometry will oqualty fit the spatiad
side of nature provided thet suitable modifications be
rinde in the forms of phyvical lews. Apart from this,
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there is the purtly matheziatical question as to whether
the difference betwesn Euclidean and certnin kinds of
non-Enclidean geometry be nat merely n difference in
the conventions for measunng a gingle kind of Space.
The first kind of complication is roughly comparable
to the passibility of a box which changes its ghape
acrording to the way in which we pack our clathes in
it. IF some bluf, dewnrigzhi person (such as an Oaford
tutor] then anks whether your box s a trunk or & port-
manteau, and iasistt on “a plan answer to & plain
guestion,” there is lLikely o be misunderstanding. Tt
i3 nex 80 easy 1o illustrate the second kind of complica-
tion abave, but perhaps the followi ana!ng)r
will be of use, The diffs of
two places might be defined sither by ‘the differencs in
length of a certain column of mercury when held at the
two places, or by the difference 1n prossure of 3 certun
volume of gas when it is mnshrmd from one place ta
the other. When s s
by the first convection, two pairs af poiots may have
the swme temperature-dhifferance ; when it in meagured
by the second convention the same twa pairs may have
different temperature-differences, Them is no guestion
ofnghtmmug:ntbemﬁ.Er,“Jmmm
of I difference, one of
which is more convenient for oot purpose end the
second for another purpase. Substitute *'distance
between twg poinm™ B ¢ tempertture - difecence
bemen two plrces,” and you have a case where two
of g ¥ mean, not two Spaces,
bat twe alwzoative wys of measuring & singlt Space.
80 much for the distincticn between the ooe Spuee
of the satural scientist and rhe many Spares of the
mﬂhemlliciln. Let us now sk ourselves: Wha is
1he ini of properties that the ardinery
sciennst ascribes to the Splw of nature? (i) He holds
that it i5 1n same sense cootinuous, and thar it hes
three dimensiocs. We ored not go into the accurate
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' o i o inutry ard di
Roughly we mesn lqr the bwmer that any (wo spaces
that do not overlap wre at once separated snd joined by
another space, and that all these spaces are parts of the
one big Space af nature. By saying that Space has
three dimensivos we roughly mean that three inde-
perdent bits of information are nesded to fix the position
of a poiot.

(ii) Again, the scientist wod the ocdinary layman
draw a sharp distinction between Space and the thingy
o Space. They hold that Spare, as such, never causes
anything. Mers pogition has no effect an any property
of mazter. 1f we move a bit of matter about, it may of
couzse change iz shape or sire.  The mercury column
af a thermometer will do this if we move it from outside
the window to & place near the Rre. But the taditional
witw is that the ez change in posivon i net coough
to actount for this. The length has changed because
the mercury has altered its position with respect o
ceriain watier in Space. The complete inactivity of
.Space is, [ think, for the plain man 4 mark that dis-
tinguishes it from matier in Space.  Whenever it setms
to hreak down we [ee] perplexed and uncomiorable. I
can illustrate this in two ways. (a) On the older
theories ol physics there was supposed ta be 4 peculiar
kind of matter, called Ether, that filled all Space. On
these theones the Ether was supposed to produce all
kinds of effects an ordinary matter, and 1t became almest
a family pet with certain physicistz.  As physics has
advanced, less and less has been found for the Ether to
dn. in proportion as this has happened physicists have
begun to ask: " Do we mean by the Ether anything
more than empty Space?” Qo Lorentz's theory of
eloctro-dynamics, it is dificult ta ses that the Ether iy
anything but the concept of absolute Spare; and tha
mminent scientist's attitde toward< it recalls Mry
Micawber's statement that she “'will oover desert
Mr Micawher.”
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[ G Iy, many L i have con-
oelved Spaces in which dlﬁmnce of position does make
a difference to lhe shnpeu and ::as u'!' hadies, and have
therehy,
Prof. Cltﬂ‘ord " m mmplz, and Elnslnn, in histheary
of gravitauon, is anether, Bur we do ot ax yee feel
commlortable with the theories of thig type, however well
they may expluin the facts, because they seem to involve
the action of Space on manter, and this seems to upset
all means of disunguishing berween the two, The
average ntelligent physicis will accept from the
mathematician any kird of Space that fits the observ-
able facts, 30 long as it does not act on matter, But
the wilder Rind of Spaces that the pure mathematician
can offer him he refuses o accept as Spaces at all,
becanse it ia part of what he means by Space that it
shall be indifferent to, and thus distinguishable from,
its content. [t may be ther we vught not to accept
this objection as ultmate, bacause the sharp separation
hetween the three conctpis of Space, Time, and Matter
has all the appearance of being artificial ; but in the
present chapter we ure confining ourselves to the tradi-
tional view.

Space then, at present, s to be themght of as a single
infinite, three-dimensional receptucle, in which all the
events of nature have their belng, but which is indiferent
to them.  If we refiect, we shall see that the evidener far
the existence of such an object is by no means obvious.
‘We can peither gee nor touch empty spaces; what we
see and touch are bits of maiter. Now of course most
things in whicth scientisis believe cannot be perceived
by the zenses; no one can see or touch & hydrogen
atom or a light-wave. Such objects are infermd by the

it from the perceptible sfacts which they are
supposed to produce, But Space is not even in this
position, For, a5 we maw, the gasence of Space on the
traditonal view, iy that it does not produce any affects,
Obviously then the axistance of Space cannot be inferred
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from its puppassd perceptible effects, since it is not
supposed to have any. If then Space is neither per-
ceived nor inferred, whence do we get the concept of it?
In dealing with both Space and Time there nre two
dusum:t ety of concepts used, wlmh we mlght el
and cafl The coll of

Spece and Time are those that belnng to them as
individual wholes. Thus the questions of how we come
10 bedieve that there is one Space, that it is Euclidedn,
that it can be diﬁ.inguisbed fmm l'ha matter 1o il, and
BO an, are af
space. On the ather hand, there are certain oom:cpts
that wpply, not 0 much po Space a3y an individual
whole, a5 ta every bt of space. These are distributive
properties, such as divisibility, order of paints on lines,
and o on. In this and the next chapter we shell
cenfine gurselves to digtributive properties of Space and
Time respectively ; it is only nt a much luter stage that
the question of one Space or Time, and its distinctioa

from things or ¢veals in it an be faced.

Now all the distributive properties that we ascribe
1o Sparr have thewr root in certain facts that we can
directly obsecve in our fields of wiew, and w a less
extent, in our fitlds of touch. Whenever [ open my
eyes | am aware of a varously coloured field, This is
extended, or spread oul, and this extendedness is the
rogt of my rotion of surfaces and wolumes, Again,
within the total field certain specially colovred patches
will stand out agamst & background ; £, there might
be twp gresn patches, which are in [act the wisual
sppearances of & pair of trees. Such patches bave
shapes and sizesy and here we have the sensible hasiz
of the concepts of definite figures. Then, between any
twe aoch uutshnding patches there will abways be an
ded bech d wath = diffe calour, which at
ance joing and separates the patches. I ~p, we am
in fact looking At two Lrees, standing up against a
cloudless sky, our field of view will congist of two
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chercterigtically shaped green patches separated and
surrounded by a blue extengion, In the visual field
there iy nothing to correspond to the notion of empty
space, for the whole field is goorupied hy some colour or
other.  Still, the visusl experience that we have been
dmibing docs suffice 1 give ua, in 2 rough form, the
of shape, size, betwoon-
necss, snd dnul Aod it sugg though 1t doas
oot by itself nerunlly give us, another concept. A Beld
of view docs oot come sharply te an end at s edges.
It fades gradually away, and the details become lems
and less definite the farther ity are from the cenire.
Thus thert is rothing in the experiance to suggest that
the ficld of view s an |ndependsnt wmplm whale; it
rather iiselfas a B of
This suggestion is strengthened by che fart that when
we move our heads alightly the new ficld of viow is ooly
slightly differant from the old gne. Some details that
were distiocé have become less so, others that were
indisticet have Decome clearer ; a litle that was present
bt vanished and a little that was not present has been
added at the extreme cdges ; but the bulk of the Seld
has scarcely altered. This confirms the Ffeeling that
any fiekd of view i3 only 2 {mgment of n larger whole,
and | believe that it is cne of the roots of the limitlesy
character which we ascribe tc Space.

Much the same concepts are crudely presentzd 1o us
in our tacteal Selds. When | grasp anythng i fecls
extended, and some things feel bigger than others
Again, if the thing has projections, 1 cun feel them
a3y smnding gut from 2 background of '* fecling ™ an the
same kind of way in which the green patches smnd out
from the biue background in the visual Geld  Bot there
ate certain peculiar facty connected with touch, and
more especinlly with touch in conjunction with move-
ment, which are the germ of the distimction between
empty and filled spaces. Had we been confined to
sight it is dificult 10 see how we could have reached
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this distinctioss, sinct the visual field, as we have
alzeady said, is everywhere full of colowr. (i) L] put
my hand on the top of an open tin bax [ get a peculiar
sensation, [ fesl & cold, sharp cutline, and, although
it would nat be true to say that there is no felt back-
ground within and wothout this, yot it is true o say that
it ig peutral and indefinite a9 compared with the bina
background of the visual feld in ocor example. (i)
“Suppose [ move my fingers along the edge of a mhr.
1 have a secies of ki h

by a strics of tactul 1 5 I

the movement until my fnger gets to “the end of the
ralar, and sull continue it aftérwards. The tactusl
seusations cease, but the kinmsthenc sensations go oo
just as before. The ctasing of the lactual sensanons
is the basis of the conctpt of cmptingss ; the persistence
of the kinesthetic sensations 15 the basis of the concept
that exténsion goes on 1n spite of the absence of extended
matter.

Masy of these vemarks, which ate here just throwa
out, will need to be more fully developed when we
come to deal with the collecuve atiributes of Space. In
the meanwhile we notice that all the information gained
in this way is 1y ctude, as pared with the
conoepty that we usa in geametry and apply 1n physics.
We see and feel finite surfacey and lumps of complicated
shapes, not the unextended points and the lines without
Breadth ol l‘ne genmmrs- And the spatial relations
that we can ise Detween
patches in wur fiekds of view are aqually eruds, They
are oot relations between points and steaight lines, hug
between rongh surfaces and volumes.  All thet I am
Maiotaizing 15 (hat thege crude objects of sense-aware-
ness do have properties that are avidently spatial, and
1hat we can set in them the germs af the refined noticns
of paints, stralght hiones, etc. The question is: " How
are the refined terms and their accurately definabie
relations, which we use in aur mathematics and physics,
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but cannot perceive with our senses, coanected with
the crude lumpe or sucfares and thair rough relationa,
which we actually do s "

The real problem is this. T:-r lati 'ruughﬁaiw
wolumeas, such A3 We CEn [x , are of
complexity. Aguin, the ¢ ecmlmulty and boundiessoess
of Space, as suggested 10 ua by our sense-sxperiences,
are vaguely felt, not intelleclualiy grasped. In this
state: it is impasaible 10 lay down theic laws or to reason
about rhem. Wm“mnlmdoum.mnlyu
finite Ggures and their fearfull, !
nelations into sees of termswith nlmplernnd mare manage-
able relations.  If we can do this succeasfully we ahall
have killed two birds with one stone. Wa shall have
done full justice to the apnl.l.l properiies of what we
can ive; for our dy is d tv be
uhlusﬂ.\'t And, on the other band, we shall be ahle
to grasp these properties and te reasan sbout them
in 2 way that was impossible while they remaloed n
the crude unanalysed state tn which we meet them
in senst-awarencs. 1 will glve examples of what I
mean, starting with very crude ones, and gradually
warking up to more refined cases.

(i} [f [ want to measure aa Irregular piten of ground
1 Erat try 1o divide it up intotriangles- Why? Becanse
the triangle i a simple fgure, and the areas of all
trinngles are connected with their linear dimensions
by a single simple law, Moreover, 1 can exhaustvely
analyse any rectilinear figure inte triangles. ‘Thus,
ingtead of lhaving to apply a diferent principle of
mensuration to every differeat recrilinear figure, 1 can
trest them all by this analysis 1o accordance with ane
simple law.

f1iy The notion of the disance between twe dnite
bodiey is clearly indefinits ; =0 too is that of the directian
of the line joining them. For there i ne ane distance
amd o0 cne direction In soch a case. Yt evidently
there in & certain relation between two such bodies,
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which ] can pecceive, and should like to be able to treat
mathematically. Two trees are at different perceprible
distances from 2 third, and one palr of them may
define a different perceptible dlretuou from ancther pair.
Thus thert wre crude p of d

and direetion, which we should like to be able toexpress
accurately and o treat scientifically. Now we notice
that the amalier we ke our parches or lumps the less
is tho inaceuracy in the aotion of ¢ distance between
themn or s direction detezmined by them. Suill, so
long a5 they bave awy anea or volume, the theoretical
difficulty rezsains. What we should like to be able
to da would bt to cut up our finile areas and volumes
inte sets of parts of we sizt, as we cut up ous irregular
rectilinear Rigure into a set of triangles that exactly make
it up, and to regard the erude complex relations between
the finite wholes a.s compounded out oi the simple and

definize relark these d paris.
Now this second example shows ug an important
general p ple and an general d

both of whu:h extend beyond Space and apply equatly
to Time and Matter. We find that the relations
between objects become simpler and more manageable
ax the objects become smaller. We thersfore want to
analysc finlte objects and their relations imo smaller
and smaller parts, and therr simpler and smpler
relations. But we find that when we try t0 pursue
this course to the biter end we land in a difficuley,
‘The relations da oot become really definite and manage-
able til) we have come to pars with s size or eventy
with we duration. And herr we wre faged with = dis-
continuity, whul we perceive is alwvays obyocts with
some magnitude and duration, end the relations that
our percepticn tells us sbaut wre always betwesn yuch
ohjects.  Have we any right in believe thar finite
ohjegts consist of parts of e magnitude, ar diat such
parts, if they exist st all, will bave relations in the
least likc those which hold between finite arcan and
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volumes? A poiot is something different In kind from
a volume or area, however amall. We know whet
we mean whea we zay that a big arta tan be cut wp
inty amualtor ones; but it is Dot at all clear what we
mean when we sy thac it can be cot up inte points.
The one thing that i3 certain is that the sense in which
paints are parts of volumes must be different from the
senge in which little volumes are paris of bhigger caes.
The latter nense of part antt whole is one that we find
exemplifisd amang perctived objects.  The former s
not, and we wre bound to define it before wa can feel
comfortable in using polnts and instants.

‘Wa cammooly slur over this difficulty by entartaio-
|||gr two Inmmpall'blu nﬂtmu.u nfpomtu, and using Lhm

This

is ot nnﬁmhlr o menloghns. and to business mes
g thei i fory of } When
we want to talk of an arts as analyzable into points we
think of pelnts as littie volumes. 2f we feel qualms
abaut this we usually suppress them with the excuse
which Midshipman Easy's nuorse gave for ber baby,
that “after all, it wax a very Htlle one.” When we
want (o think of points as baving sxacly definite
distances we take them to have ““position but no
magnitude,” a3 Euclié put it. Now nothing will make
thexe two i of points i with each
other. Either points are extended or they are not
1f they are nct, how can they fir together along their
sides and edges (which they will not poesess) to make
n Bnite volume or area?  If they are, in what sense
can you talk of s distance between them, or of s
direction determined by a paic of them? To call them
infinitesimal yolumes or arean only darkens counsel;
far the word infmilenmal bere mlylervuwmwrthe
attempt to bine these two 1
Tbemlhodbywhmhmdlﬂcultluuthue
have been overcome ia doe to Whitchead, who has
Intely worked it out in foll detil in his Proscipes of
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Nawrad Kwowledre, and his Comatsd of Namre, two
epoch-making works. To explaln it in full would take
us into reglons of mathematical logic which 1 do not
Propose Lo peénetrate in the present beok. But the
problem is s importast, and the met.hml. is of such
general ion in bridging the gaps b the
crade facts of sense and the refined cancepts of mathe-
matical physies thar I shall give & sketch of it

The first thing to notice s 1hat it does nat in the
least matler to science what is (he swwer wafore of 2 term,
provided it will do the work that is requiced of 1. 1f
we can give & definition of points which will make
them fulfl & certain pair of conditions, it will not mateer
though points in themselves shoukd turn out o be
entities of a wery different kind from what we had
supposed them to be. The two conditions are (i) that
points must have to each other the kind of relations
which grometry demands: and {if) that points must
have to Anite areas amxd volumes such a relation that a
reasonable senze can be given to the saiement that
such areas and wol can be exh iy Iysed
into sets of points. Axy entity that aosws theu
copditions will do the work of & peist, and may fairly
he called 2 povar, no matter what its other properties
muy be.  This important fact, that what really matters
10 gcience i3 oot the inner nature of objects but their
mutual relationn, and that any set of terms with the
right murual relations will apswer all scientific pur-
poses a5 well as eny other et with the same sort of
relations, was Srst mecognised in pure mathematics,
‘Whitehead's great merit in ta have applied it to physics.

I will fizat illostrate it from pure mathematics, and
them ransider its application t0 aur presect problem.
Congider such irrational numbers as /2 and /3.
Why do we call them mwmders? Simply because they
obey the formel laws of additien and multiplleation
which integers, like 2 and 3, obey; ie,because they
have to each other relations with the same Mrmal
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P as the relations that hold b i
Now numbery like 2 ami..fs were at fizst defined as
the limitg of cermin series of rationa]l numbers. Thus
1 wa3 defined a3 the lmit of the serles of rational
fractipns whese squares are less than 3. Similary /7
was definad as the limit of the series of mtional Fractions
whaose squaras are less than 3. Then you can defing
what you art going to mean by the addrties snd
multpphcation of such limits.  Thesa will be new
senges of addilon end multiplication. The sign +
does not smand for the same relation when we mlk of
/34 4/3 an when we mlk of z+3, But addition and
uitiplication, in the new sences, have the same foomal
properueés as they have when used in the old sensc.
Thus, ef. o/ TEa/G=afa+07a just 83 3+3=3+a.
We have exteoded the meaomg of addaer and
simiicpiecadion , but, aa they have precisely the same
logical propenies in both senses, no harm is done by
uslng the same name for both, nml talking of lhe
and multiplication of ircati C
there is no harm in calling 4fa and /3 members; for
we agreed thar any set of entides were to count ax
numbecs, provided they bad to each other ullhons with
the same logical prop as the rel
familiar numbers, lLike 2 and 3, possess. Now all
reasoning depends znticely on the logical or formal
properties of the objects d about, and theref
we can henceforth ressen about irratiomaly as if they
were ocodinary numbers.

ia exacily the same way, if we can define abjects
which bave to each cther mlnnnns with the same formal|

ies as the ref il points,

these chiects will do all the work of | points, end can be
called points, whetever their intercal structure may be,
Oance this in grasped an initia) difficulty can be re-
moved, We are apt 1o think of points w5 inicznally
simple, becuuse they are mid to have oo pars and
ne magnitude, But pone of the usex to which we
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put pomls in geomﬂry or physics d.epend o ihis

d internal mimpi The Inexs of pointy
depends entirely on the fnut. that any pair of them
define & unigue relation with very simple logical
propertias, viz., the siralght line joining them. Now
we see that owy rermt whatever thar am related
each other by a relation with these propetties will do
this part of the work of points.  Henoe we must not be
surprised if we should find that points are not really
simple, bul have a complex intercal logical structure.
Ths is what we rhad find, But we shall alse Bnd
that, in spite of the logical complexity of points, &
clear sense can be given to the statement that they
have no parts and no magnilude.

‘We can now goa step (urther. I said that irrationals
%sef to be defined as the hmits of cocrtain secies of
matipnals, They are not 30 defined nowadays. Why
ig this? The answer is that, if we define them in thix
way, it is oot cortawn that there ig anything answering
to the definition, /2 15 said ta be the limit of the
series of rationals whose squaren are legy than 2, Bup
how do you know that this series hag a limitarall; e,
foughly speaking, how do yuu know that there exists
1 number which the series continually approaches, but
never reaches?  The fact is that we do not Rnow it and
cannot prove it. 1 follows that, if we define irrationals
in this way, it is not certaln that there are any ima-
tionals; /2 might be a symbe] which swnds for nothing
at ail, Ixhe the phrase ** The present iing of France,™
which has a mesning but ne application. We want
therefiore to get o defnitlan that shall amount ta much
the game thing as the definition by limits, but shall not
Issve ug in any doubt as to the exigtence of samething
answering to it

Tow very much the same difficulty arises ovet pointe
I will put it in this way, We ore nuunlly mmped o
define points a5 the limits of certain sevies of areas or
volumss, just a5 we dofioed icrationals as the limits of
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certain series of atiogals.  And these piad defini-
tiong are steps in the right dirsction.  But they am aot
ulgmptely satisfactocy, becauss they leave the existence
of points, as of ircationals, doubtful. Let me ilustrate
this with regard to pointz.  We saw that, as we take
gmaller and sroaller areas or volumes, the spatial rels-
tions between them become simpler and more definite,
Now ww can jmagine a series of areas or volumes, one
inaide the gther, like a nest of Chinese boxes. Suppose,
e that it way a et of concentric spheres.  As you pass
o smmaller and smaller apheres 1n the series you gel to
thingy that have more and more approximately the
relabong which points have in geometry., You might
theraiore be tempted to define a point, such as the
common centre of 1he spheres, a3 the limit of rhis series
of spberes ope ingide the other. But at once the old
dificuley would arise: ‘' Is there any reason to suppose
that thiz series has a limit?" Admittedly it bas no
Inst térm ; you can go on finding spheres within apheres
indefinitely, But the mere fact that it does not have a
lagt term i3 no prool that it does have a limit. The
limit of an endlesy series might be described ag the fimt
tezm that comes after a)l the terms of the endiess series.
Bur thiy implies that the series in question forms part
of zome bigger saries; otherwise there is pa beyond.
Now it is not at all ohwious that our endless Series of
canttatric spheres does form pant of any bigge: series,
or that thers is any term that comes after every sphere
in it. Heuce there is no certainty chat points, defined
us the lizits of Fuch series, exist.

Hoaw i3 such a difficulty to be overcome? [t was first
overcome [or irratipne] nompers, and Whitehead then
showed that it might be dealt with in the same way for
points, The solution will at first sight strike those who
are unfamiliar with it as 2 mere dsur de force [ neverthe-
Jeay it | perfectly valid, and really docs the trick,
Instead of defining /2 as the liwif of the series of
mational nucshers whose squares wre leas than 3, it is
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defined as fhir mees ateedf. That is /2 is defined as
the series of wll rutonal numbers whese squares am
less than z. There is na doubr that there i such a
thing ma /3, sedefincd.  For there inly are rational
numbers, like t and 142 and 23, and s0 on. Axd it
is certain that the squares of some of them are Jexs than
z, that the stpaares of others of them are prexter than a,
and that the squares of pone of them are equal 1o 2.
It is thercfore covtain that there s a definite class of
rationals whoss squares ars less than a2, and that it
bas an infinte number of members. [t 5 equally
cerimin that the numbers in this class form a saries,

when ged in order of magnitude. Thus there is
no doubt of the existence of the sertes whach 1t sid 1o
be the meaning af /2

But the difficulty thar will be felt at Grst will be a
different voe. The reader will be inclintd to say: "1
doa't doube that /5, us defined by you, exisa; whas
T very gravely doubt is whether, as defioed by you, it
s what [ or anyone ¢lse mean by /3. By ./3 [ undes-
stacd a certain number of a peculiar kind; I do not
mean & seried of numbers or of anything else.” The
answer to that difficulty is that series of this kind will
SeTVe every purpose for which {rratianais, it o/3 and
o/ are uzed in mathematics.  You can define sddition
and multiplication for such series, and dwy have exnctly
the same logioal propertics ax the additi
cation of integers or of rational fractions. Lnstly. u.hng
thiz definition of /3, you mn give a periectly definite
meaning to tha yitemect that the iength of the diagonal
of & square, whose sdde is of unit length, & represcated
h)f.J_. The position i therefore. this. The definiti

Ii!lim hing that inly oxists.

And this somethinrg has all the formal properties and
will do all the work of irrationals. The sole obnecth

o it is that it is paradoxical, in 5o far ay it asgigns a

leex imternal te irmationals which we did

not suspect them of having,  Buy that abjection iz really
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unimportant, becsuse of the general principle that in
science it is enly the logical properties of the relations
berween pur terms that matter, and not their intarnai

logical The: chjection in just m prejudice o
he gat over, like our fne.lm.g lh.ll the mhlblunm of
lia must bo iging un to the aarth

by suction, like flies on a ceiling.

Now we dosl with the difficulty about points in an
waactly similur way. We should like to say that poiots
are the limits of series af smaller and smaller volumes,
one ingide the other, like Chinese bours. Bout we
cannot feel any confidence that such series hawe limits
and therefore that points, sp defined, px:st  Now there
in no douwbt that such series themselves exist; ordimary
perception makes us acquainted with their earlier and
bigger terms, and the assumption that Space is con-
tiguous guarantees the later ones.  'We gze, on reflection,
that 11 is of the very natereof any arex or volume to
have parts that are themsslvey areas or volumes, We,
therefore, boldly define points, not a5 the limits of such
scrics, But a3 such mlu themselves. This i3 exactly
like the [ d i d in defining i

Thm are cerinin ad.d\mnul difficulnes of detail wm
defining pointy, which do notarise in defining irrationals.
[ will just indicate them and
mofer the reader to Whitehead for
the compiete solution of them.

fi} There mey bo a great many
@ different series of comverging

volumes which would sll com-
monly be sid to converge to the
same point. This ix illustrated
for mremn in thy figure above,
where 1he series of citelea and the meries of squares
might equally be taken to defins the polnt which is
their common centre. Now, of coursa, the point cannot
Teascnably be identified with one of tiese scrics Tather
than with another, We, therefore, define the paint, not
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a3 any one of thase seriey of converging volumes, bat as
the clags of atl the volumes in any of the series that would
r.ommonly be said o converge to the point. (i) Not
all series of ge to paints;
SQMe CORVErgE to Im.-_!, and others to arcas. An ex-
lmple of a series of wrpas converging to u atraight
lina is ﬂlustratled I:!lo\v {It should be noticed that,
Ithough o wmplicity of drewiog [ have always lakeo
series of wreas in my diagmms, the fusdamental fact
is semies of sedwwer, and areas need definition, like points
und hres}
The gencral principle is, however, always the same.
Puints, struight lines and areas are all defined as series
of converging valumes  But the serivs that define points

differ in certain assigmabie ways from those that define
straight hnes, and thess in turg differ jn certain assigo-
able ways from thase which define areas. Orndunery
perception gives ug examples of each kind of stries,
and the only difficulty i9 1o stz in formal logical terms
these dilferencex which we can all vaguely see and feel.
Ta do this properly is, of course, a very hard job, bur it
can be and hes been done.  Many of these additional
complications arise because Space has three dimensions,
whilst the serirg of real pumhers has only one.  Conse-
guently, ss a2 matter af history, moments of Time wern
deficed in this way before pointa of Space,  Time focm
a une-dlmellsmnl.l genes, like the real numbers, and,

AR eagier p than Space for this

method.

Refore going further [ want to remove a legiiimate
ground of doubt which will probably be in the minds
of most careful readers to whom the subject is new.
Many will say: " This is no doubt highly ingenious,
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but are we not merely moving in a circle? May oot
the theary be summed up by saying that pownts are
thase serics of volumes that converge to poins? I so,
are we not planly umng the noboa of point m order to
define it?" This would of coursn be a faml shjaction
if it were well founded, but it 1= not.  The theery may
roughly be summed up in the statemeot that & polnt
is & senes of volumes that would emmoniy &2 sad fe
awtersr to that point.  The whole question is whether
the common phrase " comverging to the point 2 really
involves  relecenet to points [ it dees the defnition
of poents is circular and useless: if it does not there is
no vicious gircle in the theory. Now the easznce of the
thecry is thar it can state the meaning of such phrases
as “‘converging ta = point” in terms which invelve
nothing but yolumes and their relations to each other.
We see certain series of volumes which we say * con-
verge to & polat,” 2. seties of concentnc spheres, We
see other series of vulumu al‘whlc‘h we do not say this-

Here is a iple & ible objects.
This ddl'erenee, which can be ;een and felt, must bn
in terms of and their rel

each other. It cannot reatly invoive a relation to some-
thing that can neither be seen nor felt, such wa a poiat.
Thus a series of yolumes is said to converge to 2 point
simply and solely because of certain relations which
hold between the volumes of the series.  Another seriea
of velumes is sald ot to converge to & point simply and
solely because ctreain other relations exist between the
volumes of this stnes.  These relations, as well as their
terms, are perecpuble, and this is how w¢ comre In
distinguish twer such series. 1t only remaind @ gate
the difficrences of mlnbon, which can thus be seen wod
felt, ia definite termts that can be grasped by the intelisct,
This the present theory does. For example, a series
of eonforal conicoids could be defined as ooe whose
members ¢ut each other at zight.angles; a definiton
whith makes no mentico af their common focus, but
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#imply mentions z relation which the members of the
stries have to each cther. There i thus no circularity
in the definition of polnts by this mrethod.

The method which we have been sketching, by which
the accurate conceptz of science are defined in teema
of perceptible objects and their parceptible relaticns, is
called by Whitzhead the Principle of Eximurce Abstra-
#em, Our pext question is. Do polnts, lines, eic., a3
defined by E. ive Al ion, fulfil the condit
that we laid down for them at the beginning? The
Brst was that they must have to each other the sort
of relations thal points, etc., are said to have to each
other in geometry. For instance, two points must
dtfine 4 unigue relation with certain logical properiies,
wiz., the straight line that joios them. TIntersecting
stralght lines must define planes, and s0 on.  Points,
strasght lines, and planes, defined as sbove, do in fact
have relations of this kind to each ethez.  The detalled
proof of this must here be taken on trust, but 1 shall
talke one mxample o indicate roughly the way in which
these resulis come about. Take two different series
of concantric spheres, ane in one place und the other in

» Chease any sphere qut of oot set and any
sphere out of ancther. There will be & certain crade
perczptible relation between them. For instance, ag
shown in the diagram below, there will be 2 volume

which conpacts and contains boih of thez, which does
not whally contaio any pair of larger spheres in the two
seriey, but mort than eontaing any pair of smaller spheres
in the two scries.

Let us cull this the confmrwsng voduwe of the selected
pair. As we take smaller and smaller pairs of spheses
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from the twn serles it is easy to see that the corme-
sponding containing volumes form n seriey of Chinese
boxes of the usual kind, Mow this yeries of containing
volumes is obiously of the sort that defines & siraight
line. Our two series of spberes are of the sort that
defint points; the points that they define are what we
commanly call the centrex of the two systems. Aad
it i3 easy to see raughly that the line defined by the
wries of containing velumes is what we call the line
Joining the two centreg.  OF course, for accurmte mathe-
matical treatment, many more refinements are needed 5
but [ hope that tbe example will suffice to show in a
rough way how points, as defined by us, determine
strmght hnes, as defined by us.

The second condition which points had to fulfil was
that it must be possible to give a clear meaning to the
staternent that finite volumes and areas can be complecely
analysed into sets of points. Mow we can gee at once
that, whafever & point may be, it ig certmin that it cannot
be part of & yolume in the sense in which a litle volume
can be part of a higger one. The latter iy the funda-
menisl relation ; it holds only between finite volumes,
and it iy perceptible. In this smose poiots, bowever
defined, coukl not be parts of volutes, Divide 2
volume ag long a2 you Wie and you will get nothing
but smaller volumes. Put points together as much ay
you like [if this permission conveys anything to yon)and
you will not get any volume, howerer small.  ln fct the
whole notion of 'iputting tagether™ points I whsord,
far it tries to apply to poiots a relation which can only
hold between volumes or areas. ‘To put together means
to plage 5o that the edges touch ; and a point, having
nt area or volume, has no edges.  We sec then that,
whaterer definition we give of peints, we must not
expact them to be parts of volumes io the plaio straight-
forward sen=e in which Ihe Great Court is part of the
college bulldings of Trinity. It is therefore no special
objectlon to our definition of points that points, as
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defined by us, could not be parts of volumes in the
plain straightforward senye,

The =ense in which & peint # i coptained in »
volume v is roughly the following,
coatained in v if, after 1 certain
woiome has besn reached in the
seciex that defines p, all sub-
sequent valumes in this saries
are parts, in the pluin staight-
forward sense, of the volume v, The disgram illustrates
this definitian.

The sense in which any volume can be exhaustlvely
analysed into points is roughly the feliowing: Any
pair of volumes of which both are contained in v, but
of which se¢ither is whally contained in the other, belong
to seriex which define differenc points; both of which are
contained in v in the sense just defined.  OFf course both
thess definitions need further refinements to cover all
cages that can arige,

Now what precisely has besn plished by xll
this? We have shown the exact connexign berween
what we can and do perceive, but cannot deal with
mathematically, and what wa can and do deal with
mathematically, but cannot perccive. Wa perceive
volumes and surfaces, and we perceive certain relations
between them, viz., that they intrsect, or that one is
<ontained in the other, or that they are separated and
both coatained in some third velume or surfaice We
do not percelve the points without volume and the lines
without breadth, in terms of which geometry and physics
wre stated and worked cut.  On the one hand, we cancot
make geometry into & deductive science at all except
in termg of painte, ste. On the other hand, we want
1o be ahle to apply geametry to thn sctual world, and
not to trest it an 2 mers mathematical fairy tale, [tis

thar the ion b what we
prreive, but cannot directly treat mathemaiically, and
what we cannot perceive, but can treat mathermatically,
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should be made ciear. This iy what we have tried to
da, following the method of Extensive Abstraction laid
down and warked out by Whitchead.

1t seems o me that the more we refiect the more
cleacly we see that something like the ‘course that we
hnve followed is -y if the appli of Y
{and atso of mtional mechanics) to the real world is to
e justified. The world of pure mathematics with its
peints, straight hnes, and 'plln!s. its particles, 1ngtants,

and y coniig has an app af
unnatoral smogthness and tidiness, 25 compared with
the rough plexity of the p woekd, Yt

the laws of geometry and mechanics came out of the

study of that world, and return to it in the form of

applied mathematics. What I have tried to do is to

show in rough outhne how the two ase copnectsd, in

the hope that the reader may be encouraged ta congult

the onginal authonties to leam how the same method
blishes the don in the mi details.

1 thunk that pessibly two difficultes may shil remain
in the ceader’s mind. (i) He romy say: ' Men used
geometry for theuzands of years, and appled it and
yet they knew nething of these defintions of points,
strafght Tines, and planes.” 1 answer that chis is
perfectly true, and that it perfectly illustrates the
difference  between the spemal scences and Critical
Philnsophy. Certainly people uged the cancepts of
point and straight line, and used them correetly as the
regulis show. But equally certainly they had the most
confused ideas as to what they meaat by poinis and
stralght lines, and coukl oot bave explaned why a
geometry stated in terms of these mod their relations
should apply 80 accurately to & woeld in which nothing
of the kind was perceptible. 1t iy the business of Critical
Philosophy not to rest content wn:h the wmnsful uze
of guch

but to thair and
thuy determios the Emits within which they can nﬁ:ly
be employed.
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{il) The gecond question that may be asked I3 : ' Do
points, strught lineg, etc,, really exsst in the same sense
as valumes, or are they merely convenient and perhaps
indinpensable fictions?" This seems w me to e
an important point, on which even authorities like
Mr Russell often spmak with a strangely uncertain
wvoice.  [Probably Mr Russell mlls certun things,
which he thinks can be defined ia this kind of way,
" fctions," from the sams motives an led Mr Pope,
according ta Dr Johnsan, to wnte the lines:—

“ Lot modant FotTeR, 1f he wll, exvoel
Ten metmpolitans in preschotg well %

The right answer t the question appears o ma o be
the following : Pants, etc., us defioed by us, are not
fictions ; they wre not mede by cur minds, but discovered
by them, just a5 Amecrica was ditcovered, and not
created, by Columbus’s voyage. On the other hand,
they do not exist in precisely the same sense in which
fiaits yolumes exist. They are teal in ther own kind,
but il ls a diffierent kind from thay of volumes. 1t is
th il 11k of our senses thal

h ne mere
we unnot perceive the points and wraight Lines af the
geometars, whilst we can see and feel volumes, Only
particulars can be parceived by the senses; and pants
sre not particulars. They are clasges of series of
volumes, or, 19 be more sccurstr, are the logical
sums of such classes. The volumes and the series
of volumes that define points axist quite hieerally,
and the earlier and bigger terms of these series can be
percelved. The paints themselves are mther compli-
cated logical functions of these. They exist in the
zense that they are determinate functions of real scries
of actually existing particulars.

haps an dlustration from aanther region will
make their mode of belng clearer to some people.  The
curve called m grafned is trmeed mut by a point on the
cirtumftzence of a circle when the latter rolly aloag &
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atraight line. Now the arches of Westminster Bridge
are cycloidal, and can therefors be regarded as due to
the rolling of & cortain crele en & certain streight line.
Now suppose we wero asked whether this carcle actully
exitts or is & meee fiction.  In one sense ] answer that
It does nat exist. 5o far as 1 know, no physical circle
actuglly ralled at some date in the world's history
oa & physical srighi-edge o produce the erches of
Wostminster Brndge. Om the cther hard, the circle is
Lot a mere fiction.  The cycloidal arches really do exist,
and the cirtle corresponding to them i complemly
determined by the shape and xize of these arches. This
conncaion is @ real fact, ahsolutely independent of our
minds and their sperationz. 1 therefore sy that the
circle exists, in the sense that it is a detarminate function
of the arches, which exist in the ondinary sense  Points,
straight lines, etc., as definad by us, exist in the same
stusc as the circle determined by the wrches of West-
minster Oridge ; the panicular series of volumes which
define points exigt in the same aense ag the arches
themselves,

Addivonal worka that may be coosulied with
proft:

AN WHITFHERT, Seineipler of Naierod Kwmoledpe, Pant 111
- Lol of Waturr, Cap 1V



CHAPTER II

Alies wenr “1 t]unl u mught da sgmething
bﬂmr w:ﬁ tha !.Imel‘,ihz j-n than wasts st dukoog reldlos
LR o0 anawers "

"Il know Tune as well 2a T do," anud tha Hatter, ~
wuldny"tmhll whout wasting i "' do, ym
[Lewin Cameciyr, Akot ww Wondalind.)

‘The General Problem of Tima and Change

Wy have now said as much about Space as can be
said with profit before itz relations to Time and Maer
have been dealt with. We have shown at least how
the concepts, such as polnts, lines, planes, eic., which
art oeeded, whatever view we fnally take of Space,
are connecked with the mugh, untidy facts that we
can perocive. 'We have nol, however, explained why
ihere is suppused to br ome single Space i which
all the events vf nature are located, nor hew things
have piaces assipned to them int.  This can only be
dooc at a later stage. [0 the meanwhile [ proposs to
treat the concepts of Time and Change, as they appear
ut the same level of thaught.

At first sight the problems of Time look very much
like thown of Space, except that the single dimension
of Timr, as compared with the Lhree of Space, =eems to
promiss greater smmplicdty. W shall point out thesa
analogies at the beginning ; but we shall find thar they
arc somawhat superficial, and that Time and Change
are extremely difficult subgects, 1n which spatfal wnalogies
help us but lictle.

The physiost cenceives Time in much the same way
as he concmves Space.  Just as he distinguishes Spaoe

I
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frpm the matter in it, %0 he digtinguizbes Time (rom
evants.  Aguin, mere diference of position in Time is
supposed to bave no physical consequences. Tt is true
that, Il 1 g out without my overcoat at 2 a.m., I shall
probably catch eold; whilst, if 1 do so at z pu., I
shall probably take no harm. But this difercoce is
never aserlbed to the mere difference in date, but to
the fact that diferent condidons of ttmpersture znd
dntng will ba porary with my twa expeditions
Again, Time, like Space, is suppossd to be continugus,
and physicisn suppose (or did o untll quite lately) that
theze is a single timeseries in which all the zvents of
natuze take place. This series is of one dimension, 5o
that, a5 Rr as appeam at presant, Time is like & very
simple Space congisting of 2 single struight line.

Just us we treat our geometry in terms of unextended
pointy and their relations, 50 we teat our chronometry
in tarmy of without dusation and theer rel
Dusration in Time corrtaponds to extension in Space.
Now, just as we aever perctlve polnts or tven unex-
tended particles, s we are never aware of morents or
of momenwary events. What we are aware of is finits
gvents of variouy durations. By an.svess [ am going
o mezn anything that endures at all, no matter bow
10&:3 it Ixsts or whether it be qualitagvely aliks or

at adj slages in ity history.
This is wntnry to common. usage, but common usage
has pothing 1o recommend it in thi= maner, We
usoally call a flash of lightning or & motor wccideat
an tvent, wnd refuse to apply this nmme o the history
of the cliffs at Daver. Now the anly relevant diference
between the flush and the cliffy is that the former lasts
for a short tiwe and the latter for a long time. And
the only relevant difierenca betesen the accident and
the cliffy iy that, if successive slices, each of one second
long, be cut in the histories of both, the contents of &
pair of adjmoent slict= may be very different in the fiest
case and will be wery similar in the second case. Such
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merely quantitative differences as these give no good
ground for calling one bit of histery an event and
refusing te call anoﬂwr blt of history by the mme name.

Now the temy jons whith we perceive umong
events are similar to the relabons of plﬂil.l of complete
averlapping which we can pezceive in the tase af twa
extended objects, like a pair of stcks. The posaibla
time-relations between two events can be completely
represenied by taking o zingle straight line, letting
" lefi-to-right " on this stand for ' earlier and later,”
and wking two siveiches on this line 1o represent a
pair of finite evenis. Lat AR and CD be two cvents
of which the fatter lasts the longer ; then the poasible
tempocal relations between the twg wr represented by

the nine figures piven below.
g E L v5)
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The most general kinds of relatlon between finite
events are those of parial pretedenoz and partial
subsequence ; the rest can be defined in terma of thege,
From thele crnde perceptible data and their crude

the of ¥y events
lml mnmnnm can be abtained, and their exact relatigng
determined, by the Metkod of Extensive Ahstraction,
I believe that, ax 2 matter of history, one of the st
successful applications of the method was made by
D Norbert Wisner ta this very prablem,

‘Ghe motives that laad us tn apply Extensive
Abstraction 1o Time are the ssme 25 those which lead
s to apply it 1o Space.  As sclentists our main interest
is to discover taws conzecting events of one kind with
events of other kinds mt different timec Now, just
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as the 2 el of finite vol , 13 such,
are of unmanageable complexity, so are the causal
relations of events of fpite dumtion, There is no
ximple relation between the contents of one hour and
the contents of ancther. But the shorter we make
our events the simpler hecome the relstions between
tham. So, Gnally, wo state our inws in terma of sg-
ralied " mamentary events” and their exact relations,
und we “'apalyss™ finite sventy into gets of momentary
oars, and explain their relatons in terms af thoge of
their momentary “ parts” Everything that has teen
aaid of this procedurs in geometry applies, wesfeoi
weitandis, to ita ust in physlcs  Momeotary ‘! evens "
are not really evens, any more than points are linle
volumex, A momentary event is nor * part of™ a finite
one in the plain strmightfotward sense io which the
event of 3 mlnute is gart of the event that occuples
& certan hour. The meanings of all these cobocpts,
and thelr relatlons, have to be given in terms of
perceptible entities and e relations, by owans of
Extznsive Abatraction.

What wa hzave been saying is most exceliently
illustrated by the scicncn aof Mechanics. What we
wanot tn deal with there is the movements of fimite
bodies, like whenls and planeis ; and we want to treat
their changes of pusition and metied over long panods
of time. Ta dg this we have ficst to analyse the finice
bodies into ucextanded particles, and thez to snatyse
the finite eventa into momeatary ones. The laws of
Mechanies are only slmple when (hey state reiations
1 i of ane st of par-
ticles and & later or elrlwr coafiguration of the same
or asather sot of particles. The gap beiween the
perceptible facts, that we are uying to descrlbh and
predigt, and the imp znd
in terma of which we have to freat Ll!e fiﬂﬁ. is hndsu‘l
by Esitasive Abatraction, appbed bhoth 1 extension
in Spmos and ko duration in Time. Mechanics is &
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kindd of geometry of events, which has to take ancounc
of both their spatial and thelr temporal characteristics,
Geometry in the kind of mechanics which sesalta when
we confine gurselves t¢ a single moment, and omit the
tempar] charncteristics of events. These are, of course,
only rough general statements; but they arc perbage
illuminating, wnd they will be mare fully explained
Inter.

Sa far, the wnalogy between Time and Space has
seemad to work very well, Duration has corresponded
to lengt.h, bufnrp and aftor & nght and left, and

plets mulusi lapping. But, if
we reflact 2 htlle mome carsfully, we shall sme that the
analogy between before sod sher and dght and left
is not »o illumiosbing as it seems aL first sight. The
peculiasity of & scries of events in Time is that it bas
net oaly an intansic ender but alsa an iatringic sems.
Three peiats on a straight line have an intrinsic arder,
rt. B is between & and C, or C is between B and
A, or A Ix between Cand B, Thls order is |ndepend.enl
of any taclt ref 1o g the line
it & cermain direction. By difference of sense T mean
the sort of cifference which there 1s between, say,
ABC and CHEA, Now the points on w atrmight line
de not have an intrinzic sense. A senss 1 only
assigned ta them by norruhum with the Jeft and right
hands of an imaginary y or by thinking of n
moving body taversing the hine in such & way that
jts pressnee at A Is eaclier than its presence ar B,
and the Ilatter i saclier than its presence at C.  [2
fact, if we want & spatial acalogy to Time, # iy not
engugh to usz a struight line; we noed & straight line
with & fixed senge, . the gont of thing which we
wszally represent by a lise with an amow-head on it
Neow the points on straight lines do not have any
intrinzic senge, and su the meaning of the arrow-head
iz only suppled by to hing which is at
ope point Agfbry it gets to wnother. Thus to attempt
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to undwrsmnd beforw and after by asalogy with &
directed line is in the end circolar, since the line only
gets its senxe through a tacit correlation with a series
of events in Time.

Naow the intcinsie sense of a series of eventa in Time
in exentlally bound up with the distinction berween
pant, peesent, and future. A precedes B because A in
past when B I present. We may begin by asking
whether there is any spatial analogy to the distinction
of past, present, and foture. We ghall find that there
in, bot that once mare it 13 not ultimately nsaful, because
it involves a reference to these very tempoml character-
inties oo which it is supposed to throw light, The
obvious .-n.-lugy 1o Now in Time in Here in Spnm.

Hevn IB primarily L'hn namg nf a cartain regioe in

of i that one's bady
can take up. When Her is used a5 2 predicats, as
when 1 any, " 50 and 30 is hers,” I mean that 50 and
so Is within a region whose boundaries I can reach
with little oc no walking. The peculiarity of Hev is
its peculinr kind of ambiguity. Hev, as used by me,
is understood to describe a different region from that
which ix deseribed by the same word, as used by you.
As used by me, 1L means * noar me” ; as wsed by you
it means ‘*near you." It in thue & word which bas &
partinlly different meaning as osed hy every differant
ohserver, simply becausa an estentisl part of its mean-
ing i 3 relstion to the partcular observer who is
uEing it

We must notice, howevetr, that Have has 2 second
ambiguity. 1t not ouly hax a different meaning as
used by you and by me at the fame time, it also has
a different mezning ag used by either of us at different
times. By Nemr [ always mean that region which is
near me ut the time of speaking. This difference of
meaning &t bwo moments meed noet betray itself by a
difference of application, though it often does. [f I
mtand stili for Gve minutes the region which 1 call
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Here px the ead of the time will be the same as that
which [ calied ere at the beginniog: but, if T have
maved, the diference iz meaning wilt also be accom-
panied by u difference in applicaticn.

We can, of course, extact a general meaning of
“hereness™ ; it means ‘' nearness ta an cheerver who
uses the word ffave, at the time when he uses it.” But
obvicusly Here Is & descriptive phrase with 2 double
ambiguity, aince It refers both to & certain person and
to & certain date in hiz history, and does not become
definite i}l these two blanky have been Gllad in by the
conlext,

k in evident then that Here i oot guing to help ux
to oderstand Mow, sioce 1t contains an essential refer-
toct o Newe, We must therelore treat past, present,
and future on their own account, without expecting any
help from spatial analogies. Now, the present does
have & systematic amhlgu:ty such s 'u nouud in
Here,. Whether it o
the particular ohserver 'ﬂm uses it [ will not now
discuss. The traditional view is that it is neurrml as
between various observers, but we shail Inter see reason
to doubt thiz, However thiy may be, it is certainly
ambiguguy in another sense, Every place 10 which
an obeerver's body can go is m possible Here.  In the
Aame way covery ovent sither is, has been or will be
Niw, on the andioary vitw, provided it be short enough
to fall into what psychologists call & Speaows Preme.

We are naturally tempted to regard the history of
the world as existing elernally in & cermin order of
events. Along this, and in a Bxed dicection, we imagine
the charscterigtic of preseniness as moving, somewhat
like the wpot of hight from & policeman’s bull's-eye
traversing the fronts of the houses in a street. What
i& llluminated js the present, whal has been illuminatad
it the past, and what has net yer been illuminated is
the future. The fact that the spot is of finite ara
expresses the Gct that the Specious Present is oot &
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mare point but Is of finite, though short, dusation.
Such analogles may be useful for some purposes, but
it ia clear that they explain nothing. Oa this view
the series of events has an intringc order, but no
intriesic sense. 1t gaing n sence, and we become able
to talk of one event ay earlier than wnother, and nut
merely of one event as between two others, becauss the
aitribute of presentness wmsoer along the series in a
tixed direction, Bur, in the firat place, the lighting of
the charcteristic of presentoess now on one event
and now on another is itself an event, and ought
therefore 10 be itself a part of the serics of evenls, and
not simply samething that happera o the latter from
autside. Again, if cvents have no intrinsic sense hot
anly an intnosic order, what meaning can wr give i
the assertion that rhe ch istic of p

traverses Ihe secies of evenls m o fref direcnon 7 AN
that we can mean is that this characteristic is prereas at
B whes it ix parf at A. Thus all the problems which
the palicemar’s bull'seye analogy was invented to
solve mre simply taken out of other evenm to be heaped
on that particular series of events which is the mave-
ment of the bull's-eye.

The difficulties that we have found ie this particular
annlogy are of very wide range.  For instance, it is
cxirtmely tempting %o try to resolve the dlference
hetwern gast, present, and future iato differences in
the cogzitive relativns of our minds to different eventa
in  series which has ictrinsic onder bt no intribsic
senst. Lot us confine ourselves, jor the sake of mim-
plicity, to events that fall within ihe knawledge of &
certain observer O.  Undoubtedly O has a diffierent
kiad of cognitive relalion tc those events which he
calls presewt fron that which he has vo those which
he calls post and to those which he calls fidurs.  About
future events he can only guess of maks inferences by
analogy with the past. Some prasent events he can
dirtitly perceive with his senses.  Some past events
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he knows by diract memory, which is quite a differant
kind of experiance from perccption. It is tempte
ing 0 suppose that these arc not simply intcresting
Jasts about past, preacnt, and future, but art what we
mesn by these three temporal distinctions. Can such

& theory be made to wock 7
Clearly we cannot simply define an event ag pressnt
for O {f O can perceive itor if it iz porary with

something that O ean perceive.  For we shall then
have to define an event a5 past for O if O cannat per-
otive it but can rither remember it or remember some.
thing contcapurary with it. Now, of course, cvery
event that falls within OFs knowledge hes these two
incompatible relations to O; though, ks we put 1, 1t
kas them at difercnt times. He can fitst percrive,
but not remember the event, and can then remember
but not perceive i. Hence these cognilive character-
istics do not suffice te distinguish a past from 2 present
cvent, ince every event that O knows of has durd these
relatinns to him. N you add that an event always has
the perceptual relation te O before it has the memory
relation, you only mean that the event of remembering
spmething is preseot when the event of perceiving it
is pest, and you have simply defined present and post
for O's sdwcar in terms of present and past for his
cognitive aets.  IF you theo try to define the later wm
terms of different relationa to O's acls of introspection,
¥ou simply start on an infinite regress, in which past
and pregent remain obstinately undefined at any place
where you choose th stop.

It does not of course follow (hat past and pregent
in &treal Natorr may not be reducible to certzin
relntions betwenn objeciive eventz and minds which
abaerve themi but it does follow that these charac-
terigtics cannot be analyscd away in this manner out
of Reafuty a3 o woiwle, which of course Includes abserving
mindy as well 25 what they observe.

The difficulty abou: past, present, and future in
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groeral can be summed up in two closely connected
paradozes. (i) Every event has all these charscteristies,
and yet they are laconaistent with each other. And (i}
esants change in cours: of time with respect to these
igtice,. Now we believe curselves to under-
stand change in thiagz, but to talk of remtr changing
seemns almogt unintelligible. The conoexion between
the two paradoxey is, of coorse, that we get ioto the
second directly we take the olvions step te avaid the
frst
We have planty of expeticoce of things which
apptar to hare incompatible chaacterishics, soch as
redneas wod g or g and I As
a rule we removt this appartnt inconsistency by paint-
ing out that the facts have been stated elliprically, asd
that tealiy & relation is invoived. In the first example
we say that what has been omitted is a relation o two
different times. The full statement is that the thing
is red at one time and gresn at aoocther, and there iz
no wnconsiatency in thiz, In the second example we
have no need even to bring in a relation te twe diffarent
timey, It is epough to point out that the predicates
great and small themseives tacitly assume relations ;
30 that the ful) satement is that the thing is at once
ETeat as comparsd with gne object wnd small as cam-
parsd with another. In one of these two ways we
alwnys pmcee\i when we ham 1] dal] with the apparent
in a siogle
subject, Wu therefore nltnrally try one of these
espedients to desi with the fct that every event is
past, present, aod furere, and that these predicates we
incampatible,
1t seerny natwral and childishly gimple to treat the
problem in the way in which we treated the thing that
was both red and green. We say: "Of course the
event B has futurity for a cermmin mretch of time, then
it haa presentness for a shoet subsequezt stretch, and
it has pavmess at all other moments.” Now the
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question at once arises: ' Can we treat the change of
AT s N respect t0 i3 fevepernd qualities ax jost Iike
the change of & Az with respect to qualities like red
and green 7"

‘Te wngwer this guestion we must try to see what
we mean when we say that & certain thing T changes
from red to green. S0 far a8 1 can see, our meaning
is somewhat as follows : There is a centain long-iasting
event in the history of the world. This stacds aut in
a noticeable way [om other cvents which overlap it
wholly or partly. If successive short sections in time
be taken of this long event, adjmcent sections hawe
spatial cootinuty with each other, and predomioant
qualitative rescmblance w0 each other.  Oao these
grounds the whole long event is treated as the history
of a sngle tmng T. But, although adiecent short
seclions are predesemontly ahke in their qualities, there
way be adjacent secnons which difer very markedly
in sowze quality, such as colour. M you can cut ihe
history of the thing in a certain moment, soch that a
slica of #s histury belore that is red and a slice after
that iy green, we say that the thing T has changed
{rom red to grees at that moment.  To say that a thing
changes, thus simply means that its history can be
cut up 1nio & sefiss of adjacent short slices, and that
iwo adyacent slices may have qualitative differences.

C.ln we weat the change of an event from fumirity,

1] in the way in which
we hlw tml.ed the l:hmge of a t'hlng (say a signal
lamp} from red to green? 1 think ivis ceclain that we
cannot for two closely coonected reasonz [n the
£irst place, the attempt would be circular, because the
change of things will be found on further anslysis w
involve the change of events in respect to their temparal
charactecistice.  We have assumed that the history
of ous signal lamp can e wnalysed into & serwes of
ahorter adjacent evenes, and that it was true of a cenain
pair of thrys that the sarlier was red and the later
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green.  Bat to say that thiy series of events passes from
earlier to Iater (which is necesary if we are 1o dis
tinguish between a change from red to green and a
change fram greso to red) simply means that the red
sectiony are pagt when the green ones are present and
that the red cnet am present when the green ones are
future. Thus the notion of the history of the lamp as
divisible into a series of sections, following each other
in a certain diractton, depends on the Ret that sach
of thest sections itself changes from future, through
present, to past. Tt would therefore be circular to
atiempt to analyse changes in cvénts in the way in
which we hare analysed changos in things=, since the
Latter imply Lhe former.

Apart from this oboection, we can soc directly that
the change of events cannot be treated like the changes
of things. Let uy take a ghart section of the history
of the lamp, small enough to fall inte a Specious
Present, and such that the light from the tamp is ned
throughout the whele of this section. Thit short event
was future, became present, and then became past.  [f
wa try © analyse this change in the way in which we
aralysed the change of the lamp from red to green
we shalt have to proceed as follows: We shall have
to divide this red event inta shorter successive sections,
and say that the latest of these have futurity, the middle
ones preasntness, and tha earliest ones pastness. Now
this analysis obvigusly doeg not fit the fers. For the
fact is that #= rohads event was fature, became present,
and ia now past. Clearly no analysis which aplits up
the event into sucressive sections with different charac-
terigtics is going to account for the change in the
temporal sttributeg of the event as & whele.

We sec then that the stizmpt o reconcile the in-

'l \] lities of thr same event by
Ippmlmg tn chaugq in the ordinary sense of the wond,
15 both ciccular and ineffective,  The circularity becomes
specially gluring when put in the following wiay: The
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changes of things art changes ox Time ; bt the change
of pvents or of from Future, throogh present,
to past, is a chaoge ¢f Time. We o hardly expect to
reduce changes of Time to changes in Time, since Time
would then oeed another Time to change in, and =0 on
o infinity.

‘We seem, therefore, to be forced back to the other
rype of sclution, ¥iz., that the predicates, poss, prasest,
and fuswre, att of theis very nature relational, hie Zerge
nnd wirdi,  Unfortunately we have already had cocasion
o look at some solulions of this type—the policeman’s
bull's-eye and ibe different cognilive relations —and the
wnens are not very favourable.

1f we reflect, we shall notice that there are two quite
dilferent xenses in which an entity can be said to change
ity relational properties. Ao ezample of rthe fiest is
where Tom Smth, the son of John Smith, becomes
talder than bis faher. An example of (he second iz
where Tom Smith ceases to b the younpest son of
John Smath, and becomes the last son butone.  What
ig the difference between these two cases?  In the Srst
we have two partially overlapping life-histores, T aod
). we eut up both inte successive short sections we
find that the earlicr sections of T have the relation of
“‘shorter than™ tz the contemporary sections of J,
whilst the later sections of T have the rclatien of
“taller than " to the contcmporary gections of J. In
the second we have quite a different state of affairs.
When we say that T is the youngest san of | we mean
that there is no entity in the universs of which it iz true
to say both that it isason of | and that it {5 younger
than T. When we say that T has ceased to be the
youngest son of | wr mesn thar the oniverss does
contain an ontity of which it is true to say both thai
iti a son of | and that it is younger than T. Ln the
ﬁmmn thnn, we simply hnve a diference of relation
g 9evtions of two existing
long events, [nthe luwr. the d:ﬁmnu is that a certain
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entity has ch d ity i ies because &
secgnd entity, which did not formerl)r exipt (and there-
fore could stand in e relation whatever to T}, hay hegun
15 exist, and consequently to stand in certain relations
o T, who is a member of the same universe as it.

Mow il is obvious that the change thar happens to
an event when it ceases to be present and becomes past
is like the change of Tom Smith when he ceases to be
the youogest son of John Smith; and the continuous
retreat of an event Inta the move and more remote past
is like the soceessive departure of Tom from being the
"haby " of the amily, as John Smith (moved by the
carnest exhurtations of the Bushop of London} praduces
mere and more children. A Specious Present of mine
is Just the last thin slice that hes joined up to my life-
history. When it ceases to be preseut and becomes
past this docs not mean that it has changed its relations
to anything to which it was related when it was presenc
It will simply mean that other slices have been tacked
on to my Lie-history, and, with their existence, relations
have begun to hold, which could oot hold befure these
shices existed to be wrms to these relations. To put
the matter in another way : When an event, which was
present, becomes past, it does not change or lose any
of the relations whach it had before ; it sumply zoquires
in mddibion new relations which it cexdd not heve before,
because the terms to which it now has thess melations
were then simply non-gntibes.

It will be observed that such a theory as this aoeepis
the reality of the present and the past, but holds that
the future is simply nothicg at all.  Notbing has
happened to the present by becoming past excepl that
freah slices of existence have been added to the totad
history of the world. The past is thug as real as the
peezent. On the other hand, the essence of & pregent
evenl is, pot that it precsdes future evants, but that
theze is quite literally woskiny to which it has the relaticn
of precedence. The sum toal of exisiencos is lways
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incremging, and it i5 this which gives the time-series &
senge a5 well a9 an order. A moment ¢ is later then
a moment £ if the sum total of existonce at ¢ ingludes
tha sum toml of existence at ¢ together with some-
thing mare.

We amt too fisble o traat change from future to
present ws if it were anslogous to change from present
te past or from the lesg 1o the mare remote pesr.  This
iz, I helieve, a profound mistzke. 1 thiok that we must

ise that the ward “'changsn™ is used in throe
distinet senses, of which the third in the most funda-
mental. Thesa are (i) Change In the auributes of
thizgs, a8 whert the aigoal lamp changes from red 1o
green ; (i} Change In tvents with respact to pastness,
&5 where & certain event ceases to e presant and moves
into the more and more remote past ; and (i) Changr
from future to present. I Bave alrtady given an snalyms
of the first two kinds of change. 1tis clear that they
both depend on the third kizad, We cnalysed the
change in colour of the signal Inmp to mean that & red
section of its history wag followed by a green section of
jts history. ‘This is sufficient analysiz for a pastchange
of quality, dealt with refectively in retrospect. But,
when we say that the red section prevedes the green
section, we mean that thers wzs & mogent when the
sum total of exigtence included the red event aod did
not inciode the green one, and that there was another
mement at which the susm ol of exigance included all
thar was included at the first moment and alsg ﬂ|e - green
eveal Thus 2 I of the
changes of things is found to invalve the coming inte
rxigtence of events

Similarly we have geon that the ascond ¥ind of
change involves the third. For the changr of an event
from present to past turned out to depond on the fct
the sum towsl of exigtenct increases beyond the limits
which it had when aor given event came intn existenca.

Lt us call the third kind of change Secoming. It
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iz now quite avident that L ing cannat be lyaed
into eithez of the two other kinds of chunge, since lhzy
both mvelve it. Morcover, we can sec by direct io-
spection that becommng i of so pecullar & chamcter
that it is migleading to cadl it change When we say
that a thing changes in quality, or that an event changes
in pastness, we are talking of entities that zxist both
before and after the moment at which the change wkes
place, But, when an event becomes, it remer smre
existenre, and it was not anything at all until it had
become.  You cannot say that a future event ig one
that succeeds the present; for a present event is defined
as one that ig succerded by nothisg. We tan put the
matter, at choice, in one of two ways. We @n gither
=y thal, sioce fnture eavents arc noa~entities, they cannot
stand in any rel ta anything, and therefore cannct
stand in the relation of succession to present events.
Qr, conversely, we zan sy that, if future eventy succeeded
present events, they would have the contradicigry pro-
perty of succeeding something that has no successor,
ang therefore they cannol be real.

It has long been recognized that lhere are two
unique and Irmeducible, though inti
types of judgment.  The first asserts that S is o exists ;
and 13 called an ec=ewsed judgment. The second
asserts that 5 is 50 2nd so, or has such and such a
characteristic  This may be called a shermeterinsg judg-
ment. The connexion between the Iwo i3 that a thing
canzot be 0 and so without Sumg, and that it cannot be
withaul b&ing ss ama r.* Meinong, with the resources
ef the German tongue at his disposal, coins the con-
venient words Sew and Scunw.  Now it seems to me
thar we have get to recogunise a third +qually fundamental
and itreducible type of judgment, viz., one of the form :
5 hecomes or comés into existence.  Let us call thesa
gexsire judgments. T think that much of the troubls
about Time and Chenge comes from our photinape

* Do dor Stetiuny dor Cigymuiamdvidamric, nd clarwbere.
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aitempix to reduce auch jud to the ch

form. Any judgment can be verfally reduced to this
form. Weoan reduce 'S in" 1w %5 is existenc”  But
the reduction &5 purcly verbal, and thase whe take it
setiously land in the sloughs of the Ontclogical Argu-
ment.  Similardy S is futune " is verbally 4 judgment
that ascribes & characteristic to an event 5. But, if we
are right, this must be & mistake; since to have a
charactecisie implies 16 exist [at any rate in the casc of
pasticulars, like events), and the future does not exist so
long as it is future.

Belore passing on there & one more yerbal ambiguity
to bg noted. The same word 4 is usod absolutely in
the existential judgment 'S is," acd as & conneclive
He in the charcterising judgment 5 i P Much
the =ame is true of the word Jeawes. We may 'S
hecomes,” lnd we sy “5 hnmmes P." The latter

type of ive change, the
former exptems cnmmg into exlsience.

The relation & i and b ing {and

r b h isation and P

3 £}
is very inimatt. Whatever iz has become, and the
sum tedal of the existenl is continually augmented by
becoming. There Is no such thing as cearsy to exist ;
what has become exists henceforth for ever. When we
say thal something bas ceased to ens we only mean
that It has ceased to be pressss; and this only means
that the sum total of existente has increased since any
part of the bisiery of the thing became, and tat the
later additions contain no evenis sufficiently alike to
and sufficiently coatinuous with the history of the thing
in guestion to count A% 4 continuaties of it. For com-
piete accuracy & slight medification cught o be made
in the statement that *“ whatever is has become." Long
events do not become bodily, only events shost enough
o [all in Specious Presects become, as wholes, Thus
the hecoming of a long event is just the successive
becoming of ita sahorter sections. W ahall have ta go
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more fully into the guestion of Speciaus Presents at a
nter stage.
Whaam left with two problems which we may hope
that the previcus discussions will help us to solve
{i) If the futore, so long as it is futore, be literally
nothing at ull, what are we to say of judgments which
proficas to be about the futare? And (1) What, in the
end, it our answer 1o the original difficulty that every
event Is past, present, and future, and that these
istles are diy i bl ?

(i} Undoubtedly we do ly make judg
which profess to be about the Falure. Weather fore-
cazts, fnacticzl xlmanacs, nnd nulny tlma-hblu are
Ball of such jud, no
about the future iz absoluhel)r certain (wlth the posulblz
cxctption of the judgment that there will always bae
events of some kind or other) ; but this is imelevant for
aur presznt purpose. No histerical judgment about
the past is a‘uo'lute.‘ly cermin either; wnd, in aoy oge,
our question is not whether we can beve ceranin
knowledge abaut the fature, hut is the price question :
‘What are we really folbing odoxs when we profess 1o
muke judgments about the future, and what do wc mars
by the truth or ity of such judgments?

We cannot attempt to answer these questions till
wr have cleaved up certain points about the natore of
judgments In general. First, we must notice that the
question : ‘' What is a cerain judgment about?"” is
ambiguoux. It may mean: ‘' ‘'What is the subject or
subjacts of the judgment?* or: * To what fact does the
judgment refer?” The fact to which a judgment refers
i the Gct that renders it true or false. Jtis troe, If it
has the peculiar tlation of concondance to the fao
to which it refers ; and false, if it has the relatien of
discordance to this fact Discondance, I think, is a
positive relation which is incompatible with concord-
ance; it is not {he mere absence of concordance. T
sem N0 reason to suppose that the reference of a
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jodgment o a fact is 2 third independent relauon nwer
and abore the rel cf d and d.

I ke it to be just Lhe digjunction * concordspce-or-
discordanse " ; and 1 suppose that to say that ] refers 1o
F simply means that F is the fact which either makes |
true by concording with it or flse by discocding
with it.

Now people make many judgments, which have
nothing to do with the future, but wee nevertheless
apparently about ohjects which do not, in fact, exist
Many English peasants, in the Middle Ages, must
have made the jurdgmenta " Purk exists" or ' Puck
has tumed the mitk.” And the latter of thegs, of
course, implies the former. 1 will assume (in spite
of Sir Conan Deyie} that Puck does not in fact exist.
What were these men referring to, in our sense of the
word? Te answer this we have samply to ask: Whar
fact made their judgments Glge? The answer is that
st is the negative fact that no part of the universe was
characterised by the sst of characterisiies by which
they described Puck to th Their j
beils down to the assertion that game part af the cxistent
in characterised by thiv set of characteristics, and it is
false betause it discords with the negative fact that the
set in guestivn characterises no patt of the universe.
Naturally chey did not know that this was what their
judgment referred to, or they would not have made it
But, in our sense of refermnce, there 3 no reagon why
& person who makes u judgment should know what it
refers to.

Now it would chvionsly be absurd to sy that what
these men were falliny abows way the negative fact that
no part of the universe has the chamcteristics which
they ucnbe w Puck., Hence we see the need of dis-

what a jud tefers o and
what the pmum who makes the judgment is talling
about. What they were talking about was a certain
set of characteriatics, ¥iz., these by which they described
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Putk w themsclves. This may be mliad the logical
subject of their judgment. It is pomething real and
independent of the judging mind; having the kind of
reality and indepand which ix ch intic of uni-
veranls, and oot, of course, that which is characterisbc
of panicular existents, Thus, alkhough there is no
suchk being as Puck, prople who profess to be judging
about bim are not judgiog sbout nething (for L'Inry:ue
judgiog about a 3t of charactenatics which ia ioslf
real, though ot dots oot happen 1o characterise any
particular existent}. Nor are they relerring 1o nothing
{for they art referring—thaugh they do not know it—
te an imporant negative fact abour the e:ment]

Since the of Puck is com patible with
the fact that the judgment "Puck sxists™ is an
intelligibie stateroenl about something read, we may
bope that the non-eéxistence of tha futore may prove
ta be pathle with the exi and intelligibiliey
of judgments which profess o be about the Arture.
Up to 3 point the two kinds of judgment can be treated
in much the same way. The judgment which is graw-
werfially about ' Puck” praves to be lapadly abant
the vet of charmctaristics by which the astérior describes
Puck to him=eIf. Similady the judg, Ty o
will be wet," which is g » about ' "
is logically about the chararteristic of wamess. The
non-existence of to-morrow is therefore consistent
with the fact that the judgment is about something,

S} there is one very important diference between
the two kinds of judgment Judgmeats lilm * Puck
exists " are not only abews something 3 they alsa s
f some fuct which makrs them true or fulse. Thic
fart may be negative, but it is a real fact about the
exixtent world. [f we ask what fact judgments ostensibly
nbout the future refer to, we must snswer that them is
no such @mel.  IF ) judge to-day that to-morrow wil)
be wet, the only fct which this judgment can reder
o, in our sense of the word, is the fact which renders
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it true or false, Now it is obvicus that this Eact is
the wetness or fintness of to-mormw when to-murrow
comes. To-day, whens 1 make the judgment, ther is
no such fact as the wetness of to-morrow and there is
no such fact a5 the fineness of to-morrow.  For these
facts can neither of them begin to be ull to-marmow
begins to be, which does oot happen till to-morow
becomes to-day. Thus judgmeats which profess to be
about the future do net tefer o any fact, whether
Pomitive of Degative, at the time when they ave made.
They are thercfore at that time neither true nor false,
They will become true or false when there 15 2 face
for them to refer to; and after this they will remain
true or false, as the case may be, for ever and ever.
I you choose to define the word oodgeess i such a
way ihat nothing 15 te be called a judgment unless it
be tither true or false, you must not, of courss, count
Yjudgments ' that profess o be about the future as
judgments. 11 you accept the later, you must sxy that
the Law of Excluded Middle does not apply to all
judgments il you reject them, you may say that the Law
of Excluded Middle applies o alt genuine judgments ;
Dut you must add that '~ judgments " whith profess to be
aberut the future are not genwine judgments when they
are made, but merely enjoy a courtesy bitle by antici-
pation, like the eldest soms of the higher nobilty
dunag the lifiime of thewr [athers. For convenicnoe,
1 shall sonunut te speak of them as judgments.

Sa far then, w¢ have determined two fzcts about
jodgments which peofeds o be concermed with the
future. (&) They are about something, wiz., some

3| i or set of ch istics ; and (#) they do
not refer to ny fact at the time when they are made.
This iy clearly oot a complete aralysis. Two further
points need to be cleared up. (4} If such judzmenty
when made do not refer to anything, bow iz it that,
if cartgin events besme, the judgment is verified, and,
if other events become, it is refuled? () [f quch judg-
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ments atc about ch istics, what isely is it
that they assert about these characteristics ¥

{a) Buppose [ judge to-day that to-morrow will be
wet,  Nothing that may happen to-morrow will be
relevant to this judgment except the state of the weather,
and nothing will then make it true except the wetnesy
of the weather. This 13 true enough, bul it does not
prove that the judgment refers to any fact, in our
sense of reference. With awy judgment we can tell
what dad of fact will verily or refute 1, as soon as
we know what the judgment i3 about and what kind
of agsertion it makes. But no amount of inspection of
a judgment itself will show us r.irmnuhrfm which
makes 1t true of it {9 trua and f-lsg it is falas. Thers
is theref ng j the
that we can know at once what #red of fard woukd
verify a judgment about the future, and the statement
that such judgments da not refer to any fxe? when made.

(4] As regards any judgment we have o congider
ned only wiat it [s about, but alsp what 1t asgerts
about ity subject or subjects. These two questiony are
not altggether free from iguity, and this ambigui
must be cleared up before we “consider the speclal
question as to what judgments that profess (o be about
the future assert. {1) There is the confuson between
what 2 judgment is about and what it refers to. This
we have already dealt with, (z} Thexe is the distine.
tion & what a jud, Ibiy about and
what it is really aboul CIE ynu Iud atked a peasant,
who said that Puck had tumed the milk, what he was
walking about, be would have said that be was talking
about a certain individunl fairy. Thiz is whar (he
judgment professes to be about. What it 5 really
about i3 A etrfmin sct of chararterisice.  Roughly
speaking, we may say that wllnl = judgmenl pm’msu
le be about mn bo o d by »
acalysis of the sentenctr in which the Jud‘ment i5 ex-
prossed.  Although chere is always s ooanesian between
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the g il of & and the logical

of a judg it is highly dang: 13 Sup-
pase that what the senterce iz grammatically about
is the name aof what the judgment is logically about,
{3) When these two corfusicns have been set aside
and we are guite definitely dealing with the juspwvess,
umd neither with the fas to which it refers nor the
senfence which expresses it, there s still a dificulty as
ta how much is 1o be included under the head of what
the judgment iz about and hew much is te be included
under the besd of what the judgment asserts Take
Grst a very simple characterising judgment, hke 3
is a pdme.” What ig this about, and what does it
amprt? We should all agree that it is at any zate
about the number 3. But is 1t about the characteristic
of primeness too? If you say Yes, what is there left
ﬁu( it mmm? 1 you say Nc.howun you face the
is a chxrag-
teriatic ol’ 3"e Eu::tly the same kind of dificulty
ariscs over a relanonal propomibion, like ' 3 is greater
than 2." We should all at thas time of day agree that
it is at least about the numbers 2 and 3. But is it or
ia it not about the relatien of grearer? 1 thiok that we
must sy that the former judgment 15 about primeness
as much & 1t i about the number 3, and that che
Iatter isx about the relation of greater ag much ua it is
about the rumbers 2 and 2. Really it is a3 mislaading
to say that the first asserts primeness as to say thet it
asserts 3. The munimum that it asserts is the prime-
oem of 3. Similer remarks apply to the second. T
we lika b0 use the useful word for, which Mr W E.
Jot * has lately intmduced into logic, we might say
that tho first Jjudgroeat is about the number 3 and the
characwristic of pemm:naa. and asserts that they arc

d by the ising te. The =second ia
about the pumbers j and 2 and the relation greater,
and asserts that they are conrected hy the relational

* Lagw, ol s
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tie to the order 3 o 2. But we might equaily weil
distinguish difierent Hnds of assertion, and sy that
the first is about the nymber j mnd the characteristic
of primeness, and makes a characterising assertica
about them. In the case of the socond wn should
talk of u relating agsertiom.

S0 @r we have purposely chosem examples which
are about tmeless objects, like numbers, bat us now
take the sarieg of judgmentz: "1t has rmined,” 11 iy
raining," and ** It will rain,” which are about events,
and contain an essential reference to time. The first
may be analysed as follows : * There is an event which
Is characterised by raiginess, and the sum total of exist-
enee when the judgment is made includes all and mom
than all whach fLincludes when thi t by " The
second may be analysed as follows: * There is an event
which is characterised by rainines:, and the sum total of
sxistence 15 the same when this event becomes and when
the judgment is made.” Thos judgments about the pagt
and the present can be analysed into judgments which
involve the four Bumiliar types of assertipn—the exist-
entinl, tha charactensing, the genetic, and the relational.
But the judgment that it wili main cnnot be analysed
in & similar way. [t cannot mean anything that begios
with the ytatement: * There ir an event,” for the anly
events that there are are the events that have hecome up
to the time when the assertion ix made; the sum total
of existence does not coatain future events. We can
paly restate the judgment in the form: ' The sum total
of axistenct will increase beyond what it is when the
judgment it made, and some part of what will become
will be chafacterised by raniness” We cannot then
analyse wifl away, &5 we cAn far deew and ir mow.  Every
judkgment that professes to be about the future would
seem then to involve two peculiar and not furtber
analysable kiods of assortion. One of these Is about
becoming ; it asserts that forther svents will becoma.
‘The other is about some chamacteriviic ; it asserta that
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this will charscterise some of the eveats which will
become. 1f then we ask: What are judgments which
prafeas to e about future events really about? the
nnmrwuldmwbethauhqmabou:m
b ard about t ing. And if it e wsked :
What do such judgments assert? the only answer thai
Iungweulhnthnymnthnﬂnsnmmmld
will i g ing, and thai the
In will ot isc some part of
what will become. These snywers am compatible with
the non-exzimtence of the future. The enly **constitu-
ents™ of the judgment when it is made, are the
characteristic — which bhas the kind of rality whch
universals possess —and the concept of becomng.
About these the judgment makes coriain assertions
af & quite peculiar and not further aoalysable kind.
thing called |s not & i u{_]udg-
ments which are g i about + # 4 any
more than an individaal called Puck is a consttent of
judgments which profess te be about * Puck."™
[ have thus wicd to show that there is an extreme
difference between judgmenta which profess to be sbout
future ¢vents and these which are about past or present
events. The former, when made, 30 not refer to any-
thiog, and therafpre are not literally true ar false,
though it is possible far anyone whe understands their
manping (o see what kind of fact ov¥f evennually make
them true or flse as the case may be. Agun, i mow
aod kar beex geed not be taken as new and ulumare
types of asgertion, but o & sppacently muxt be sa
taken, MNevertheless, although the foram in nothing
anil although judgments whith profess o be about
futyre events txfer to nothing, they are not sbout
aothing. They are about somc characteristic and
about becoming ; and, xo far as I can see, they meke an
unique and not further analysable kind of aggertion
about theze tecms.
There are just two poists that 1 want to make before
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leaving this subject. {#) Of course there are planty of
o poit facke nbatements which cominally involve the
existence of futuze events. 'We can say that the Badle
of Hustings woas futuge to Edward the Confessor.  Such
statemenis nted no specal analysis.  We mertly mmn
that the sum total of existence now includes the Banle
of Haslings, and that when Edward the Confessor's
death became it did not include this battle. We, who
live after both events, are dealing with two parts of the
esistent, which can and do stand in various relations
to ¢ach other; and sa there is no kind of difficulty in
giving a meaning to the satement,

{#} [t i3 commpaly held that there can be no certain
knowledge about the fature, but thet all judgments
which profess to be about it consist of more or less
probable conjectures made by aralogy wilh the past
Now we di not slwayz recagnise how odd our certainty
about thiy is on the assumption that the future reaily is
spmething that hay ** future exisgtence ™ as the past really
is something that has *'past existence.” We hawe
immediate, and not merely inferential, nowledge sbout
wme past events by direct memory. Hence mere
difference ia date between the act of cognition and an
event does not necessarily prevent the cvent from being
an object to the act. Ii the future exist, and be just
that part of the existent which succeeds thy peesent, it
ia difficult to see why & present act of cognition might
not know an eveat which is later than itself, just as
it can know some eveats which are earlier than irself.
Why shouid wt not have direct antiipations of some
{uturs events, just as we have direct memories of some
past aney, if the future were of the same general nature as
the past, and xsimply differed from it by standing in the
converse temporal relation to the present?  Siill mere,
why should all claims w0 direet knowledge of futore
events be regurded as so wildly paradoxical?

Thest Bacts become plausible on [wo theories about
the futurt, one of which we have rejected, and the ather
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of which is our own. Obviaualy if to be fururs juat
wmazns to be incapable of being directly cogmised, direct
cogaition of future events could be tulsd out as & ran-
tradiction in terms. We have, however, examuned and
rejected this view of the future, But the impossibility
of absolutely certain knowledge about the future Jollows
equally from our theory, We can be absolutely certain
that an event has the characteristic C only if we are
directly acquainted with this event and can notice the
characteristic in jr. Now wa can be directly soquuinted
only with smetkimy, not with 2 mere noo-eotity. Oa
qur view we cannot stand in the melation of direct ac.
quaintance ta fytore events, for the smme reason which
prevents us from robbing a Highlander of his bresks.
We can stand in this relation to present events {in sensa-
awareness) and 0 pist events (0 genuine memory),
hecause such events are parts of the sum total of
when the cog. n quéstion takes place.
{i) The last guestion that we have o deal with =
the wlleged difficulty that every cveat is st pms:nt.
and future; that these ch
amd that there i5 no way of re\:oncllmg them \rhu:.‘n
does oot either 1avolve an infinite regress, in which
the same dificulty recurs at every swage, uf 3 VKIOus
circle Thig argument hag been used by Dr M Taggan®
as a ground for denying the reality of Tine. It 1z
certainly the best of tbe argumenis which have been
uzed for this purpose; sinpe it renlly does turn gn
features which are peculiac to Time, and not, ke mast
of the athers, on difficultiey about continuty and wfinity
which vanish with a imowledge of the relevant mathe-
matical work on the subject. Do the results of our
earlier discuggions in this chapter belp uy 10 remove
this aupposed contradiction #
Let us taie M'Taggurt's example af the death of
Queen Anne, k3 w0 cvent wlm:.h ix suppused o combine
the j

* Fiw Carscialy of Tome, Mibkty, .5, rgofl,
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and futurity, ln the first place, we may say at once
that, on our view, futurity is not and never hux bees
jiterally a characteristic of the event which is character-
ised as the death of Queen Anne. Before Anne died
thers was na such evenl a3 Anae's death, and “*nothiog™
can have no characierigiics.  Afier Anne died the sum
total of exigtent reality does contain Anne's death, bul this
event then hag the characteristic of pastness. No doubt
1 can say “ Anne's desth wer future o Willam II1."
But ! wmply mean that, 20 long as William L[ was
alive, there was no event characiensed as tho death of
Anne; lnd Ihﬂ afierwards, as the nlm total of existence

it ined both the events
of Whiliam's life and t.'hu avant of Anne's death. Anne'’s
death succerded William's life so s00n as Aone's death
existed at all, snd it sucrmeds it hentefarth for ever;
bot 1t did not guccesd it while Wilham was alive,
because it had not become, was oot anything, and
therefore could not have wny characteristics or stand
in xny relations. But & might be sad that Anne
herself ar Willinm 1[I might have made the judgment .
*Oueen Anne's death ir future”; chat this is a troe
judgment on their partg: and thar 1t cannet be explained
in the samz way a5 my & porf facee judgmment that
Queen Anne's death wes future. To this { angwer that
the existence and the truth of Wilkam's judgment do
net imply that thers ever was an event which has the
two characteristies of futunty and of being the death
of Anpe. When Willum made this judgment there
was no cvent for i to refer to; for the event which
whierenrds became, and wag the death of Anne, had not
then become and was oot anything.  What Willam
did was to muke 3 pecubmr kind of assertion about
becoming and about the characteristic of being the
death of Croeen Anne. He asserted that the sum ol
of exisrence would increase by further Becoming, and
that some part of what would thus be added wauld be
chamczzrised ag the doath of bis sister-inlaw. He
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wan neither tmiking about nor refecring to that partcular
wyemt which did in Bt eventually become, and which,
when it became, wag in fact charmcierised as the death
of Anne. For, when he made hiv judgment, there was
ne such event in the whole of reality for him to talk
about or 10 refer to.  Thus the firgt thing that we have
o sy with regard 1o M'Taggant's argument is that
no event ever doas have the charcleristic of futurity.
When we say that & certain event 15 future, the sowime
which expresses pur judgment is no doubt of the same
faorm as when we say that a certain book iy gresn.
‘W are therefore tempted to treat the former judgment
as a characterising judgment, hhe the latter; and to
suppose that the ooly difference between them iz that
one agserts the characterisic of “futurity ™ whist the
other asserts the characieristic of greenness. Frum
what hay gene befgre we conclude that the formar
judgment is not really a chamctensing judgment ar
all, and that there is no characmnstc of  futuniy.”
Judgmeris which appear to charactense svents as fuium
make 2 peculiar kind of eccreison about some ordiwary
charicterisiic (6.0, weiness or fineness); they do oot
make an ordinary chamcterisng assertion about a
certain soens and a peculiar band of chrracteripni (viz.,
“futurity "L

13 there anything contradictory in the [act tha
Cueen Anne's death has been present and is now past?
Theze vexy well might be i we had to take the change
of an eventin cespect 1o the characterisucs of present-
netas and pasiness as anslugous to the change of &
sigaal lamp in respect o the characteristics of red
and green.  Bur we have sten thal this cannot be done,
and that the second kind of change depends on the
Grst.  When Queen Anoe's death became, it came
intp relations walh adl that had wiready become, and
to nothing else, because there was nothing else for it
w1 be reinted 100 All these relations it retminy hence-
fprth fpr sver. As more events become it acquires
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further relations, which it did not bave, and could nat
have had while those events were oon-existent  This
iz all that wver happeas to the event in guestion.
Supposc we now ask ourselves the guestion: ' Does
anythiag that was true of Aone’s desth when it first
became get false of it afterwards, through further
becoming? And, if so, does this raise any logical
difficulty?" Here we must draw a distinction. (1}
ATl the relations which Anne's death entered into with
the sum tolal of reality, as it was when thix event frst
became, persist eternally for ever afrerwards, and are
wholly unaffected by anythung else that may be added
o 1o this sum total by further hecoming. Hence no
true proposition about these will ever bacome false,
and no false propogition about them will ever become
true. {Z) As further events bevuome they automatically
enter mo unoul :elauons with Anne’s death, which
thus and a con-
stituenlin additional facts  1f 2y my Lord Bnlmgbmhe
swore when he heard of Anne’y death, 1t is clear thar
something subssquently became true of the death which
was not true of it when st first became.  When Lord
Bolingbroke had aworn it beeame true of Queen Anne's
death Lhat it caused a Certain event in his lordship's
life, Asnd thiy was not true of Quren Aonc’s death
before Lord Bolingbroke had heard of #, and had
thereby been caused to swear. Thus something, which
was oot true f Quern Anne’s death when it became,
is afterwards rendered trus of it by the becoming of
Lord Bolingbroke's oath.

Now we are inclined to think that t say that some-
thing, which ar mor frue af an evest, 3ubsequently
‘became true of it, is equivalent to sying that something
which s folor of the event, became true of It Thix
is, I think, a mistake ; for ' sot-true " i3 & wider Ierm
chan “ false.” 5 we pars the two
e 5 not troe that Queen Anne's death caused the
earthqualot at Lishan,” and = *' [t is not troe that Croeen
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Anne's death, when it happensd, had caused Lord
Bolingbroke to swear." [In the former “not-true"
is equivalent 10 " false.” For it means that there is
a eumun negallvu fact (mmmg bath the death and
the which di: dy with
the gudgmznt t.hlt the first caused the setond.  But the
latter does not mean thmr at the rime of Anne's death
1hert was a4 negative fact, containing Anne's death and
Bolingbroke's oath as constituents, and discording with
the judgment that the death causes the cath. For,
when Anne’s dasth became, there was oo such entity
a3 Lord Bolingbroke's path, and tharefors no fact of
which this i3 & constituent. What happens when Lard
Bolingbroke swears is not that something which was
false of Anne's death becomes troe of it, but that some-
thing becames true of Anne's death which was beipre
ntither tros nor Glse of it.

Now 1 do not think that the laws of logic have
anything to say agamnst this kind of changr ; and, i
they have, so much the worse for the laws of logic,
for it is oemunly n fact. Whet the lewe of identily,

di , and excluced middle, & them asgerl
is that any pmposuion is gither true or falze, cannot
be both, and cannot alter in this respect.  They do not
assert (and, if they do, they must be smended) that
the emésr of prapasitions, is eternally fived ; they only
Aascrt that it cannot be dlmnuhad But it may be
j 1, aod it e Ly d by the process
of | ing which incall the sum total
of existence and thereby the sum ‘total of pogitive and
negative facts. Or, t0 put it in another way, the laws
of Ingic apply to & fixed universe of discourse, and we
=n at any moment get a fized universe of discourse
by taking the sum total of reality up o chat moment.
But the uziverse of actual fact is continually increasing
through the Becoming of fresh events; and changes
in tuth, which are mere increases in the musrber of trusks
threugh this cause, are logically unohjectionable.
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1 can hardly hope that what 1 have bech saying
about Time and Change will satisfy most of my readers,
or indeed, that it is moze than a shadow of the truth,
if that. It is admiutrd that this is the bardest knot
in the whale of philosophy. The Dean of Carlisie
judicigusly remarky that ** we cannat undergtand Time,
but we shall 2ot understand it berter ry miking noosense
sboutit." Inthe hope that 1 have nat darkened counssl
by words without undeestanding, I laare this maost difh-
calt subject; to return at a later siage to the guestions
of one or many time geriey, the entanglement of Time
with Space, snd the placiog and dating of events.

Additonal worls which may be cansulted with profit :
AW le.,ﬂw Kwawicdpe of the Eternal Worid,
Lectore T

AN erl‘-nl-m. Cowarde af Matwer, Cap 111
] M E M'TaoGart, Fir friaton af Thac awd Bty
{MIAD, N b, val v No r1)
" The U.mqgrnmmmn.n 5, o, 19e8)
H Bentson, Time awd Free- Whil
M Maticr cxd Hemery



CHATYTER III

o] {damapem;
Have pévef, iver
But Bccntirte, who htwhwv
Amure oa that it muet
Db.lﬂwml.mrdmbl
‘What oo one can b aure sboat 1™

(H Bwrenc, The Macrbe,)

The Traditional Ki ics, and sts Gradoal Modif
tloo in the Region of Physics. {t) The Absolute
and the Relational Theories

We have now dealt with the wnditional concepts of
Space and Time, and we might turn next either 1o
Mauer or to Motico, 1 propose to wreat the classical
doctrine of Motlon before touching the problem of
Maner. An we all kngw, the concapt of Motion hes
been the subject of constant discussion by physmiss
and mntbemmcl:ns {far ceaturies, and in mnt years
the icx hax been prof modified,
owing o circumstances that have arigen within the
region of Physics itself. The clder arguments batween
supporters of Ansolute and Relative Motion, amd the
later anes about the Theory of Relativity, are essentialiy
pieces of Critical Phiksophy in cur sense of the wosd.
Thus we may fardy sy that as regands Motiom,
physicists bave been their own philcaophers, foroed
intt this unwelcome position by their own domestic
dificulties.  Now thin i5 oot 30 in the sase of Matter.
The difSculties about Matter, which show the need
for radical philosophic triticism of that poocept, are
nat indigencus to Physics itselfl. They arise in the
main when we begn 1w take into actouzt the way
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in which wa get to know matter through sensmon‘
It is the app conflict L what our
tell uy and whar Physics teaches about matter, com-
bined with the Gt that gur senstions are aiter all
the caly gltimate gaurce of ail oor alleged information
on ﬂle !nb)a:t. whu:h compels us to indulge in
The we begin this
criticism wa find that it will lead ug very far afield, and
that we annot stop till we bave profoundly modiSed
the tadidonal conceps of Space, Time, and Modan
wo. Now I hope to be able to show that these
modifications, which are forced on us as philesophers
when we begin to deal with the concept of Matter, am
of somewhat the same kind as those which Fhysicists
have had to make for purely domestic reasony, 1 thin
can be shown, even in rough cutline, it witl greatly
srengthen; the case for the newer views of Space, Time,
Motion, and Matter. There is much in thege views
which is at first sight highly paradexical and upsetting
to comman-sense, sa that it is of some sdvantage even to
the scientist to know that they can be justified on wider
grounds than the special needs of his science. On the
wther hend, it is always a comfort to the philasopher
to knpw that be is noc simply dewrbrmans ik vaeovs, but
is working on lines which have been found 10 lead
w0 useful results in scroe concrete region of scence.
Tlus bonk iz -mmn primerily for scientists whe
d in hy, and darily for philo-
soplwrs who are interested in science. 1t hug therefore
been my plan o diverge ay gradually ag poasible from
the concepts that are most familiar to scientistz, Now,
for the reasons given, the philosophic criticism of the
concept of Mation is more familiar 1o most scientists
thas the criticism of the concept of Maner. It therefore
geemy right 1o treat the former before the lamer. I
am going, then, w dend at present with the purely
ph’slﬂ] nrgllr.unlu which bave grldnu]‘ly undﬂmfnad
anyd rep it by chat
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of the Toeory of Relativity. In spite of many exoellent
fand more, execrable] populir works which have
appenred in the last few years, I think there 15 still
roam for & of these To many
scientific readers they will of course be parfectly familiar,
it it will do no harm ta the resder who s primarily a
philesopher to put himaseli ax cewrawr with the present
pasition in Phy=cs before going further. At a om-
sidemably later saage, when we have soen what modifio-
tions in 1he waditional concepts of Space and Time are
forced on us by cur ctritivisms of the traditional concept
of Matier, we shall return to the present |u'b1ecl and try
3 connect the physical with the philosep
We have at least four geneul Linamaiic concepts
to congider, viz., the Abaolute Theary of Motion, the
Relational Theory of Motion, the Special Theory of
Reiutivity, and the General Theory of Relativity. This
is approximatcly the Anforwe! order in which these
concepts have arisen in Physica since the Renaissines.
We must k that the
between the Absoluie and the Relational Theories al
Motign had w lomg history before ever modem Mechanics
was founded by Galilea, Descartes, Huyghens, Newton,
and Leibniz.  This controversy was inherited by
Mechancs, asd the opposite sides were upheld by two
such sminent contemporaries as Newton and Lebniz.
T shali treat the concents in their histoncal onder, putting
_ the Absolute Theory before the Relatiosal Theory aof
Motion. But, when the varicus theofies have been
clearly stated and the proy and amc have been weighed,
a further task will confront ug, vix, to iry to exhibit
their fgwod order and interconnexione | must confess
that [ have not soen a zarisfactory account of this point
in any work on the subject. [t seema commonly to
be wssumed ihat the fogical order hag been the same
ax the historical, snd that the succossve kinematic
have a steady drvel of the
dnclnue that muun is purcly relative Vet nome of
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the chief expanests of the Genesal Theory of Relativity,
which ia che Latest phase of kinematics, use language
which seems to imply & theroughly Absolute Theory.
We bear of "' kinks™ {n Space o in Space-Time, and
we are told that they modify the motions of mater,
of that matter conging of such “'kinks." All thig iy
extremely puzzling after one has bezn led to believe
by the same writers that the Geneml Theery of
Relarivity iz the fnal triumph of the Relancnal Theory
of Motion, I think we shall find that the logical
COfnnexions are not so simpie a5 we have been told ;
wnd it will certawnly be yseful to do ouc best ta throw
some light on this dim spet.  We cannot, however,
proficably discusy this question until we have seen what
precisely the warious theories assert.

Fhe Adseiuie awd Refatwmal Theerier of Monew., Tn
the last two chapters we have been discussing the
traditional concepts of Spacz and Time. Now the
kinematic concept which strictly corresponds o these
is that of Absglute Motwon. In acoordance with ihe
trachitional concepts of Space, Time, and Matter, the
three are largely independent enntes. The traditionsl
view does not a5 » tule go very deeply inlo the questian
of their mutual relations, but [ think the following
woukl be a fair statemest of what it wely assumes
oe thiy subject : Time could have axisted without Space
or Matier; Space could not have existed without Time,
but il could bave existed withuut Maner; Mateer could
nct have existed without both Space mnd Time.  Space
neteds Time in order to endur, but the oznly connexlon
1t that all ponts of Spact endure anchanged for ever.
Matier needs Time 12 onder tu endure, and it needs
Spatt i ordrr 1o have place and shape, which are
essentinl to k. With Matier there begins the poasibility
of Motion ; Matier need not have moved, but a9 & fact
it does 30 from time to ime.

The ul ive b the Absolutist and the
Relationist Theary of Time may be tlustrated a8 follows.
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We say that the Battle of Flastings precedes the Batve
of Wattrloo by 2 cortain amont, viz, 749 years.  The
two baitles are eventx in the workl's histary, and the
Absolutist and the Relationist agree that s certmin
temporal relation subsists between them, and that it
has a certain measure in terms of the usval units. The
whole question between them as to Tirme is the follow-
ing: Is this relation simple, direct, and cranalyzable,
counecting the two events in question and nothing elze,
or ia it a complex compounded out of other relatkns
which involve other termz in addition to the two evenm ?
The former altcrnative iz taken by the Relutionist, the
laiter by the Absolutist. On the former view thers is
not gomething called Time which oozld exist even
though there had been no cvemts ; Time just consists
of the rlanions of before and after among events. Thes:
rtladons have various magnitodes which can be measured
by s with the poral relation b some
standard pair of events, such as the succrstive pocupa-
tioma of the same postion 00 & disl by the bands of m
suitably sandardised clock.

The Absoludst, on the cther hand, holds that the
temporal relations bttwets ovenls art not direct and
usanalysable; they are really compounded aut of
relations of two whelly different kinds. On this view
there is something called Time which ia composed of
simple entitiey called moments; 10d it 15 only moments
which can srictly be said to be before or wfier each
other. There ia Further = oartain pecutur relation
betwean events and moments which is denoted by the
wand ai.  A¢ is & many-ogne relation, 1o, many different
events can be ai the same moment but no momentary
event can be ut more than one moment.  The Absolutist
moajyses the statement that the Batrle of Hastingy
pracedes the Bawtle of Waterlaa by 749 years into
the three following propesitions: (1) The Batle of
Hagings happened at & cermin moment 7. (2] The
Battle of Waterloo happeoed at a1 certain momeal £
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{a) The 4 1 des the 3
by 149 years. {l am neglecl:lng the fact that both
bhartles took up a finite time wnd therefore did not Liter-
ally happen ut two mownsts.  This is nat important for
the present purpase, and can goite easily be dealt with
oa tither theory.)

It 1% important to notice that the traditional Ahsoly-
tint and the traditional Relationist agres in bolding thar
thers is something that an be called fée daren of the
twa tmttles and something that can be called the time-
lapge between them. Neither of them would sdmit that
the same pair of events could stand in severml diffecent
temporal melations; that, for mstance, they might be
both contemporary and yet one maclier than the other,
or ngaim that they might precede each gther by several
different amounts, They agres that there t5 one and
anly one temporal relation beiween a given pasr of
events, and they only differ as to e right analys:s of
this relatien.  Iv 13 imponant to notice this, because it
is bere that the Theory of Relarivity differs from bath
of them. For, ag we shall see, this theory denies that
there isa single relauon which can be cailed ree time
lapst betwten a4 given pair of events.

Now that we have got the difference between the
Ahbsolute Theary of Time and the Relational Tlleory
clear we can brelly ider the
them. These fall into two classes, viz. ., thuse which
i.pply dlrecll)r o Tlm and those which apply to it only

Iy h the question of Motion, Abaolute
motion implies .bsoiuu Tima and Space, though therm
wil, of course, be relative motion ewen if there be
absolutt Time and Space. The Absolute Theory does
nat deny relative motion, Dut mimply asserl.'. dut ail
mtlatlve motion i3 the app of
The arguments for and against these theories, which
depemd on motioh, may be reserved for the momeat,
and we will now coosider those which apply directly
ta Time.
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The main mecnc of the Relational Theary is that it
is simpler and keeps closer to the observable facts, We
can vhaerve events, and if two events iall into the same
specious present, or if one it sensed and the other
remembered, we can directly observe the lemporal
relation between them. We cannot perceive moments
of Time. Mor can we say that they are hypothetical
entities, like atoms and electrons, which we wlso canoat
perceive.  We acoept the latter hecause there are cartain
sensible facts which we can explaio with them and can-
not easily explain withous theme. But, whilst electrons
are supposed o be causes with sensible cffects, bare

are nat supposed 10 da anything or o prodi
nny eﬁecls sensible or otherwise.
y there is thing mort than mere

rlhtlons in Time. We have glready sean that the Time
series has a definite intrinsic sense, und that this ariges
b there is a Adi o the sum total
of existence, whilst nothing that has ever cxigted ceases
w do 50 save in a derivative and annlymble sen5e,
Evea though there were no ' change” i the ordinary
senge of the word, by it every fresh slice of existence
were g hable from ali ity pre-
decessors, there wuid he this continuel becoming.
But, 3o loag as this absolute feature in Time i recog-
nised, there seems 10 objection ta the Ralative Theary
as such. I it has to be rejected, it will nat be 1a favour
of the Absolute Theery but in Ravour of something still
moce relavyistic than itself

A minor ohjection to the Relational Theory of Time,
aa stated in most mechanics books, is that it is ineom-
plate. Relativists, as well as ather peaple, constantly
talk in pratice of moments and of several evenis
happening at the mme For the Abscluti
of course, such are litoral exp of Enct,
For the Relativist they cannot be so, since be does not
Tsenlly believe in the mxistenct of moments It is
therefore bin duty to give a definition of what be means
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by ' moments," whick shall (s) be compatible with his
theory, and (#) compatible with the common usage of
this word by himself and others. This duty be invark
ably shirks. The pmblem aan, hmm, be solved by
the Method of E i Two

of it will be needed: (1) v define momenmry svents
in termy of £nite events and their relstions of partial
overlapping, and (1) to define moments. A moment iy
eventually defingd 232 class of contemporary momentary
events. Thus the objectivn ueder discussion is not
intringic ta the Relative Theory of Time, but only to
the commoe presenement of it.

Let us pow canpider the difference between the
Ahsolute and the Relational theories of Space. This
is much the same ag the difference between the twa
theories of Time, [ is, [ think, barder t accept a
purely relative theory of Space, because of certain
additional complicatipns which tum up here. Oo the
Relational Theary spatial relations directly rannect bits
of matter, . the theory aays that Cambridge is
6o miles N.N.E. of London, wnd takes this to be =
direct relatieg between the two towny. The Absolus
theory would analyse the fart into three propositions,
viz. : (1) London is at 4 cermin point #, of Absolutz
Space; (2) Cambridge i3 at a cecwin point p, of
Absolule Space; and (3) 2 is 60 miles N.N.E, of p,.*
The Absclute Theory thus assumes certain entities,
which may be called geomeirial powesy, in addition o
matter ; apatial celations directly connect these, They
only Indirectly connect piecex of raatier in so far as
these are of the 2 feal polats in !

Naw there is an additional mmplication io ihe cast
of Spmer which is oot present with Time. Ewenta
always have the same temporal relutions to each other ;
the Battle of Hastings mlways precedes the Bactle of
‘Warerloo by 749 years when the latrer Battle has onoe
become.  But bitd of matter move about ;| consequently

* 1w maglecting hiows Lhe matim of Urs smrth
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gatements about M distavcs from one bit of matier
tomnether or about fhe relative position of two bits al
muiter ot ambiguous. A truin tavelling from London
to Edinbuzgh by the East Coast Route is sometimes
to the East of Lendon and somelimes %o the West of
it, and i at diffe di from it. The
way in which the Absolute Theory deals with these
facts is the following: It holds that the pointa of
Absolute Spare have to each cther purely geometrical
relations which are wholly independent of Time. It
putz the burden of change on the relation ar, which
cononects bits of matter with pointt of Space. What
it =ays ia that of, i the present sense, 6 & thros-tarm
relation which always conaects a kot of mateer, a
peometrical point, wnd a moment of Tume. The
simplest statement that you can make abour the position
of 2 it of matter i5 that it i3 2t such and such a
point at such and such a moment,  Ancther way of
putting it i3 roat the presence of 2 bit of matter at =
geametrical point is ap event, and that, bke 31l events,
thiy oocupies a certain moment of Absolute Time. The
relabgn of being at & paiot at & moment iz held o
have certain properties, which are just worth mention-
ing, (1) Two bits of matter cannot be at the same
poiot st the same This property
the impenetrahility of matter. (2) One bit off matter
mannot be at two different points at the same moment.
{The coly alleged exception to this is the Body and Blaod
af Christ in the Celebration of the Eucharist) (3} If ane
bt of matter is at two diferent pointy at two different
momenty it must be st 1 ontinuous serieg of inter-
madiate points at the intermedizte momentg. This
tapreases Ihe fact that hitg of mater do not yuddenly
lemve one place and afterwards tum up mt anciber
without follewing & path from the first to the second.
{(#) Every bit of matter Is at some paint or other ac all
This exps the ind ility ol matter.
Now all these propositions cerminly exprass im-
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pociant alleged facta which are commonly belinved to
be troe af matter, and any theory must cantmin them
in some form.  On the Relatlonal Theory of Space
it ia clear that they will need o great deal of rein-
wrpretmtion, sinee that theory believes oweither in
geametrical points, sor in momeots, in tha literal senses
of those words. It follows that if the Relational Theoey
of Space is to be of the slightest use, it must give
meanings to all these statements which {4) shall not
imply the litera] existence of points or moments, and
[#) shall nevertheless be equivalent in practice to
these propogitions. I need scarcely say that writers of
mechaaics books, who start by telling their readers that
Space is relative, never sttempt to recast these state-
ments in terms of their theory, a0d never even mentian
of apparently recognise the noed of doing so.

Now thiz fact, that things mowe about, 3t once
introduces & difficulty into the notion of distance and
relative position on the Relational Theory. We very
aften need to know the digtance between oo thing at
one moment and another thing at ancther moment.
When we try to meagure the velocity of anything it
iz evidently necessary o kmow the distance between
one pisce of matier at the time of starting and another
piect of matter at the time of arrival. Agsin, if we
use a menasuring rod which has to be taien up and
laid dows seversl times between A and B, it is clear
that what we directly measure is ncither the distance
between A and B n ¢ (the mmenl when we begin 1o

) oor the d A and B at 4 (the
monsént when We cease ta mesture) I lo certain
casss the measured distanes i held to agree with the
momentary distance this must be 4 mader of inference,
and it will be necessary for the Relational Theory w
stats and justify the axsomptions made and the conven-
tions used io drawing these inferences,

Now the Absolute Theory can, of course, gwe a

foctly dehinite t0 the

F H .
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body st one mement aod the same or & different body
ut umhurmnmnnt. ‘What it anys is that the distance
d is the 4 L the pixce where the
ombodymn the firt mament and the place where
the other body is ax the secand mament. In grdinary
life we do ly ues this '_,;hutﬂ
forget that, whilst it has a litarsl meaning on the
Albmalute Theory, it aseds ta be grom & meaning on
the Rnht.lve '.I'heor,. For on thn theary, the primary
g of d is o two bodies wt
the n\m moment. And, 23 sooh as this is sean, we
ste further that the relative theory of Space cannot be
complete without zome criterion of simultaoeiy at
different places. This example brings cut rather well
the charkcreristic merits and defects of each type of
theery. The Absolore Theory does give n definiee
maoeng bo the nollon of distance between two bodies
at different moments; but, since we certanly cannot
perceive points of Absolute Space it fails to explain
how we ever know that we are measucing distance in
the sease defined. On the other hand the Relational
Theory gives a clear meaning only to the notion of
distance between two bodies at the same moment: and
thiz is not enough for practicsl or scientific purposes,
But it does ftick to bodies, that iz to things that we can
actually perceive and denl with,

[t is pretty evident that the Relntional Theory
suffers from not being thorough enough, and oot fully
recognising ity mesponsibilitics It ought to start with
events, nod ta ukn t.'hn rulatice of distance betwesn

¥ Fund L The notion of
bodies and of tbe dlsmm between bodles at difierent
times will have to be built oo this basis; you cnaot
tale either Space ar Time or Matter as mm:ll—ing given.
There is & common matrix out of which the coneepis
of all three sre daveloped by experi wnd reil
thereon. The Relutinnal Theory necds to define some
mnse of Space, which shadl still be relative bot shall not
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e merely momentary, Science and common-sense
uquuu 2 Spwe wlncll sllall be timeless, 10 the sense
of hout Time : & collectd
cﬂmm:nhry Spaces i not crough. [t is one of 1he
great merits of Whitehead to have grasped this point.
The Absolute Theory does ofier us a tmeless Space ;
but, ns this can neither be perceived nor inierred
causally from what is perceptible, it i3 mther ke
the offer of a gold brick or a Castle i Spain. The
Relanonal Theory {whatever may be its pretensions)
only offers us a collection of momentary Spaces,
This bas at least two disadvantages: (1) that strictly
bodies can no more
be d:ret.'dy observed than distances between points of
Absclute Space; and (2) that mowon hecotmes, oot
change of position within a Space, but 2 movement out
of one momentary Space into another mementary Space.
The Relational Theory can hardly solve these unsettled
problems wthoul rawsing precisely those questuns
which lead on 10 the Hpecial Theory of Relauvary.

We will now desert the subpect of Absolute v
Relative Space, as such, for the present, und consider
those argumenls on the aubject which depend on the
question of Absoiute & Relatve Motion. 1t is doubtful
whether poople would cver have worned their heads
greatly about Absclulc Space und Time, had it not been
that there acemed to be very grave difficultics wbouc
purety ralativa motion. The question has really erisen
l\lrlue in the history of mo\im physics, first at the

ion of the ck Ly by Galileo and
Newtan, znd then again in connexion with electro-
dynamics in quite recent years.

It 15 usual for scientific writers with & tinctare of
philossphy to talk as if pluio commen-sense unhesitat-
ingly hulds motion to be purely relative, and as if
it were only pergons debauched by metaphysics who
believe in absolute moticn. This is of courae & pro-
found mistake. It is indesd trua that the plaic man
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does nat mean by seedow absolute motion as defined
by Newton. But he is perhaps svea more shocked by
the theory that all motion is purcly relative, when once
the logical consequences of that theory wre eaplained
te him. Naturally, the scientific theories both of
abwolute and of relative mation art highly abstract
intellectual analyses of facts which the plain man is
content to see and feel without analysing, 5
would not be going toa fr to say that the analysiz
offered by the absalute theery seems to common-stnse
nearer b the facts than that proposed by the Relationists.
This is hidden by the wery half-hearted and obscure
way in which most Relationists state their views; in
practice it i& almost as dificult 1o tale a consistently
relational view ebout motion as it is to bear constantly
in mind the fact that men st the antipodes Go not have
s uncomfortable fecling that we should have I we
were hanging head downwards with our feet fined to
the cuihing. Let us then y to smte the twe theorles
clearly and to draw their logieal consequences.  Absolute
moticn 15 the passing of a body [om one point of
Absoluie Space to amother. Absolute rest is the
remaining of a2 body at a point of Absclute Space.
Felative motion has the samec meaning on both
theories; it 15 just a change in the relative positions
of two bodies. The difference sbout it is that the
Relationists say that all motion simply is & change in
the spatial relations of ene body to others, whilst the
Absolutists say that thers is absolute 25 well an relubve
motion wnd that the two must be distinguished from
each other. Om the Ahsolute Theory all refative motion
imphes atmolute motion, and is the appesrance of it to
us, but 2 knowledge u!' rn]am-e moton does oot suﬂice
to d L the ahaol

mvelved. Thus, suppuuz that & and B are two bodies,
and Lhat w is the rate at which the diskoce between
them is incremsing.  Then # is a relative velocity.  The
Absolutist Asys that it must be due to absolute motony
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i Aorin B or in both, and that ¥l that we can sy
aboul them i that their diffiarence is equal to ».

Now the point at which the pursly relntive theory of
motion conflicts with common-senye is that it will pever
allow you o say of any two bodies thet one is moving
and that the other ig a2t rest. Distance between A and
B is a perfectly mutual relation ; if the distance between
A and B iccrnases ot certain ate the digtaoce between
B and A e focko increases ar the mme rate.  1{ then
motion just means rate of change of distancs between
bodles there is 2o sense In saying that A moves and B
standy still, Suppose now that 1 am the body A and
that B iy the wall of the room. Common-sense ix
perfectly sure thar 1 move and that the wall stands
still. But for the consistent Relativist this is simply
nonsenst; it is true in precisely the game zense, and
in the oniy sense 1n which he admits motioa, that the
wali moves towards me. Thus common-sense seems
here to be much more an the side of the Absolutist
than on that of the Relztionist. It quite admits that,
in particular cases, it is dificult or impoasible o tell in
what proportions a particular relative motion cught to
be divided between the two bodies, but it iz quite
convinced that in every case there is a genuine meaning
n the question © Whar is the real velocity of each body #
This question, as wt have setn, has o perfectly definite
meaning on the Absclute Theory, but ity meaning is
not obwious on the Relational Theory.

Of course ! do not regard this common-sense objec-
tion as at all conclogive, for | think that the Reistionist
can make 3 {airly satisfactory answer o it He will
say: “ You think that certain bodies are abzolutzly at
rest and other in motion, not because there in roally
anything but relative motion, but because you acitly
assume & ceriin body for relating all others 1" This
body, for the orlinacy man, is the eanth. He says
that the wall is at rest because it does not mave relatively
to the surface of ihe earth; he says that he himsel{
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wnaves bacause b does change his position with respect
to this body of reference. It is very tuay to forge
sbout & relation altogether i we Always tacitly relate o
the same teses in & whole series of judgmeats.  1f oor
common-senge friomd replies that when he moves he
gets tired, whilst when other things move and he
pands stili he dows not get tired, the Relativist can
ensily deal with this objection. He will sy: '"all
muticn i3 relative, and all relative motions are equally
geouine facts | tut they do not all have the same effocts.
‘When you and the earth move relatively to 2ach other
effects are produced in yoor Body, but when you rest
relatively to the 2azth and merely move with respect to
other things which are themaelves in motion with
respect to the earth, surh a8 tam-cars, oo such effects
are produced. This ia just 2 law of nature which we
bave I recognise.”

So far the Relationint has a perfectly good case.
It is ohen we come to deal with mechanics, and
particulatly with retation, that his difficuities begin
to accumulate, We will deal with rotaton first,
bersuse it ean be discussed without any imowiedge of
the laws of mechanics, and hecause it furnished Newtan
with one of his strongest arg in favour of absol
rotation. Suppose that you tke n pail of water and
hang it up by 2 sring. then rwist the szing & nomber
of Hmes and Iet it untwist isell  The pail will, of
course, apin rapidly round ils axiz, At first the water
will ot =pin, Dut gradizally it will take up the spinning
movement of the pall, snd eventually the watar and
the pail will be spinaiog as coe rigid body, Now stop
the pail. The water will go on spinning for Soame time
Hll it 8 gradually brought to rest by fiiclen.  Now
what we have to ootice is this: At the begloning of
the experiment, fr. when, in ordinacy languagy, the
bucket s apinning and the water is still st rest, the
water has its meximum velocity of rotation with respect
to the pail.  And at this stage the surface of the water
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Is quite fat. At the second stage of the experiment,
when, In ordinary language, we should say that the
water had picked up ihe speed of rotation of the pail,
the water hus no rate of rotstion with respect to the
pail.  Yet at this stage the surface of the water is
depressed 1n the middle, 5o that it becomes a pazaboloid
of revolution. Now we ail sy that this depression is
due to the rotation of the water. But, if we confine
aurselves to relative rotation, we see that the depression
was wf when the relative rotation wes a maximum, and
that it was a maximum when the relative rotation is sl
If we now pass to the next stage of the experiment,
wherr, in ondinary language, the pail has bern brought
to reat end the water 18 atill rotating, we have aglin a
maximum rate of relanve mtlnnn, but this i=s now

ied by a i ion in the surfece
of the water. Thus there seema o ke no regular con-
nexion between relative rotation and depression at ail ;

for the depression can be & both when there
is no relative rotation and when the relative rotation is
a asd the depression can e wif both when
thers is i relative rotati at the bey:
—and when therr js no pelarive robation —as st the
end of the expeciment.

These are the k:ls which led Nem.nn 1o hold that
we muat disti dute and relative

rotation. The argument comes to this: [f we ke all
totation to be simply and solely the rotation of one hody
with respect fo another we can find no general Inw
jon with dep Yet we are all

agreed tlut in some senxe the depression is due to
the rotation.  Newton's suggestion was that absolute
rowation, and it Klne, produces physicsl changes Like
the depresgion of the water ia the pall and the flatering
of the earth at the poles. It is true that we can cbserve
'onlymzuhuvemlouofbodjm but these are
Py nf ‘ andby dying and

ingr auch ok 3 1

g pay ) i3
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and fattening we can aacribe to each of the bodies s
peoper amount of absolute motion.

Now of caurse the facts on which Newton based
his arg are genuioe and very imp But

y do not i Newion's |
although that is no deubt one way of =xplaining them.
‘They can equaily weil be explaioed without recourse to
atmoluts motion, [f we refisct, we shall ses that it is
logivally imposaible that premises which are wholly
about bodies, soch wy water and pails, and about their
nlmpes ami relative motiony, eould necessitate con-

thing antimly di , viz,, Absolute
Space and Absalute Time. By a logical argum!ll\ yau
may learn of new relations between the terms that are
menhigoed in the premises, hot you cannct poesibiy
learn abaut the existenpe of ather terms of a quits
different kind from any that were mentioned in the
premises. So we can see &t once, from purely logical
considerations, thet Newton's argmment canoot feces-
sitair a belief in absoloe mouon. What we tan
legitimately argue iz that, ¢ there be such things as
nbaglute Spau. Tlme, and Mphon, it 1.5 m mt.ltmn L'Illt
they first discl by
effects in matter, and that by uuldymg these phenomena
we may be able to detect the presence and measure the
magmitnde of the sbsglute motion of each body.

But, 23 T have aid, the Relationist ran Interpret the
pail experiment in tecme of hin theocy. [ we redect
carwfuily on the results of that experiment, we see that
ull that it talls us in that owee paetsoviar pelative cotation
ix not connected by any simple law with the depression
of the water in the pall. It shows that the relative
rosation of water and bucket is irrelevant. 1t does not
1n the leant foliow that ae relative rotetion iy relevant.
At the beginning of the experiment the water was at
rest relatively to the fwed stara, st the middle it was
rotating, and at the end it was again at rest with respect
to them. What the Relstionist must my i» therefore
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the followiag : '* There 18 nothleg but relatve sotation,
and any body that you choose to menticn bas at one
and the same Hime all sorts of different relative rotations
for Instance, the water at the beginniog is rotating with
rexpect to the pail and is at rest with respent to the fixed
stars. Each of these atates of motion is equally real
and there is no i ibility them, b

they wre not properties of the water nlone but are
reletiang between it and other things. [t is no more
unregsanable to say that the water iz at once at rest and
in motion than it is to say that & man is at oace a father
and 2 =00 ; it only scems odd because we are haunted
by the ghoat of the Absclute Theory. But of all these
varions rqually real and co-existing motlons same anly
are connectad by simple laws with physical changes in
tha water. Relative rotation between the water and the
fixed starx cavses depression of the surface of the latter
relative rotation between the water and the walls of the
pail causes no such depression if the water be at rest
with respect to the fixed stars.”  This anywer of the
Relationist soems to me ta be perfectly compatible
with all the facts of the pail expeciment and to he
perfectly consistent with itself.

[ will cow coosider certain objections which bave
been hrought against this interpretatine of the facts.

{1) It is sometimes said: Suppose the water stayed
atill and that the fixed sous rotated mound it ; the water
wauld be mowing relatvely to the fxod start.  On the
above explanation the water ought to be depressed.
1a it reasonable to suppose that the mere rolation of
the fixed stars would have any efect on the water in
the pail? This objection is merely silly and circular.
[t iz based on ao assumption which bas a mesning aa
the Absolute Theory and no meamng at all on the
Relational Theory. On the Absolute Theory there is
» sease in distinguishing between the case where the
water rotates and the stary koep till and the case where
the siars rotate and the water keepe still.  But the dis-
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unction 15 mumnglm on the R!lelnnnl Tlleuqr Thg

to the Relanonal Theor)r It is really cm:ullr. for it
premise only bas a meaning for o man who hes already
rejected the Relative Theory, and, therefore, it cannot
coaistantly be used ax an argument agmnst this
theary.

{a) A Ty bjection is the following: Ewen
if the sky had always been covared with thick clouds,
so that the fized stars had never been observed,
we could atill have discoversd that the earth rotaves,
have determined its axix, and have measurnd its e
ol rotation by means of the gyrostbic compass wnd
Foueault's pendulem.  What is it that we discover and
measure {n such mses of it be not the abmalute rotation
of the earth? How can it be the mtation of the earth
relative to the fixed stars, since they do not come inte
the question at all? I think thar thu objection is
fallacious, but it needs a lictke reflection to soswer it.
1 will take the case of Footuolt's ptodulum, and neglect
the gyrostatic compass, which is harder ¢ discuss
without mathematics. It will suffice to any that the
answer that I shall give aboor Foucault's pendulum,
it valid at all, will’ apply =qually to the gyrostatic
com|

To simphiy matters we will suppose that the pendulom
ix bung wp at the North Pole amd started swinging.
Makr. a chaik mark on the gmund where the plane in
which the pendulum smarts swinging cuts the sacth.
As ticse gots on you will find that the pendulum na
longer swings in this plane ; if you daw another such
chalk line it will make an angle with the first. In
fact, the plane will slowly rotate, and the time of its
retation will be twonty-four hours. [ this experiment
be done anywhert ¢lst o the earth, analegous results
will be got.  The actual measurements will depend on
the latitwle, wod it will be found that they are all
connecied with each other and with the fatitude by &
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simple law. The fact to be notioed in that what has
Yemn meaynred in all casey in & redrties meation berwesn
the piane of swing of the peadulum wnd the earth's
surface. Let us suppose that the sky were always
covered with thick clouds so that the fixed stary could
mever be seen. What pecple would probably have
said would be the following: “ All pendula alowly
rotuee their planes of romtion with respect m the
earth, end the way in which they do this at different
places follows & gimple low."

Now, if motlon be purtly relative, this is precisely
equivalent to saying that the surfice of the esrth rotates
with respect to the planes of swinging pendula [t
folkrws that & perfoetly clear meaning could have been
given 1o che romtion of the earth on the Ralutive
Thnnry, cren if o hid had ever becn obesrved

some ientist had sadd: " There
mny be cther bodits beyoad those thick clonds s if o,
dews the earth rotate ar the same rate with repect to
them ?* O course, ne answer could have been given.
We who can see the bxed stars know that the planes
in which pesndula swing do not rotate with reapect to
them, and we therefore boow that the motatiom of the
earth or of any other bedy with respect o the plane
of swing of # pendulum is the same as its rotation
with respect to the fiwed stars. This pacticular fact
of nature would, of course, have been hidden frem uz
if we had never secen the stars; but otherwise we
sbould be in exactly the same position as we are in
now, s can may. "'The earth rotates at such and
such & rats both with respect o the fxed stmra and
with respect to the plenes of pandula,” Men who had
sever stwm the firoed stus could only make the Tater
part of this msertivn. We know an exira fact which
they do not, but what each of uy knows is equally abour
relative rotatios.

(3} The third ohjectinn ia coe thet in coosently
mized up with the con that hes just been discumsed,
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hut really in guite dufferent from it Tt is amid: I
there were no fxed starg the exrth could not be rotating
with respect to Sew.  Now you say that it is cotation
with respect to the fixed stars which mauses the flatten-
ing of the carth at the poles and the depression of the
water in & rotating pail. Can you seriously maintain
that, if the Sxed smrs waro annihilated, the eacth would
become perfectly spherical aod the water In the pail
pecfectly Aat? You cerminly wught to held this. For
you zay that the cause of the depression of the water
ig its rotation with respect to the fixed sars. I the
fixed stars ctased to exist, this relative rotation would
e facer vanish too, Thae alleged cause of the depres.
sion having thus ceased to exisr, we may presume that
the depression itself would cease too.”

Before chscussing this argument, T want 1w paist
out ita precise connexion with the previcus one, and
the causa of the Erequent confusion between the two,
The present argument deals wath the physical caustion
of such phenomena as the Battening of the tarth at the
peles, and the depression of the water in a spinning
pail. It polnts cut an impli of the Relational
‘Theory which its supperters are very lable te forget.
The theory says that the cause of such phenomesa is
the rotation of the earth or the pail with respect to
soune other body or bodies. Now, if this is 10 be
litezally true, it would seem that the existencet of ene
a¢ lrasé of the assigaed bodies of reference musi bean
e:sentlal | part ot‘ lhe cause uf the physical phenomena

lined to regard the
ﬁlﬂi gars, or whatever frame of refarence they may
happen to use, ay myre axes of neforence, wnd in no
senss causal Gactors,  The prsent argument Yhows
that this [ inconsistent. To squam the Relational
Theary with the fscts, it is necessary to hold that certain
reintive motions stand out from all others in produciog
gbservable physical consequences. Now thesn out-
staoding relative footions are those which bodies have
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with respect te eeséain bits of matter, such aa the Sxed
stars. These pacticalar bits of matter are thus put in
a upigue positica amoog all other bodies, Meoiom
with respect to any ome of this particular set of
‘bodies proaduces physical phenomens ; otherwise similar
mgtiony mth regpect 10 other hodies de nat prodoce
similac physi Thus the exi af
thiy pﬂﬂleged gt nfboﬂuuzsu umnu]hmm
the producticn of these parti
lndwehnwnonghtw PP thm.dlﬁe
would continue w happen if sll the bodics in this
sct were ihilated. (It iz not ¥ to
that the exigtznce of any oms member of the s#t, rpn
the fixed stars, iy essental. What does seem to be
exsential ia that there should be af frase one cember of
the set, thaugh It is immaterial which particular one
it may be.} This is the basia of the present argument,
and the foree of it is that it is bard to believe that
the existence o( 1 centain prmleged. set of bodles is a
of the i g of the eacth oc the

depreismn of the water.

Now the previous argument was not about physical
caugation, but was zbout the meaning of and the
gvidencr for the statrment that the earth rotates It
suggegted that, since we could lmow that the parth
rotates and megsure the rate at which it does so, even
though we had never seen the fixed stars, we mnnot
mzan by the atatement that the earth rotates simply
that it dows 50 with respect to the fzed starg  And it
concluded from thiz that, when we talk of the rotation
of the earth, wa must mean sbsolute rotation, and thet
we mugt be: able 1o detect and measury it by ohoervations
mude oo purely terrestrinl bodies. Ay we bawe peen,
the premize of this ergument and the fisst part of i
canclusion are trus, but its finel conclusion does not
Pollow. What we obscrve in these purtly terrestrial
experiments is still relative rotation, and what men who
would not gee (he Bxed stars would mean when they
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said that the marth revolved, would be that it Goas se
with respect to the plane of a swinging peadulum.
We who can pbserve the fized stars have found out the
additional fact that the rotation of the casth with respect
to them ix the same 45 its rotation with respect to 2
pendulum swinging at the North Pale.

The arguments, then, are entively different. Why
ix it that they are so often mixed up? T thiok the
meason in the followlag : 1tis thought that, since you
eould find out the rotation of the earth without knowing
anything about the fixed stars, therefore the xed stars
cantot be an essential part of the cause of such
phenomeny ay the Aattening of the earth. This is,
bowever, a very bad argument. We can fnd out a
guod deal sbout the symptoms and treatment of
influenza, though no one has ever seen an influenza
germm,  Thiz dees not prove that these symptoms da
nct depand on & germ, or that they would not cexse
altogether if the germ were mummnmd

Having cleared up renl and imaginary,
[ these W0 arg: Irt us ider the secand
of them. Several angwern might be made t¢ . The
first, which way made by Mach,* scems to me to be
logically sound, and to contait an impocmnt truth,
though—a= T shn!ll polnt. out later—it does not altogether
satisfy aur physi The that we
wrt discuxsing appeals to our canviction thet such
remote Bodies as the fixed stars caonat really be
essentlal factors in the causebon of purely tecragtriad
phenomena like the Aattening of the earth ond the
depression of the water in the pail. Now Mach's
answer ig to gay that this ietion I8 & mere prej
and to point out how this prejudics arcse. Mach says
that we bave mally not the lmast idea whar would
happen if the Bxed stars were anonibilated, and that
therefors we bave no right to auppose that the earth
would still be HBattened wnd the water still depressed

= S of Sakemix




108 SCIENTIFIC THOUGHT

afier such a cosmic swpheaval, Mach's grounds for
thizs assertion seem to me to be sound, They wre =
follows: The laws of motico aod all otaer sciendfic
laws have been discovered and werified in & world
which, as a matter of fact, does contuin the fixed sarm,
Our laws do ot make explicit meation of these bodies,
because they have heen a cocstant factor, and are
mssumed to be guing 10 be o constant factor iz all
predictions which we cudks by means of these laws.
Baut, though constant factors need oot be mentiooed,
it dees oot follow that they ars caumlly irmlevant,
We say that gax lights whon you put x match t it;
acd we de nor as A ruls mentioe that air must he
prestat, becaust it practically always is present when
we shrike matches and aticropt to light gas.  Never-
thelaxs this constant factor Is as relevant as the matchey
and the gus, and If we argued that the abstnct of air
woukd make oo difference, we should be wong. Yoo
can never safely assume that any @actor which has been
present in all cases under which a Jaw has been verified
is irn{ev.nnt to the truth of the law, untl you bave

duced & deficite dwe § in which thia fastor
was absent and the law was nevertheless found stll to
hold Now we obviously caonot remove the Axed
starz, 3pin & bucket, and see whether the water is sl
depressed in the middie. Therefore we have no dght
to feel so sure that it still would be depressed in the
middle if there were no fized gtary.

1 w»ill sow point cut why this argument, though
logically sound and besed on an important general
priociple, is lixbly o benve us dissatisied as physicist
Mack's angwer accepty the view that the Sattening of
the earth wod the depression of the water depend on
motion relative to the fo' sars, and that therefore the
cxistante of thesa hodies is an esentis]l factor in the

of such pk Now we must notice
that, if this be true, & very peculiar kind of physical
causation in Iotredoced. It s of xoch a kind thar, if
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there were much of it in the world, phynicxand all other
expmmenui sciences woukl be |mpusmhle tise
jon in all our practical wark tha
the more distent a body is the less differcnce it makes
to the physial phenomena in a given region. The
chemist assumes thar prectically everything that goes
on gutside his Iabomtory, and most thiogs that go oo
outgide his teat-tube, are icrtlevant to the phenemena
ingide his test-tubs. We are, of coutse, prepared to
edmit that pomibly everything that happens anywhere
haz romr influence oo everything ¢lse, and that the
mare delicate we make oor experiments the less we can
afford to treat anything as imelevant  But, uniess very
distant thinga could oo the whole be safely negiected,
and neglected wutll grnter sufety the forther they are
away, all exp h would be hep
because no phenomennn woukl be even approximately
isclable from the rest of the world. If gravitavionai,
electric, and magnetic forces varied directly instead of
inversely with the square of the distance, there would
be what Mr Mookerjee very jusdy termed “a rare
hullzbalioo ar pretiy kettle uf ish " Now Mach's answer
doesg i | 2 sort of ion which is of
just this ohjectignable kind. The fixed stars are the
moyt distant bodies that we know of, and yet they are
an essential factor in causing the Anttening of the earth
and the depraggion of the water. This is why 1 said
that the implications of Mach's answer contradscted our
physical tnstlnm Of course it is quim possible that
bere qur p ATt Mere D i [t may
well be that all the known Jaws of fatuce, when fully
expressed, involve two fctors, viz., those that we
ion and on the one band, and the
genzﬂl structuze of the stellar universe on Lhe other
The latter has kept fairly constant up to the present,
and so we have come to no harm as yet by neglecting
it and confining varselves entisely to the frst {actur.
1 oow turn to a second poasible answer to the present
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objection to the Relational Theory of motice. I am
inglined to thisk that Mach's answer concedes mece
than ix y 1o the The con-
finca Iumnulflntheﬁmuinmru, nrsunsﬂmlnluonly
rotations with respect to fhew that peoduce phymical
| on the Relational Theory, and thereform

h the Relationist with the lusion that the
existence of the fixed stars must be an essential factoc
in the production of these physical ph Mach
accepts this as o fair of the Relatinnul
Theory, and simply argues that it s unobjectionable
for the reasons given above. This seems to me too
big & concession. [ poioted out that every body has 2t
one and the game time many different relative motions,
ail equally real, just as any 1own has at one and the
same Hme any oumber of difftrent ' distances.” There
i no kind of contradiction or inconsistency in this unless
we tacitly smuggle in the idea of absolute motiea.
Kow, if the lyws of Mechanics ba true, all the motions
of all ather bodiey relative to (say} the fxed stars obey
a crrtain aet af rules, viz., Newtoa's laws of motion,
or whatever modification of them may be found to be
necesgary. Suppose that & whole set of bodies B, B,
- B, abey Newton's luws far all their motions with
respact to the fized stats. Let us salect any bady Br
qut of this get. Then the motions of any other, such
a3 B, with respect to By, could be compounded out of
the motions of B, and Be with respect to the fixed stars.
But, by hypothesis, the motions of both B, and Be with
reapact to the Sixed stars chey Newton's laws. Hencs
the motions of B, with mpmmBr gt o'bey Laws
which are merely of
Newton's, Precisely the same remarks apply to the
maotions of any of the other B's with respeet to Br.  The
stardard body Br might be ns wild an we Like, it mighe
be 2 midge duncing in the suslighe; selli, if It and ail
other bodies obey a certwin set of cules for all their
mavements with respect 1o the fixed stars, adl other
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bodies will obey a set of rules for their movements with
reapect to i, No doubt these rules would be of perfectly
awful cormplexity if wa had chesto & midge instead of
the fixed stars as our body of referesce ; but what does
this prove? Only, 50 far as ] can see, that we should
probably never have ducerard that all metions ace
subject to laws if we had not had the fixed stars avail-
able a3 bodies of ceference.  Whaen we say ; 11 is only
metions relative to certain bodies (of which the fixed
Srs are lyplcal] which obey the laws of Mechanios,”
g is true in one sense and false in anodler Tt s true
that ooly such i obey even app the
simple nnd miliarlaws of motion discavered by Galileo
and Newton. [t is not trua that motions with respect
to other bodies obey ms inws, or that the Ixws which
they obey are ] with or independ of
Newwns. ‘I‘he Ilws of such motions must be just
aften of unmanageable
complexity, of the familier and simple laws which
govern motions with respect to the fixed strs, This
seems to be & necessury consequence of the two facts
(@) thar all motiony with respect to the fived sars are
subject to Newton's laws, and {3) that the motions of
any hody with respect to any other can be compounded
out of the moticns of both with respect @ the fxmd
Stare.

If this wgument be sound, we sn now give an
answer ta the prn:ntobjumon o the Relaticnal Theory,
which shall arcept sll :hn is lruc m Mach's znswez
and shall not shock cur physh ar prej
The cbjection, | may once more remiod the reader,
was this: I the tarth bhe fisttened and water in a
spioning pail depressed only through rotation with
respect 0 the fixed stars, then, il there were oo fixed
stars, tha carth would not he Bartrned nor the waier
depressed.  'We can now s¢¢ thac this consequonce
does not seally fellow from the Relational Theory of
Maton. IF you twisted the pall in the absence of the
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Gxad stars thers would atill be relative mation between
itand other thing= It |s true thai thess other relative
motlons would not be d with the
of the water by the same simple laws which comnect
that depression with the rotation of the pail rdxuvem
the fixad stars.  But the d jon would be
with these other relativa motlons by Jaws which are
mathematical transformations of these simpler ones. o
that senze it would be true to say that the annihila-
ton of the fixed stars would not mecercerily make any
difference to the phenomena. On the ather band, we
can atill admit with Mach that it would not be safe
to sssume that Jaws which have been discoversd and
verified in the presence of the fxed sters would neces-
sarily continue to held when such a lacge and important
pln of the waterial umv!m as the fixed ytury hag been
The d our pngwer and
Mach’s comes to this: Mach accepts it a3 3 vecessary
g of the Relational Theary that the exist-
ence of the Gxed stars iv an emential copdition of the
phencmeny under discossion ; he then devotes himseli
Inshuwmgthal.wn nughr. not to be surprised at the
of thele in the zb of
the fn!d starg, and ﬂler!fm! that this consequence
of the Relational Theery is na ohjection m i.  We
wrgur that this iz oot 8 necessry consequence of the
theocy, but wdd that wo too should not be surprised
if laws which had been ascertained in the presence of
tha fixed stars should be found m hreak down after so
huge a change ax the anaibilxtion of those bodwn.

The upshat of the discussion seems to me o be
that there ia no conclusive chitction to the view that
all moticn is relative, and that all argomests which
have been produced ta show that we must recognise, and
can indirectly measure, absclute motion, are Ellacious.
This being sz, 1 think therr are =trong reasons for
rejecting the Absoiute Theory, After nll, the luws of
motion are smpirical laws, discavered by oheerving wnd
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reflecting upon the actual movementy of actusl bodies.
Now, 21l that we can observe in the way of maotion is
the change in position of one body with respect to
others. It were strange indeed if such observationy
could Jead to lawy about something which is, from its
very nature, unchservable, and stranger sill §f such
laws eoabled us o control and predict the movements
of bodies in pature.  Absoluts Space, Time, and Motion
have sll the apy of being mathematical devices,
and not substantial constituents of nature, and a theory
is to be pmﬁemsd whm.'h reduces such mathetatioal

folding to a ded of course that it is
ndequate to ell the facts mlh which it professes to deal.
1 think that mathematicienz and writers on dynamics
have betn justified in rejecung the Relutional Theory in
the forms under which it has been commonly presented
In the past; but I thiok that this is because it has
beer badly and inadequatcly stated, and noi because
it is Impossible ta make i At all the facks.

Thls 19 about as far ag we can go wllen we confine
the di jon to ordinary But
the whale question aroge again in recent Fears over
electro<dynamics, end it has been found thet refiection
on the facts of this regmn of phenomenn nocessitatey
$till more radicat g of the tradi |
of kinematice. This Teads 1o the Theary of Rnlnuwry,
which 1 shall deat with in the next chapter.

The following additonal works may be consulted
with advanmge :

LRIENIE, Corregiomdons =
E Ma?’.(;uluw gfﬂ.l'ndlr.m, l::'hlp L., B ¥i, Appendix XX
o

I AI.'V\_?"“RM Frawpder of Muthomesii, vol. 1, Chap
A MOLLER, Der Profion & sdsciwfen Smomer (Viewsg.

Fraumacheeg , 1911 3
P F\.:Illru\i;,“n? A'm, ¢ o Micampae  (Gauthes-
I g3,
H, Fouvcast, Soemr pt btw, Chap. VIL {Fl

H Prnwcazb, Soewer of Mithsss, Part 11, Chap. L




CHAPTER IV

“Ahl tlnlmnh Saf it," asd the Hatber " Hewoa't

L of coly kept on tErmy mth
Time, Ied & almast ; yor L the clock
Yiro CouM keap it to b long an you Lved '
{Lewe Cagnowr, Aiwt ' Adventurer in Wﬂd‘nind]

Modificatien of the Traditional Kingmetics in the
Region of Phyaica (cowfinosd) {2} The Special
Theory of Retativity

THE clder jes b Ab igts and Re-
latineusty, which we have discussed in the last chapter,
took place wholly withio the region of dynamics, i.e
they dealt with the moverments of bodies and with the
changes of shape, such as Battening and depression,
which some of these movements produce. [t is clear,
harwever, that the same kind of question could be mised
over anything whatrver that moves, and over acy kind
of effects which say seem to prod Now
there is good cvidence—some of which will be men-
doned in @ later chapter—for the view that light
travels out from its soarces with a very great but finite
welocity ; and this velocity has been mepsured.  Again,
the mustions of charged bodies prod grnetic effects
which wary with the velocities of the bodies.

Thus in theory the whole question between the
Abgolute and the Relational views of Madon might
be arguad out again in the regions of light and cleciro-
magnetics. A wave of fight might be expected to have
all sorts af diffe refafeve ies, and the quests
might e rmised : Which, if uny of these, is what the
phyaiclat means by the velocity of light? The Absolutist




FIRST THEGRY OF RELATIVITY 125

might here step io and say that by s velocity of light
wt mus mean, not any of its relative velociies, but
its absolute velocity, in the seose discussed in the last
chapter. Similarly, we might ask: Which, if any, of
the sumemus diferent relative relocities of eny charged
plece of marter prodoces magnetic effects? And the
Abaolutist might say that e relative vekocity has this
effect, but only the absalute welocity of the charged
body. I do not think r.hal thege additional I'amstully
mekr eny diff pringiple to the
which we reached lbnnl the Absolute and the Rets-
tivaal Theariey in the lagt chapter. 1 will &y to justify
thin stazment before going on to discuss whet modifica-
tiony the new facts do make in the tradivcnal kinematics.
The subject in  little confused at the outset through
the introductive of a new fiend—the Luminiferous
Ether—which did not enter into the purely dynamical
arguments. Thus we gat an apparently intermediate
view, put forward by physicems who reject Absoluyte
Space, Time, and Motion with nghteous horor as
metaphysical figments, and il us that what is im-
partant in light and electro-magnetics iy motion, not
with reapect to this or that fedy, but with respect o
tha Luminiftrous Ether. It seems to me that for the
present purpoae there is no imp difference b
the Etherand Abzolute S])lr.e A distinction was origin-
ally drawn, because various physical properties, such
as slestimty and density, used to be agcribed to the
ether, and because it was suppoesed to produce various
effectz cn ordinary matter. This is inconmstent with
the tadidoval view that Space does nothing, hes no
physical properties, and is thus distinguished Eom
Matter. But there are two cirumstances which make
the distinction between the Ether of the modern physicist
amd the Absolote Spare of the older Mechanics 3o shight
as not to be worth keeping,  On the one hand, the
Abaolufist has really no right o say that Absalute
Space docs nothing to satter.  For It i of the essence
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of his view that mation g
and other mechanital effects on matter; and, sinoe
Abmolute Space it involved In Absolute Metion, it is
clear that be ought to hold that it is an essential Bactor
in the production of these efects. On the other hand,
as we shatl see, the Ether has proved to be & more aod
more retizing entity, wotil it is difficult th discover that
It plays any part in physics exeept that which Absolute
Spact played in the older Mechanics. Thus 1 do not
regard the two views that she velocity of light means
its abselute velocity and that it means its wolocity
relative te the Ether ax genuine alternatives. The
Ether just is Absolute Space pfus zome hypothesis ax
to its flling, and this latter addition ix irmtlevant for
our present purpose.

Having cleared this complication out of the way,
we can et fairly easily that the facrs about light and
clectzo-magnetista make no difference la principle to
the gquestion of Absolule cersws purely Relative Motian.
When the velocity of light was measured, and when
the fundamental equatices of the electro-magnetic field
were laid down, writers did not ax a rule state very
citady what frames of refe they were
But it 1= certain that they were, in fact, assuming the
famuhar frame of reference with respect to which Newton's
laws of mation held. if this be Absolute Space, then
they wore mlldng about Absolute Motion, end if it be
the fived stwrs, then they wem talking about motions
with respect to the fxed stars.  Every rmason that there
is for taking the latter wlternative as regards ordisary
dynamics exists for doing the sune with regard to light
and clectro-magnelics.  The velocity of light i= apme-
thing that has been experimentally measuned, and what
has been measurcd must have been the fime that a
wave of light took to get from ont & to snother {or
rather fram onc body to a second and thee back again
to the firat).  Cleerly it was the velocity of light relative
o these bodics that was messured, snd not the time
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that it took in get from one point of Absolute Space
or ape bit of the E\:her 1o another. Similariy the laws
af alect Ji d and veribed by
experiments on Mu. and the wvelocities that wese
ohsarved were the welocities of these bodies relative
to others, Apuwin, all the arguments that could be
produced to show that in light and electro-dynamics
wa must ba decling with abglute moticps, and that we
have the means of indirectly measuring them, are pre-
cisely parilel ta the nrguments m prove the same con-
clusion from the phenomena of mmtion. And they
cauld be met in precigely the mme way. Thua the
opw scieocss which lllvu devulnped since Newton's
time leave the quegti the Abgolytisty and the
Relaticnists ml:dy where it was; and that is, if we
ore right, they leave the Relationiss in possession of
the field, provided they state their case camfully enough.

I do npt puppese that any phy=icist would deny oxs
alde of the aboye statement, viz., that the Gacts aboot
light and cloctro-maguetica iend o Eesh suppoct to
the Abstolute Theory. But he might be ioclined 1o
think that they do provide sdditional grounds for the
Relaticcal '.I'heory. I de noi thizk this Is strietly troe;
bul i ia p ible, aod an lanation of why it is =

will carry u.s into the heart ofaur present subject.

In the purely d i Abssl-
utlsts und Relatonise the Absolutist siaked his case
on absol i and absolute sorepiow. He did

no:pmﬁe.utobenbkmpmduuanydjrmmpmm]
welority; though, of
course, |§ he could prove the existence of ahsolute
acceleration, that of abeclute velocity would be
indirectly. It follows at cnce from the form of Newioa's
laws of motion that abaglute reclliness velocily, even
if 3t existy, will oot show itself by any dynamical con-
aequences ; for it ia aeleration, and not velocity in &
w-ught Iine, which Newwus Inws consect with force,
fore with e defc ' of bodies.
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Now, when we come to dex] with light and electro-
magnetics, there is m real differgnce in this respect. If
what is culled s« volocity af light be its absolute
weloeity (er ity velocity with respect to the '' stagnant
sther,” if you prefer that expression) we might =xpect
0 be able 10 measure the absalute velocity of a bhoady
like the earth by finding the welocity of light with
respect to 1L &nd noticing how much greater or less it
wag than rthe vefocity of light. The absolute velocity
of the earth in its orbit would presumably be the differ-
ence between the abeafvsr welocity of light and the
velocity of a wave of Hght ar matrwrsd from the mrovang
sartk, gven that the earth and the wave of light wem
moving in the same direction when the measurtment
wus made. Again, various sbaervable electro-maguctic
effects depend on the velocities of charged moviog
bedies. IF it be the absolute velocity of the charged
bedy ihat is relevant to these elocts, we ought to be
able to discover what part of the cbserved relative
velocity of a moving charged body i due o its own
absolute velocity and what part is duc to the absolute
velocity of our wxes of refarence, for it will be oaly the
former that will be respansitile for the el
effects which we measura.

Now it is & Ract, and & very important coe, a8 wa
shall see in detail in & moment, that all atlempta to find
the absolute relovities of bodies by these moans have
filed, although the especiments were quife delicats
engugh to detect the effects which were being Jooked for,
if they had really happened. We tan now see whar
amount of truth there iz in the popular view that the
new facts about I\ghl lmd electro-magnetics have pro-
duced strong ad for the Relati
and against the Absolutist view of Motion. It & true
that light and electro-magneticy seemed o orlfer for the
ficgt time » mean= of & ing and
m‘h-wmhnu,mﬂﬂnlwhcntheﬂpcnmm were
done the results were abways wholly oegative.  But tha
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negative results of these experiments are just as para-
daxical on the traditional Relationist Theory as on the
traditional Absclutist Theory. They canzot therefore
be wken ns arguing fov the former and against the
latter. It is clear that neither theory, as it staods, is
fited to deal with the facts. Of course, if it should
be found that the Relationist Theery can, and the
Absolutist Theory cannot, be 8o modified as o fit the
facts of light and tlectro-magnetics, we may say that
witimalely these Larts furnish o conclusive argoment
against the Atmolute Theory. Butat present we must
hold that their mawediose consequence i simply 1o show
the oeed of modifying both theories.  To this modifica-
tion we will now turn.

1 shall confine myself to the question of the velocity
of light, and not touch on purely electro. magnenc
experiments.  The argument in the former case can be
followed by ary person who takes a little trouble and iy
acquainted wirth the first book of Euclid and with
algebra up to simple equations; whilst the electro-
magretic experiments cannot be understood withaut a
fir knowledge of mathemutical physics. Ami there i3
no loss of dity in to the
simple case Tof light, for light is really an electro-
magnetic phenomenon.  All that the reader needs o
mmember here is that the paradaxical result which we
are poing to sxplain about the velocity of light is not an
igalated phenomenon, but is caactly paralleléd by every
electro-magnetic sxperiment that has ever been done
with a view ta detecting the sbeolute velocity of the
earth or cther hodies.

The Mickelron-Morky Experweest. 1 3hball state the
argument here in tarms af the Atwolutt Theory, becavge,
with our scientific traditions, this makes it mome eayy
tp follow. Bot I shall show at the end that this does
oot mean that the argument Implies the truth of the
Abenlute Theory, or that it woukl be inconsistent to
uge the conclusion as the premise of an argument agaiost
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that theary. Suppose we had a plathorm moving through
the “smagnant Bther” {which, as we bave seen, is
practically the same thing a»» Absolute Space} in a
cerzin directon with a congiant velocity ».  On this
platform et there be an chgerver, & source of Light, and
a couple of plane mirrors, Druw a siraight lins on the
platform through the source of light and parsilel w the
direction of motion of the platform. Draw another
atrpight Jine on the platorn through the souzce and at
right angles to the first Iine. Measuze off equal distances
{rom the source along the two lines. At the points thux
abtained place the two mimoes, éach one normally to its
line. The illastranon below will show the arrangewent.

At a cerain moment let the source S give out a
Mush of Iight and let part of this ga to the mitvor M,
and ancther part to the mirror M,.  Let ua first consider
the part that trevels ta M. This will have to travel
further through the ether than the marked distagoe /
between S and M, for M, will have travelled a cermin
disance through the ether while the light is moving
towards it, aod thertfors the light will have m overmke
ft. Nowr let the light be reflectsd back along i old
path to the source. 3t will now bave to ravel Tesa than
the maried distance through the ether, bocanse the
source ix moving towards It. Suppose the light lef 5
a1 time O, reached M, at §,, was reflected instantaneoualy,
and got back e 5 at 4, Lot ¢ be the absolute velocicy
of light, 1.c. its velocity throngh the * staguant sther.”
It in then clear that

Aoy
and i=vlty—hy-ela—i}
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whence it follows that #=24f{*—1%). Tols then is
the toipl time thet elapses betweoen the emission of this
part of the light and it return e the source after its
double journey.

Leet us now deal with the light which travels to the
other mirror M, and is reflected back from it o the
source. This Llight must not travel cut in the direction
SM,, as marked on the platiorm,
or it will never reach My, For M, “tT ™
will have moved o the right by
the time such light hed got to
‘where it was whed the light started
‘W have therefore to cocmder light
which steilces the mirror at a peint
in the ether equidistant berween
the point where the source war when the light left it
and the point where the source welf & when the light
mtumg tp it The diagram above will make thig
quite clear.

The actual course of the light In the tther is the liog
5*M2,S%  If T, be the rime when rhls lighe gets back to
5 it is easy m mee that

AL py o Tx
1 4

T =/
-
Thus the two parts of the ariginal beam of light do not
get back to the scurce at the same time; or, o put
it in a different but equivalent way, light which gets
hack to the saurce at the same time from the two mircors
must have started from the source ar different tmex
Now, undar these coaditions, there ought to be 2
shifting of the pesition of the intarference bazds which
alwayy arisn when the two beams of light which bave
travelled by different paths from the asme source meet
again. And from the shift of the bends it world be
ible to find e di b fand T, From
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this we could calculate », the absolute velocity of the
platform, in terms of v, the sbaclute velocity of light, by
using the two formute jugt proved.

An experiment of this kind was done with grest
care by Michelson and Morley. Their moving platform
wag the earth, The velogity ¢ was the tangential
velocity of the earth i jts yesrly motion round the
sun. Their apparatus was quitc delicate enough to
drtect smailer shifis in the interference bands than those
which wern expectsd. Yet not the sEghtest trace of
any shifting at all was detecied. A great many other
expariments have been tried in which electco-magnetic
efferts were looked for as a reault of the tarth’s motion
through the ether; in évery case the reaults have been
wad.  This negative fact, that no effiect due to the
uniferm rectilinear motion of a body through the ether
has over beon detgcted, although it ked been predicted,
and although the spparatus used was guite delicate
enough to detect and measure It If It were present, is
the basis of the first Theory of Relativity.

Before goung any further [ want to impsess on the
readez the extremely paradoxica! nature of this fact,
and to polnt cut that it is as embarmssing to the
traditional Relational Theory of Motion a3 to the
additional Absolute Theory. IfI travel in a slow local
train, and an express passes me going in the zame
direction oo the main line, 1 expect to find and [ da
find that the express moves more slowly telative to e
than it would if [ were standing an the platforss of m
station. It is obvious that the express takea looger
to pasy me uoder the former circumstances thon under
the latter. Now we should certainly expect thin to
happen for a)l kinds of motlon, end this is eammon

ground to the traditional Absclutist anil the traditians]
Relationist, Y:t the negatlve n-.snlt of thl Michelsan-
Morley and th might

quite faicly be mmmeﬂ up as follown: The velocity
of Light with respect to varicus bodies in the same, even
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though thess bodies be meving with varicus velocities
in the mame direction as the light or in the opposite
direction to it. 1o the Michelson-Morley experiment
tha earth in ity orbit corresponds to a skrw Jocal train,
and the Jight which goes from 5 to M, corresponds 10
& vary fast express moving in the same direction on a
parallel line.  The result is as if an express train should
appear to be going just as fast to okservers in the Jocal
train a5 to observers standing on = smton platform.
The paradox can be yiated just as well in terms of the
Absolute and in terms of the Relutional Thegry, In
terma of the Absolute Theory we tan say that, although
the earth ia moving with an wbaolute velocity thraugh
the ether in the same dircction as the light, this does
not dimimsh the velocity of the light wath respect o
the earth; everything goes wn z3 if the carth were
abgolutely at rest in the ether. Tn terms of the Rela-
Honal Theory we can say that the relative velocities of
a wave of light, with respect to & number of bodies
whvch are moveng relatronly do soch ether in the same
direction as the light, are mmerthele o alf the sase,
Naturally the first thing to do is t sce whether any
Physiead wxplanabion cap be glven for this pemdax,
without modifying the traditional views of Space and
Time which art common to the older Absalute wnd
Relational Theorles. What physical assumplions were
naade m the wrgument which led to the formule of the
Murley P We (2} that
the ether is not dragged along by the moving platform,
ng water would be by a stick that wag trailed through
it; (§) that the abgolute velocicy of light in the
" gtagnant ether™ is the same in all directions; {) that
the reflection at the mirrors whes place practically
instantaneously ; end () that the fct thee 2 sousce,
which emits light, is itself in motion through the ether
makes no diffarcooe to the velocity of the emitted light,
Would it be reasonable to account for (he negative
result of the Michelson-Morley i by =j
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or modifying any of these physical sssumptioms? Ag
regards (o} any modification will bricg us ints imme-
diate canflist with ancther set of well - established
experimental facts, viz., the abecratioa of light from
distant starx, due to the yearly movement of the tarth
in ita erhit. We shall have cocasion to refes again o
this phenomenon In a later chamer. For the presant
we may say that the amouat of sberration will vary
according to the extent 1o which the earth drags the
sther along with it. The actually observed aberration
correspands to the hypothesis that there is no dragging
at all, which is what we assumed In our argusment.

The astumption (5] seems to be the oaly reasouable
one tc make on the subject, Nor would It help us to
reject it. For the sarth iz moving in jts orbit e
different directions at different times of year, 1t follows
that the assumption that che welocity of light in the
ether is different in different beglute directions, even
if it be intelligible, could only sccount for the negutive
resuit of the Michelson-Morley éxperiment at one time
of year. At otber sessons the distrepancy between
prediction and ohservation would be worse than befiore,

The jon. [c) in neodléss] ping ; all that
we need to mssome iy that, whatever tfme the reflaction
may e, it is the mame for both mirfors. It were
surely abaclutely arbitrary to supg that reflection st
M, always 1akes vp a different amount of time Fom
refisction at My, and that this difierence is always exactly
fuch as to neutralise the cxpected difference in the times
of arrival of the two beams of light at the source.

{3 On the wave theory of light there Is no reasan
why the velogity of & scurce at the mament of emlaxion
ghould have any efect an the velocity with which thn
eamitted disturbance afterwards travels throngh the ether,
[fwe held the corpusculer theory of light, maters would
he different ; for & corpuscle shot out of & maving source
would presumably have = velocity rompounded of that
of the source and that due o the emitting impulse,
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But the cumulative evidenct for the wave theory and
againat the torpuscular Lheecy is so strong that it
seema idle to try to caplain the negative result of the
expeciment by a hypothesis which is only plausible
od the lateer view.

Tnierprelation gof the Michelson-Horley Retwil 0 fevns
of rhe Adzoints Theory. 1t is clear then that no ordinary
modifeation in our physical assumptions will explan
the segative result of the Michelson-Mozley experiment
witheut beinging us inle still worse collision wich well-
established facts, Woe are therefore foroed to conssder
the assumptions that were 1acitly made in our measuring
of distances and time-lapses. This briops uz, ag regards
Space, to the Lorewss - Figgerald Couivarteon, and, as
regards Time, to the notion of Lace! Towe,

1 shuli still canfine myseif in my expombon to the
bermlnolugy of the Absnlum Theary, and we shall
now be secing what a% to our
ments of distance and uml:-llpse bare to be made in
arder ta squarc the rezults with that theory. It will
ba bered that we i off an our platf
two lines at right angles to cach other, gach of which
had the messured length L This means that wwr
measuring rod had o be Isid down exactly / times
{if it was of unit length) beforr we made our mark
oo each line. Now, on the assnmption that identity
of warrsrs means identity of physad dirance, we zaw
that the times taken by the two beams ko pet back
to the source were 1, for the one that travelled parallel
to the direction of mation of the platform, and T,
for the otber. The physical distances travelled by
the two, on the prestnt assumption, will, of colirse,
he d, and <T, :wpectively. The Grt of thesc is

7:&! the second i

-2 n ISJ
Now actually the two get hld( at the same time

Iostesd of the twn differeat times v, and T, [t therefore




126 SCIENTIFIC THOUGHT

Is necessary to suppose that really they travelied the
smme physical distance through the sther. We can
only explain this oo the assumption that, although oor
wieaskrements in the two mutually normal directions
on the platferm were the same, the pdvsne/ diskinces
measured were not the same. This is equivalent te

that our ing rod dota not remain of
the same physical length when it ix turned in different
direciions on the moving platform. If we suppose
that the physical distance at right angles ta the direction
of motion really ig J, whils: that in the direction of rhe

mgtion is ooly .f,\/.'l —;, we can account for the negative

result of the expenment.  For, in that s hmh benms
will have the same pt

the ether, viz,;

W A = and, s they truvel with the
=5

same velocity ¢, they will get back at eswactly the

same time. What we have to assume then is rthat a

measuring rod, which & of unit physical length when

held broadways on to the d of moticn of the

platform through the ether,. shrinks to a physical

when laid down on the platform in the

direction of its mation. This is what is called the
Lsnnf:-FJl.gum‘H Cmfrun‘;m It is nor, of course,

to be confined to one iculer rod, but is
commun to the platkorm and zvefythmg en it. The
result in that it cannot be detected by the use of anothar
measuring rod, because that will zontrect i precisely
the same way as the first when you lay it alangside
the frsk.

‘We can now deal with the question of Local Time.
We have sopposed that the velocity of light in the
stagnant ether is ¢ units of length per second,  Now,

Ing the Lorentz-Fi Id C iom, we have
seen tlm. the distane: tﬂvel.led. in the ether b)r either
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Deam of light from seurce to mirrer and back again to
sourpe hJ%unlts of length, Itis clear theo that

1—=

H
a clock at the source, which marked zemn when the

flazh started cught to mrkJ—::=':l%:smndsmn the
Hash returns to the souree, i.fitismin suchawny
thet it I ds of ph 1 time-
lapss, Now the di Tied by the light relarioedy
to the plaifoemi is 2f upits of length, Therefore the
measured velocity of the light relafrrely to the platforoe

will be ar 2 o units of length per

secand, aasuming that the clock at the source ia going
at such 2 cate that 2 seond, as messured by It, really
dots represent & physical time-lapse of one second.
The relative velocity of light sewld therefore wery with
the velocity of the platform. Bul this is exactly what
we do not find, =lthough we might have sxpecied to
do so. We actuslly find thar the measured wekxity
of the light dots mor depend on the velocity of the
source, the observer, or his instruments. 1t is therefore
evident that some further explanation beside the Lorentz-
Fi Id G ion 13 needed t fee the facts,
ll is evident that this further assumption must be con-
cerned with our clocks, since we have already dealt with
ayr measuring rods  Suppose that, when one second
of physical time hag elaprsed, the elock at the sburce only

indicates |—; seconds, Fe that it is a linde slow.

al
Then when ‘Jl—?mnﬂs have really elapsed the
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i adfe ix The d i dled by
the light relatively to the platform is, as before, zi
Thus the measured relative velocity of the Iight will
now be ¢, and will thus be independent of the mation
of tha platiorm. This, a5 we saw, is the resolt which
is agiually found by experiment. We must therafors
accept it as a fact that the clock at the source on the
moving platorm goes more slowly than it would do if
the platiorm were at reat in the ratio of ¥ 1—% o I
Thiz jon is of course | to the Larentz-
Fitzgerald Contraction, and makes ne difftronce to it.
Butwe are not yet out of our dificulties about the
messurement af ume. Sofar we have dealt onty with
the case of a single clock in a single place on the
pletform ; for the lght mme back in the end to the
placo whence it started, and the time-lapse was messurad
wholly by the clock there.  This of course does corre-
spond ta the way in which the velacity of light is
measured in purcly terrestrial experiments, such s
that of Fizesn and Foucanlt. Sill, it is clear that we
oftan went to tompart the dme at which onc event
bappens in ene place with the tim= ar which ancther
event happens in some other place. In order to de
this we must have some reason to believe that the clocks
in the two places ars, not merely going at the same
rate, but also that they agree in their zeros. Now the
meme fact thet they agreed in these respects when they
wire tagether is oo guarantze that they will continue
to do 50 when one has been takean away 10 o distance.
Io the case of & pair of ordinary clocks, for instance,
the shaking that one of them gets on it jouruey, the
ibly different g of the region 1o
which it has been moved, Lhe different gravitationai
attraction at different parta of the earth, and many other
Eactors, combine to make it most uosafe W argue that,
becase the two agreed when they were togecher, they will
continue (o do 50 naw that they have been scpamted,
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Tt ig thus sbaclutely necansiry to have some criterion
of samenesy of rate and smmeness of zere which can be
applied to widely separated clocks whilst they fomaln
im rite, The only method that seems passible is that
of signals which tmvel from coe o the other. Let &
signal be sent out from clock A when this marks ¢, wnd
received at clock B when this marks 5. Let another
e sent ot when the first clock marks r. and meeivad
when the second marks £y Lfit 15 lpgnd that £, —f, =
fa—In we 3ay that the two clocks sre going at the same
rate.  Again, ifa signal lsaves A uir,, reaches B when
the cleck thete marks f,. is immediately reflected back
i A, and reacheg there when the local clock marks
£ it seems reasenable 1o conclude that the zeros of
the twa clocks agree, provided that f,=§, +r,). This
would pbvigugly be the right rmiterion to adopt on the
Absolute Theory, provided the platform were at rest
in the ether, But, wea have geen, whether the platiorm
be at mst in the ether ar not, there is no chservabla
phenomezon by which the cbhservers oo it can detect
ity abgolute motion or rest. Hence, in any case, they
are forced to uge this criterion fiwfe o wexr, More-
over, with this criterion and with it alope, the observers
oa the platform will find the same value for the velecity
of light relative tn the platform whether they measure
it ny observations all made with a single clock in one
plunce, or by abservations made with twe different clocks.
in iwo different places. We oan easily show this, as
follows ; Wea have sean that the welocity of hght, as
detarmined by observations with a single clock, is found
to hawe the samc valut ¢ no matter what may be the
velocity of the plaform through the ether. Now et
the clock B be put whmt tha mirmr M, was in the
Michel Worl thllluhlr.u\rzthu
saurce [whers the clock A ir] when this clock marky &,
reach the clock B when thiy marks f,, be immedistely
reflected back, acd reach A agmin when this marks 7,.
‘Then, if the two clocks have bwen set by aur criterion,
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fim {4+ 1= 1f,. Now we know that the velocity of
lighe retative tn the platform, ny meesured entirely by
cbstrvations made at A with the clock there, s~ And
the measared distance that this light has tavelled
relatively to the platform is 2, the measured dis-
tance oo the platform backwards and forwards between
A uod BtorSandM in the diagram to illostrate
the Mithelson-Marley J.  Henes £,—2fe
Hence £, which is 7., is .flfr‘ That is, a beam of light
which left A when A's clock marked (¢ and travelled
the distance { relative to the plaform to the point B,
will reach B when the clock there marks fe.  Thus the
observers st A and B on compariog ootes will agam
conclude thar the velocity of light with respect o the
platfarm is ¢, which is exacily the same conclusion s
experi who bad fned o 1 1o making
observations at A with A's clock had already reached.
5o that the conventiens yust laid down for standardising
digtant clocks are not only those which are practically
forced on the observers by their inability to detect the
movement of their platform through the ether, they
are also the only convestions which will lead to the
same measurt for the velocity of light relative to the
platiorm, when two different but equally reasonable
methods of measurement are adopted. (It ought to be
remarked that the last point is of merely theoretical
intesest, sloce the enly practical method of

the velocity of light by terrestrial ¢xperiments is by
chservations made in L single plﬂ:e )

Now these le and inevitable an
they seem, lead to the result that en & moving platform
clocks which art stt by them do oot “csally ™ agree in
their zeros. This meany, In termy of the Absalute
Theory, that identity of clock-readiags in differemt
places does not Imply identity cf physical dau. if the
clncks have een by these nod
urn dotted about & platform which is in abaplute moton
through the ether.  This we will now show. We have
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just seen that, with these conventions, if o fash leaves
A when the clock ihere reads O, it wiil grt to B when
the clock téere reads fje.  1F there wera nothing wrong
with the clocks except the sygtematic slewoess which
we have already had to agsume, this l:luc'k‘-tﬂdu}g wunld
H L N
mean a physical ime-lapse of amount J]___; ‘ ow
actoally the light which left A and woot o B has
travellad (2}a distance l, /1 -—:’:{Iﬂowingﬂm'th: Lorentz.

Fitzgerald C ign of the pl. and the red with
which it is measured), and (4} haz had Forther to catch
up B, which ig ityelf travelling throngh the ether in the
same directlon with 2 velocity v A yery mmple
calenlation of exactly the same kind as that given on
P. 120 wiil shaw that the sctua! amount of ime (hat has

elapsed between leaving A and reaching B is .__‘___’f

Now we have seen that, if we onoly allow for the
systematic slowaess of all the clocks oo the moving
platfurm, the physical Limelapse would be ‘J,;"_:
Thase twa quantities are not equal, and the one that we
have just obtained by dicect caleulation is the right one,
Heace the clock at B i3 not merely going somewhat too
slowly, ke the clock =t A; it is also not really in
agrocmeat with A £9 to itg zere, £.¢ Mentity of readings
between the two Clocks do not represent idenniy of
physical dates.  When the clock at B reada fic the true
e

-2

phyaical time-lapse I8 —.

JI-:—;[AO—:—:)):.,;%G&?

=y

This equals
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In general, if the clock at E marky 7, and the measured
distance of B from the source in the direction of motion
of the platorm be denated iy x,, the physical fime-lupse
corresponding ta the reading ¢, is given by the equation

A
&

W see then, that i clocks be dotted sbout a platfore
which is moving through the ether with uniform velocity
m 2 seraight Tine, and §f these clocks be standardised by
means of tight signals, and we waot to pass fom the
readings of any clock to the corresponding physical
tme-lapse, we must not mersly dwvide the reading by

1 —;- Betore duing this we must add to the reading

& quantity ;‘. where x, is the measured distanee from
the standard clock to the given cloek, 1 the direction of
menon of the plaform. Not only ant all the clocks
slow, in the sense that they all take more than an hour
of physical time to make a complete rotation ; In addi-
tion to this the hands of the various clocks are pushed
back from the very start by amounts which increase the
further they are away from the standard clock in the
directign of mgtion of the platform. Clock-readings,
like 4, are called Lol Times, Because they wary with
the position of the clocks on the pltferm, wven when
the absolute ime is the same.

it 18 wsual, for convenience, ta denote the fractioo

Fitzgerald Contraction means that & measured length
= in the direction of motian of the platform represents &
physial langth of only & Amd the equation just
reached telln ns that the absolute time is connected with
the Jocal me of & clock an & moving platform by the

formula =ty + i fe), )
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asguming that the clocks have been aet oy lighe signala
aczording to the conventiony laid down on p. 135, We
WAt gpe more equation before we can get any further.
Supposs that when the standard clock on the placform
marked O it was oppoaite to » point g in Absolute Space.
‘When the clock B marks ¢, let that clock ba apposits ta
= point 8 of Absolute Spece. The co-ordinate of , in
the dirsetion of metion of the platform and relutve to
the platform, will of course simply be 5, the distance as
measured along the platiorm in

this direction from the standard w2 — s

clock to the clock B, How | ., !
will this be related to Xa, the 5= e 4=
physical distance in Absolute ¢ = e

Space betwenn the pomt Sand

the point o, which the standard clock was oppesite to
at the beginning? The diagram above will

the problem.

We heve two fectors to consider. (1] Owing o the
LerentzFitzgrrald C ion the d length x,
anly tepresents & phymcal dength sk (3) The pla-
form has moved through the ether for the physical
time-lapse that corresponds to the local time 4. I this
Iapse be ¢ the platfort has moved a physical disgtance zs,

Hut, by eguatien (1), r-j(t,-l—‘::' Hence

Rpmorty
Y T
R G
-.!{:.G.-}E:) + ul'.}
=k ). fa)
This is the other fundamental equation of the subject,
for it the phpsinat di of two poiots in

Adbsafwte Spast with the waswred magmitede af their
co-crdlnates reisfive f0 a moping glatform.  The ¥ factor
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enters thraugh the Cantaction and the Local Tlme, the
» fagtor thromgh the ordinary rules of relutve motion.
We can now yom op the results of the Michelsan-
Morley experiment in terms of the Absalute Theecy.
To explain the negative resufis of that experiment,
whilst preserving the Abwoluts Theary, we have bad
to make three assumptions. Twe of thess inwolee
action berwesn Space and Matter; the thind is merely
the explicit recogmition of & convention. (1) We have
had to asgume that Absolute Motion of 2 body produces
a conlraction in the direction of motion. (3) Wa have
had 1o anyume that all glocks on 2 platoro, which moves
through the ether, are thereky made 10 go mors slowly.
‘These are both definite asgertions as 10 the activn of
Abgalute Space (or ether) oo matter. (3) Wea sw that
the conventions which wz ase to judge of identity of
zaro in sarttred clocks am not justified §f the clocks
hum mmmn thmough the ether.  This ia not o new
bot is in d with
sense  What is new is that we nust atill go on using
thix convention, because we can oever tell whetber we
are in metion or not through the ether. It will be seen
then that the results of the Michelson-Morley Experi-
ment asx be dealt with in terms of the Absclute Theoty
we are preparsd to sake suitabl
mumpmns a% to 1he efect of absolute motion on clocks
and measuring rods. Thus, it cannot ba said that the
newer iacts definitely settie the old guestion between
Absolutists and Relationists in éavour of the lacter
Newerthelegs, I think that reflection on tha pewer facts
does strengthen the cage of the Relationists by making
the Absolute Theory seem mare and more arbitrary and
improbable, EBefore going further 1 will poiot out why
I think this. (1) In order to expluin the Gct that
mption through the stgnant sther does not produce
the cbstrvable effects which one might reasonably
expect it tn de, the Absolotist bas to assume that it
Zocr produce two different efects oo matter, am< that




FIRST THEQRY OF RELATIVITY I35

the combinntion of these exactly neutralises the ex-
pected phenomena,  IF a student, when taxed with oot
showing up an assay, werm to mply that be had written
it and {hea upset ihe lnk aver it, we should perhapa
feel A little deubthul, and ask him to 1et us see the paper.
If he then sald that, by a strenge coincidence, as the
ink dried it faded, so that it wus now impossible ta
st anything on the paper, tves the Charity which
*helleveth ali things™ would be severtly strained.
Yat this is about the position iz which the Absoluts
Theory finds itself when dealing with the Michelson-
Morley experiment (2] The alleged physical efiects af
motion through the ether are of tha mst.ut.ﬂmdixury
kind. Fori the L tz-Fi Id

If taken as a physical lact, affects ull kind: of matter
equally, A red of steel contracts as much as a bit of
india-rubber, We might at least expect that such a
cantraction would be accompanied by straing, and that
these would show thamarives in the zsual way l:y Inad-
mg 1o phmomnn. much ag double refragtion, in other-
wige inly like glagz Such
#ffocts have been unrdully lnoked for* and have never
man found. Similar remacks zpply m the systematic
slowing of the clocks. In fack we muy ficly say thae
the ptices which the Absolute Theory has to
maks to square itsell with the resyits of the Michelson-
Morley exporiment are 5o *! ishy " as to mst sdditiveat
grave doubt on that theory.  Let us then try to Interpret
the Michelsan-Motley result in terms of the Relational

Twterpretaiion of the Mickelson-Moriey Result fm torms
of the Refatsonal Theary. The two transinrmaton eque-
tions which we reached in the last section comtain
unobservahls factors which we must now try o elirinae,
On their Jeft-hand sidex they conmin absglute time-
Inpses avd abaclute disisncey. On their right-hend
sides they cootain 2, the suppased wbeclute welocity

* In puticuber, by Raylewh sed Brace
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of the platform through the ether, which it is admitted
we cannot defect. This nceurs both explicitly, and uisa
Impliditly in the wrm & We want 10 get equations
which will coomin nothing but relative velocities,
actual clock di and d dis Thia
Is oot difficult to do. First of all we must take
two platiorms, g, and g, Let us still @ik io terms
of the Absolutr Theory, and suppose that g, hes an
alsolute welocity 7, und g, an lbanlutn walocity » in the
same dirscti Let this ion, ne bhefore,
be tkeon ag the r-axie. The fimt thing rhat we must find
i3 the measured relative velocity ¢, which the platform p,
has with respect to cbservers oo A, whe measure it with
theiz own clocks and rods. Let & ocertaln point on the

Latfarm p, be opposite o the standard chack of g, when
this reads 0. Lek the same paint of p, be opposite to B
izt #, when the clock there remds 4 The velotity of p,
relative to #, &t measured by the ohservesa en g, will
then obviously be 5/, Thisisz,, MNowiom equaticns
[r) and {z) we can easily derive the equations

tym {t—u, X afe?) {0
and  G—ANa—v4. {a)
Henog 1, = KXaw—vr

-
Now )-El’-ﬂ, the absoluts velocity of p,.
-+, dividing through by 7, we get

ATt
P 1B i

‘This formula is both intrinsically interesting, aed
eszentin] for the next stage of our work. Let us put

b ol hm el and Ay L
1——';} 1—3. 1—5"}
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atd == &5 + o) = din+ ot
where 4, and 2 arc the measornd o-ovdiaate and the
clock-readiog o #, which correspond o physical
distance * and absolutt Lme-ispse ¢ respeciively,
whilst 2, and ¢, are the measured co-ordinae and clock-
reading that correspond on g, to the same physical
quantities. Fram thes: équations we can &t once

e
AL TREE R,

Now it is wasy to prove that &.-é,&,(t—-!f;’}; whence

tom b 1+ T273) - “
1n the same way we can prove that

= = dgln +rgh) O]
Thase jone are absolutel icnl

B o bt
4 and & & and o For it follows from them that

1l —450)
and #y=Anlr,—vgt).
But &, — &, and #y = — ¥y, whence

!.—‘I(l'ﬁ-!ﬁﬁ) £

acd Fp= Al + ouh) o
which are of precisely the same form as [4) aod [5)
respectively.

We bave thus eliminated almost the last trage of
anything ' abeoluts " and nnotnervable.  Our squations
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now contain only clock d d
relative velocities of one phtl‘om to another ; and
the velocity of Light with respect to the two platforms,
‘which the Michelsen-Morley experiment shows to have
the same value for all platformg, even though they be
1 motion relatively to aach gther, provided the mation
be rectilioear znd unifarm, The equstions sow tell
us what co-ordinates and dutes obetrvers on ose plat-
form will asenbe to an cvent, pronded we know what
co-ordinates and Jdates the obewervers on #ny other
platform escribe to the same event, and also know the
measured velocity of the one platform with respest to
the other. The ouly wace of ' abscluteness " that is
left 15 the proviso that the platforms must be moving
in sumight liges, and with uniform velocities wn the ether,
Thus awst be lelt ull we come to the General Theory
of Relativity in Chapler VI.

In the meanwiule the reader nuay be inclined to rise
r purely logical questiony which ought to be sertled
before we go any further. He may say: ' You have

just betn drducing certan k

rom the piion of abmol motion threogh the

stagnant ether, and i this. connexion you have
d a real physical ion in moving bodies

and a real physica! slowing down of moving ciocks.
It is true that you have at last deduced a set of equations
wlllch lre entirely in terms of measured distances,
and d relative it Buy
even these were deduced from cthe ption of two
plathams moving with different absclute velocitiey
through the stagnant ether, Would it not bt a groas
inconsistency 1f you were Grally (o make these equations
the basiy of 2 purely Relatiooal Theory of Space, Time,
and Metion?  Would you not abvigusly be oeing your
conclusions to prove something which directly con-
tradicts the premises from which you derived those
conclusions? Arnd g this not plainly incongigtent ?*
This objection is nvalid, ut I shall now show, To
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mome people this fact may be obvious, aod they may
think the whole objection far fetched, I o assore
them, however, that it is ferched Fom oo farther than
the University of Oxford ; and respect for the difScoltics
felt by that learned bedy induces me to maks the logical
position perfeetly clear. To say that # is ke premise
from which we deduct ¢ means more than to say that
P implies g, though of cousse it involves this. Tt means
ia addition that our belief in p it our eady ground for
believing in 9. When # and ¢ are relawed in this way
we ¢tast to have any ground for belleving in ¢ 30 300n
a3 we cease to believe in 2. But g may imply ¢, though
7 is false nod ¢ is true.  And, provided that we have
other grounds for believing ¢, there is not the least
Jagical chjection o gur Grst gewing to koow g a3 an
implication of # and then using gur belef in g ag =n
Brgument againgt §. A foreigner might come to beliews
the true propasition that the an Minigter of Gm
Brimin in 1921 was 2 Welsb he misak
belicved that Mr Asquith was Prime Micister at thar
date and thet Mr Asquith was a Welshman, He might
then find other groucds for belleving that the Puame
Miaister was & Welshman ; he might, ., read in the
papers that the Prime Minister had delivered a moving
addresa In Wnlsh 1o the Free Calvinlstic Ana‘bapusts of
Lianfal ¥o. . . . Do sub

the Weish mhonnl characteristics with what he could
learn about these of Mr Asquith he might begin w
feel a legitimate doukt as to his original belief chat
Mr Asquith was Welsh. Yet he would commit no
inconsistency if he cootinued to believe that the Prime
Minister In 1921 was Welsh. He wowid have been
inconsistent if he had mewer had any other reasan for
thinking that the Prime Minister wes Welsh excepr
the beliaf that Mr Asquith was Welsh and was Prime
Minister 7 but we are assuming that thiy was only his
arjginal ground for his conclusion, and that he subse-
fuently found ¢tker reasons 1o mzpport it,
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Now this iy precisely the position about the trans-
formatice. equations.  They do not begin to be direcdy
werifiable Gl they am got in the pursly relatiooal
formy {4 wod (5% Once they wre in thess fprma they
cootain nothing but what i3 observable, and the
ervidence for them is that they, aed they alone, Gt ul}
the known facts. They do indeed follow from the
Absolute Theary, together with the physical assumptions
ahout contrctions wnd clocks.  This is not wrprilills'.
since those ions were roade igely in arder
maqmlhe.ﬁbmlm.e'!‘heor;mth sm:h facty ax the
negative result of the Michel
Bat, ance they have been reached, by wlm.:wr means,
the evidence for or against them is direct and inductive.
The Absolute Theory is not ke premise of them, and
there is thus oo inconsistency in using them in oast
doubt on the Absclute Theory, We do thin just
beuse the Absolute Theory omly leasis to them when
supplumnnmd hy ee'rlain phymﬂl aggumptions which

I If ¢ be koown
bel:ruc. wnd # nnl)r leads 1o ¢ when supplemented by
the very improhable premise ¢, the truth of g reflects
the improbability of §° back on to $. Thin [ think
uﬂ.lns the purely logics! question. 1n futore tha truos-

in the relationa) forma (4} and (5}
art ta be nﬂzptnrl an their own merts, and without
mgard to the garticular way in which it happena to be
canvenient to intrduce them to the notice of veaders
hrooght up (ea most of us are) on Absolutist raditions.

Thera is, bowever, a real Jogical incoherence in a
gmdmnyeapmhnnsafﬂx'l‘hmry af Reladlylty. The

ibn and the slowing of L‘ne
clnc.hanlmming"" are Grat i
poyaial changes due to absolute mobon 'I'..aner on
the A‘hml.nm Theory i rgjected. Huol the Lorentx-
Inn is adli golsed a5 a fact, and
&gmnmdﬂnahwmgmdchedm
‘There is wa appurest inconsistency bere which i very
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puzzling to the student of the subject. !t is clear that,
if the Contractlon and the slowing of the clocks are
still w0 be recognigad, they must be resiebresd, and
thiz is what is wctually intended bt not always clearly
brought cut. Let us then minterpret them in purely
Relational tarms.

We have two plarforms, g, and 2, of which che
second moves in p straight Tine along the s-axis of the
first with & uniform measured relative velocity of b,
A rod is lying on gy along the xaxiz. The people oo
#, meazure it and find that their unit measure goos into
it ; times.  What measure will the people om B, aseribe
to this rod ? They cannct, of course, measure it dirair
so Iong as it mm-mu an #4 80 they will have ta adopt the
that one end of the md iz
oppo:m toa pmm B ot‘pi when the clock there marks As.
Suppose that the ather and is opposte to s point C af p,
when the clock there marks fi.  Let fiz—sic.  Then the
peaple on #, will ssy that the distance BC on their plas-
form, an measurcd by themselves, 1z the length of the
rod which iz fixed in g For it is the distance between
the points in # which were opposite the two ends of
the rod st the same moment, a5 judged by the clocks
oag,. The length, 23 measured by them, will therefare
b mp—xy.  Mow, by cquation (5}

and Fu—bnlF+ Pudu)
o Xe— Ty e — Taa) + sl fualb
By equation (4},

and .t,,-k“(l. +u_.:.\'..)_
Now fiu= h, by hypothesis,
R A —?.!(x-—.ﬁ.).
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Hencr BT bntre— {1 -2

= o=t
vioh ).

. 1

Le *"J'.
Thus we s that a rod whose length ia §, a8 messored
by observers who are ar reg reladvely w it, hay &
shopter length a8 measured by cbservers relatively to
whom it moves with a uniform rectilinear velacity, If
the two sets of observers can communicate with each
other, those on #, will say that moving bodies are
shortened in the direction in which they are moving,
and the amount of shortening ix that given by the
Lotentz-Fitzgarald formula.  Supposs now that the rod
were trangferred fram gy to Py, and the sbeerverm oo
A1 now measured it directly, whilst these on 2, now
measured it in the same indirect way which the #,
obgervers had to use before. The observers on 2,
would row find that the rod had the measured length 4,
whilst thosm on p, would ascribe to it the messured

langeh 2, which 3= the same s B gince dgmbys

R
The observers on #, would put the case to themselves
a1 follown : They would say that the rod, which was
formerly at rest, hat now acquired the velocity o,
{which iz equal 10 —py), and that this makes it con-
tract in the proporticn given by the Locmtz Fizgreald
formyln. Thus both parties would agree that motion
causes contraction, and both would agree in the formula
which jon with velocity. Both get
the same megynre when the rod s at rest oa their pla-
forme wnd they can memgure it dizeetly. This maasure
is &y Both get the same messure when the rod ia
moving relatively ta their platform aml they can oaly

it indirectly. This in B ar, what is
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the same, :'_w ‘The contraction ic thus no longer &

Pphyrcal change canged by absolute motion through the
stagnant ether; it is simply a change in the sarwre
of Jemgeh of the same boedy, according as it is at rest
mlaﬁwly to the ohyervers and can be measured directly,
or iz in unifprm motion with reypect to the cheervery
acd can only be d indiroctly. The
ments of the two sets of observers wre perfactly con-
cordant with each other, whenever the conditions upder
whuch they wre made are pmcisuly similar. And thems
ia pothing particulardy shocking in the fact thar the
by two diffe mofnhaenmo{the
same boady am not when the i under
which they measure it avw oot precisely similar. It i
not even Inconvenient, slnec the tansformation equa-
tigns tell us how to pasy from the one messure to the
other.

We can now deal with the Interpreatios of the
facrs abour the clocks in terms of the Relational Theory.
Lt the clock at the point B on 4, firsr read 4, and
Later on let it rtad T,a. The ome-lapse as meascred
by obzervers on #, will, of course, be Tu—#. Let
the clock which in opposite 10 B in g, on the fimt
ocrasion read 4. and the clock which is oppesitc
to B in # oo the second ocasion mad T, Then
we have

T, k{T,. + Yol
and he ""("‘ + k;_")

Whence Tu—tu=k{Tut=_j=ieTumtd )
'{*

Thus the time-lapsc, as mreasured indirectly fom g,
is greater than the time-lapse a3 measured dirsetly on
#v The people an #,, on communicating with those
on Py will therefore any thet the clocks on #, wre
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rendered alow by the motion of 2. 1f, bowever, a
clock fram g, were transfermed to $, and the time-lapoe
were measured with it directly by people on g, and
indirectly by peoplt on #,, the latter would say tha
their old clock was pow going mom slowly, and would
ascribe this 1o its transfevetica to the moving body g,
Thus bath parties would agren that rectilinear motion
alpws clocks, and both wonld agme ws to the connexion
betwesn thiz slowing and the relatve welocity. But,
qneca agaia, the slowing is not now a phreres? effect,
dur to abselute motion through the ether, [t is simply
u chaoge in the measure of dwe-laper, acconding a5 it
it measured by the readiogs of a nmwpile clock which
is fixed in the place where the time-lapse is measured,
or by the readings of me £ferowt clocks which
suceessively fare this place in the course of their
motion with respect to it. The measurerments of the
two sets of observers are again guite coneordant,
whenever they are carried out under precisely similar
conditions; and when the conditions of the two abttrva-
tions differ In the way described above, we can alwayn
pass from the one measured time-lapse to the other
by using the squations.

We might sum up these resuls an follows: (1)
There 11 & direct and an indirsct way of measuring
length. The formes zan only be applisd to bodies that
are at reat relatively to the person who s making the
measurement, and consisty of the fmilar process of
applying a measuring rod and ss¢ing how any Limes
it haz to be laid down before it reaches the other end
of the body. When the hody to be meayured iy moving
relatively to the obaerver this method cannot be applied
What hag to be dane then 13 for few sdrervers an the
same platform o not= what points an the platfiorm the
twn ends of the moving body face af fhe urear mowmens
a5 jwdged by sthe clocks om theer plagiorse,  They then
measure this distance directly, and ke it as the
muagure of the length of the meving body.
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two methods lead w the sumc memsure for the saee
body {assuming that clocks have beeo standardised on
the two platiorms by the principles laid down eatlier
ia the chapter} if and caly if the two platforms be st
rest relatively to each other. I the two platforms be
in uniform rectilincar relative motion, the two metheds
do not lead to the same medsure for the same bady.
‘The two measurcs are then connected with each other
and with the measured relative velocity by the Loreniz-
Fizgeraid formola. It will be noticed—and this 1s
very importaat- —tllat. :he indirect methed of measuring
fengih Iy n ek o frwy, Sinoe we

the di: b those 1wo points which
the two ends of the meviag body are judged to face
imentianessly. Whether the duac.t m!thnﬁ of messure:
ment alzg imp to time we
will not discuss st present, though wa shall have to
da so later.

{2) There iz & direct and an indimct way of
measunng the time that elapses betwean two successive
events which happen at the same peint on & platform.
The furmer can only be apphied by observers who are
and remuin at this place on the platform, and it con-
sigts of the familar process of notng how far the
bands of the clock there have tarned beiween the two
events. When the twa evenin happen an @ body which
is moving relatively to the observer this method mnnot
be used. What has to be done then in for for oboeroers
to note the readings of their clocks when the first event
happenz opposite to ane and the second event happens
oppasite o the other.  The differecce betwesn the
readings of these twe separated clocks Is thes aken
as the measure of the time-lapse belween the two events
un the moving body. These two methods fead o the
sume measure for the time-lapse berwetn the same pair
ol events (assuming that both sets of clocks have besn
standardised by the principles already Iaid down) if
and ¢niy if the rwo pluforme be at rest melatively
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to cach ather. If che twa platforms be in uniform
rectilinear relative motica, Lhe twe methods do not
lead ta the same meagure of the time-lapse between
tho mme palr of events, The rwn measures are then
connected with each otber and with the measured
refative velocity by the formula (7). J1 iz imporam
to natice that the indirect measure of fmerdapee is
esgantizlly hound up with dirawe.  For the two events
which happen in the same place with respect to the
one platform happen in diflerent places with respect
to the other. The greater the relative velooty of
the two platforms the greater the spatial separanon
of the two mllts will be, and the greater will be
the discry the two of the time-
lapse,

This coonexinn between the spatial and emporal
separations of a pair of events comes out sUll more
cleazly when we consider a more peneral case, which
must anyhow be trested for the sake of completeness.
We have assumed sc far thar the twe events whose
tamporal separation Was Lo be measured happened at
the seme paint on one of the platforms. Let us now
supposs that a certain event happens at B on g, when
the clock there reads 4, Let a scrond event happen
at C on A, when the clock there marks 4.

‘Then the time-lapse as measured on 8, i8 £, — Gy But

':u'*n("u*”n:")
s gem bt TS0,
Whence f b= Egllly— b+ Bime—nah @)

Now Ta =l + vt )
Hao Eulity Pt}
Whence 5 — gy dlin—=, )+ Tolhe—dall
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Whenee oy form dulne— o+ 80,

ar hemty= e tult Pin—nd )
TFhus che Hme-lapse butwuun two remoie sveois hes
4 diffe hether it is deter-

mined by clocks which are at rest relatively to the
events, of by clocks which are in opifvem rectlisear
motion relatively to them. The discrepancy between
the two measures depends on the spatial scparation
between the two ev\ents. in the durucmn of relative
motion of the two. E {8y the
relation {n terms of the spatial separation, a8 measured
by cbservers whoare at rest relatively to the two events ;
equation (o) expresses it in ternas of the spatial separa-
tiop as messursd by observers who are in uniform
rectilinear motion celatively to the two events. In par-
ticular, Tet ug suppose that the two events are contem-
porary ag judged by the clocks of their own platform.
This means that #,~ £,. . Then they will not be contem-
porary as judged by the clocks on the other platform,

far #e— . will be equal o ’—:‘,‘{x,,—t,,). Thus the tem-

poral scparation with mespect to # will incresan with
The upshnt of llle whole matter ia to show how
i i our of d and of time-
lapse are bound up with each other. It is now guite
evident that any attempt ta medsure lenguu u{ bodies
which wre moving relatively to ux
of simultaneicy. On the other hand, a paic of events
which are simultaneous with respect to a certain plat-
fowm, and are separated in space with respect to that
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platform, will be succeasive with respect to any platform
that moves relatively to the first; and the time-lapze
between them with respect o the sacond platform will
depend on the spatial szparation of the two avents. [t
is only pairg of events that happen 8otk at the same
place and at the same date with respect te e platform
which will happen at the =ame place and date with
rerpect toef! platforme that mowe with uniform rectilinear
velocities mintive to the fizst A pair of contem porary
tvents, which aceupy different places with reapect to the
platform in which they ere conteroporary, will be sucoes-
sive in all other plath that move y to the
fimt. A mir of successive events, which eccupy the
anme place with respoct to m cartein platform, will occupy
different places with respect to all other platforma which
move reletively to the first.  The Intter Gact was Bamitiar
eoough before the Theory af Relutivity wax developed.
If 1 travel ta Seotiand and et my luach i the dining-
rar, the two events of eating my soup and drinking oy
coffen wre guccemmive; and they happen in the same
place relanvely to the trein, viz., at my seat in the
dining-cr. But, with respect tor the earth, they bhappen
at dhfferent places, a.r., at Grantham end at York. The
fart which has only lately been recogmised 13 that the
mame applies to the dafes of events which happen in
diflerent glaces.  LE the watches of the travellers and the
afficials on the trRin had been set, by the same principles
a3 clocks are set on the amarth, while the train was in
motion, we should have the following result: My
neighbour and [ might each take 2 mouthful of soup at
the same o, as judged by our watches ; but, as judged
by the tocks on the exrth, his mouthful would happen
a litite laber then mine, if | wors facing the engine and
hin had hiy beck to it And the difference in date would
he proportional to the width of the table at which we were
beth gitting. The reascn why this point has long been
abvicus sbout Space but has needed very delicate experl-
ments to force it on our amention as regardg Time in
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the following : The f Grand and

York is gross and unmistakeble. But the s

in time batwesn my mouthful wnd my neighbour's, s
Jjudged by clocks on the earth, is proportional to the
ratio of the velociy of the traun to the aquars of the
velocity of light {see eqoations 8 and g). Now the
velocity of light 15 snoemons ag compared with that of
the traina an even so efficient & milway us the Grest

Northem, and 50 the =mpoml sty i negligit
and can only ba d d indirectly through the nagati
reauhs of such delicate experi s the Michel
Morley.

We see then that, in the Iong Tua, the Theaty of
Relativity & mote whol than the

traditional Relational Theary of Motion which we
dincugsed in the last chapter. For, according to it
nat only is the spatial separation of successive events
relative to the system of co-ordinates chogen, but alsa
the tamporal sepacation of two events in different places
is relative to the system of co-onlinates and the clocks
nasacinted with them,

Tke Rertricted Phyncal Proxcsple of Relatroety. | will
end this chagter bry trying to state this physical principle
elearly, and rhen 1o expluzn it, It may be saed as
follows: The laws of any physical phenomenon haw:
the same mathematical form, whether they have heen
discovered and verified by ohservers who wore at rest

to this pk o by who
were moving relatively to 1t with & uniforma rectilinear
welocity. et us naw wy w see exactly what this means.
The law of eny pi when  exp d in
‘mathematical form, js & difforenial equation coonecting
some measured quantity which s observed in a certain
place at u certain time with some other mensarad
quantity which is observed in some other (or it may be
the game) place at ome other (or it may be the same}
time, The luw will also invelve the dismnce Detween
the two pleces and the Lime-lapse between the two
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datex.  Maxwells equations are & perfect example
of u physical law. Now it iy clear that such luws
are, in tbe end, verifinble only in = ﬁr s tllq
expresy i actulll)r

such as clock-readi of gal
Of magnetometers, number of weights pm.mw abalunce,
number of times that & certain rod bag m be laid dewnp
10 get from gne place to anpther, and sc on. 'We may
faks thege o 50 much time-lapoe, 30
ETeAt 4 current or mlgnu\‘.u: faree, such wnd soch a
gravitational attraction, so much length, etc ; and
we may, if we like fand if we can maiem clnr what
wt mean), muise the guestion whether these actusl
messures whieh we read off our mslrumcnt.n ":mly

represeat the "' real " phiysi i in g

But, s0 far as our laws llld their verifitation wre woa-

cerned, the d det ame the i

things, and the question “of what they stand for m

:hgpllylmlwoﬂdlsa dary matter of th !
i Br, s & »0 far ax

d:eym be verilied, state selations b the readi

af el and gal I!I

warious places ; the readings of l:Iov:Iu in these places;
and the rumber of times rods have to be laid dewn to
get fram gne place to another.

Now it is # true, and the Physicai Principle of
Relativity does sof assert, that il one cbserver ik at rest
wth hig ingtruments relatively to a certain phencmenon,
and a second observer i3 In chiform mution with his
instrumentz relatively to the first, the corresponting
ingruments of the rom abservers will give she cows
racfimrs. We already know in fact that they will
awrribe differeat tlme—llpm and differont spltnll separa-

tions i the ander obser . And the
anme |smmmgcnmlofdlalrnﬂlunusumm.
Suppose, #.¢., that cnc ob with a

and a guadmatt clectrometer ia 4t rest with respect
0 & charged particle, and the other obaerver, providad
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with similar inatruments, 15 in uniform  rectilinear
motion with respect to the first.  The Erst observer's
magnetometss will give a zero mading, whilst the second
abserver's witl give a finfte reading.  What the Physical
Principle of Relativity dosr assert, and what ¢ true, 30
far as we know, 13 the following propesition: The
which i the d of one
chserver’s instraments with each other and with his
measured distatces and time-lapses are of precisely
the zame form 25 hose which interconnect the read-
ings of the other observer’s insttuments with each
other, and with Js measured distances and time-
Tnpses.
To put the princip Tly, iet ua suppose thay
t.lm ohacrvers an are af rest with respect t.u the
in Let the rel Iy
of their mmmngmstmmnﬂhe PpQpRe oo o L
the cel di and tme-lapses, as d
them, be o, and 4 rcspectively.  The wtloity of the
phenomencn with respect to them s oo Supposc they
find that these various readingz are cannected with each
other and with the measured distances, ﬂmb—hpﬂ:a,
and velocity, by the squation ar sat of
# P Ry -4 i 0)mo.
Let the correspondiog readings of the vheervers on g,
who watch the same phencmenon be Py, Oy Ry .
Let their measured distances and timelapoes be o
nnd 5 respectively. With respect to them of course
the phenpmenan under ohgervation has the measured
welocity ey, Then rier readings will be coonected
with each cther by the squation ar set of equations—

MNow what the physical principle states is that ¢, is 2be
rawe ar $. This may be britfly summed up in the

that, ding to the Restri Flrysical
Principle of Relativity, the Taws. of nature ars co-varignt
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with respect. to the sparstime tmosformations of the
or R i Theory of Relativ

{tis importact to be quite clear an nnhe CoaneExion
between this poinciple and the invarianee of the
measured velocity of light with respect to all observers
who move selatively to each other in straight lioes with
unifocm velocitiee, This latter fact oeither implies nor
iz implied by the physical principle, though it is of
courge compatible with it. [t i3 obvious that a fact
about light comld rmt Ty itself logically imply a principle
about all nature) [
the physical prmclple only implies that the measared
welocities of Tight with respect ta al] observers will be
rke rame fumction of their respective measurements of
distance and time-lapse. 1t doas pot imply that all
these measured relative velocitins wili have the rame
muweracal vafwe. That they do in fact have the same
numerical value is an i mercy, W
us by the Michelson-| Hur]ty ﬂnﬂ ther ullnrlm!lltl.
Thin fact is of i
it enables us to bnag the Physut Pnnuple down from
the clouds and apply it to get concrete resulm.  For
the invarmnce of the measured velocity of light enables
us, in the way that we hawe described, to reach the
trangformatioas for space and timn, 1., 10 express &
and 4, in terms of &, and . Having done this, we
can zee how Py, Q, R, . . . must be related 10 Py, O,
R,. . .. in order that the form af the laws of any
phepomencn may be the same for the sbeervers on #,
as for those on g, The reauit is that, if we once know
the readings on the instruments of an observer who is

at rest with respecnna b we can ol

the of the i of an

observer who is mmngwlth unifprm rectilinear velocicy
ively to the p This is of course an

immensely impwunt pawer (o passess,
IF we accept the Physical Principle we shail hawve
to investigate all alleged Jaws of nature to sec whather



FIRST THECRY OF RELATIVITY 153

they agree with it, i.z., whelher they be co-varient with
respect to the transformations of the Specinl Theory
of Relatlvity. Some alleged laws of oarare, we find,
are already in the right form ; Maxwall's equatipas are
a case in point. Others are net, +r., the Consarvation
of X an the traditional view that mass is
independent of velocity.  Such examples might, ar first
sighl, be taken a5 casting doubts on the principle.
Here, however, there are two points to notice (1) If
the principle be true amd the laws wrongly stated, it
is ngt surprising nevertheless that the laws have yeemed
to he constantly werified. For the divergence would
only begin 1o show itself when we deal with velocities
which are comparable with that of Light. Now of
courne the velocities of ordinary bits of matter ae quite
negligible in companson with thar of light. (2} As
300n as people did come to deal wilh maticr muving
with very high velocides, as in thr case of particles
shot out from mdic-active bodies or from the poles of
vacuum tubes, it was found that the tradhtional laws
had o be modified, and that the modificangn was iz
the same direction and of the mme order ag that de-
manded by the Physial Principle, The strong pant
about the principle in such cases s this: If you kesp
the traditional form of the lews and try o reconcile
them with the facts sboot particles that move with
velocities comparable 1o that of light, you have to
make special phyprcal hypotheéses as to the naturs
atd minute structure of mattar. The other plan, of
modifying the laws tll they accord with the Physseal
Principle, has the advantage thar it accounts for
the oxperimeatal resalis, and requires no  special
pliynical hypotheses as to the nature and steucture of

Ecatier.

With the further development of the Theary of
Relptivity, and the further modification of traditional
physical concepts which this sncails, [ will deal in the
atxt chapter tut one.



T34 SCIENTIFIC THOUGHT
Tha ﬁollowing works may be consulted with

L. SILBRRSTEIN, Fiwory of Rrintroviy.
1( scnw:l. Sjuﬁ—d'rhu- M"’J A,m

[Tha renrder may here be warned that mog populer
expositions of the Tlmory are either deﬁnlhely wroag,
or 90 Jooasly duastobed
and that pamphlels against It—cver whes lssued hy
eminent Oxford tetors—are based on slemestary mis-
understandings.




CHAPTER V

“ Trs Entuchextung dicscr Frugen ko gur nden wandsn,
mmmﬂ.ﬂu dereh dwe

dm-Erwhempn wirr Newton den [ﬂundgm
und dwse durch Tetsscher. dic mich san ihr
Lt I.umi&.mbrnam omarbeitet no]r.haUnhn—

mnwmdmmh- mmmu
Erkez mdgtmmmenhn dBfDM mchldumhujzr
icferty Vororteds pehemmi -gﬂ

, Lriwe da . welohr
I'ﬁ:nl.unf & Lypothasem ;|

The Traditional Kinetics, and s Gradual Moedificotion
in the Region of Physice (1) Newton's Laws of
Motion end Grawitatioa

1 be not prepose to pass directly from the Special
Theory of Relativity, explaintd in the last chapter,
to the General Theory of Relativity. The latter is
Iargely concerned with the laws of motion and the law
of gravitation, and sa it will be more profitable to begin
by discussing the traditional form of these  Thus this
chapter will be more clasely cennected with Chapeer [11,
and the next with Chapear IV.

Newton's first law of motion states that, under the
actlon of so forces, a boedy continues ot rest or in
pniform rectilinear motion.  This atatzment, as it stands,
is meaningiess, if we do not assume the Absoiute Theary,
and is a mers pious opinicn incapable of veriSeation or
refutation if we do sssome that theory. i we mapme
the Relational Theory, it is an incomplete statement.
IF ull motion be change of poaitian of one body with
respect to others it is useless to talk of rest or of motion
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in a strmight line until we heve specified what set of
bodies we are using a3 our axes of reference. I amat
rest with respect ta my room and in motion with respect
to the sun, The planet Mary is describing an ellipse
with respect to the sun and & very complicated curve
with respect to the exrth.  No doubt the luw, a3 origin-
ally stated, professed to apply to motions in Absolute
Space.  But, a3 thens, even if they £xigt, are nnobsery.
ahle, the law with this interpretation is ax idle as the

in the At jnn Creed on the interoal
structure of the Blessd Trinity. Tha first thing' noeded
then, is to assign oor axes of reference. I aasume these
to be the faed stars pomardly.  But it follows from the
form of the fitat two laws that mny sct of axes which
in in uniform rectllineatr motion with respect to the
fixnd starn will du equally well, provided we takee tradi-
tional views about the measurement of Space and Time,
und do sot at prexent introduce the complications which
emerged 1o the last chapter.

Even whea the spatial axes have been fxed there
remuined rwo unexplained terms, wiz., wmiforsedy and
foree, Let us begin with vniformity. Uniformuty af
motion is meaningless unless it refers to absolute
motion or states clearly what it takes as ity standard
mensurer of time. A uniform motion means cne whick
covers equal distances in egual lapses of time. If we
take the Relational View of Time a laps of time iy &
relatlon between two events) apd, even if in theory
we tzhe the Absalute View, it is anly lapiees betwoen
eventy that can mctoally ba ohserved aod memsumed.
1t i3 therefore assumed that we have some process
which recagnisably repeaws itself, and that the time-
lnpse betwren cormesponding smges in each repetition
is the same. A uniform motion is one that covers
equal dismnecta during the suoe number of repedtioos
of same sandard process which is {iself Iscchronous.

The question at onoe arisea: How are you to tell
thac your dard process is i ity that the
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time-lapse between cortesponding stages in it 15 always
thegame? 1f you determine thus indueectly by mechaaical
arguments the firse law of motign becomes a tautology,
for you will firgr use arguments based oo the law w
prova that zuch and such a provess s Lsschrancus and
will then use thiy process ty e a meaning to the
unifprmity of motion, which the first jaw 15 about,
This fmliacy 15 not, of course, commonly commutied in
so glating @ form.  But, in & rather subtler form, 3ame-
thing very like it is d.  Our

of isochrony i the successive swings of 4 pendulum.
Suppose then we define uwmiform motion with respect
to & certain set of axes, az motion that covers egual
distances with respeci ta these axes during Successive
swings of a pendulum. 5o far no fallacy has been
committed. But 1f we ven{y the frst law expecitoent-
ally on thiz definition of uniformity, and then later on
wuge the first law ag the basis of an argument 1o explain
that the pendulum does aot take quite equal times for
successive swings, and W correct s erpors, we do
commit & llacy. 1f unul’nﬂmty of mm:on in t,hc ﬁm

Taw just mees unii d withap
anyone who aln:rwards says t.'hat pendula do ot more
qulne ly cannot inue tu use  unil "

in the original sense 1 which it was used in formuln—
ing the first law.  And then two difficuities will arise.
{1) We must ask him what process he 13 now laking
a= hig dard, since it i i that uaifermity, i
15 to be vbservable and meagurable, must involve
a1 comparizon with some standard physical process.
(2) W may remind him that, if the fizst law has been
werified when uniformity is interpreted by refe w0
= pendulum, o argument resting on the law mn Bicky
be used to prove that pendulums do not e fdar seure
move isochronvusly.  Whilst (3 if the law be wof
accurately true, when uniformity is defined in this way,
it gught not to be used W prove anything unol either
i} it has been modified m0 a8 t0 be accumiely tewe an
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the old definition of uniformity, or (§) 2 new meaning
af unifcrmity has boen given 1n which it is accurately
trus in ity origical form.

There ars in fact only two alternatives open to us,
Either the first law is simply a definition of uniformity,
in which case it zeduces to the statement that a uniform
motion meapy one that takes place onder the action of
no forces. Ohr it is a subsmntal atatement, in which
tase some standand process or set of processes must be
Judged i diatety to be isoch and used after-
wurds as the critttion of uniformity. 1 think it i2 quite
certain that the first alternative is nol the dghtone 0t
seems quite claar that the maemeags of uniformity or of
isochrouism has nothing to do with the laws of motion.
People judged certain processes, such as the swings
of pendula, the burning of candles in Lhe absence of
draughis, the descent of sand :n hour-glasses, etc., as
1sochronous leng befere they had thought of the
question whether forces were present or absent.

We must therelore whe the second alternative.  This
implies that, under Rvourable crcumsmnces, we an
directly judge equality of time-lapses, just as we can
judge equality of lengths. This seems to be true. 1t
does not of course imply that such judgments are
infailible. And the question arises: Can we ever con-
BiBtently correet our standurd process by means of laws
which are in terms origioally defined by it? [ thiak
that we can and do, amd that the logic of such s pro-
cedure 13 wall worth considering.

I take it that our immediate judgment that the Hime-
lapses between succeasive swings of an  ordioary
pendulusn ape equal iy very spproximately true, if we
be at rest mthre.spectmll. Suppose we take this an
our ezigirl d h and definc unift
by means of it, and unt e End that, with this d.cﬁlu-
tion, the Grst Jaw is verified over & wide range. This
verification mgain will cnly be within the limits of
exparimental eroe.  Now, supposs we apply the first
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Inwr, thus atated and thus approximately verfied, toa
very large pumber of phemomena,  We may find, a5 we
extend our ohwervations and make our measursments
mare sccurale, tut a great number of pheaomens, are
wery approxigately, but not exactly, in accordance with
the first law. There are, we will suppose, smadl residual
effects left unexplaed in & number of cases.  As this
stage two aliernatives are open to us: (1} We may keep
the first law, as otiginally stated, and hold that small
disturbang ciutcs are operating in all the excepticnal
cases. We may thea put forward physical hypotheses
to account for these. Or (2) we may say that the first
law, a3 origically stated, is not accurately true. Sup-
pose we find that » sngle ahght modification in it w|1|
account for all the shight i in the i
based upen it Obwiously it is more reasonable o
nuh thiy goe mndlfscaucu than to put formard different
¥ in each case which
the cmglnnl |l" ils lol:llrlliel)’ o accoust for. Now,
this modificahon of the first law mught iteelf take place
in twa Blmnlaliv: ways  (a) We might say: “The
and uader the
action of no Snm:s, bodies move with very oearly, but
not quite, aniform rechilinear motion with respect to the
ﬁuﬂ stars.” Oz wa might say (£): * The swinging of a
is an Byt not exactly iso-
ohmnws PIOGess, and thereiore a body that mowes
*uniformty,” as judged by a pendulum, is not really
moving unifprely.”  1f we angume that the times (ken
by successive jwings differ by a certain very small
amount, we may be able ta keep the form of the first
iaw unmodifies, and yet accurately explain al} the facts.
S0, in a seope, you may say tha the first low was
formulated in terms of uniformity, as defined by a
pendolum, and was then used to show that soch
* ypiformity " i3 oot quite uniform.  1ls thero any
logical phjection to such a process#
Not if we cencly onderstand whar we s doing.
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We did not start by defising squality of wme-lapses to
mean (he relation between the successive swings of a
pendulom. We simply said that these two durationy
cauld be immediately perceived to be in fact very nearly
equal.  We admitted that this judgment might quite
well ignare difierences toa small 10 be immedintely par-
coved,  Again, we find that, with the sense of uniformity
which is based on the assumption that pendula are
accurately igochronous, the firgt law 13 true within the
Timits of unaided observation. Maore sxtended and more
delicate observations Forced us vither (o modify the law
stgelf, or to make a large number of supplementary
phymical hypotheses, or to raject the view that peadula
are exactly isochronous. We preferred 1o take the lust
of these ajternativez, The result 15 that both the law
and the standard of uniformity contain a small leaven
of convention and a large mass of substanual experi-
mental fact.  Uniformity 15 tested by a standerd physial
process, known o be nearly isochronous, but slightly
“pooked,” g0 48 w keep the farm of the first law Rxed.
The first law 15 known ta be very nearly true, even when
unifarmity is tested by the uncorrected process ; but the
e for uniformity is shghtly changed, 50 as to make the
law, 1o 1ts wriginal verbal foem, quite true and yet
compatible with all the facts.

This mixturt of canventios and obscrvation 18 a very
common fcature in scientfic laws, and is unobjection-
able on three comditions: (I) That, egven without i,
the law iu verifimd very sppruximztely over a very wide
range; {a) that the amount of “ cooking " needed is
belowr the limits of possible direct ohservabion; and
13) that, witl it, the Jaw keeps ity griginal simple éorm,
and yet now accounts pecurately for all the Bt without
supplementary h;

The remaining ambiguous term in the first law
is Faree. Granted that the first law is not 8 definition
of uniformuty, it might sill be held to be a definitian
af the atrence of brces, 15 it iy not tw be (his, but 13 te
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he 2 sub 1 the foll diti
must be fulfilled. We muszt, in certain casea at least,
e able (o know whether a body is or i3 ot acted on
by farces, independently of knowing whether that hody
in in fart moving woiformly in a stmight line in the
sense defined above. For the first Jaw says (hat, under
the ection of na forces, badies rest ar mave wniformly
in straight lines.  IF thiz be an experimental fart about
fature it must be based on ohserving bodies which were
known to be under the action of no forees, and finding
that they always rested or moved in straight ines with
vezpect to the fixed stars with a velooty which is uoiform,
a5 judged by some standard process, coowrcected, of
necesszry, wn the way distussed above. We must
therefore ask: What de we mean by force, 2nd can
we ¢ver tell, apart from the laws of motion, whether
forces are acting on a budy o nol?

T answer this guestion we shall need to take account
of the sccond law of motion as well as the irst:  Many
eminent men have held that the notion of foree 5 need-
ltss and useless in Mechanics. Their view 15 that the
s0-called second law of motien s nol the eXpression
of an experiments! fact, but is smply a defintien of
Jfercr ;50 that, wherever the latter word etcurs in

is, we can substi for it the definition given

in the second law. Now, the second law may be put

in the form that the mate of change of momentum of

a particle at any moment in a given direction is equal

to the farce which is acung on the particle et that
+ Picocti

in that di " of course
involves & tcn reference to some sot of axes, and
' rate of change " lves x refs o some '

process for hime mmsur!ment. Thest may be mhen to
be the same as those which bave alrcady been fized
upan in discussing the first law. Now, we might regard
the sccond law in twy different ways: (1} We might
suppoec that we already know what we mean by form,
and aiready have 2 methad of meagyring its magnitude
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and direction. On that view the serond law 15 & sub-
stantial suu:menl expmaamg the obeerved connexion
in and 4 force and the
rate of change of mamentum of a particle. (2) The
other view is that the second lawr simply gives a meaning
to the word * foror,” and defincs the phrase ™ a force of
auch and soch & magmitude acting in such and such a
dirsction.” The latter interpretation is, for some reason
of other, considered to be tremendously hard-beaded and
* seientific,” the former to savour of metaphysics. ‘We
shall set that, although there is a ccrtain asnount of truth
underlying the second view, it is greatly exagperated
and has nolhing to do with any annthesis beiween
“ geience " and ' metaphysics.”

1t seems ciear t0 me that nc one ever does aweas or
Ever has wieant by * force * sate of change of momentum.
Jt 15 certain that the second law, ag oniginzlly stated,
was oot intended for a definiion of force but for
substantizl staterment about it.  Unguestonahbly the
sensatinnal baxis of the scientific concept of farce is
the feelings of strain that we experience when we drag
a heavy body along, or throw a stone, or bend abow. 1
do net und: d that this historical fact is denied by
the upholders of the iptive " (ar better, ** defini-
tignal” ") theory. ‘What they would probably =y is
that, in this sense, force is purely human and has oo
relevance to the Jaws of Mechanics. We cannmt
seriously suppose, £.g., that the sun feels a strin in
keeping the earth in its orbit, a5 we do when we whirl
a weight on a string. Heoce il is argued that what we
mean, when we say that the sun exerts a force on the
earth, cannct be derived from the experiences of strain
which we frel. 1 think there ase two answers 1o this :
{1) We must disdinguish belween our feeling of strain
and the straing that we feel, just a3 we must distinguish
between our feeling of and the
which we feel ourselves to be making. Force is not
supposed o be our fedings of straing it iy simply
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Ssapposed that the straing which we feel are forces, ar
are indications of forces. [t is of course absumd o
Euppose that the sun feels a strain when it pulls the
earth ; but thig is abyurd, not because the aun could not
b mwlect fo a strain, Hut hecause——having no mind—it
<annot fee! A straio ar anythiog alse. 1t in thus perfectly
consistent for » man tg descnbe foroes as the sort of
Eactors in nature which revesl themselves to us directly
in our fetlings of strain, and to add that inanimate
bodics, like the sun, are subject to forces. (2] The
argument under discussion, if pressed, would make it
as unreasonahle to sey that an inenumate body like the
casth is round or rotetes a5 tn gay that it is acted o6 by
Farces.  For there is no kind of doubt Lhat our concepts
of roundness and rotation are fannded wpon Sensativns
of sight and touch. 1f 1 had not had sensations of
round or appreximately round objects, I should no
mare know what rowmdress means than a colour-biind
mar knows what redd means. The person who uses the
argument about the sun not fechng strains, as an
objection to the wiew that the fechog of strin i3 the
sensational exparicnee which gives 4 meaning to the
concepl of force, may be invited to consider the follow-
ing parallel argument: ' How can the concept of
roundness be based on our sessations of mght and
teuch when the carth, which can neither xee nor feel,
ia admitird to be round?™ The saswer of course is
that the carth ar the sort of properties which we have
Pecome acquainted with by sceing and feeling, and thar
it doga not need to xce or feed in order to have them.
Similarly, these seems to be no reason why the earth
should wot be sobject w ferces which it does noL
feel, whilat forces are the sort of natural facts which
we bexotos acquainted with through our feelings of
steain.

[ think then that we msy guite masonably hold
that the straink that wu foel art the ariginal sensational
data on which we bave hased the concept of physical
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force, Just as coloursd and shaped patches sunsed by
us wre the original stosational dala on which we have
based the cumocpts of physical shapes and calours.  The
descriptive theory simply puts vur sensationa of sight
and touch into a guite irmtionally privileged posith
as parsd with our i of stramn. 'We shall
see later on, what amount of gracand Justification there
is for this proesdum.

Now, even if we confine curselves ta the crude data
of iun, we can distingwmsh the factors of
direction and magmitude. We have ta cxort oursclves
mere to thraw & heavy hammer than to throw & small
stane with the same velocity. And in make a thing
move in a given direction we have got 10 adjust our
bodies 30 a3 o push, pull, or throw it in that direction.
Thus lorce, as actually sensed in our keelings of sirain,
13 obviously in reugh general agreement wath the yecond
Law, when the surface of the earth is taken as cur splha!.
axes and any rate as our .
af time. The wouble, of course, 18 that élt straing are,
and remain, vague both in magnitude and direstion,
Moreover, most of the farcex with which we have o
deal 1n science are not felt h_'r ug ag strans,  Wecannot,
then, base & factary of farce on
felt struns., But this is not a peculiarity of struas.
itis squally teue of felt temperatures. The sezwpmy of
temperature And of force is derived from felt hotness
and [elt stran respectively. A person wha had e
such ions would not uod i these tzrms at all.
Again, both these felt characteristics have a perfecily
noticeable though vaguely discrimingted intensdve mag-
nitude. We went to define methods of meagurement
in tach case, which shull agree in the muin with aur
rough immediate fudgments, but shal! be capable of
much greater ¥, and of application to cesey
whert the stofahons cannot be got at a]l.  This is what
& themoomerer does for u, in the iostance of tempera-
ture; but no one *'except 2 fool or a0 advanced thinker"
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{to quote Mr Bradley) imagines that what we ween by
e perature iz the height of a column of mezcury.

In any case, then, the second faw is not a statement
of what js meant by force.  But it might still be merely
a statement of how force is to0 be westaond for scientific
purposes. [t will be 50 if the oor and ooly way of
mesasuring fore s by measuring mte of change of
momentum. I hmmr, there be acy indepemdent
way of Iy i the direction and magni-
tude of & forar, t‘ne second h\w will be oeither a debini-
tion of force nor & mers statement as o how il is to be
scientifically measured. it will be 2 subsmantial state-
ment aboul force. Now 1 think it is quite evident
that, in favourable cases, we can measure force without
reference to rme of change of momenwum. Suppesea
number of strings wre atched w 2 bedy; that they
then pass over pulleys; and have weights attached o
them. Then the momenta:y darecﬂons of the strings
give a clear and ta the directi
of the Boroes, and the weights give lclmmelsureo(‘
their magnitades. And these magnitudes and direc-
tions are: {1} i fir agreement with what our sgnsafions
of stralo tel] ux in all cases where & comparison an
e made; (a) are far more accurate and definite, and
can be detecmined in cases where we cannot ge: sen-
sations of strain ; and {3} are guite independent of all
reference 1o mute of change of momentam. The second

Inw i3, therefore, neither a definition nar a
uwmﬁo«uismbe ‘;butina

wo iade
pendentlymusunbleuuofﬁmm nature. Of course,
once this the itude and direc-

tiets of & force on the one hand and the rate of change of
momentum of & body on the ather has hean amablighed
froes & study of those Gavcurable cases whers force can
be measured independently, we can use the law 1o
mensure indirectly the forces which are aoung in -
Invourable cases, where dicect
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If 1 want @ find the pull on & string which iz whiring
n weight, my best plan mxe is o find the angular
valocity of the weight and its mess ; 1o determine frpm
these data its rate of change of momentum; and w
wquatc the magnitude of the pull to this. But | now
use this method, not becauze [ meaw cate of change
of momentum hy " farce ™ ; oor ‘neeauu this is the only

ibke way of my feree 1y, but bechuse,
in the pagt and in moce favourable cages, 1 have heen
able to measure force independently, and have found it
to be propordonal 1o rate of change of mamentum.

So fas then we have not seen anything iz favour of
the * descriptive " theory of force.  Yet T believe thatag
important truth underiies it, wod that it has been obecured
by candesanegs of statement.  The typical deseriptianist
geoerally combings the two views that fove just meany
rite of change of momeetum and that force is not

Iy n very imp ion in Mech

He ofen gived the former as a reason for the latier
proposition. ‘We have seen that the former is falss
And in 2ny case it is inconsistent to combine it with
the latter. For, if /e just means rate of change of
momentum, and if forcs be unimponant in Mechanios,
it follows incritably that rate of change of momentuz
is noimportant in Mechanics. And 2o oot in his senses
would maintaio this propogition. 1 believe the truth to
be that force i wor uitimately & very important concep~
#on in Mechanics 1 although this 15 not ineplied by the
view that foree means rzie of change of mymentum,
and although that view about the meaning of fora 1
mistaken.

I will now try to explain why I bald this. To know
what foroes am acring on a body you need to know
what other bodies, nmr and B, are made of, what
physical and chemical mtes they are sn, and s on.
Fari when mag forces are under
itis viml ta know whether the movisg body and thos:
in its neighbouzbood are made of iron or of wood, and
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soon, Aguin, when motion is produced by imparct or
impeded by friction, it is vital to know the elasticities
of the bodizy and the state of therr surfaces.  Now,
when we reflect oz the specinl laws of nature which
involve these special propecties that vary [rom ene bit
of marter 1o ancther, we notice that fome simply acty
as a kind of middle term betwoan the special laws of
nature and e general laws of motion ; and that, excapt
for convenience of expression, it might be droppad.
You may regard the laws of motion as being expressed
by equaticns, with force on one side and rat= of change
of momentum on the other.  Yau may yegard the apecial
laws of nawre us being expressed by equanons, with
farces on ooe gide and the special configurabons, electnie
charges, magnetic properties, etc., of the bodies that you
art desling with, on the other. Thus you might just
a3 well express the facts by & single sct of equations,
directly ing the configurati charges, <tc.,
with the rate of change of momentym, end drap the
mention of frce sliogether. In practice this 1 what we
generally do when we get the final equations for solving
any particular problem. To take a very s:imple case,
the final st of dilferentiat equations for the motion of
a particle in a centra! orbit contains. nothing that stands
for force. They connect the rate of changa of mamentum
of the particle directly with the mass and distance of
the attracting contral body, and with the grawintional
constant.

Why then do wa rraubls to keep the concept of foree,
and why were the laws of Mechanics stated in terms of
it? The main wdvantage of keeping it 1o when we want
w make general statements. We want to be able 10
state and discuss the general luwa of mobon, without
reference to any particular cause which produces or
modifies motien. It i3 then convenient to lump to-
grther evary such cause uader the common name of
force. Again, wt want (o be able to state the specinl
laws of nature {s.[., thost of eleciricity or magnerism],
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without referring to the particutar motion of sore defizite
body in some definite system of other bodies 1t is
thon convenient to use the tarm fpeee for the effect of
eny such system on & hypothetical particle of unit mass.
When we pass from general sitements to some definite
probiem the porion of force becames useles wnd drops
out. Now many, though by o means all, material
aystems which aflect the motions of s body alse cause
feclings of strain in our own bodies.  That is why force
does ot appear to usas & mert mathematical parasmeber,
although thia s the pmidon that it ar.tullly comes to
occupy in the Lastly,
material sysiems which al’l‘m the mohons of bodies do
also produce other measurable cffects, such as balenciog
weights on sirings over pulleys, or stretching apring-
balances. The Frst and second laws are really state-
ments about the observed relations batween these Intter
effects of matezial systems and thor effects in madifying
the motlons of bodies.

We have now cleared up the potion of foree, so far
a3 it iy common 10 the first and sccond of the traditional
laws of matwn.  But the second law nvolves soother
concept, vaz., that of szsr, and this we must now discuss.
The sezsteniom of 3 body is defined as the prodoct of
itz velocity by ita mass. Al that we peed say at present
aboul ltx velocity 18 that fts magnitude and dwettion
must be d d with to & suitale set of
materinl axes, such ws those given by the Gxed stars,
and 2 sultable physical Hme-mezsurer, auch as an
ardinary pendulum.

The factor of mass actually enters into the traditional
Mechanics in two quite differtnt ways ; and it is simply
a strange coincidence that the two kinds of moss wre

o each other, 5o that, by n suitable choice
of units, e two masses of 2 body bave the same
@measure.  We may call the twa kinds of mass srooie-
atnol uod swertial cespectively. The ficst in the mane
that is mentioned in the luw of gravitation, the second
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is the mass which 13 involved in the second law of
motion, AL present we shall deal with ineriial sans,
a factar which occurs equally n every kind of muotica,
whether produced by Impact, gravitation, tlectric or
magnetic attraction, or any other cause.  We will amrt,
as we did in treating force, with the crude dats of
sensation, and consider what feature it is in (hest which
forms the basis of the seientific concept of inertial mans.
If we take two hodics which are geomelrically cxactly
alike, say a sphere of wood und an equal sphere of
platinom, we m2y find that we have fo cXxert curseélves
to 2 markediy diffetent extent to make them move with
the same velocity relative to the same axes and the
same time-measurer. We have already seen that, with
a single bedy, 4.4, the wooden sphere, we have to exert
autselves more the faster we wish to make it move. We
see then that the effart that we [eel ourselves exerting
whea we try (0 make a bedy move depends on two
factors. One ol these is the velocity which we give to
the body. The other is 2 factor which appacently depends
simply on the matecial of the body seelf, 1t is the Talter
which gives us the pimary meaning of swerfrof mas.
As uasual, the crode date of sense ooly allow of & very
crude of magnitud ‘We therefore need some
method of measuring mams which shall agres pre fowde In
its results with the rough judgments based on our ex-
pericncey of afort, but shall be capahle of much greater
AXTUCALY.

Experiments on the impart of bodies give us 4 means
of accurately measuring inertial mass in favoyrable
cageg, When two bodies B, and B, hit exch other, it
iz found that we can ascribe 2 aumerical coefficient wy,
10 B, and & coefficient wy, 10 B, such that, if «, and &,
be their respective velocities before and =, and v, their

What we have learmnt at this stége is that (1) the two
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o are ind Jont of the welocities #, and
0y And(z]thn.brwwroffhndnu,mchlpm: of
coefficients can be found. But, suppose that we hrst
try the experiments with a paiz of bodies B, and B,
and then with B, and a third body B, It is ante-
cedently pusslble that sy, the cocfcient which has
™ be o B, in its i with B,, might
dlﬁer from mg, the toeificicnt which has to be a5cribed
w0 B, n 15 transactions with B,. Further experiments
prove that this is sof =o, L. that the coefficient of any
given body is independent, not ealy of ity velocity, but
also of the other bodies with which it is interacting.
We can thus in future drop doubly-sufized cozficients,
like #,, and wnite Bimply s, m, etc. We find then
that to any body there can be ascribed a oortain co-
eicient, whick i independent of its welocity, and
which it cairies with it into all its mechanical trans-
amnns with olher bodies. Tlns cosfficient is the
and of inertial mass. Tt
obviously accords 1 rough outllne with the notion of
mass which we get from our sensations of effort, but
it is capable of accurate megsurement.  Hawng defined
und meagured the inerticl mays of a body in this way,
we find two further important facts about it by experi-
ment.  {c} [t belongs to a body, net only in the case
of motions caused by impact, but in all its motons
howaver profduced or modifed. (2} Such oncﬂiclellt.l
are additive sealar magnitodes.  1€yon do exp
with & compound body, mude up of two smaller aoes,
to which you have already ascribed the massos wey, and
my, you will find that you have to ascribe tn this
compound body the mass ), +m
We can oow deal with gravimtional mams. Al
bodies, no matter what thelr inectial masa may be,
fall ic the ground with the same acceleration s veaw
in the zame region of the earth. Now the rats of
change of momentum of & body of constant mass is
equal to the product of it mass by its aceelecratipn,
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Since bedies of diffzrent inertial mass all fall with the
same acceleration, it follows from the second law that
thty must be acled on by voequel forces, and that
these foroes sust be propartiontl to the incrtial masses
of the bodies. Again, if we do experiments with a
delicate torsion balance, we find that the attrction of
a body A on & body B is proportional to the Ineriial
mass of A. Combamng these two facts we see tha
the gravi b any two bodies is
proportional to the product of their inertial masses,
It iz evident then thet, even if we had never done
experimenty with moving bodies st all, but hxd con-
fined lves to starical i with bal
targion Rpparatus, ee., we should have come to ascritm
certain coefficients o cvery body.  We should alsa
have i'aund dut lllue coeffigients were independent of
the wvel or physical state, etc., of the
body to which they were ascribed, and were more-
over independent of the other bodics with which 1t was
o Apd these 5 would have hesn
wdditive. Thq would, in Ewt, be propartional to the
inertial masses; and therefore, with a suimble choice
of units, idenﬁml with the lateer.  Now, the coefficients
requirsd by the gravitational facts e what we mean
by gravitational masses ; and, on the traditional theory,
it {s just = straoge coincidence that the two masses of
r body wre propoctionad o cach other. The theary of
gravitation which is bound up with the General Theory
af Relativity suggests a reason for this idenlity of
ioertinl and gravitational mass.
We most next consider the third law of motion,
'hich lly! ﬂllt a::hun and reaction are equsl and
20 new pia, but it makey
a most i i about Eorce.
It says, in ﬁu:t. that the lorce on oae particle is unly
one side of & transaction which, taken as & whole, is
a stresy hetween two particles. It is an virtum of this
principle thar we are able to deal with the motaos
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of hzite rigid bodies, which romte as well as change
their places, and therefore cannot be treated ms particles.
The law, as stated, Is indefinite both as tn direction
and a8 to ume. The actinn and reaction between two
particles might be equal and opposite, but might make
any angle with the line yoining them. It seems to be
sometimes assumed that the law regoires the direction
of the twe forces to be the Tine joining the particles.
Thig iz not 30, and the law would be false if it were.
Twa moving electrons exert equal and opposite forces
oo each other, but these are rot in vhe line joining
the two clectrons.  In fact the question of the direction
of the lwo opposite and equal forces belongs to the
special laws of nature, such as gravitation, electricity,
magnetism, etr., and not to the general laws of motion.
Again, I think it is often agsumed that action and
reaction are alwayy ComtempOrATy. If the Izw be
understood b agsert this, n. iy certminly false, unless
we supp it by g partickes of cther and
a mechanical theary about stresses wmeng  theem.,
When 2 beam of light from the sus strikes upon wny
surfars oo the earth it produces @ presgore on that
surface.  [f there be any reaction from the earth it
will be exerted primarily on the sutface of Lhe ether
next to the orth, and will not be conveyed back m
the sun in bos time than Jight takes to travel betweon
the two. Thus, if you confine yourself to the carth
and the sun, action and ion are oot T ¥
as regurds light-préssuce.
“Tie first twe laws of motion have been stated with
rﬁpeﬂ.t.onmons remi\rzmtheﬁud.sumandma
d y such ax an
Now, it is very mpomnt to natice that, npurt. from the
third law, thig !um:uon o a particular st of azes
aod a particul Ly could be 1
idded that we i 1 suitable new forces with
cach mew frame of reference. ! will illostrate what 1
mean by two examples : (1) Suppose that a particle is
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al rest on = plane with respect to a Newtonian frame
of reference, r.z., with respect to such axex and such a
time-meagsurer as we have hitherto been assuming.
Supposee that in this plane there lies a wheel, and that
we take btwa mutually normal spokes of this wheel as
our X and ¥ axes respectively. So long ag the wheel
iy wt rost, these two spokes and Lhe line through the
centre of the wheel perpendicular to the plane in which
it lies, consdtute 2 Newtonian set of awet; and the
particle is at rest with respect to them. [t therefore
under the action of no Newtonian forces. Now suppose
that the wheel is spun with a uniform angular velocity
w in its own plane. Let us continue to take the two
spokes ms our axes, aed the old clock e our ume-
measurer.  The reauling frame is, of course, non-
Newtonian, for it is acither &t rest nor in uniform
rectitinaar motlon Witk respect to the fixmd stass.
Relatively to this ntw fame the particle describes
circle in the X-¥ plane with uniform angular velocity w.
It therefore has a relative acctleration of amount re*
towards the orgin. But this can be made compatible
with the first and second lews if we ansume a force of
this ictensity per unit mess attracting the particle to
the origin. The partcle is acted on by no forces with
respect to the Newtonian frame; it is acted upon by
an attraction of amount mew* towards the origin with
respect t the new gon-Newtonian fmme. Thus the
first mnd second laws have been rendered independent
of special reference to Newtognian frames by the assump-
tion that force (like pusluon, welacity, ot} {3 relative
te the spati frame of which is
used for plecing and dating the phenemena under
conslideration.

{2) Let us now 1akes a slightly more complex case.
Lt us suppese that the particle ia question is a fnction-
less ring which can slide along the particular spoke
of the wheel that is chosen as the X-axis, and that the
whee! rotates zn before. Relabive to Newtonian axey
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the ring has no acceloration slong the instantansons
direction  of this aspoke. Along the instactansqus
direction of the normai to Ik it has en agcelemtion
2w [t is therefore acted upon by a Newtonisn farce
{viz., the pressure of the spoke pushing it from behind)
of amount P~ amsw. How wiil this appear to people
who rotate with the wheel ?  Relatively to their uxes,
the particle will move along the X-axis with an accelers-
tion 7, whilst it will have no welochty or accelertion
along the Y-axis. They will therefare have 1o say (if
they want to ketp the fors of the first two laws of
motion} that the ring is repeiled from the origin with a
force mer. And it 15 easy to show that the incensicy
of this must be wsw®, ix., it will ba a force varying
dirtctly with the distance of the particle from the crigin.
On the other hand, they will bave to say that therr ix
oo resultant force acting on the Hag in the direction
of theiv Y¥-axis. Forthe ring keeps all the time ns the
K-axis. But if they measured, they might be sxpected
artually 10 find the presaure F actimg from the spoke
to the ring. How would they get over this? They
would say : ' The spoke attracts the ring with a forcs
equal to P, and this just balences the pressyre of the
spolt on the ring." Thus by assuming a repulsive
farce from the orignn, varying directly with the distance,
aod an attractive jorce between the ring and the spoke,
varying directly with the velocity along the spoke, thay
muld recoacile the form of the first rwo lawy with rheir
naw ian frame of refs This latter force
would [ndeed be of & curious kind, for particles would
be sttracted by the side of the spole that faced the
directlon of rotmtion snd repelled by the other fice, but
ther could deal with this by something like & “two-

fluid theory.”
Inthese tw ples we b Iy | : d
from a N ian frame of ref We bave mken

nen-Newtonian axes but have kept to & Newtoninn clock.
1t iz obvious that, if we kept Newtonian axes hut tock »
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non-Newtonian clock, we could equally preseree the
farm af the first twe laws by intreducing suitable aon-
Newtonian forces. Suppose a panicle were moving
with a oniform rectilinear velocity with respect to a
Newtoninn iame. Suppose that we then substituled
for a peodulum clock 2 watertank with a hole in it as
pur time-measurer, and judged equal times as those in
which equal masses of water Aowed from the tank. Let
4s keep the Newtonian spatial axes this time. As the
head of water in the tank decreases the water flows out
mare slowly, a3 judged by & Newtoninn clock. [t follows
that, at the later part of the experiment, the particle will
maove further while a pound of water Aows cut of the
tank than it did at the beginning. Hence, with respect
to our new non-Newtonlan clock, the parcticle will be
moving with an sccclerated rectilinear motton. I we
want to keep the orm of the fint two laws we shall
herefore bave to introduct a tonian loree, acting
in the direction of mohon of the pariicle,

[t should now be evident that, so far ag concerns the
hirst two laws of motion, their form can De kept, irme-
spective of the [rame of reference chosen, provided we
admit the {at any rate pa:l.\al) :elau\my of forces o

Eames of ref It ] mote chre-
Fally the rature of the non-Newlonmn ferces that would
have to be introduced with ian frames of

reference.  1n particular we want to know whether the
third law can be kept too when we give up the restriction
to Newtonian (rames. One thing wr nouoe At once,
Thatisthat the K f

which were i tuced by the ad of N

Erames of reference, are sll pmpnrtiunll 1o the inertal
masses of the particles om which they act  Again, they
act on every partu'lc under cnnsademlm regardless of

its ph or ies, of the di in
which |t may bappen to be, and soon.  Now this reminds
& iy of & fons ; and suggests,

as it did Eu-sum. that the law of gnuumun may
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have some connexion with theses non-Newtoninn forceg
which are bound up with non-Newtopian frames of
refarence.  Compare &4 the two cages of a heavy body
reating on a weighing machine, and the ring in the
second example.  The heavy body rests in a Newtonian
frame, and yet the spring of the maching is compressed,
thus indicating that an upward thrust iy being exerted
by the spring on L'he heavy body, Wa say that this
thrust must be d oy 2 pull & i3 on the
body, and we ascrive this pull to the gravitational
stizaction of the earth. [o exactly the sume way we
found that the abservers who used the rotting wheel
as their spatial axes would have to assurme an attraction
between the ring and one gide of the spoke, to account
foe the fact that the cing did not mave at right angles to
the spoke in spite of the observable pregsure of the latter
on the former.  Eastly, consider the repulsive force
from the ongin which the cbaervers on the moving
wheel would have to suppose b0 be acting on the ring.
The peculiarity of thig is that to all appearance it does
not obey the thicd law, There 5 a fsld of force, to
which every particle iz subjected when referred to the
axes in question ; but it cannot be said that the force
on one parricle i3 belanced by an equal and cpposive
force on another particle. Same non-Nawtonian forces
then, it would seem, do not obey the third Ixw. Thus
it semmy that the Smt twa laws are more general than
the third, since they can te recanciled with any frame

of by the i inn of suiteble forces, whilst
it |! only for Nawtonian forces thet the thind law holds

dly. This dusion tould L m thaury,
be avaided by the i duction of L h

masges | so that the nnn—Nz\lﬂnmln facceson observable
masses might be regurded, as the thicd law requires,
us one sult of stresses betwren these observable musses
and the hypothetical concealed ones.  Thus all the laws
of motlon can bt formally preserved selative (o any
frame of reference, provided it is sasumed that new
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frames imply oew forces, and provided that we are
allowed to assume such concealed masses as we need.

§ will end this chapter by trying to make clear the
difference between the laws of motion and the special
Inws of natuze, such s those of electncity or magnetism
or beat, We shall then xee that, on the Ladihonal
view, the law of gravilation occupdes & curious position,
intermediate between the two sets of jaws,

The laws of motion do not profess to tel] us in detal
how motiong are caused or modified. What they do is
to tell us the genersl conditions which all motions, how-
aver produced, must conform to,  They take no zocount
of the Jand of matter which is moved, or of its physical
or chemical gtate at the bme; the one property of
metirr, other than purely geometrical propertiss, which
appears in the laws of motion 15 inecrial mass. The
specinl lnws of nature, on the other hand, tell ua about
the various causes of maotion. They have to take into
sccount il sorts of properties of hodies bemde their
inertia]l masses. They have tn consider whather they
be electrically c.hurgud or not, wllgj.her they be bhot
o cald, d, and what sort
of medim unrmnnds them. NW, the law of gravi-
tation, on the traditional view, is in ooe way ke a
special law of nature, and, in another way, more like
the general laws of motion, it professes o tell us ooe
of the causes which stant and modify motions. So far
it resemblzs a special law of namre, But the only
property of matter that it hay @ congider is common
to ail matter, viz. gravimlional masr. And this proves
to be identical with the one property which is considered
in ibe Laws of motion, vix. inertial mass. Thus therw
seems to be a very much closer consexion between the
laws of motion and the law of gravilation ihan between
=ny of the snecial laws af patyre and the Jaws of moton.
Again, if we are in earnest with the Relational Theory
ef Motion, we must suppesc that al! the motions with
which Mechanics deals rake place with respect to
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material axes. And since all matter attracts all other
matter gravitatd on the treditional view, all bodias
will be am'acmd rnm or less by the axes o which their
motios are referred. It thus seems net unliktly ante-
cedemily chat there should be a wery close connzxien
between the Iawsd’ momm and the law of g-nvumhnn.
wnd thet a P Jational system of Mech
should contain & theoryof gravitaticn. The details of
this are reserved for the next chaprer, tut it is heped
that the ing di icn of the traditional laws of
motion amd gravitation may have brought the readss
into & proper fama of mind for undersmnding and
criticising the General Theery of Relativity.

The foliowing additional works may be consulted
with advantage :

¥ A W. RussmL, Frimagle: of Matbemottar, val 1, Pad VII
Z MACH, Soener of Meckewes
Lx Sewmer #f M Hyposkh
- Srvenre of Mithosds
Ls Valewr di la Sewee.
B. Pnl!ﬂ.ﬂ& Lir Axiewes &2 fa Micanzgwr  (Parms Ganthuer
Villars 3
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iLewns C.lml.h The Huniiag of the Snark |

Modifiration of the Toadibional Kin:hl:l
() The G 1 Theory aof R ty . J
of Part I

[~ the last chapter we Lreated the traditional laws of
motion without reference o the kinematic results of the
Special Theory of Relativity, cutlined in Chapter 1V.
That is to say, we combioed the traditipnal Kinetics
with tht traditional Kinematics. Wre must now take
a step forward, and show that the mdmunll hws ol
motion are nat patible with the modifi

of even the Special Theory of Relativity, We ghall
then be able to advance te the General Theory.

There i no need for me to treat the kinetivs of
the Special Theory in any detail, because it ig only a
half-way house to the General Theory. [ will therefore
content myself with a single example to show that
the teaditional laws of motion cannot be reconciled,
without modification, with the ki ics of the Special
Theory and with the Restricted Physical Principle of
Relativity,

Let us suppose that two stts of chetrrers were doing

]
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experiments bo determine inertial mass by the impact
of bodies, ax described in the last chapter. One shall
be on the pladorm p, and the other on the piatform g, of
Chapter [V, These platforms are in uniform rectilinear
ralative motion in a Newtoninn frame. The welocity
of the firgt with respect to the gecond, as measored by
abservers on the second, is v, Let two bodies be
moving along g, in the dircction in which #, is itself
meving relatively to a,. Lat their velocities relative
to #, as measured by observers on it, be U, and w,
respectively, before they hit each other.  After they
Bave hit, let their velocities with respect to g, be W,
and =, respectively, Let the obtervers oa g, a¥cribe
1o thess bodies the inertial masses M, and w, respec-
tively, As we saw 1n the last chapter,
LAMEL ER AR AN (s)

Each body hus its own coafficiant, which it keeps when
its velooity is altered by the collision, and which is
independent of its initinl velocity. There is 1o doubt
that l‘ms 13 very nppmnmmly true under ardinary

d of i the jon is whether it
can be cxmtly true, oonsuslzm.ly with the Fhysical
Principle of Relativity and the ki ics of the
ESpecral Theory.

Let the wholt cxperiment be also watched by the
obgervers on . Let the velocities which they ascribe
1w the bodies relanvely o # be Uy, «, W, and 1w,
respectively. The Physical Pnnuple af Relativity telis
us that if equation (1} exp a genuing law of nature
in terms of the obscrvations of penpla on #,, the people
on p, must be shle to find an equation of precisely the
same form in terms of sher observations on the =me
phenomena. That is, tba’y ought to find that their
whserved relative velogitiey are i by an i

MU, + oy = M, ey, (=)
1n this equation M, and w, will have to be independent
of tha velocities of the bodies; for it is obvious that
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the form of the lww would mo¢ be the same for both seiz
of ahservers, if, in the gne case, the coefficients were
constants, and, in the other, were functions of the
velocity of the body.
Now it iz easy 1o sée that enything of the kind in
H with the ki irs of the Special Theory
of Relativity. TF the reader will look back to equa~
tion {3} In Chapter 1V he will see that

with similar equations, swiarr sewlowdss, lof by, W, and
ty. It is quite obviaus that, if these values be zubsti-
t.ut.ed in equation (2}, we shail reach & result which is

with fon {r}, on the P thar
the masses are {ndependunt of the velocities. 1t follaws
that the traditional view that mass is independent of
velocity cannot be reconciled wirh the Phyaical Principle
that genuvine laws of nature have the same form for
all chservers who are in umiform recplinenr relative
motion, and with the kinemancs of the Special Theory
of Relativity.  Jtis not difficult ta see what modification
is noaded. Let us denote by M, , the muss which has
to be assigned W a body mowving with a measured
velacity U, relatively to the Newtonwn frame gy, Let
uy put

M, -

where M, and w, are independent of the velocity, Let
us then sen whether the equeLon

Moo Uy g = My o W, sty 20, [TH
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cxprases a pagsble luw of oature, congistent with che
Physiczl Principle of Relativity and the kinematics of
the Specisl Theory. 1f it does, we ought m &nd that
the measuzed velocities 17, sz., which the obeervers on
F¢ axcribe to the bodies upder expeciment, are inter-
connected by the equation

M Ut meyty =My g Wty 0. s

By uwsing the t(mnsformation equation for relative

velocities, and doing a little tedious but quite straight-

forward slgehra, the reader will be able to see for him-

self thar thig is 83, on one condition. The conditicn iz

thzt the foix’ mass of the system in the direction of
motion is unaltered by the collision, i+, that

Moot ot Moede,. 6

On the traditional view this {9 of courss a memly

analytical prepesition, since it is part of that view that

the mass of sk body iz an absolute canstant.  Om the

present view of mass, i is an additicnal assumption.

The law, obtained by combining (4) und (&) with the

definitions emboditd in (3), is then a permiggible law

of nalure, whilst the traditioosl luw embodied in (1] is

not. Thc i.ssumplmn (6) is, tw a very high degres of

to the that the

I.oc.nl. kinetic encrgy of the s)smm is unahered by the

callisian. For
M,
M=o, U"- M.+- =

U‘ vecy nearly.

Whezes (6} pru:llu]ly reduces i

iu.'"l"" !M" EH.Wl'i—luM" n
Thus the altempt o express the laws of Mechanics ia
a form which is i with the kil ics of the

Special Theocy of Relativity leads to 2 connexion
hetwesn the three principles of the Consesvation of
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Momentum, of Mass, and of Energy, which was nat
abvious on the traditional view.

The modified conception af masa, which the Special
‘Theory of Relativity requires, differs so little in
magnitede from that of the traditional view, for all
ordinary velocities, that it is reasonable 1o suppase
that the modified lws are not mmly admisgible in
form but algo rue in sut s the modified
laws agree with ghservptions on the motions of electrons,
shot out with snnrmaus velocities o varupm tobes
whereag the traditicnal form of the lew cannot be
brought into mecordance with these results, except by
the help of supp y physioad By About
the charges, shapes, etc., of the particles.

The General Theery of Kelntrorty.  Enough has now
been said to show that the traditional kinetics needs
medification as soon as the tradstional kinematics is
dropped and that of the Specil Theory of Relativity
is substituted for it.  And, a5 I have tned to show in
Chapter 1V, the negative results of the Michelson-
Morley and ciher experiments leave us ne option about
making 4 feasf this substutution. The question noer ig,
not whether we shall go sa far, but whether we cupht
net to go further still, Let us open the subject by
asking: [n what way is the Specid Theory of
Relativity spenas ?

The answer ta this guestion iy obwk [nd
ing the Special Theury af Relativity we m(plmt]y

i ﬁ'Imes In the first
plaze, our k i d that the
mplﬂfomsﬁmdp.mhnmmﬁmrrgluiw
motion. We did pot deal at all with Lhe e of p,
rotating with respect t 2, or moving with a roctilinear
but accelerated motion with respect to #,. But this is
not all.  [f one frame be Newtonian and another moves
with & uniform rectilinear mation celatively 1o it, the
second is alsa Ni i But the of this is
not true. Two platforms might be in uniform rectitinear
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relative motion, bot aelther of them need, for that reason,
be Newtonian. E.g., ifthelr clocks wene non-Newdioalan
{#g, were water-tanks, az in 3 previous example) both
these platforms would have accelerated cectilinear

i in a N ian frame, and therefore neither
of them would be a Newtoaian set of axes. Again,
suppoye that A and 2 were attached at different
digtancey from the cemire to the same spoke of 2 wheel
which rotat=d uniformly in a Newtonian fame. There
winald be no relative motion between them, but neither
of them would be Newtonian axes. So the ** apaciality "
of the Special Theory ia that it {5 whelly concerned
with Mewronlan frames; and thes not only restricts
the transformations (0 wniform reculinear relanve
totion, Dut imposes a furtber cundition, in wirtue
of which one at least of the set is known & be
Mewtanian,

How deea this limitation show itself? The funda-
mental fact on which the kinematic transformations
of the Spacial Theory wax baged was thar light was
found to travel with the mame welocity, and in a
straight line, relative to all the observers, although
thay were in motion relatively to each other. [t is
quite obvipus that, if ohservers bad chosen the spokes
of & rotating whee! as their axes, they would nat have
found that light travelled in straight Enes with respect
to them. And, if they had taken ag thejr ime-measures
some process which was sot isechronous as compared
with a Newtonian clock, they would not have found
the welaclty of Iight tu be uniform, even thaugh they
bad used the fixed stars as their axes. A Newtoniap
frame may then be defined in one of two altecnative
ways: (1) It is & set of axes and 2 physical time-
measuser with respect to which light in & homogeneaus
madium travels with a uniform rectilinear velocicy.
Or (2) it is 2 set of axes and & time-messurer with
cespect ta which a pamicle, under the action of no
resuitant farce, rests of moves uniformly in a straighe
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line. Owing to the unlversality of gravitstion the
secand critecion cannot literally be applied. Wa shall
also yes, latzr on, that the same reason recders the
first criterion oot sirictly true of any natural frame,
Thug u Newtoniap frame iz an ideal limit rmther than
an actual fact, Siill, the frame in which the fixed stars
form the axey and 2 properly constructed and regulated
clock fozma the time-measurer is very nearly Newtonian
for all experiments that we canda.  The transfarmation
equations of the Special Theory enable us tu pass from
tha place and date of any event iz any onc such fame
0 ity place and date In any other such frame. But
they tell us nothing abwut #ts place or date in mny
frume which is not Newtaoian; and no fame is
Newtonian unless i axes cither rest or move with
& uziform rectlingar velocity, as judged by o New-
tonian clock, relatively to Newionian axcs.  Again, the
Restricted Physicsl Prindiple of Relatiwity only says
that observers on different Newtonian frames will all
find laws of ldentical form for the same matural
phenomena. It does not assert that an observer om
a noa-Newicoiun frame will find no difierence in the
form of the laws which interconnect the magnitudes
that be measures, when watching = certain amtural
phenomencn.

The question is whether, and o what extent, this
mestrigtion. o & certain set of frames of reference can
be remavad. It is eawy to state in genecral terms the
Afnd of problem with which we axt fawed. On the
ane hand, we can get at the lows of nature ooly by
meazuring various chservable magnitudes and finding
out the functional correlations that hold between them.
And we can do thiz only by zeferring all events
in nature to a spalic-temporal fmme aof reference of
some kiod, in which each event has a certain place
amd date. [ dih frames of ref
could be taken for dating and placing the events of
cature. On the other hand, presumably there are laws




6 SCIENTIFIC THOUGHT

of nature which ase absolote, and independent of any
pasticuiar (rame of reference. The laws discovered by
observers who use 1 certain frame of mferﬂwe will
b ieas of these ) in terms
of that particular frame. Thuy, we may suppose that
they will depend partly on the absojute relutiony of
events in nature snd partly om the particular frame
used by these observers. [t would thus be mmascnable
%t suppose that, on comparing the laws di 1 by
ohservers who observe the same phenomenon and use
all kinds of difarent frames of reference, we might be
able to extract @ kind of " kernel,” which should be
neutral as between ther all.  This kerne! would be the
absolute law of the phenomencn o guestion, and it
iz thin which the Ganeral Theory of Relativity seeks
to extract.

It may be worth while to give a few illustrations
from uther regions, in order to make the idea familias
1o the reader. (1) Suppoge the League of MNations
were 0 lay down cerin general rules about naviga-
tion, which wers binding on all members of the
League. They would have to be tranzlaged into
English, French, [talian (and goon, one hepes, German
and Russian} These various anslatons would logh
extremely different.  And it would be impossible to
express the rules without some symbolism or othar
until telepath than 1t now is.
Yet there would be samethmg‘ wiz., the content uf the
rules, which would be independ of any
langunge or other syatem of symbols i which they
happened to be expressed,

{2} Annﬂ:u:r example muy be helpfil m persons with
an ledge of mac i It is & very
simple mtnnslc property of the triangle that the biscctom
of ity thres angles ali meet at one poinkt.  If you ey
ta prove this by analytial geometry you will have o
choose some =et of co-ordinates; they may be rect-
angular Carresinns, or oblique Cartesians, or palar.
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In any case you will get very complicated equations
in terms of the co-crdinates which you assign to the
three corners of the trangle. And these equations
wiil be very difiercat according to the aystem of co-
ordinates that you have chosen for reference.  Yet they
ali express the same simple fact, which is intrinsic to
the triangle as such, and quite independent of any set
of co~-ordinates.

Now, on the traditional view, the
twy events and the time-lapse between them are two
distinet fuls. It is true that, on the traditianal view,
the POTATY FYETLS
will be &ifferent for observers who are In uniform recti-
linear metion with respect to each other. Hut it is
suppased that their dates will be the same for all
Newtonian frames, and that it will be independent of
the distance between the events. Now, the Special
Theory shows that this is not true even when we
confine curselves to Newtonian frames, We saw that
observers on pladorms which are in miative recti-
linear uniform motion will not ascribe the same time-
lapss to the same pair of events; and that, if these
evenls be separated in apace, the wmownt of ime-lapse
axcribed to them by observers who move relatively
to them will depend on their distance apart, Thus,

events and d fime-
lapse between events are mixed up with sach gther,
and are partly dependent on the frame of reference,
even when we confine curselves to Newtonian frames.
15 there anything connected with spatial and tamporal
negaration which hag the same messure for all Newtonian
frames? There is, a8 can easily be seen,  Suppose that
two adjecent eventy have respectively the co-prdinates
and dutes =, ¥y, %, &, andx+ duy, 3y +dvy 3+, and
4+, with respect to the Newtonian frame p
them have the correspending lemers, with 2 snﬁxs{
ingtead of 1, with regpect ta the frame y, which maves
relatively ta # in the xfirection with the ooiform
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veloclty #,. 1t follows immediateiy from the tmnsfor-
mation equations of Chapter 1V that

5= k(e — v dh)
and d (o).
Whencs
e et S G- SR Gy

since

by .Jl’__':: by defnitian,

Now dy,¥ =yt and do¥ = Jef, wince there is ne relative
motion in these dizections, Therofors Eoally,
A+ by dnt - S =l dyf e ) (B)
Here then we have a magnitude, conpected with a
pair of events, which has the zame oumercal measure
with rtspect to all Newtonian frames. We will take
this magnitude with its sign d, fer reasons which
will appear Tater. We will call it the square of the
Spario- Temeparal Sepavaton of the two events, and will
denote it by st The square of the gpanin/ separation
in, of course, dx?+dy"+ds" in the ope system acd
drd4dyt4da in the other. The tempioral separation
is 4%, in one system and d% in the other, [t is clear
that the spmlo—mmpoﬂl separation hay a clain @
¢ to the pair of events,
and neutral 25 between differant Fames of referance,
which claim cannct be made for either the spatial or
the temporal separation. [t is, at any rate, Invarinnt
and neutrm] as between all Newtonian frames, whityt
the other two are oot invariant or neutral, swen with
this restriction.
[r.m]l be aoticed that, if the rwo events be the
dons of rwo adj; places by some-
thlngﬂmmwlswnhvelmtyu,ldﬂ:mpﬁtmone
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tame and %, with respect to the other, the spatio-
mmporal separation takes the form

e m (A = (P N
If what in travelling be light, or any other electra-
magnetic distorbance, w =W, =~ Whenee e = 0.

That is, the apati oo
events which are the :nml\'\e arrivals of a ware of
light at two adj i is o, & gh of course

both the spadal wnd “the temporal separations of the
two events are Gnits, This explains why we took the
expression with its sign reversed.  We want the square
of the separation to be always positive for the
events thxt constitute any real motion.  With the present
cheice of sign this will be 0, unless the moving thing
travels fagter than light. With the other choice of
sign t.he square of the separation would always be
& for hing rhat dled more slowly than
light. Now we know nothing that travels faster and
innumersble thiogs thet travel more glowly than light.
Hence our convention as to sign is justified.

“This vunceqt of spatie-temperal separation is funda-
diental to the Geoeral Theory of Relativity. We ul:e
it a» n bypothesis that this aeg ion is an
relation ietweets & pair of cveots, which has nothiag to
do with frames of reference, though, of course, we shall
always meet with it and measure it in terms of the
particular Eame that we happen to use in order to place
and date the events of sature. [f it be asked what
ground there ie for this hypothesis, I think we must
begin by distinguishing hetween what suggesty it and
what justifies it. What suggests it is the invarence of
this measored maguitude as between all Newtoman
frames. But, if itis o bo justified, this must e done
in the usual way by workiog gut the of

the hypothesix and scting whether they accord with

experimental et
‘We have seen what form the spatio-temponi] separa-
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Gon tikes when expresped o terms of Newtooian co-
ordinates and clock-readings. It will be worth while,
P , explicitly to : I "
isticx of this expression before going further. {1) It
is hamegennous 2od of the second degree in the four
{ables whick it {2} The coefficients of Lhe
variables are all constants. In fact, by a suzitable choics
of units, they oould all be reduced o unity. When
in and time-1 in
secands, nght hms the velocity ¢, and the time—.fmmr
baa to be multiplied by this constant.  Bur, if the it

af time were taken to be, not the second, 'bul;of;

second, the wrlocity of light would be usity. We chose
our units of space and our units of time quite inde-
pendsnﬂy, vhnn it was not suspected that there was &

b thest twe factors in
saturt. It s¢ bappens that we have chosen a very
large unit of time as compared with the unit of space ;
and that iy the only reason why the Targe mnmul ¢

appears i the ion for the spal 1 SEDATH
tion., (s) The last imporant pod.nt o mn.'e m This
connexion iy that the coefficient of the ti le is

of opposite sign t¢ that of the space-variables in the
expression for the spatio-mmporal separation. Thig
betrays the fact rhat there is oltimately 2 radical dis-
tinction batween the spacs factor and the time fctor
in natore, in spite of their intimase interctonerion, and
in apite of the fact that the two are, within certain limits,
interchangeable,

Now we can quite well understand that the sxpres-
sion for the spatictemporal aepummn, in urms of Lll!
co-ordinates and time - readi
frame, may be very different from tha expumnn for the
mme fondamental fact in termy of a Newtozinn frame.
Let us Arst jllustate thin by a very simple example
from crdleary geometry. 1f we take the traditicaa
view of Space and Time the distance between two points
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is mn intrinsic reladon between them, and i= whoily
independent of the system of co-ordinates oy which we
refer the points. Let us frst supposs that they are
referred o & set of rettangular Cartesian o-andinares
C,.  Let their roo-ordivates in this system be x, and
£,+d¥, respectively, with similar expressions for thelr
¥ and rco-ortinates, Then the expression for the
square of their digtance apart is
A+ dp+ e
Now refer them to another set of rectangular Carteslans
C,. This might consist of the original ones twisted as
a rigid body about their origin. The three cdges of a
biscuit hox with one corner fixed would be an example.
Let the co-ordinates of the points with respect bo thiv
gystem be x, and =+ &5, cte., cespectively. The ex-
presgion for the square of the distance apart of the twa
points 1n the new co-ordinates is
da? 4 dyt+ e’

It is of the sama form end the same magnitide as
before. This iz exactly analogops to the invarinnge of
the expression for the spatio-tsmporal stpamtion of two
#rents with respect to two Newtonian freser.

Suppase now that, instead of referring the two points
to Carlesian co-ordinates, we were to refer them to polars.
Call this system F,. Let the co-ordinates of (he two
POIntS e raspectively rp O b, anc £, + 29, 0, + @y by + iy,
m thg system  The square of the datance apart will now
be expressed by the formula

AR IR AT L ¥

It will be noticed thar this expression hag ane importaut
analogy to, and ane important difference from, the ox-
peesfion in terons of Cartesinng. It resembles the laiter
in that it is still & homogeneous (unctlon af the stcond
degree in tertos of the three differentinls. It differs in
that these dufferentials no longer all have coastant co-
efficients.  Their coeflicients now contin functons
af the co-ordinates themseives.
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Now, just as the pasmge from Cartesinn to Polar
co-ardinates makes thiy différence in the sxpreasion far
the distance between Iwo points oo the podinary geo-
metrical wew,ww! may expect that the pessge from

L N N, & of rak
will make a slmﬂudlﬁemme to the cxpression for the
patia two events. We

may u-pnct that the expression will still be hemo-
gemandﬂfthnmdegmlnmmaufthe
differentiala of the npo-N and
dates, but that these differentialy will ng lenger have
constant coefficiants.
In order to make the nxx\ stap, let ua aguin revett
o & simple ple in £ y- Lt ux
confine curstlves io points on a surface, and let us
suppose, 1o begin with, that this surfice is 3 sphere.
We will suppose that persoss confined in the surfsce
of the sphere are teying to find an expregsion for the
distance apart of two adjacent points, a8 memsured on
the guriace of the sphere. This will of course be that
part of the great circle passing thoough the two
points, which is incloded between them. Now the
surface of the sphere mld bt oupped out into &
of di ble different ways.
We might fix the posmnn of a point by parallels
of latitude and meridians of longitude, as ordinary
Atluses de. Or we might fix it by taking an origin
on the equetor and drawing a great circle from here to
the pelnt in question, and noticing the length of this
arc and the angle that it makes with the equator
Aguin we might take the equator and some meridian
of longitude as a paiz of mutually normal axes and
define the pogition of a paint by the ascs of the two
great circles which pass through it and are normal to
the equatgr and the ulerniun rupecuvply. The last-
d set of woukd be analogous o
Cartesians in a plane, atd the set mentioned before
would be analogous to plane Polats.  We should find
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that two independent variabies were always ncomsary
mi:thnpoaitinnufapniut. And we shoukd find that
the distance between any pair of adjacent points on the
sphere, as saeanuread .-kmg the nphere‘l surface, was
always a bomog jon of tha smail
differences b their di di n
any system. Soﬁrdmmmplem analogy with a
plane. But we should £nd the following very important
difference. 1o the plant, or io ondinary three dimen-
sionn) Space, as we =w, wt nlnys can find a system
of eo—nrdum,u, viz., Cartesiacs, |.n terma ufwlnch the
expression jor the di i Ml
other than constanta (vlncbmofmmalmysbe
reduced to unity by a Suitahle choict of our units).
On the gphere we should find that it was smpessdis to
choose asy et of co-ordinatza for the whole surface, in
terms of which the expression for the di
two points involves nothing but conslant coefficients.
Aldways we slull ﬁnd that coe or both of the differentialy
ig muitiplied by a function of the il

‘Thiz then is ac Intringic difference between spheres
and planay. It is connected with the fact thet & sphere
anntt be unfolded into a plane without stretching, as, or
ingtance, a cane can.  'We sce then that there ant at least
twp intrinsicslly different lands of surface. With both
of them the expression for the distance of two points
measured aloog the serface will involve non-constant
coafficicnts, when expressed in terms of seme set of co-
ordinttes upon the surface. But with the one kind of
suzface ths will be £0, not merely for powe, but for =4
parnble setn of coordinates apon the serface. And,
with the other kind, it will bt possible to Gnd & sct of
co-grdinatey an th: socface, In teema of which the ex-
pression for the d of two ad points invol
ng coefficients but consmnts.

Tet ns now leawe the points and surfaces of pure
geomntry, nnd lpply our results to the events of sature
nrd their spatl . Just an
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may be of two intrinsiczlly diferent kinds, 3o nargre,
ax & sum totai of eventy, might thearmucally be of one
kind or another. it might have such an intringic
structure that it was always possibls ta find & frame,
vir., a Newtcaian one, with respect ta which the spario-
temporal separation of any pair of eveots mkes the form

A A P — e,

On the other hand natare might, like the aphore
in geametry, have such an iotrinsic strocture that xe
poubl.e frame nnnld be kmnd with respect to which
the spati Ived enly -3
nﬁclum.! Now tha most general homogeneous quadratic

for the spatictemporal separmbon of & paic
of adjacent events in termy of any frame is obviously of
the form

B+ LB+ £+ L+ 2 BT, + o,
LTt LI, Eo BB + Frudindt i:)
where 8, 8, and #, are the spatial parameters, and  is
the trmporal parameter, which one of the events has in
respect to the apatial axes and the clocks of this frame.
‘The #r are any funcions whatever of these four
varitbles. Now, il it is tn be possible te find & frame
with respect t which the spatis-temporal separation
takes thr Newtonan form, these s cannot bo jost any
functions, The reducibility to the Newtonian form
imposes cermla very general conditions oo the s
It can be shown that it is possible to fSnd a Fame,
with respoct to which the spatiotsmperal separation
assumex the form with constant coeflicients, if and aaly
if the g's are of puch @ kind that a cerwsin very com-
plicsted fanction of them, called the Xeman-Clirastofel
Tewsvr, vanishes. To sy that the melnn-chrilwﬁel

Trensor ishes woutd th be &g b saving
that nature, a3 & xym of intercoonected ;v!nts, hag
u certain kind of i i which is 11

analogous to that of the plany in Euclidean apace and
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formally unlike that of the sucfam of a sphere in
Euclidean space.

The next thing that we have to conmider is the
dynamical meanings of the various canceptions which
we have been introdocing and discussing. There are
mmpmblemlmhemaidered The it is
lnd.ependent af d|e ww thﬂ, we take 22 ta the two
of nature.  This
leadsm a gcnnrnhaunn of the first law of motioa, 50
that it b dent of any particular fame of
reference.  The second deperds on which alteroative
the facts foree ut to choose as to the intrinsic strutture
of nature. Tkis ltads to & geocralisation of the law of
gravitation. 'We will aow conxider them in order.

(r) According to Newtom's hicst law of motion a
particle which i3 under the action of no resultant foroe
in & Newtonian frame zithes rexts or moven with unifarm
rectlinear velocity in that frame. Coogider two sveota
in the hustory of this particle as it moves OCaoe is
jts presence an ihe point x,, ¥, &, in the axes of the
frume at the date & 0 meamored by che A-clock of
the fmme. The other is its preseoce at the point £ ¥r
&y, in the same axes when the B-clock reads £, Since
the particle is under the artion of oo Newtonian forces
it will have moved in a straight line between these
twa points -rlth a umimm uelo:lty Let us consider
the iotal spat these two
events. By thls we m going ln mean dle _som of
all the i
succeqnive closely ldJauut evenrs in the bintory of the
particle, which are intarmediate between the first and the
Iast event under conaideratian. 1t is easy to show that,
when the partick moves uniformly in & struight line,
this total separmtion has a siatonary walue. ‘This
means that it would cither be greater for all alternative
ways of moving from the oos place to the nther in
the given time, oz that it woukd be fess for all alternative
ways. Asa matter of fact the actual pach iy that which
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niakes the total spath 3 ' i

If the particle moved in any nﬂnr wume, or with &
non-uniform velocity, the total spatio-temponil separs-
tion would be lezs than it is when it moves zniformly
in & straight line.

Now the fact that the total separation between remote
events in the history of thiz particle is » maximum iy
an werimsic fact about the history of the partcle. [t
depends in no way on the fmme of reforence which in
choeen for placing and dating the evenz. Wea have
thus got to something about the motion of the particle
which is independent of frames of reference. Now
refer the particle ta any other fmme you like. The
charmcteristics of the new frame are completely summed
up o the ten g's wlm;'h appear in the expression for
the spati of two adj avents
in tecens of the spatial und tempocal plrlmzt!rs of this
frame. We have thertiore nimply to expresa the fast
that the integral of the exp (9) has a stati
valog for the courge which the particie actually tahes
with respect to this frame. Thiz can easily be done
by tha Cllculus of Varlanonl. As 2 result 2 set of
Four rder diff: These
aumaeqmumsofmlwawﬂwtmem Tor
a particle which is ooder the sction of oo forces in a
Newtonian frame.

Now, as we saw in lust chaptrz, the change Fom a

oo -Ni ian frame of reh in-
valves the i duction of: N ian forces. Thesa
forces are completely determined by the nature of the
non-Newtonian frame chosen.  Again, as we have seen,
the nature of the Fame i completely determined by
the ten g'r which appear in the expression for the
apatic-tempornl separation in terms of the parametess
of the frame, Thus there 15 complets correlation between
the g's which characterise the frame, and the noo-
Newtoaian focees which people who used this fmme
would cbatrve to act on particles, Thus, if aff forces
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be of this type, the four differentin]l equations which
exprean the fect that the total xpati-temparal =eparation
far the actual course of the particle is o be saticnary
will d¢ the laws of motiot. For they will sum up the
relations between the motion of any particle with rexpect
to any bume end the observible forex which people
who use that frame Snd to be acting on the particle.
To cbservers va a Newtonian frame it will appear that
the other observers are using very Ioolish axes and
very wid clocks (¢, & rotatisg wheel and a waier-
tmnk). For the Newtonian observers then, the #s will not
seem 10 have anything to do with forces, but only to
charactesise the particular kind of axes and clocks which
ihe other observers are usiog. But, for the observers
who use ibe frame characterised by the g's, these &5
will appear as 1he potentinls of forces which are Fonctions
of position and time with respect to their frame. ([
STy AX potextrals of forcer, and not ag forees, hocause the
£'3 do not appear as such in the equations of motion,
but appear in the form of first-order differential co-
efficients with zespect te the co-ordinates and dates
which eventy have in the frame.) The four differentinl
equations pf motion, thus deduced for any feame what-
ever, degeneruir, in the special cast of a Newtanian
frame, 0 the three codiracy equations which express
the fact that the mnulmtien u{ the particle vanishes

in thres Ly ions, and to the
platitude =g,

1 will illustrate the connexion between the g's amd
the inla of the N ian foroes which are

intreduced along with = non-Newtosian fame, by
woeking out a litle further 2 simple example which
wax used In the Tnst chapter. It will be mmembered
that we there took a particle at rest oo u plane in &
Newtonian frame and rcferred it to a non-Nrwtonian
I‘rame. conzisting of the same clock as hufum for the

and rea il) spokes
of  romting wheel, that Jay in this plane, as the apatial
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nxep.  We saw that the obstzvers who use thiy frame
will agcribe a non-Newinninn attraction Fom the particle
iz the origin of amount mre”. The oon-Newtonian
potential required to produce this force & Jar'a" since
Fe _g by definftion, and F,= —mr in this case.

Now let us consider what will he the exprossion for
the sepazation of (wo aijacent events in termz of the
new frame. 1In terms of the original Newtoninn frame
it is, of course, Adf —ds' ). [tis eaxy to show that
it will be (@—w'"r")lf—df'— dy"+ Dt Swlitgdt in
terms of the new frame. Thas the new Imme is
3 ised by the fllpwing values for the s g's
which are needed when we conflne ourselves o & two
dimengional space, as we are doing in Lhis example :—
Te=C— " Fg=Ep= —1; Sy~ low; Ty— —f;
£ea=2. 1f we ascribe to the non-Newtonian force a
potentinl —}jueg,, we shail account for the shetrvable

facts, since —g—'(—i-q')- —mu'r, and the observed

won-Nowtonian forot is —ma'r. Thus we sex that g
which, from the point of view of observers on the
Newtanian frame, is meraly ane of the coefficients
that ct ine the special ian frame used
by the other obmven: is, £mm the podnt of view o!
the N

of a force which acts on all particles with mpeﬂ ta their
frame.

Sa far we have confned curselves o the case of u
particle which in under the acticn of na Newtonian
force, wnd we have derived the equations of motion for
such & partick onder the sction of the nen-Newtonian
forces to which it will be subjected when referred 1o 2
non-Newtonian frame. But of course most particles,
if not uli, are, at some Hme at leant in their history,
onder the action of Newtoolan forces, and do not move
uniformly or in straight Lines with respect tn Newtonian
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frames. What are we te sy of the squatinns of motion
of such particles?

We bave eaid that a partick noder the action of »a
Newtonian force moves in such 2 way that the total
sepazaticn between two remote events in ity history in
greater thas {t would bz for any cther poasible way of
woving. We also said that this property of the actual
bistery of the moving parilce is indepemdent of the
particular frame of referenice to which it may be referred.
Before: we can get any further wea muat clear up these
bwo statementa & litde further. We will begin with &
geometrical analogy.

Suppase thert were two remole points and we were
told to find the thorfest posrdbis path from ane to the
other. The problem weuld not yer e perfectly deter-
minate. Pogsibllity = always relative to o set of
conditions implled or asserted. Whar would be the
shortest possble path, relative to one set of conditions,
would not be o, meiative to anotber set. 1F we were
allowed to move from ooe point to the uiher on the
Euglidean piant oo which they both lia, the shortest
pasaible path would of course be the Euclidean mruight
line joining them. But if we were told that we must
keep to the surface of a certain sphere on which both
pennts are situated, the shoetnst pomsinle path would be
along the great circle on this sphere which joiny them.
And & great circle i an inwlosically differsnt kind of
<urve [rom a Eoclidean straight line. Thus the coree
which iz the shortest path berween two points depeods on
the intrinaic atrueture of the region in which the poims
are situsted, and to which all pathy between them are to
be confined. Once this intrinsic srocture iy given, the
prapesty of being the shorast path iwetween the two
points is independent of ull poasible seiy of axes which
might be used for mapping out the region. Bug of
cxrarse, the intrinsic character of the regicn will impose
certain restrictiona on the kind of axes that ure poasible
foc mappiog it sut. Similarly, the nature of the move-
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ment which gives the maxi ihln spatic. |
xpnnhmﬂurhommmmu mthzhulnryof.n
moving particls will depend on the structure of that
part of the history of Nature in which the events happen,
and within which all comrees frome one to the other ure
10 be confioed.  Given the of thia part of the
history of Nature, the cémrse with the taximum possible
total spatio-temporal sepacgtion is indepeondent of all
frames of reference which can be used for placing and
dating events within this regies. But the intrinsic
strurture of this part of the history of Nature will
impose certain restrictions on the knd of frames that
are possible for mapping it out

Wecan now deal with the case of & particle sabject
to Newtonian forces.  We asawmir {a) that it is & genecal
fact about off meving patticles (and not merely about
those which are onder the action of non-Newtonian
ferces) that they move io such a way that the totul
spatic-temporal separatlon for two remote events in
their history it greater than it would be for any other
way of moving which the intmnsic structure of the
part of the history of Mature in which the two evenis
fall would allaw. (3] That, in thoas parts of the biswey
of Natare in which Newtonian forces show themselves,
the intrinsic structure |s #of such that the e:p:mmn

for the spatd jon for twe
eveots can be feduced to the form with constant
i This is equival w0 ing that

Newtonian frames are strictly applicable only to those
parts of the history of Nature (f such there be) in which
no Newtonian forces are acting.

On these assumptions the general equations of
metion, which have just been deduced for  sxew.
Nrodemian forces, will held for aff forces.  These
four equatlons are simply the wmalytical conditions
which must ba fulfilied if the actual course of o perticle
is 10 bt auch that the total spatio-temporal separation
etween two remots events in its history shall be =
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maximuz of minimum. And they were daducsd from
the most gencral expression possible for the spatio-
tempozal separation of 4 pair of adjacent events. For,
Although we wese in {act dealing with cazes wheme the
for the jod can be reduced tn the
Nemn.hn form with constant coeficients, o0 use was
made of this speclal assumption in deduciag the con-
ditions that the total separation for the aciual course
shall be statlonary. We may any then that, if the
above assumpHons be true, we have got the general
equations of motion in a form which is (a) independent
of any special Eame of eference, and [3) applies equally
to Newtonian and nen-Newlonian forces.  [f the forees
be all noa-Newtonian there will :a agirion be a set of
equations between the #s of all poasible frames, ex-
pressing the fact that the siructure of the region under
digcussion i3 such that the sepamtion can be reduced
to the farm with constant cocfients.  if some of the
forces be MNewloginn this extra set of conditions will
not of course hokl, though it will still be poxsible that
the g5 of all possible frames are subject to some less
rigid set of conditions.
On this view the ene fundameetal mechanical fact,
which is absolute lnﬂ independent of wll frames of
fr isthe y ot of the wctual history
of & moving particle, r.e., the fact that it moves with
such a velocity end o such a path that the totat
sepaﬂmm betwngn remotr events in its hixory iy a
ar This is ind dent of whether
it be under the action of Newtonian forces or oot.  But
the course which in fact bas the greatest or least possible
separatien will differ inrinsically, according to the
intrinsme structure of the history of Naturt 1o the spatio-
temporal region undm' d:sm:.snon If this region be
such thar the sep twa adj evanty
in it can be expressed in the form with consmot co-
eﬁn:wms,dwmwhmhhlsmemmnnymny

in a line with & waiform
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velueil:y 25 judged by x Newtoninn clock. [fthe region
be such that the separation annot, by any choice of
framie, be reduced to chis specially simple form, the
course will be some mtrmsluIIy dlﬁerem
kind of curve | with a ¥
Itin 3 that ths p of N inn forces in
a regian of the Ristory of Nature is a nign that the
intrinsie structure of that region is auch that so frame
can be found, with respect to which the separation of
two adjacent eveate mwhkrx the farm with cooastant
cocfficients.

Hew are we to verify or cefute these assumptions ?
Obviously the only way is to set whether {a] they
agme with known facts as well as the traditional
theary, and (J] account for and predict facts which were
not dicted or d for by the traditional theory.
We have setn that, when the forees are purely non-
Newtpnian, the g's of any frame of reference appear
1o the observers who use that frame as the potentlals
aof the N ian forces. R ing this g
it is reasonable to suppose that the potentials of
the Newtonien foroes that are observed with respect
o oy fame v||.|. be the g5 which characterise the

pat jon of two adj events in
that part ‘i the immry of Nature in which these
Newtonian forces sct.  In dealing with aay particular
field of Newtonian force wn must therefore find 2 set
of ps which (a} satisfy ﬂw general equations of motion,
and (#) differ from the inls which
the traditional theary would ascribe ‘to this feld by
amounts which fali below the limits of experimental
errar in the experiments that have already heen done
with such fietds, 1f this can be dose, the msulting
equaticns will have at least as good u claim to represent
the facts of meticn in this $Hield as the taditional
equations.  And if, in additlon, they ecoable us to
pradict small residual eBects, which are not aceountable
far an the taditional theary but can be abserved when
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Inaked for, they will have better claima ta truth than
the taditionsl equations. It must be admived, ew-
grex, that this would not ampunt to = knock-down
proof of the truth of the assumptions, sizce the
modified squations <ould no donbt be deduced on
taditional vicws of space pnd time, provided suilable
medifications were made io the expressions for the

potentinls.

Evidently then we can only hope to find evideoct
for or againgt the praseot theocy by considening definize
fialde of force and the observable pheromens that
happen in them. And, even so, a3 it sexms to me,
no absolutely conclusive proof of the theory will ever
be found, since alttrnative explanations which involve
the traditional views of space, time, and force could
always be coostructed to fit the facis. 1, however,
thae should prove to be very complicated and artificial,
L] pared with the exp ion affered by the new
theory, we shall bave the same sort of grounds for
preferring the lagter as we had for preferring the
Relational Theory of Motien, in spite of the fct that
no o gl futetion of the Abec Theory is
possible.

{2} We have now to ralse the question whether
Nature, a3 & sum total of events, has any one type of
intrinsic siructure alwnys and everywhers, and, if 50,
af what type the intrd is. [tis i
that not all forces are non-Newtonmn, i.e., that, if we
ingist on oylog 1o cefer all the evennm in Nature 10
a Newtonizn frame, many particles will at some time
in their history be subject o cbservable forces with
respect o it.  And thers i3 10 fmme that we an ke
which will rransfors nway )l forces always and every-
whert, theugh It is Always possible to find & sufficienty
wild frame which will transform away Newwonian forces
over & small encugk region of space for a shart erough
Inpae of time. MNow we might deal with this fact in one
of two altemative ways: {a) We might hold that the
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intrinsic structure of Nature {s such that the spatic-
temporal separation of a pair of adjacent events can
wake the Newtonian form always and everywhere, We
shall then have to held that this fact is disguised from
us by the presence of forpes in Nutare, which

in every frame wn choose. This is a little like Swikt's
view that the English Govemment alwaya chase admir-
able highopa for Ireland, but unfortunately they were
always stopped on Hounslow Heath by highwnymen,
who exchanged clothes with them and tavelled on in
their coachex. Or (&) we might hold that Nanere is 50
constituted that no frame can be found with respect
10 which the sepacation takes this simple form. We
might thea try to expllm the forces, which are found
in all fames, by e the

of structure in Nat.ure, which prevents the sepamlon
from beting expresssd in this simple way.

Before attempting to decide between these two
alternatives for the dynamical case, 1 wnll, as usual,
illugteae their precizs mepning by
g ] pie. Supp
pecple were confined 0 the sur-
face of a sphere, and that they
took as axes a parr of mutually
oormal grent circies. The co-
ordinates of any powt P on the
sphere are 10 be the arcs of the
oo great circles through it which
are normal to these oo axes respeclively, The figure
above will illustrate the arrangement.

If thoy measured the arcs OF, Psc and P, and
faund their Jengths to be v, x and » respectively they
would find that #* is pot equal to 47+, as it would be
if the squarc af the spatinl separatica for adjacent poists
o 1 spbere were of the form Ze+".  But, if they were
specislly wedded o the view that the spatial separatica
waud take this form, they could get over the difficulty
by agswming it there are forces of sultable magni-
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tudes and directions at diferent paiots ot the sphere
which distort thelr measuting rods. Cosvernely, thay
mgﬁt _]ull m:ogm.le l.hlt tlley were Y up againsi" an
af and gvoid the
suppneuum of dlstnmng forces.  Similarly, when you
find that there wre nntrangformabie forces with respect
to Newtonian frames, you cn either leave it mt ¢hat,
ar ukg up the suggestion thet Namm llu soch an
that the spati
of two adjarent events s not nmmmly m‘pmm'bh in
the Newtonian form.
‘The nctusl relation between v, the total sepasation,
and z and ¥, the vo-ordinates in this system is

where £ i3 the mdius of the sphore.  IF the bservers
canfioed themsolves to a very amall region, the sincs
could be replaced by the anglas themselves, and the

relation
[ F

which ig ol istic of the Euclid plane, would
sppreximately bold.  This is analogous to the iact,
aireaady mentigned, that it is always poasible to find
a lrlmz, in twrma of which pll'tlclel move with uaifern:

for & small region of
Space and far a suficiently small hpu of nme, though
oot for all places sed all time.

We can £ow retum from d:e geometrical analogy
to the dy f wa consider the various
kinds of Newtoniag focces we find that they divide
shatply into two classes, viz. gravitationl airractivns
and the rest. We have almady peointed out the
peculiarities of gm\uhﬂon. Tr apts ajways and every-
whern, it is {nd: of ail pertias of matter
except its inertial mask, it is indifferent to the sur-
mcmdmg medium, and se on. We mow that these

ol itatien clogely pnalogous to the




206 SCIENTIFIC THOUGHT

non-Newtonisn forces to 'hlch a particle, at test or in
uniform motien in & N {frame, is
when referred to a non-Newtonian frame. Agnln, we
maw that, in o {mme composed of materisl axes and
clocks, cou'd » particle literally be under the action of
no forees, since there would alwmys be gravitational
attractions betwesn it and the axes themeselves, though
these might be negligible if it were & sahiary particle
m&rredmmzﬁxedmraum Far these reasgns
n’eems ible tv suppose that gravitation, st least,
is d with the ins of
Nature as & som total of events. This structure is such
that no frame, in which the spatiotemporal sepanation
takes the simple form with constant cosfficients, accu-
rately fita the whole of Narwre and the gravitational
forces, which we find when we use a Newtonian fratne,
are an expression of the **misfit"” of that frame to the
structure of Nature. This iz exacly analogous to the
fact that the contracting and expanding forces, which
observers an the sphere would have to astume o be
acting on their measuring rods o the last example,
would simply be an expression of the ** misht " brtween
the intrinsic charcier of the furlace of a aphere and
the plans system of co-ordinztes which they izsisted
on epplying to it

An regards other kinds of Newtonian ferces, which
depened on the special properties of bodles and of the
mediyem, and do not ghow themselves wlwwys and
averywhere, a5 gravitation does, we can handly expect
a gimilar explenution to work. We may illustrate this
difference again from the example of peaple living on
the surface of & sphere and trying to measure it, on
the fon that the expression for the square of the
spratinl aupnmunn of 1wo adjacent peints s be reduc-
ible to the stmple form dr'+dy™  Let us suppose that
there were hig fires burniog at some parts of the sucfuce
of the sphere. The meaturtments of the obsarvers
would then be inconsistent with iheir furdsmental
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assumptice and would have to be ' cooked" in two
different ways: (a) They would be rysirmatcally
wrong on sccount of the fact that we system of o
udinmmt‘hesm‘fmofalpherem really give
jon for the separaticn, which shall invalve
ouly mml coefficients, This symm-uc error thay
will have to cocrect by ascribing contracting and ex-
panding forces on their rods to the sphere itself. (&
Aplrﬂrumtheu systematic arrors, there will be ppecaal
ies when they oear coe of the fires,
mng to the physical expangion of their rods in such
n peighbourbood, Now we should say thar jr wax
nat unreasnneble of the abyervary ta ascribe the apecial
ing in their bear the firts o
forces. acting there on their rods, for there is something
visible and tangible there {viz., the fire) to scoount for
these assumed forees.  But we should thiok it very
foolish of theot 10 asenibe the prrtewatic discrepancy
between measurement and theory, which they find
sverywhers on the sphete, to forces bound up with
the sphere sod yarying in s systamatic way from plece
to plare oo its surfacr. We should advise them,
instend of sticking chstinerely to their wiew that the
stparstian of adjsctnt pmntu ou the sphere murf take
the form with and then invel
forcey ta account for the discrepancies between this fa:l
and their observations, to see whether they could not
necount much more simply for the facts by supposing
that the surface or which they live is intrinsically of
such a character that ng set of axes, in which the ex-
for the sep of two adj points takes
this specially simple form, can exist upon it. In the
same way, when you find that there is a certain kiod
uof force, viz., gravitation, which acts always and every-
where on el particles, wllen referred o Newtosian
frames, It b o that t.his
“force™ is merely an expression of the inappeop
neas of a Newtoolan fame to the intrinsic structure
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of Nature, a5 a pum total of avents. Other Newtonisn
farcey, whith act in ooe place and not in others, or
ut one fme and not at ancther, or on oos kind of
matter and not on another, are in a different situation,
and may be campmrtd to the fires at varlous placsg
on the sphere in our geometrical example.

Wt art going to see thea, whether we can account
for the gravitational forces, which arz preseot in all
Newtcnian frames, by the assumptica that the svenis
of Natuce focm an ioterconaected manifoid of such an
intringic structyse that ne frame of ceference can be
und, |nmpu.'tmwhv:.hd:euptesmn forl.hespnllw

of two adj Events
wakes the form (8} with constant coefficients.

Now we bave 30 far digtinguished two Winds of
surfaces in ocdinary space. Wrh one of them (such
as the plane, the cooe, the cylinder, sic.) it wag
possible to find @ spstem of co-ondinates on the surface,
in wtrms of which the expreasian for the spatial separa-
tion of twa adjarent points, as musumd along thc
surfiee, inx only The
of thia was the ishing of the Ri Chri:
‘Tensor. The more familinr criterion is that such
surfaces zre either planes or can be unfolded without
distortion or stretching into planes. 1o the other kind
af socface this conditica ia oot fulSlled. We gave
theaphereuanmmple Weagrudwﬂthnthg

and ather of g suggest
that lhe mumlm of Nature, 2x a sum twml of events,
i= oot & i to that of surl of the
firgt kind, £, e shl.ll henceforth reject the view that
the intrinsic structure of Natare iz such that the
Riemanz-Christoife! Tensor wamither for all frames of
reference within Nature. Dhoes Nature then impose
no genezal dition on possible fames of r=i
except this negadve one?

If we return once more to elementary geocoetry we
shall see that the sucinces for which the expression for
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the spatial separation cannot take the form with congtant
voefficients can be funher subdivided. We tack the
sphere a3 an example of such a surface. The outside
of an egg would be another example, Now ther two
G have an imp ic difference. A
aphere is a2 mwh more specinl type of surface than
an egg-shell, just as a plane or 2 gone is af a much
more special type than a sphers. The sphere agrees
with the plare and difers from the egg-shell in the
following respect: A triangle bounded by arcy of
great ciccles on the sphere could be alid abowt wli
over the surfaes, remaining eéverywhere in complere
<contact with it, end nceding ne stretehing or distortion.
In fact any Ggure that fits on to the sphere in one part
will do 0 in all parts. The same is obvicusly true
of figures in a plane. It i5 not true of figures an
the surface of an sgg-shell. A mmp, which fitted the
blant end of the egg-shell, could oot be made @ At
exactly an to the sharp end without stretching some
parts af it and folding otherx Thus, granted that
the Riemann-Christofie] Tensor does oot vanish Foc
Nature, and Lhat the fntrinsic mtemcmnmnns of events
in Nature are thertfore not [ il to those
of ppints on & plane, the qumon can still be mised :
Are the intringic relations of events in Nature formality
nnalogous to those of points on a sphece or to those of
points en an egrghell? If the former alternative be
fulfilled & function of the g's, derived from the Riemann-
Christoffel Tenscr, and cafled the Modified Rirmoun.
Cﬁnmﬁf Tansor, will have 10 wanish, This 1mposes
imtion upon posaible #'5, and therek upon
poadble naturtl frames of reference, but the restriction
ix leas tigid than it would be if the unmodified Tensor
were to vanish.
5f then gn\fltxllﬂ!l be the way in which & cerain
in the of Narmrm ext
itself, we wight suppose that the equating of the
Modified Teusor to O would be the generslined expres-
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sion for the law of gravitation, with respect to any

dmissible Eame of refr 5o fac, h , this is
merely a conjecture, It might be that gravitation is
not the expression of a generl intringic peculiarity in
the structure of Nature, a5 4 sum w1al of interconnected
events, And it might be that, even if this were true,
the structure is not of the particular kind which i
expressed by the vanishing of the Modified Tensor.
Here, as elsewhere, we must carcfully distinguish
between what sagzerer the theary and what oerifes it
What suggests thar gravimtion is an expression of the
general intringic strocture of Nature is its universality
and itz peculmriting as compared with other forces.
What suggests mking the vanishing of the Modifad
Tensor a3 the expregsion of this structure is that It is
the next simmplest assumption to make, afler the facis
have prowved to be inconxistent with the still more
special structure which would be indicated by the
vanshing of the unmodifed Tensor, We bave now
tn gee what verifieg the theory thus suggested,

We know the mraditional form of the law of gravite-
tiga, with respect to the nearest spproach that we can
get to Newtonian Fames. For a region free from
matter (approximutely for the inside of an exhaysted
bulh) it takes the form af Laplace’s Egoatign

v +W +B’V_
TR T
whert ¥ stands for the gravitatioaal potential at a point
in the region, and x, », end ¥ art the Carbesun co-
ordinates of this point with respect to 2 Newtonian
frame. There is no douhr that this eguation is true
o 2 very high degree ol approximation. I follows
that any candidxte for the position of the true law of
graviation must reduce to something which difers
very shghtly indeed from Laplace's eguation, when
in terms of the nearest approsch 0
Newtcnian frame that we can get.
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Now the Medified Ritmann-Christoffiel Tensor is
an expression involving second ocder diffierential co-
etficients of the £+ for a lrame, with respect o Ihe oo
ordinates and dates of an event as referred to this frame.
So far there is a formal acalogy between it and the
lefi-hand mde of Laplace's Equation, if the ¢'f be re-
garded a5 analogous w Laplace's V. The nghi-hand
side is o in both cases. Now Laplace’s V is a potental,
and we have already seen the close analogy between
the #7 of a frame and the potentials of the forees which
act on particies when referred to that fame. The

anly question that ins then, is the kol g Can

we find a set of len functions sw of the Newtonian
di amnd clock dings, which (n) when sub-

stituted in the expeession for the ‘Tensor

make it equal to o, and (5) differ so little from the
gravitatonal potentials of the ordinary Newtonwn
theory that the difference could only have been detrcted
by very special methods, and when rhere was a wery
special reasan far looking for it? L so, we may
that g ion 2 an exp
of the fact that Nature Im! n kind of intrinsic structure
formally analogous t that of the sphere, and 1hat

the formula obtained by cquating the Modified Tensor
o o i5 the true forn of the law of gravitabon. The
answer to this oo 15 in the aff ive ; and so

wet may take 1t that the vanishing of the Modified
Tensor i5 the true form of the law of gravitancn for
a region empty of matter.

There i ane paint which musl be mentioned here.
We are accugtomed to think of the traditonal law of
gravitanon in the form that two particles attract cach
other with a force proportional to their masses and
inversely proportional 1o the square of the distance
between them. And we are wont to regard Laplace's
differential equatics as & rather recondite mathematical
deduction from this. In the Relativity theory of gravi-
tution the order is reversed. The law obtained by
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squating the Modified Tansor te o is directly analogous
ta Leplece's Equation. The notion of remote particles
attracting each other is hese & rather recomdite mathe-
matieal deduction from the differential equatioss. In
farct, material particles turn up now only as points of
singularity in a gravitational feld; the Geld itself is
the iundamenta] thing. And, when you do make this
deduction, it is found that the force betwesa two
particles is not wholly in the line joining them, if [
may put jt rather cnxlely,. The remaining term,
which the new form of the luw invclves, sccounts for
the slow rotatinn of the erbits af the planets as wholes
in their own planes. This bad been noticed for the
planet Mercury, and was anistelligible an the tradi-
nornnl Ilw of g lon. It is i for both

Iy and itatively by the Relatvity

q ¥ :l ¥

The last puint 7] be nnueed in that, on the presemt
K the mxwere!y
of prlinary i sclne, as.on the traditl view,
but aiso of nnyﬁmn of moergy, such as light, mdinnt
heat, etc, which tmveln throngh space. We must
now mee how this comes abont.  In the first place some
such coascquence i uggested st once by the modifica-
tions which the Speciel Thoory of Relavvity entails in
tha ouditioaal tonception of mass, We saw st the
beginning of this chapter that, if 2 body moves with
velocity v iz & straight line with respect to 8 Newtonian
o " : M
frame, it i5 necessary to ascribe to it 2 masx L in
ik
ocder to get the Principle of the Conyervatian of
Momentum into w form with the R &
Physical Principle of Ralativity. We afso saw that

this i3 approximately sgual to M,+i¥. Now the

second term in this is the kinetic energy of the particle
divided by the square of tha velogity of lighn 1t is
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thus certain that the imsic emergy of a particle of
wallér Appear: Ak B0 increase in its smertesd mass, It
is therek lausible to that aoy region Glled

with oy forz of energy, suu:'h as light or radianl heat,
woukl thereby acquire an inertia] mass equal to the
tatsl ezergy contained in it divided by the square of
the velocity of light It by no means follows, on the
traditional theory of gravitation, that such a region
would eontain any grueisayexal mass. It is true that
for any particle of matter the gravitatiooal and the
inartinl mamses are proportionsl, to an axtremely high
degres of wpproximation.  Still, this would be com-
patible with the wiew that the gravimtional effect
dzpaud wimll)r cn the factor M,; seting that the
second factor in the inertial megs contmins the square
of the velocity of fight in its denominator, and is there-
fort excensively small unless the energy of the body be
exeessively great.  Oa this view we should not expect
& beam of light to have gravitational masa, in spite of
its bavieg inertisl mags. On the other hand, it is of
course possible that the gravitational and the inertial
makket arc always exactly, and oot merely approxi-
mately, proportional. In that owse we should expect
the gourse of a beam of light m be modificd when it
passes through a gravitational ficld, just as the path
of  material particle iy known to be modified undu
like i Now exp with pend
had already sugpested very strongly that the gravita-
Banal mass of a piece of matter in acvurately, and not
merly approximately, proportional to its edede inertial
maps, and not only to the first factor io this, Thus,
the Special Theery of Relativity had already made it
#xtramely likely that the course of & beam of light or
any othor kind of mdient energy would be modifed
when it passed through s gravitational field,
Now what is thus mersly . phnmhle mggenm on
the eradi L theory of g bined with the
maodified dynamics of the Spacial Theooy of Relativity,
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iz 3 necessary conszquence of the Gereral Theory of
Relativity, We know that light would not travel
uniformly or in a straight line with respect w0 aon-
Nawtoninn frames. The people, o4, who used the
spokns of the rotating wheel as their nxes would not
find thar light eravelled in a strmight live with respect
to their axes, or with & oniforn valocity with respect
to their clocks. And the actoal course that & beam of
light would follow in their system would be determined
by the &'s which charactenige that system. Now il ism
fundamental assumption of the General Theory that
the asalogy between the g'rof & non-Nﬂnnnun framn

and the ials of the Ni foroes which
monplmclswlthrape::mﬂmhmuumhe
ded 1o the p of N forees.

Suppose then that we bave found the equatiens for
the path of & beamm of lght with respect to any famr,
in terms of the g'r of that frame, om the assumption
that it would move accurately it a staight Jioe with a
uniform velocity relative to 2 Newtooian frame io the
abgence of gmvitation. To find it actunl path with
respect tn & Newtonisn frame in » gravitetonat field we
must just substitute in these cgoativns thoge values of
the g's which {s) satisfy the condition that they maim
the Modified Riemann-Christofel Teosor vamsh, and
(3) account for the obeerved sirtmgth and distribution
of the field. These cquaticos will not in general
represcnt w8 motion with @ uniform velocity @ oa
straight fine with respoet to the axes defined by the
Gxed stars. The diverg which is ivaly small
even in the intense gravitational Geld which surrounds
% huge body like the sun, tmn be calculated wnd has
‘been experimentally detected.

I hawe now skeiched to the bast of my ability the
gmdual modifications which experimemml facts and
reflection ypon them bawe foreed upom physieists.
There are two dangery 1o be avaided here by plain
men. One is ta think that the Theory of Ralativity is
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essentinlly urintelligible to all but profound mathe-
mﬁ:ianl.andlhuﬂlmfnreililumeumww
wnderstandl 1. The other, and much more zerious
d-lnger. is to suppose that it cae be made intelligible
in popular expositions of & fe' pages to men who have
never had ta the sut with which
it dealy, Like every other concepiual scheme it grew
=Py by a hnduf:nmrmty.asnnﬂnwhnh
ground, of i ineiples, and
peri | facts, P d in the ub of this
background it 18 and must be as unintelligible as the
orthodox docteine of the Tnnlr_v i3 to persons who know

nothing af the theologi which preceded
the formalation of the , AﬂunmnCrud In the course
of sy expasition [ have b i the dis-

cussion by geometrical anscdotes anout men living on.
sphereg, and dynemical parables abont persons with an
unictelligible fondness for rotadng wheels ax axes of
reference. 1 think this course was Inevimable, in order
to illustrate the conceptions which 1 was expounding.
But it hag the grave disadvantage of breaking t.he train

of arg and ob ing that
inference and illustration which it is so important ta
keep clear, 1 shall therefore end by iking the
whole matter in 4 mmwcw:l farm,

v and Cowcinsnons of Part I.

[1}] Nnture is a sum toml of intecconnecied events;
and every actusl eveot lass for some time, has some
extension, and is in spatic-temporal relations o the
odm events in  Nature (:) Bm the extensions,

wnd spario- ‘ of events are
ofluchlhndthntweﬂnnpplythuhmplent
Extengive Abstraction to them, and thus define
+ jngtantancous polnt-events" and their exact spatio-
temporal relations.  We can then give & cléar meaning
to the statement that the actual exteoded and endusing
events of Nature are ‘' composed of ™ Insantancous
point-events, and that the crode reladons of such actual
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tveats are *' compounded cut of ' the exact selations of
the instantinesus point-tvents which compose them.
(3) This being 30, we can hencsforth sakely state our
theory in terms of Instantaneoms point-events and their
exact relations, which are wotiers wol¥r, though not
nolwrs Natere. For we know how to translate peo-

p whoot § t ts and their
mersly Me relations inta propositions about
actunl extended and enduring events and their per
capirdly relations.

(4} It is Izapoasible to mate genernl laws about the
events in Matore till we have fixed on lhme war of
assignizg 4 date and a position Lo every i
polnt-cvent in Nature, Forthe Inws of Nature express
universal types of conpexion hetwesn events of one
kind happening in cne place at ook date and avents
of the mme (or some other) kind happenlog at the
mame (or some other) place at the same (or some ather)
dute. If the places and dates be different, the laws of
Nature will o general icvolve the difference between
the spatial di and the diff bt the
dates of the eveots (3} There art iofinitely many
different ways of ansigning places and dates to all the
instananecus polnt-events in Nature; but esch will
involwa the cholce of certain observable eveats mnd
proctzses ie Nature as spatia] nzes and tice-messuree.
All other svents will be placed and dated by ther
npatic-ttxporal celations to these chosen opes  Axny
such chosen set of events may be called & Frawe o
Referewce,  (6) It i3 reasonable o suppoee thar the

cxprewsian foc the Juws of Nadure in terms of aoy
frame will depand pastly on the particulst fame chosen
for placing and dating the events of Nature and partly
an the inttingiy structure of Natore.  The aim of science
should be to find general formulm for the laws of
Nature, which will immediately give the special ex-
presgion of the luw In ferms of any perticular fame, &
3000 a3 the definicg charscieristics of the imme are
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known. This is as near a3 asyonz but God can get
1o the sbanlute laws of Nature. (7) There are two
intringic peculinrities of Natore which revesl them-
selves at once, (a) No mlu!r what frame we c]mose,
we shall need fowr i pizces of ink

to place and date any mal.umlrlms pnmﬂem. Thix
fact ix expressed by saying that Nawee iz a fourn
dimensicnal manifold ; and nothing further ix expressed
thereby. (#) [n whatever fmme we chooze we shall
find that por foor pitces of informabon divide into
two groups ; theee of them #re spatial eod one is tem-
poral.  Thus we tust be careful not to talk, or listen
i, nonsense about ‘' Time being & fourth dumension
of Space.”

{B) There is onc frame which Ras been tmcity uasd
in the past for placing and dating the cvents of Nature
far geientific purposes, and therefore the laws of Nuture
have beet cxpressed in terms of this frame. The axes
of it are defined by the fixed stars, the dating i done
by pendulum clocks set in agreement with each ather
by means of light signuls. {9} The chuics of this frame
1% not altogether arbierary.  With it, the supposed laws
of Nature can be expressed in & comparatively simple
form, and yet are verified vo u high degree of approxi-
mation. Wuh it, agmin, dismocey and time-lapses
which we should immedictcly judge to be unequal,
when we are favourably situated for making such
comparisans, are unegual, whilst those that we shoukl
immedismly judge to be equal, under similar condi-
Hons, ery tither e:.lcdy or approximately 5o, In mamy
!'nmel thiz app g with aur

of equality and i lity wauld not haold.
(:o] With respact to such a " frame, light e g
travels, 0 an extremaly bigh degree of approximation,
I straight lines and with a constant velooity ; and the
laws of motion, in the traditional Newtonian form, are
very approximately true.  Until quite recent years there
was o motive for adding these qualifying phrases.
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{15} Suppase now that we take a sat of frames, whose
clocks arm st in the same wiwy s those of the funda-
mental frazse just described, und which enly dier from
It and from sach other in lhnlheymmmlhumms
uniform velocitles in the szme jght Jine with respect
to the fundamental frame. On traditional wiews about
the measurement of space and time the measured Lime-
lapsz berween any pair of avents should be the sme
with respect to all these frames, and should be inds-
pendent of cheir spatial separation and of the relative
velocities of the two frames, The spatial separtioms
should have different measured values in terme of any
two frames of the set, and they should depend on the
time-lupse end the relytive velacities; but they should
depend on nothing eise, and the canoexion between
them ahould be of a very simple form. I this be
80, the measured welocity of anything that moves with
rtapect to the warons Fames should be different for
each fatot.  (I2) But very accurate experiments, which
waould be quitr capable of detecting these expected
differences in the memsured velocity of light with
respect to & pair of such ftames Gil to show any
sign of dificrence. Hence the tzaditional views about
the measurement of time and spare must be revised,
of some purely physical explanation must be found
for this dlscrepmcy hemen Lhenqr and ohservation.
(ry) No plausibd jon can be found,
which does not conflict with other well-esubhshed
physical results.  Heénet the tradisonal views about the
measurement of space und time masf be revised. (iyq)
The transformation egoations of the Special Theory
of Relatlvuy expres the relations which must hobd

fi and the d time-

lapazs o@' & pair of events with respect to any twe frames
of this set, if the measured velociy of light with respect
to all these frames is to be the same. They must
herefore be pted.  (15) A ding to these trans-
jon equstions the d time-lapses hetween
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the same paic of events will not be the same with
respect to all frames of the xer. They will depend an
the measurmd distenoes of the trents and on the relative
velocities of the frames. And the measured distances
will not be 1 with the d time-lapses
in the simple way in which they are connected on
Ilm tmduunnal tbuary The differences berween the
and thoge of d-e

Special Theory of Relativi h s
small, when the relative v\elocutlu of the frumes wre
small as compared with that of light, that it iy not
surprising that the defects of the tradiional view ghould
bave remained unnoticed until recant yeam., (16) [t
follows. that, altheugh {as mated in {¥)) the distinction
hum:n time and space will appear in am:-yﬁnmu Hime-
and spac are not farts
in Nature. Events thar sre separated in time but -
incident in space for one of these frames will aiways
be scparated in space for wnother of them.  And events
which art separsted in spaoe but coineident in Hme for
one frume will be separated io time for ancther.  But, if
& pair of events be cooncident both in time and 12 space
for ane frame, they will be sa for all.
{17} Newton's laws of motion are in such a formo that
they wre co-varjant with respect to this aet of frames for

the but are pot

t for the £ i ofd:u Special Theory
of Ralutivity. On the cther hand, Maxwell's equations
for the electro-magnetic feld are innt for the latter

aod not for the former. This means that Maxwell's
equations wre already in & form which remaing wa-

with change of frame, so long as we confine
oumsclves to the particular group of frames at present
under diseussion and uye the transformation equatiana
which the facts about Jight have shown to be necessary.
Sinee this is not true for Newton's laws, unless we use
= set of tranaflormation oo uations which the facts about
light bave proved to be slightly inaccurate (vir.,
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those of the traditiooal kinematics), we must con-
clude that Maxwell's equations are & fcaner approach
to '*absolute™ laws of Nature than the laws of motion
in their traditional form, (1B] It is, hmvever, cazy In
make small modifications in the tradil

laws of metion, which will render them co-vasiant far all
Erarees of the present set when the true transformation
equations are used, The modified Inws will then be
a% near an approximation to absclute laws of Nature

as Maxwell's equati {19) The y modifica-
tiony require us (o drop the nation that inertial mass is
an Tha d inertial oass of

& particle with reqpect 10 2 frame of the et depends
on {ts velocity in that frame, aml very approximately
splits up into two factors, oor of which is a constant
and the other is its traditional kinetic energy divided
by the squlre of the vnlucury of light, (20) Deficate
gly suggest that the
gﬂumunll mass afa bedy is sccurately proportional
to ita &l eriial smass, and not merely to the part of
this which iz independent of the energy. (21} The
frame whose axes zre determined iy the fixed stars
and whose clocks are regulaled by light-signals, and
all other frames whose clocks are reguluted in the
same way and whose axes move with a umform recti-
linear velocity with respect to the former, together
make up the set of ampitically Neovonran framer,  'With
respect t0 All frames of this set it is centain that Jight
travels very appromumately in straight lings with the
same constant vetocity, and it is cermin that Newton's
Iaws nf motion—as modified by the Special Theeey af
very 1y hgld, 5o close is the
nppmimmn in both cases that nothing but theo-
retical considerations would induce us to loak for any
exception toit.  We have now 1 remove our previous
restriction to Newtonfan frames, and to try to generalise
the laws of Nabare for frames that are not Newtanian.
{aa} [t is pogsible to keep the form of Newton's fizat
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two laws of motion for non-M ian frames, provided
we will introd i B ian farces
with exch non-Newtonian frame. These forces will be
peculinr in that (1) they act on all particles refermed to
the frame, and are in general functions of the position
and dete of an event in the fame ; {3) they depend on
1o property of the particle except its inartial mass; and
(€] they da et u: g!nernl obey Newton's third law,

unless be d a4 ke 10 carry
the roaction. In the Grat tworllhmmper.utbey
bie the N jan force of g (23]

Accerding te Newton's ficst law a particle under the
action of no jorce rests or moves uniformly in a
straight Hne with cespect to 2 Newtoninn frame.  This
is equivaleat wo saying that the total spatig-temporal
separzlion between agy two remote events in ity history
ia mither grester or legs than it woukd be for all other
posmble ways in which the history of the particle might
unfold llself bnnmen thege twoovents.  (34) The spavia-

W ad e\renn {unlllm
the spnlla] and the poral sef is I
of the fmme of though it depend “on the

iolrinme structure of the region in which the events
happrn, and this in tum determines the st of fames
which can be used for mappiog out this part of the
history of Nature.  It= particoler expression, in terms of
ea-ordinates and dates, of course varies with the particular
membar of the whole set of sdmissible frames which
in usesd. Thus, the fart that the toml spatictemporal
stparation berwsen & pair of remote evénts iz 2 maxi.
mum or minimum is indépendeot of frames, ﬂwngll the
puml:ullr courze for whll:h the total sqanhon in in fact

y differs g 1o the i of
the regian in which the nenls are cootmined. (ag) The
pasticular conditions which must hold if the total spatio-
temporal separation is to bé & maximum or minimum
can be giated in a form which applics syually to all stroc.
turts aod g}l fmmes.  The bur equations which sum
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up these diti the iona of motion of
a particle, at Jeast under the action of non-Newtonian
forces. On comparing them with the tradidonal
Newtonian equations, we see that the g5 which
chamcterise any non - Newtonian frame are of the
nrture of p ials of the N ian forces intro-
duced by that frame. {20) We now make two assump-
tions, which are only justified in s0 far as they work.
(a) We assume that it is a wwieerss/ Taw of Nature
that 2 parficle moves in such a way that the total
sepamtion of remate eventy in its history is statienary,
as compared with that of all other possible ways of
moving. ‘This is 1o hold equally whether it be subject
only to non-Newtoninn or also to Newtonian forces.
In that case the eguations deduced for the non-
Newtonian case become rde equations of moton. [§)
We asgume that ia thoge regions of Nature, mgarded
as a sum total of events, in which Newtonian fosces
show themselves, the structure of Nature 15 not such
that the separation can be reduced to the form with
cangtant weﬁclems. H thet he 0, the course with
the i 1= not
2 Euclidean Eu'alght llne traversed with @ constnt
raluclty, a3 Judgul l:y a Newtonian clock. We treat
l= af the N ian lorces in
lny Eicld as firat approximations 1o a st of £, which
satinfy the general egoations of motion thus deduced.
And we treat the rasult as the true law of the field.
f{a7) Cootinuous manifolds of severel dimensions,
such az Nature has proved itself to be, can be of yarous
iniringically diferant kinds. As we might put it, they
can be pllne-lnh" “splle-m—hlce," “ egg-hhe and
sa on.  Whatever i
Nature may have, thers will be an infnite numbr of
differant posaible framey to be found for placing and
dating the events of Nature, Nevertheless, the intringic
structure of Nature will impose certain conditions on
ail possivle watural frames of refereace. These re-
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strictions will take the form of certain very general
equations connecting the s of any possibie natucal
frame. if the structute of Nature be plane-like, the
condition 18 that the unmodified Riemana-Christeffel
Tenscr shall vanish for the g'+ of all pogsible natural
frames. TIf its siructure be spher&hke. tha condition
is that the Modifi Lh ffel Tensor
ghall vanish for the #'s of all possible frames. The
latter is 3 lesy rigid condipon than the former, (28)
If the intrinsic structure of Nature be plane-like, an
accurately Newtoman frame will be fitted for datng
and placing uli the events of Wemre; otherwise it
will not. {29} [f we try ta map out 2 manifold by a
frame which is unsmted to (s ntringic stucture, we
shall oaly be able o squeare our measursments with
our theory by the assumption of farces which distart
pur measuring imstrements and upset thewr resdings.
{30) We canngt find any frame that will transform
away gravitetional forces always and everywhere,
thaugh we can find non-Newtonan frames which will
trangform them away over sufficiently small regions
of space and me.  With respect to Newtonman frames
all particles are always acted pn by gravitauenal forces,
though these may sometimes be neg:lwlbly smali for
practical purpases. 1t s th Pp
that the universalwy of grx\rn.luon with r!spect to
Newtozuan frames is & mark of the misht between this
type of frame aod the intrinsic structure of Nature.
(11) On the pther band (' gravitation has many
analagies to non-Newtonan forces; (5) the traditonal

law of gravitation, which 15 inly very nearly true,
can be exp d as a duff ial of thz
second oeder, g the g jonal at

a place and the oo—ordmnes of the place wnh respect
to Newtonian axes: and () we have alveady assumed
that petentials and the gr of frames are motually
equivalent. (32) The facts mentiened in (11) strongly
suggest that the law of gravitation must be zome
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ptneral candition Imposed on the £'s of all possible
patural frames, and expreased as a differentla] aquation
of the second order invelving thew gr.  The Ets
mentioned ia (30) suggest that this comdition i wer
that the uynmodified Tensat vasishes. Foe, if this
were 50, the intrinsie structure of Nature would be
mh:hnlenuu!lmelswudln it, and the
ity of £ jonal Ferces always and
york with Newtonlun frames gly suggests
that this 5 not se. (33} Tt is obviovs that the
next suggemcm to try i3 W suppose that the faw of
d by the ishing of the
Modifiad Tenanr, 1.6, that gravitation is the sign af
an ntringically sphrre-like gtructure jin Nutwre. (343
it is found that, if this be the true law of gravitation,
the observable effects wll in most eases differ so little
fram those predicted by the traditional law that the
differsnce could not be detected.  Hence the very full
venﬁnman which the traditicnal law has reccived is
no ot o g the ded law. (353 On
the other hand, there are certain very special cases
in which a small observable effect might be expected
an the aew form of the law and not on the old. In
such cayes (notably the movement of the perihelion of
Mercury and the bending of & ray of light 1 passing
near a very massive bedy Like the sun) the predicted
effects have been verified both qualitatively and
quantitatively,

The foliowing additional works may be consuited
with advantage;

A 5 EDDIRGTON, Repart on the Kedairoly Fheoy of
Graritanon

Space, Truee, arid erpavrielion
E (.uxnnrllnl Relaprraty, Electron Thenry, and Livaaiafon
E R Eiber die Hippethoan ek der L
Uirwillr fegew . {Jubuc Sprioger  Berdn §
H. WavL, dpar, Trir, aned Maticr
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CHAFTER VII

“ Fallup? pos ocul, vque septns
Oppressa nbione menhomtor.
Nam turmm, prope quas quedrats sanpd,
Detarhs procol angulm roatar.
[ Patrourus Arbaer.)

Matter and its i F

I the First Part wa have been dealing with the
gradual devalopment and modification of the traditional
scientific concepes of Space, Time, and Motion, within
the region of Physics. These concepts were taken ower
by scicoce fom rducated common-sense, and we bave
bean tracing the process of clanficaton and defipition
which they have undezgone at the hards of scientists
in pursuit of their own business. AL two places only
hare we delibtrately gone outside the range of ordinaty
scientific reflection, The first was where we explained
the Principle of Extensive Abstraction, and tried
justify by lts means what siathematical physicists take

granted, viz., the application of geometry and
mechanics, stated in termy of points, instants, and
particles, to a world of sxtended objects and non-instan-
taneous #vents. The second was whert we dealt with
the genernl proklem of Time and Change, and tried
o defend cheir reality against the very plausible ob-
jections which have beea made to them by certait
philasophers.

MNow the careful reader will have been struck by
two polnts I Part 1. (1) Fie will bave noticed that the
" raw material,” which science took aver from common-
sensh and elahorsted, was really anyihing bot ' e




238 SCIENTIFIC THOUGHT

1t was already highly complex and sophisticated. The
commen-sense netians of a single Space, a single Time,
aod persistent bits of Matter which exist, move, and
changt within thom, are by no mcans primitive. They
must be the results of a loog wod complex process of
reflection and synthasis, earried out by countless grners-
tions of men oo the crude delivering of their senses,
embodied in everyday speech, and thus hended down
from father to son for further elsboration. The main
cutlines af this canceptual schems have betn accepted
without question by scientists, and we have so far
mertly beee tracing those modifitations of detail within
the scheme, which & more sccurstes knowledge of the facs
of nature bas shown to bt necessary, In Part II, 1
want 0 dig below the foundations of Part I, and o
try to connect the conotpts of science and common-
seom: with their roots in crude sensation and perception.
1f we should find, as I llunk we shall, that recent
dificati in the diti which have
besn made oo purely scieatific gmundi, bring the
grooml scheme into closer connexion with its sensibie
nnd perceptual baals. thiz will be an additional argument
in favour of such modifications, and should terd w
lise the impression of dox which these Tater
developments produce on men who bave been brought
up on the waditional scheme.

{3} The second peint which will have struck the
reacer i3 that practically notbing has been maid so far
about the concept of Maner. This is true. There iz
a much wider diverg b the
and the scieatific concepts of Marter than between the
two concepts of Space orof Time. The scientific con-
cepts of Spu:e and Time are fairly seaighvoreard de-

ions of the pty of
sense, But common-sense thinks of Mater as having
many locriasic qualities, such as mlonr, nempcmmm,
etc., besides its merely spati
Science, oo the other lnnd, tends to thizk of Matter
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43 baing sisply | "themnhle Ia space, " and toascribe
to it np Sl except
mass. Now the trumntuilllmrlmimrknmvhdge
af it will bring us in the meet direct way to the hear
of the problem of Part IT, Matter is udmitted to be,
ot to be specially dlosely comoected with, what we
parceive with our senses.  And again, it would be
admitted by most people that we should pever hawe
known of spatial attributcs, ke nhape, Size, and posi-
tion, if we had nat perceived Bits of matter of vasiang
shapes and sizts in vadous places. Lastly, we learn
about Motion by watching bits of Matter mowing about,
and by meoving about pursclves. Thes, in brying ta
clear up the relations betwesn Mateer, as concefved hy
science, and what we perceive with our senses, we
ahall at the same time be dealing with the =ensible and
perceptual basey of the coocepts of Space, Time, and
Mooon, So, in one sense, this Part will be whoily
about t.hs concept of Mater. Buot this will lovolye a

' of the pts of Space, Time, and
Moticn. I ahall begnn by smting the problem in ity
most gencrel form, end shell gredusily go into grester
deiwil.

The Tradviconal Noton of a bt of Maotter.—When we
ank what is meant by a bit of Mener the gquesiion is
itmIf ambiguous, In ope pense & compltte answer 1o
it would be a romplete theory of Mauer, and this
could only be made, if at all, at the very end of our
discussipn.  This, hawerer, i5 not the sense in which
I am asking the qllmmn hete. All that I am nshng
in: ""What is the irreducible mind af p
whith practically everybody would agree thar an ohju:t.
tnust posseas if it is to be called a Bit of Marter?° T
think that science and comman-sense would agres Lhat
at least the following conditions must be {ulﬁlled-
f) Its exi and prop must be il
of the minds that happen to observe it, and n muat
be capable of being observed by many minds. This
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characteristic may be summed up by saying that Matter
iz neutral 28 between varicus observers, or is * public
—ter use & convenient word of Mr Russall's. This dis-
tinguished Matter shacply from any oodinery consclous
state of mind. The latter iz in a unique way privae
to the person whose state it is. My belicf that 2+ 2.4
i different from yours, though the twe beliefs refer to
the same fact My belied ranoot littmmlly wander cut
of my mind and furn up in yours. It is true that I
mey convelt you from your errooscus belief that
2+ 2m 5, and replace it by my true belick that 24+ 24
This does not, however, mean that my belief has
betome yours, in the sepse that it has left my mind
and taken up its abode in yours. Were this so,
could zever persuade you of anything without losing
my own belief in i, and schoolomsters would pre-
sumably be distinguished from other men by an ultra-
Humian seepticism as to all the subjects that Lhey
teach. This ix not, in face, found to be the case. All
thar cealty happedss when A convens B lo his own
belief i= that A's arguments, or the ameunt of A's
bank balance, produce in B’z mind a swte of belief
which refers to the same Bct as B's belief, and has
the same relation of cancocdaoca or discordance to this
fhct. My belief and yours art only called the some
beliaf in the derivative sange that they are twe difercot
acts af believing which are relsied jn the same way
to the same fart

Exactly the mame is frue of devires. We do some-
timen sy thet you and 1 bave the szame desire; buc
what we mean is that your desire and mine, though
twa sttes of mind, have m single object. Now, if
there be such things ax bits of Matter ai all, thoy are
not private in this way o wach mind, but are common
to all the minds that ghserve them, We talk of wy
beliefs and yexr wishes ; we do not talk of my hydrogen
atom or of yeur electron. W just speak of sir or sk
mom or electron. It la, of course, true that p hat or
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an tmhrella s regurded as a hit of Matter, and that
we do ik of my hat and of your umbrells.  BHut this,
which at fit smight seems an objection, is seen oo
further reflection ta support what we have besn saying.
The sense in which my umbrella is mioe is different
frotn that i which my belwfs are mine. My umbrella
i mine cnly in the sense that it is legally my property ;
my beliefarare mine in the sense that they could not
exiat out of my mind or pass into yours. You cannot
take my beliefs; it is only too fatally easy for you to
take my umbrella. So that even those bits of Matter
0 which we apply possessive adjectives are puble in
& way in which no state of mind is public.

(i) A bit of Matter is supposed to be meutral, not
otily hetween differsnt obserress, hut also to ke in &
certain way meutral as between peversl senses of the
smme ohgerver. We are gaid to ses, hear, and feel a
bell. This sort of neutrzlity is not suppesed to be
complete. The shape and size of the Bell are indeed
supposed to be in some way common o sight and
touch. As regards s sensible guoalities the view of
common-sense i3 that any bt of Manar combines a
number of these, and that different senses ame nesded
to reveal different sensible gualities, Thug sight, and
it alone, makes us aware of the colours of bodies;
tauch, &nd it alone, makes us aware of their temper-
atures ; and g0 oo,  But it is part of the ordioary view
of a piece of Mater fhat all these varicus sensible
qualities co-etint in it, whether the requisite sensen
be in acton to reveal them all or net. [ we Srst
only look at & body, and then shut our eyes and go
up @ it and feel it, it is not supposed that it had nn
temparniure on the first pocation and no colour on
the second.

(iti) Thess two propertiss of publiciy, as betwoen
different ok , and lity, as L the
various senses of & single observer, are clasely con-
oected with a thindl fasture which is held o be




133 SCIENTIFIC THOUGHT

chameteristic of Mater, Bits of Matter are supposed
to pemist with very little change, whether anyane
happens to observe them of wot, and 10 pursue theic
own affairs and interart with each other, regardless of
aur peexence and absence.

{i¥) This brings us to the fourth chasacteristic of
Matter. It is commoaly held o be part of what w
mean by a bit of Matier thet it shall have & more or
less permanent shape wnd size, and that it shall have
a position in Space, and be capahle of moving from
ane position W anagther. Tt is mdmitted that bits of
Matter gre congmatly changiog their shapes, sizes,
and pogitions ; but it is beld that they do this through
their intersctipns with smach cther and nol through any
change in our acts of oistrvation, and that in all their
changes they conbiouc to have s shape, sl and
pagition. If it could be shown that nothing in the
world actually has such properties as these, it would
commoaly be held that the existence of Matter bad
beers disproved, even though there were public, inde-
pendent, and permml obiects.

Berkeley, ef, is commonly held o have denied
the exigtence of Matter, and he cerainly thought
hmlself thlt he had dooe 50, Yet Berkeley's theory

the exi: of certain entities,
viz., the volitions (and perl the ions) of God,
which are independent ofthe mmd of any finite observer
wnid are neutral as between my mind and yours, The
reascs why we say that, if Berknley be right, there is
no Mater, is becayse the volitions of God, though
neotral end independent of us observers, have nothing
corresponding to shape, size, and position ; whilst the
only entties which Berkelay allews  kave thess
attributts, viz., our sengaiions, are private to each of
us, and exist only so lang as we hawe them. Very
few philosophers have denied that there are entities
answering to the Sest three conditons, but a greas
many have denied that there are uny snswering bath
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to these and to the fourth conditi Such philosopt

are held by and by to have
denizd the existence of Matier. Now we shall have
plenty of opportonity for seeing that there iy & real
difficulty in helding that the entities which have shapes,
nizes, and positions are neutral and independent, and
that those which 2re neutral and independent have

shapes, sizes, and pogitions.
Before we ocmsider these points in denil at all we
must i ion which, though

partly \'!rhll ia sure to puzzle us if we do not resolutely
dmg it inte the light. No doubt 1t is past of what we
mean hy a bit of Matter that it shall, = seme sener, have
abape, size, and position. But in bow hieral a sease
must this be truc? We Iuv:.l]rﬂdy scen that, in sonu
sEnse, an ore ion is d of points
of of mmu mpu:nvcly But this sense 13 highly
and d, of, to vse a happy

phras: of Dr G. E. Moore's, * Pickwickan,” Naw
we shall doubtless be able to fAiad Pickwickuan senses
in which there are eotities that are at once puhlu: and
ded. The ion is: How Puckwick may

the termy in cur statement become befors it ceases to
be uselul, and becomes merely misleading, to sy ihat
we accept the existence of mamer? Our theological
feitnds have much the same dificulties i their inter-
peelanons of the terms that wre used in the Creeds. Tt
cauld abwiously only be true in a hghly Puwckwickian
sense that the Second Person of 1the Trimty is the son
of the First No ome supposcs it to be truc in the
biteral sanse in which Grorge V iy the =on of Edeard
V11 ; and the only substantinl paint at issuc is whether
the s2nse in which it might be true (sssuming, for the
sake o(' lrgument, that the Persona exiat) in pet sa

P ian that the is more Wkely
L] mxsle-d than to enlighten. Foruaaily for wi the
_,m‘our blem is not ded with the

same !n.nge as dn the terns used in
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Theology. It is uo pant of our duty to pay campliments
to Mateer, and &0 lemg as wre state clearly what we do
mean, it 15 of littke importance whether our terms be
used in a literal or 1z a highly Pickwickian sense. Tt
will be & question of taste whether 1t shall be said that
the theory that we finally adopt amounts to the accept-
ance or the denial of Matter. [ we shoukd be accused
of saying that © Marter 15 not Matter,” we shall at least
be berter off than *Dr F. R. Tennant, wholabours under
the dreadiul tmputation of teaching that ' Sin is oot
Sin."

The Nobion of Senseble Appearedce.—1 have now tried to
point gut what is the irceducible mitirnum of prnperuc.s
which ordimary people ider must be
anything if 1 |s to counl as a piece of Matter. 1 have
also pomted our, by anbicipation, that the history of
philosophy shows there o be a great difleslty in
helding that there are any entities which fulfl all these
conditions in a literal sense. Lastly, we have netioed
that the question of the reality or unrealny of Matter,
thus defined, is not perfectly clear-cut, because of the
practical cectainty that many of our terms will have to be
interpreted 1n 3 more or legs Pickwickian manner, and
the doubt whether it is worth while to go on using
Familizt phrases after thelr Literal meaning has been
departed om beyond a certun poml. We must now
consider what facts make i hard to Beheve that anyting
cheys all four conditions 1noan all a liwral sense.

The difficuity anses because of the group of facts
which we fum up by saying thet it 15 necessary to
distinguish between things as Ihcy are and thngs as
they seem 1o us, vt b physeal reahity and ikl
appearance.  Difficultics always arise when two scts of
properties apparently belong to the same object, and
yet are wpparantly meumpnnblc with each od:er. Nuw
the difficulty here 1= to e apf
i and i af & physical abject wllh

* See hm Bracee of Sow,
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the ohvious d:ﬁurenm honmcn ity varicus seasible
e di at the same mnmem,

and to the same e at different
which it is beld not tv have ubdergone any physical
change. We know, sr., that when we lay o penny
down on a table and view it from different positions it
geoerzlly Jooks more or leas elliptical in shape. The
eccentricity of these various ADDEATANCEs Varies 13 we
move about, and so dees the divection of their major
axes. Now we hold thatr the penny, at which we say
that we were looking all the time, hag not changed ;
and that st 18 round, and not elliptical, in shape. This
i, of: e, only one ple out of mi It would
be easy to offer much wilder goes; but it is simple wnd
abrigus, and invalves no complications about & taos-
mitting medum ; so we wilt start with it as a typicat
cage 1o di

Now thera is rothing in the mem etlipticity or the
mere variation, taken by itstlf, to worry us. The
difficulty srises bacause of the incompetibility between
the appareat shapes and the supposed real shepe, and
betwreen the change in the appeamnces and the supposed
congiancy of the physical object. We nesd not at
present sk Ay we believe that there 18 a singln
physical object with these charactenistics, which appears
to us in all these different ways. Jt is & fact that
we do beleve i, It is an equally certain fact that
the penny does look dlﬁere'nl a3 we move about
The difficulty 13 to
with the suppesed consancy aof the penny, and me
ellipticity of most af the apg with
roundoess of the penoy. It is probabls that al first
might the reader will oot se¢ moch. difficulty in this.
He will bt inclined to say that we can explain these
varipus visual appearances by the laws of perspective,
and 50 on. This ix not m relevant answer. 1t 15 quite
true thet we can pradid wial parfinior spparance xn
object wiil present 10 an observer, when we koow the
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shape of the object and it position with respect o
the observer. But this is not the question that in
troubling ws at peesent. Our question is ma to the

compatibility of these ch «llj
hmmthtymyhemmedwimmmh
the world, with the supg % and round

of the phrysical object.

Nerwr what I cali Sewridier Appesrooier is just o gemeral
oame for such facts a8 1 have boen desribing. It is
important, bert as always, to state tha facir in 4 form
tn which etveryoos will agres, befors attempting zny
particular ssalrss of them, with which it is certain
that many peopht will rickotly dimgree.  The Fnda-
mentul fact in that we conswntly make such jodgments
as: “This seems £ me ciliptical, or red, or hov”* g the
rase may be, and thatabout the truth of thase jutgments
wea do not feel the least doubt. We may, bowerer, at
the sarie tizne doubt or positively dishelieve that this
it elliptical, or red, or hot. 1 may be perfectly certain
#t ane and the sme ime that T have the peculiar

P d by the jud, : "This locky
elliptical te ce,” and that in fact the object iy not
eliiptical but is round,

T do zol suppose that anyone, oa raflectian, will
quarrel with this statcement of fact. The next queatian
is ax to the fight way o sanalyse such facts; and it in
most impocdant not o confupe the Gets themselvas
with any particular theory ay to how they ought to
be analysed, We may start with & negative remack,
which seems to me to be trus, and ix cecainly of the
ukmost unporllnm it it be troe. Appuunoe i3 wef
merely mi abaut phywical chjects. When
I judge thata penny lpoks elliptical [ am ot mistakenly
mscribing elliptical shape o what it in fact round,
Senxible appeasances #ay kead me to make o mitiaken
Judgment about physical olyects, butvhey sesd not, and,
%0 far a3 we know, commonly do not. My certainty
that the prany looks elliptical exigts comforiably aloag-
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side of my coaviction that it is round. But a mistalmn
judgment that the penzy o elliptical would not continue
10 exist afier T knew that the penay was really rouod
The plaic Gt is then that “leckisg elfiptical to me”
stands for n poeuli which, wh the
rightlnllyli!nfltmybe, is Dot just & mistaken
]udgmen& ahout the shape of the penny.

Appearance then caonot be described w mistaken
judgment sbaut the properties of some physical abject.
How are we to describe it, and can we analysc it? Two
differeat typea of thoory seem ® be possible, which I
will all copectively the Mubiple Relation Thoory, acd
the Ot Theory af semnibl The M
Relation Thwory mken d:g'l“ﬂut “ appearing to “be
%0 and 867 i3 u unique Kod of eistion between an
objet, & mind, nod a chamcteristic.  {Thix is & rough
statemeat, but it will suffice for the presect) On this
type of theeey to say that the penny looks elliptical ta
me Ix to sxy thar & unique and not further analysable
selatian of ! appearing " holds between the penny, my
mind, and the general characteristic of elliptcity.  The
essentinl point for us to notict at present about theoeiey
of this kind iy that they do not imply that we are awars
of agything that really it clliptical when we have the
experience which we expreas by saying that the peomy
looks elliptical to us. Theories of thiy type have betn
suggesed lately by Professor Dawes Hicks and by
Dr G. E, Moore. So far, they have not beez worked
out in any great detail, but they undoubtediy demsrve
careful atention.

Theories of the Object type are quite dJifferent.
They do not involve m unique and usanslysable
multiple relation of *appearing,” but & peculiar kind
of chject—an ‘““wppearame.” Such objects, it i3 held,
actually d¢ datw the ch ity which the
object feewer & keoe,  Thus the Object Theory anﬂysu
tha stxtemeat that the penny Jooks 1o ma elliptical Into
a which involves tha achml exi of an
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elliptical chject, which standz in & certain cogmitve
relation ta e on the one hand, and in angther relation,
yet to be determined, to the round penny.  This type
of theory, though it hay heen moch mixed up with
irrelevant matter, and has never been clearly stated and
worked out till pur own duy, is of respectable antiquity.
The doctrine of * represectative ideas ™ s the tradi-
tignal and highly muddled form of it. It lies at the
basis of such works a5 Russell's Lowedd Lectwrer om the
Extermel Werld, [n this book I shall deliberately con-
fine myself to this type of theory, and shall try to state
it clearly, and work it out jn demil.

The follewing additwamal works may be consulted
with advantage :
G E MOGRF, Phkonbbiced Stedien, ¥ oand V11
G D Hicxs, of ehr Saaely, 1914, 1916
G F Srour, Mamal of Foyekology, Bk 111, Fart 11 Cap |
" w  Proowdimgs of the Arvipecicam Soceely, 1963




CHATTER VIII

 Tack «=That, my desr Alyy, a the wiwle troth, pare sxd
2

*ALGEANON —The broth @ rarly pum and Dcver
Modern Uiz wonld be very tedioog of 3t were orther, mod.
hisraturs 2 complate -
oy, af terng Earmnt)

‘The Theory of Sensa, and the Critical
Sclentific Theacy

I PROPOSE now to state more Fully the theory that
appearancas wre a peculiar kind of objects, and 1o con-
sider what sort of objects they must be. The reader
will bear In mind threughout the whole of the loag
story which follows that there s & totally dufferent view
of ble app viz., the Multiple Rel

Theory, and that this may quite posmbly be true.
in this book 1 shall leave it wholly aside. On the
theory that we are now going to discuss, whenever
n penny locks to me ellipucal, what really happens
is that | am aware of an object which is, in fGct
ellipucal.  This object 35 connected in some specially
intimate way with the mund physical peony, sod for
this reason 15 calied an appearence of the peany. It
really 15 ellipical, and for this reagon the penny is said
w0 look sfiiprcal. We may generalise this theory af
sengible appearance as follows: Whenever [ truly
Judge that r appears Lo e to have the seasible quality
¢, what happens is that [ am direetly aware of & ceriain
vbject 7, which (o) really does hawe the quabty g, and
(4 stands in some peculiarly intimate relation, yet o
be determioed, o x.  {Ar the present stage, for all that
we kngw, y might soemetimes be identical with 5, of
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wight be literally a part of +) Such chjects a5 r 1
am going to call Srese. Thus, when ] Ik at a penny
irom the side, what happens, on tha present theory,
i at least this: ] have & sensation, whase object in sn
eiliptical, brown sensum ; and this sensum iy releted
in some gpecially intimate way t » certain round
physical ohject, wiz., the penny.

Now 1 think it must st least be admirted that the
sensum theory is highly plavable. When I lock ata
penny from the s3de 1 am corminly aware of sometbing
acd it in certainly plaosible to hold that this something
is elliptucmlin the same plain s¢nse in which a soitably
bent pece of wire, looked at from straight above, is
elhiptical. If, Ia fact, nothing elliptical is before my
mind, it is very hard to understand why the peany
should seem riipiiica! rather than of any other shape.
| do not now regard this argument as absolutely con-
clusive, because [ am inclined to think that the Multiple
Relation theory can explain these facts alro. Bul itis
at least a good enough argument to mpke the sensum
theory well worth further consideration,

Assuming that when 1 look at a penny from the side 1
am directly aware of samething which is in fact elliptical,
it 13 Clesr that this something cannot ba identified with
the penny, 1f the latter really has the charecteristics that
it is commoaly supposed to have. The penny is sup-
posed to be round, whilst the sanzum is elhphical.  Again,
the penny 15 supposed ta keep the same shape and size
15 we move about, whilst the sensa alter in shzpe and
gize. Now one and the same thing cannot, at the same
time and in the same sease, be round end ellipdeal.  Nar
can cne and the same thing at cnec change its shape
and keep its shape unaltered, if " shape™ be wsed in the
same sense in both statemnents. Thos it & certmin that,
if there be sensa, they cannot in geoeral be identified
with the physical objects of which they are the appear-
ances, if these literally bave the properties comtonly
assigned to them. On the other hand, all that [ ever
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come ta know wbaut physical objects and their gualitics
seems o be hased upon the qualities of the sansa that
1 become aware of in genseperception. 1f the visual
senss were not elliptical and did net wary in certain
vways a1 { move ahout, I should not judge that 1 was
soeing n round penny.

The distinction betwwen seesum and physical object
can perhage be made siill clearer by aking some wilder
examples. Consider, £, the case of looking at & stick
which is half m water and half in air. We say that it
Ipaks bent.  And wé rertannly do not mesn by this that
we mistakenly judge it to be bent; we generily make
no smch cistake.  'We are aware of an object which is
very mauch like whar we shauld be aware of if we were
looking at a suck with a phy 1 kink in it, i d
wholly 1n mw. The moest obvious analyss of the facts
18 that, when we judge that a straight stick Jeoks bent,
we are awart of an object which really o bent, and
which 1= reiated 1n a pecubiarly intimate way to the
physically straight suck. The relation cannot be thar
of identity ; since the same thing cannot at onee be bent
and strmght, in the same sense of these words [T chere
be woriemg with a kink in it before our munds at the
moment, why should we thiok then of kinks at all, as
we do when we say that (he stick looks bent?  No doubt
we can guite well mistakenly defroe 3 property to be
preseot which is really absent, when we are dealing
with something that is only known 10 us indirectly, like
Julius Cxsar o the North Pole, But ia our example
we are dealing with @ concrets visible object, which is
bodily present to our senses and it is very hard to
understand how we could seem to ourseives to se the

of b hibited In a corcrete inytance,
Ifm fmct warding was present to our minds that possessed
that property.

As I want to make the grounds for the sensum theory
as clear ox possible, 1 will take one more example.
Scleatists often assert that physical objects are not
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“ really ™ red oc Bot. W ave not at presens concerned.
with the truth or falsebood of this strange opioion, but
only with itz application to our prescot problem. Lee
uz auppose then, for the sike of argumeat, that it is
true. When a scientist jooks at a penny stamp or
buras bis mouth with 2 potata he hag exactly he same
sart of experitnce a9 men of baser clay, who know
nothing of the sciennfic theories of ght and heat.
The risual experience seems to be adequately described
by saymng that each of them 15 aware of a red pamch
of approximately square shape. If such paiches be
oot i fact red, and of people be not in fact aware of
such patches, where could the nution of red or of any
ather colour have come from?  The scientific theory
of colour woyuld have nothing to explan, uniess people
really are awars of patches under various circumstances
which really de have different colours,  The scientises
would be in the posinon ot Mr Munro's duchess, whe
congratulated herscli that unbehef had become 1mpos-
sitile, 25 the Liberal Theologians had left us nothing
to dispelieve in. Thus we seem forced to the view
thet there are at least hot and coloured sensa; und, if
we apcept the sclenufic wew that physmcal objects are
nethyer bot nor codoured, it wall lollow that sensa cannot
be identifiad with physical objects.

The reader may be inclined to say, ** After all, these
sensa are not real ; they are mere appearances, so why
troubje about thcm?" The answer 1 that you do llot
get rid af wnyth 'by“'" [
Appearances arc as renl in their own vmyu anything
elae. 1f an appearance were nothing at all, nothing
would appear, and 1f nothing eppeared, there would be
nothing for scientific theories to account for. To put
the matter in another way 1 Words e reef and realiy
wre ambiguous. A round penny and an elhptical viauzl
aensum are not real i precwcly the same senye Rut
‘bath ere teal 1o the most zeaeral sense that & complete
i ¥ of the uni must the one as
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much ag the cther.  No doubt the kind of zeality whick
iz to be mscribed to appearances will vary with the
particuler type of theory as to the nature of sensible
apprarance that we adopt. On the present theory an
appcarance is a gansum, and & rensum i¢ 2 particular
exisient, thaugh it may be a short-lived one, On the
Multiple Relation theory have » very
different type of reality. But atl pos=ble thearies have
© admit the mllty. I semr remsn, of ppesrances ; and
T 1t is no obj o any f theory
that It ascribes n sort aof reality to appearances.

1 nope that 1 have now made faurly clear the grounds
ocn which the sensum theary of sensible appesrnce
has been put forward. Closely connected with 1t 15 2
theory about the perception of physicat objects, and
we may sum up the whole view under discussion as
follows: Under grrmin condioons 1 bave states of
mind called Thesea have phjects,
which are always concretr particular existents, lile
wloured or hot patches, notses, smells, ete.  Such
objects are galled sepas. Sensa have properties, auch
as shape, yize, hard rolour, loud
ud =0 on, The existence of such seasa, and their
prestnce to our minds in sensation, lead us to judge
that a physical object exists and i present o our
stnzcs.  To Lhis physical object we ascnbe vanous
properties. ‘These propertiss are not in general wontical
with those of the sensum which ix belore our minds
uL the moment. For instance, the effipncal sensum
makes us believe 1n the exiwence of a rouwd’ physical

penny. N hel all the propenies that wo do
uscnbe to physical obju‘ts are b-sed upon and correlated
with the prog Ly our senaw.

The seosa that are mnnmnd with & physical chject
& 1m a certain specally inbmate way are called the
appearances of that object to those observers who sense
these sensa. The properbes which 5 is said to apperr
# hava are the properties which thoae sensa that are
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£1 appearances raafly ab bave. OfF course, the two
properties may happen to be the same, £gs, when [ look
straight down on a penny, both the pllymllob)u:t
the visual app mre rornd. G
there is only a correlation between the twa,

3¢ follows from this thecry that aenme cannot ppear
to bave properties which they do not really bave, though
there i3 no reason why they should not bave mome
properties than we do or can notice in them, This point
perhaps needs & little more slabyration, sioce a good
deal of consense has been talked by opponents of the
sensum thwory in this cannexion. 'We mast distinguish
between Eiling to notice what is present in an object
and " noticing * what is not pressnt in an object. The
farmer pressenty no special difficulty. There may well
be in any abject much which is tog minute and shacure
for us o rocognise distinctly. Agmio, it is obvious
that we may sense an abject without neeesgarily being
awere of ali ita melations even to anqgther ohject thac
we scusc at the mame time. Sill more certain is it
that we muy sense an ohject withput Deing aware af
all its relationa to same other ghject which we are not
senaing at the time.  Consequently, there is oo difficujty
whatcver in supposing that sensa may be much mome
differentiated than we thiok them to be, wnd that two
sanm muy really differ in quality whea we think that
they are emctly alike. Arguments such as Stampf's
meoder it practiclly certin that the latter possibilicy
in in fact realiged

The real difficylty iy when we seem to be directly
aware of some property in an object, and this property
s not really present and in perhapa incompatible with
others which are present. This is the kied of difficaly
that the senzum theory i put forwand o meet. We
seem to recognise elliptical shape in the penny, when
the penny really bas the Incomputible quality of cound-
oem.  The solution which the sensum theary offers {a to
4 change the subject. ™ Semcthing, it sdmity, iy elliptical,
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and something is rouod ; but they are not the same
something. What is raund is the penny, what is ellip-
tical is the senkum. Now, deardy, this would be oo
splutian, if the same sort of difficulty were to break
fut in sensa themselves. In that mse we should need
W p L f of apg aml =0 on
indefipitely.

We must hold, as regards pasitive sensible qualities
which chamarttrite 2 sensum a5 2 whale and do not
involve relstions to other senga, that a stosum is at
Ieast all that it appears to be. Now, so far az [ know,
there is no evidence to the contrary.  Some people hawe
thought that arguments like StempFs raised this difi-
<ulty; but that is slmply a mistake. StumpFs wrgu-
ment deals merely with the relation of gualimtive
likeness and difference berween different sensa, wnd
shows that we may think that two of them are exartly
alike when there is really a slight qualitative or quanti-
tative difference between them  This bax no tandency to
prove that we ever find a positive non-relational quality
in & senzum, which is not reaily there,

Next, we must remeether that attributes which in
volve a negative factor often have positive cames. A
man might quite well think, on ingpeching one of hiy
sensn, that it wey exactly round and onifiemly red,
And he might well be mistakrn. But then, * exarsly
round * means " with no variation of curvature,” and
“ uniformly red™ means " with no variatlos of shade
from gne part ta ancther.” Now universal neganve
judgments like thage can never bo guamanteed by men:
inapection ; and 3¢, io auch cases, die man is not ¢ aee-
ing properties that are nat chere ” in the sense in which
he would be doing 30 il a round sensum a o
him to be ¢lliptical. To sum up, it i5 00 chisction w
the sepsum theory that & sensum mAy seem o he jerr
differentiated than i1 iz it would e & faml ohjacticn
if & yensum ever seemed smerr differencinted than itix;
but we bave no evidence that the later evar happens,
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Befare going further we must remtve 4 bassless

judict which is i felt agninst the scosum
t]leory It is often objected rhat we are oot wware of
s¢nsa and their properties, as a rube, unless we specially
Tock for them, It is a fact that it often oteds = good
deal of persuagion to make 3 man beliews that, when
he looks at n penny fram the side, it seems ellipncal
to him. And I mm afraid that very ofico, when he iy
persuaded, it is oct by his own dicect iospectian (which
iy the only relewant evidence w such o marter), but by
some phyurd aod irrelevact acgument that the ane of
fug retina wfoted by the light from the peany, is an
obligua projection of a tirtle, and is therefore an cllipse.
Accordingly, it it ergued that we bave ne zight w
beleve that such a man it directly seosing en ohject
which is, in fact, elliplical. To this ohjecton a partial
wnzwer has already been given, by implication. It is
only when we are looking at & peany aloott notmally
that any doubt is felt of the ellipticity of the sensum ;
and, in that case, the scnsum is, io fact, very nearly
round. Now we havt scen that it is no objection to
our theory that a sénsume which is not guite round
should be thought to be exactly round, though it would
be an gbjectian if an exactly cound sensum sremed o
be elliptical. The reason, of coutse, 13 thar an cllipse,
with its variable curvatuse, is & more differentsted figare
than & circle, with its wunilorm curvature. Them is no
difficulty in the act that we oveclook minute diffarentin-
tons that are rcally preseat in our seozs ; difficulties
would only wrise if we seamed to notice distinctions that
are not neally present.

Apart, however, from this specinl anzwor, a more
genersl mply can be made to the type of objection Ilnder
distussion.  The whole &g TSR DN &
standing of the view about pereeption which the sensuz
theory bolds. If the theory were that, in perceiving &
peany, a man fisst bexomes aware of 4 seisom, then
notices that it is elliptical, wnd then infeca from this
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fact aod the laws of perspective that be s looking at
u round physical object, the argument would be Etal
In the tlleory. But Ihis is guite cbwicusly not what
are indeed dered apem
senss zngd dlur pﬂapemﬂ to this extent, that if we were
not aware of B gensum we should not oow judge that
any physical cbgect is present o our senwms, aod that
if thiz sensum had gifferent properties we should ageribe
different properties to the physical olgect. But the
rehthnhehuunthgsnnsumandlmpmpudeﬂ undlz
one hand, and the about the
wohject, on lham.h:r, is oot that of mferewe:. Thebssl
analogy that we can offer to the relation betwesn our
stowing of o sensum and gur perceiving a physical
objeet, is 0 be found in the case of reading & book in
a familiar languege. What inttrests us &5 & rule is the
meamng of the punted words, and not the peculinritics
of the print We do not explicilly notwee the latter,
unless rhere be something markedly wrong with it
such a& a leiter upside down. Nevertheless, If there
were no print we should cognlse no meaning, and if the
print were different in cermain spevific ways ot should
cognise a differem meaning. We e attend to the
paint fiself of we choose, as in prool-readisg. o exactly
the same WAy, we an Dot as a cule interested o sensa,
s soch, but only in what we think they can tell us
about physical ohyects, which aione can help or hun
us Senm themselves “'cut ne iee™ We therefore
pass antomatically from the sensum. and its properties
to judgments about the physical abject and 1ts properties
If it should happen that the sensum is quetr, as when
we ser double, we notice the sensum, as we aotice an
inverted letter. And, even in noroal cases, we geoemlly
can detect the properties of senss, and contrast them
with those which they ar: leading us o ascribe to the
phy=ical obyeet, provided that wa make a special eBort
of attantion.

From what hes just been mmid, it will not appear
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strange that, even though there be seng, they should
hevt beets overlooked by mest plain men and by many
philosophers.  OF course, everyone is consuntly sensiog
them, and, in specially abngrmal cases, has noted the
difference between them mnd physical objects.  Bat
sensa have oever heen abjocts of specizl interest, and
therefors have never been giveo & name in comomon
speech. A result of this is that all words hke ' sening. "
"' haaring," str., are ambigucus. They stand sometimes
for acry of senaing, whose objects arc of course senaa,
and imes for aces of parceiving, whase objects are
supposed to be bits of matier and their sensible qualitwes.
This is especially clear about hearnng. We wlk of
“hearing a nowse” and of **hearing a bell.” Ln the
first case we mean that we are sensing an auditory
senyum, with cerain il of pitch, Joud
guality, etc, In the sscond case we mean that, in
conseguence of gensing such a sengum, we judge that
A certain physical object sxisty ang 13 present to our
sepses.  Here the word "“hesring™ stands for an act
of perceiving, Exactly the same remarks apply o
sight. In one seng= we see a penny ; in a somewhat
stricter sense we see cnly one side of the panny; in
another sense we see only a brown elliptical senaum,
The frst two uses refer 1o acts of perociving, thve lagt
o an act of seosing. It is best an the whole to confine
words Jike *' seeing ™ and * hesring " © acts of per
ceiving. This iz, of course, their ordioary use. [ shall
thertfore talk of sceing & penny, but not of seeing &
brown elliptical sansum. [ shall spesk of the latter
kind of cogmition as ' visually sensing,” or merely ns
* sensing,” when oo misuoderstanding is to be fearsd
by dropping the adjecrlve. This distinction will be
found imporiant when we come to deal with illusory
parceptions.

1 have now tried to clear up certain amhbiguitiay in
the sensum theory, and t0 romove certsin mistaken
chjections which many folk fecl agminet it If it he
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admitted that there sy be such things as sensa, wnd
that the sensum theory at lesst pmvid.cn a pussble and
even plavgible way of

wa can pass o the qumanofmz nazurt of senza and
their statuy n the wmverse. Thin splits inim two
questions, wie, {1} the relatwon of sensa to minds ; and
{1i) thewr relation to physical cbjects. Neither of these
can be completely angwered st the prestnt smge, but
we can sy a good deal bere that 15 relevant, and wiil be
wusefyl, nbout them.

(i} Are Seusa in any way Meatal ¥—Sensa have been
=uppesed by many pRilcsophers to be in some way
mental. This opinton i3 based parily on sheer verhal
confugions, and partly ot genume facts, The verbad
confusion 15 that the word ** sensanion ™ has cften been
used lmblguuusly, and that, in one of jts meanings, it
does i1y stand far hing that 13 mental.
When 2 man talks of a **sensation of ced,” he 15 some-
numes refernpg to @ red patch which be sanses, gome-
times to his act of senmng the patch, and sometizoes to
the whale complex state of affawrs which, on the sensum
theory, i3 analysable into facl of sensing}—directed on
to—(red patch). [n the second meaning, © sensation™
is obviously mental; in the thud 0 13 undoubtedly a
complexr whole which involves a memal factor. 1o the
first meamnog it 15 by no means obyivuh or even plausible
to say that a scosation 1S mental, [ shall always usc
“*seasation ™ in the tnrd meaning.  Now, as the same
name 15 thus ofien used, both for the paich end for
somathing which undoubtedly i3 mental, or is & complex,
invalving a mental factor, it s oot surprising that some
people should have been inclined to think that the red
patch is itslf mental. For is it not a “‘sensation ™7
And is pot a senmbion 3 mental state?  This is, of
course, mere vertal confusign, and need oot trouble
us further. But philosophers who have not falien into
this Fungd Benzum, nnd art of
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senwng, have yet held that sénaa are meowl.  The most
impartant living balder of this view is Professor Stout
{at wny rate be beld it at the time when be wrote che
Inst edition of his Mamwal of Prychology).
Before we can profitably carry the di icn of this
pofnt further, we must clear up the various meanings
which can be attached to the sratemeot **x 15 mentai.”
1) The first distinction that we zaust draw is between
being *'a state of mind " and being “ mind-dependent.™
It is commonly beld {and [ do not here proposs to
question it} that whatever 13 a state of mind is mind-
dependent, z e, that it could not exist except #3 A con-
stituent of 2 mipd, and, in fact, that it could only exast
as 1 congitvent of ckar parircaiar mind, whose state it
ig seid w be. An example would be my belief that
3+a=4 or my desire for my tea.  But it seems perfectly
pasgible that » term might be mind-dependent without
being a smate of anyone's mind.  What would this
mean? 1 think it would mean thar such a term can
only exiyt a3 & consituent of & siadr of muad, bul that
it & not itself a constituent of a wumd. Talke some
admitted statz of mind, such as my perception of oy
table. There is clearly an imporant sense which we
can all recognize, ¢ven though none of uy can defins i,
in which it i3 true t0 say that this perception & a
congtituent of my mind, whilst the table is not 1
should aay that thers was also wn impertant [though
very dilfevent) scnse 1w which it is trun to say that the
table 13 & censtitucnt of my percepnon uf it, 30 ong as
that percepuon lasts. [t s thus guits common for 2
term to be a coastituent of one of my states of mind
without being a constituent {and therefore without being
s state} of my mind. Mow, if ¢hurs are anythiag dike
what they are cammonly supposed to be, they de
owiy eXist ax constituents of smtes of mind, since it is
commonly belleved thar such things go on existing
with Hule or »0 change of quality when we cease tn
perstive thess. But, just as atates of mind can oniy
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exist a5 constituents of minds, o there sagks be termsg
which an smfy exist as constivaents of sates of mind,
Such terms would be mind-Gependent withaut heing
states of mind. 1f Berkelty's famous saying that ** the
essance of a seasible obpect is o be perceived " be taken
quite Hierally, it implies that such objects are mind-
dependent, whilst it does not swpdy (though it is, of
course, arsimf wik) the view that they are states
of mind.

(2) Even when this ditingtion hes heen drawn, there
is a possitulity of confamon. We must distinguish &
more and a less radical sense of ** mind-dependence.”
The serse just discussed is the more radical, and may
be teqmed 'f exigtential mind-dependence.” A term that
15 exsstentially mund-dependent, though rot 2 sute of
mind, can only exist a3 a congtituent of & certain state
of tind,  But a term which wag not existentially mind-
dependent, might be to a certain extent ' quabicatively
mind-dependent.” By this [ mean that, although it
can extst and have qualities when it 15 not a constituent
of any state of mind, it might acquire some new gualities
ot alter some of its old qualiies on becoming a con-
stituent of a gtate of mynd. [t 33 certaun thae everything
that at same period in i history becomes a constituent
of any state of mind therehy xcquines at Jeast onc new
guality, viz., that 1t 15 now cognised, or desred, or
shunned, or s0 oo, by that mind. And [ du not sec
any teasen in primciple why these changes of relaton
should not produce changes in the nos - relational
qualities of (he ohject, [f wax melts when brought
into the relation of proximity to a fire, I know no reaton
why scme qualities of an object sheuld not be sdded
or modified when it comes wto the relation of bemg
strsed by a mind.

[3} Some puycholugtm of whom Stout iz one, draw
ak two gorts of states of
mind. They divide them intp acts and non-acts, Anda
state of mind which is not an art they call & preswmsarion.
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I propose to state this distnction in a diferect way,
for reasony which 1 will now expiasin., A lLittle while
ago [ teok my perception of my table as an undoubted
example of a state of mind, And [ i that there wag
no doubt that the mbie lsaeumtlmuntofn. Thtlu,
I took the whole pl [miy petoeivi
—{mable) w9 a stam of mind. What Swut calls an
“act" i ' my percaiving.” Ha calls this a ' state of
mind,” I el §t 2 "conattuent of n state of mind.™
The tahle Is oot & constituent of the state of mind, in
Stout's sense of the word, whilst it is 3 constituent
of the state of mind, In my stnse of the word. In
my terminology the act may be described as the non-
chfective congtituent in & state of mind whose other
conatituant ia s object. An act i3 somethiog which
rannat axist by itself, but can only exist ax & conatitoent
in a complex, whose ather constituent {3 its object.
And it is, of course, the characterigtically menta! factor
in such a complex, sinen the other constitueot may
[thomgh it need not) be non-mental. My reason far
calling the whale complex Fact. I.III‘I not the act fteelf,
a state of mind, is the fll e
agmt.buthmmsnchlhingsmmmo{mmd.
And practicalty everyooe agroes that tho pheass *F my
perceptioe of ithe table” deseribes something ceml-
But people differ grestly as w the right mnatysiy of
thig fagt, and the notion of "act" is comnecied with
cap ypecial mode of woplysis which wounld not bm
accepted by everyope, It therefore seems better o give
the name “‘state of mind” 1o the faot which everyone
admits to exist, a2nd not © a supposed constituent,
which some peopls deny to ba pragent in ir
§t i quite easy to restate the distinction which Stout
bas In rind in terms of my phrastology, Some mental
gtatas can be analysed into wn act directed on an object.
Theae are nen-presentational states of mind. Others
cannot be analysed jotn act nnd object. These are pre-
1 A pan-p state may ocntuio 4
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presentation a1 ohject.  For instance, » feeling of tonth-
athe would be a presentation no Stout’s view. For,
acranding ta bim, it 2 mental wnd is st analymble inte
an net of sensing and u * toothachy ™ object; it is just
a ''poothachy " state of mind. Now, if 1 were to intro-
spect my mlw:he, in order to deserbe it ln my
dentist, my pection would be »
muau] mwhm abjeet is 5 pmn:numnn ﬁ'x mla.l
ltg an act of i d on
mnmmhnchy feelmg' Thspalwpnm of a chair woald
be o of a non | mental state,
whoae olgux is not 2 pnv.wnuuon because not mental,
We are now n a beiter position to deal with the
questinn : * Arc sensa mental #"  This might mean (1}
Are they acts? (2] Are they sties of mind analysable
inte act and obpect? (3) Are they peesantations ¥ (4) Are
they existentially mind-dependent, though not staces of
wmind? (5) Are they 1o some cxient qualitatvely mind-
dependent, though aot existentially mind-Gependent?
No one has ever suggested that sensa are arty or
that they are states of mind analysable into art wnd
object. A red patch sénsed by me when | look at a
prllar-bax 1s an example of a sewsum. [t is plausible
o hold that the whole fact iiowrt as *' my sensation of
rhe red patch * 13 2 state of mind, analyssble into xct of
sunsing and red patch sensed.  But there would be no
plrusibility in bolding that the ned parch itself was an
act, or that it was atseli divisible inta ach and cbject.
Thus, if senss be states of mind at all, they must be
presentatipny.  Naw, there sre iwo very dilferent views
included under the thal sensa are preseota-
tivax The firyt would deny the analysis of ““my
senmatian af red pach” inta mct af sensiag and red
gsensum. [t would treat the whole thing az an un-
analysable state ol mund, and therefoce ax a preseniziion.
Thiz wiew would hold that there is no neal distinetion
between scn and sensalions. Lt would say thar
“seasation of red patch™ ol patch senwd,” and
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is a presentation.* The second view would admit that
in my snsavon of red we ¢an distoguish my sct ol
sensing and the rod patch scozed ; bat it would hold
that the red patch is itself a state of mind, and, beng
indivisible into act and cbject, is & presentation. I do
aot think that moat philosophers bave very clearly
distunguished these two varisties of thg presentational

of senza. M y those p p who
have pted the lysis of B into acts of
senging and sensa, md have aszerted that sensa are
mental, have seldom clearty distinguiched the clterns.
tives that senss are presentabions and that sensa are
mlnd-depelllient mdwm being Etates of mind. Am]
Instly, the d | and quali
mind-depandence bas not alwaya beon clearly setn. So
that there is B very pretty mess for us to wipe up as
weil as we can.

(1) Are Semsatrons omelyzadle mie Aet of Semsvng and
Smsame # The mosi plaumble argument aganst this
analysis would seem 1o b= the following: If we
consider the warious experis called * "
wt scem to be able to arrange them in an onder,
starung with those of sight, passing through those of
taste and smell, and ending with bodily senastions, like
headache. Now, as regards the top members of the
series, the anglysis inta act of sensing and cbject sensad
soems prety clear, A sensation of red seems cleary to
mean & state of mind with # red object, and not o mean
a red state of mind.

If we now pasy tu the ather und af the series the
oppusite seems (o be true, 1t is by no means obvious
that a ion of headache i an act of sensing
and n “headachy ™ object on the contrary, it seems
un the whole more plausible to descripe the whels
capericner &5 a ‘“headachy * stete of mind. In fac
the dwtincuon of act and ohject seems here to have

* Chis oreml B e Sroun's view 10 the S o Prrokelgr, but T muy
e mrartn prevumg bun
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vanished ; and, as there is cleaarly semstivnge mental in
Eeeling & headache, just as there s Ja zensing a red
patch, it seems plausible to hold that » sensawon of
beadache is an unanalysable mental Eact, within which
ng digtinction of act and object can be found.

Now this contrast hetween the top and the botiom
members of the series would nol greatly matter, wert
it nat for the fact that the two kinds of sensation seem
to melt insensibiy into each gther at the middle of the
serimn. It is about equally plausible to analyse a
sensation of & swest taste intpan act of sensing and &
&weet sensum, or bo treat it 29 an unanadysable mental
facl, baving no object, but possesmng the property of
aweetness. Commoo speech recognises these distine-
tions. We mlk of a sensation of red, but never of a
feeling of el or of & red feeling. On the other hand,
we talk indiﬂ'crendycxfa sansabon of headache, a fecling
of headache, a k snd a hesdach
feeling- The English uJIs of a sensation of sme.ll,
whereas the Scots more usually speak of *feeling”
amell, Now seosanions of smell are just on the border\-
line herwesn the rwo kinds of sensation, The rule is
that, when z ssnsuous experience seems clearly o
invalve act and ohject, 1t is called a sensation and never
3 feeling ; when it ixdoubtful whether any such analysis
can be apphed, it is czlled indifferently & feeling or a
sention.

Now the fact that all these experiences are classed
together ax sensations, and thar the two kinds mels into
each other wt the middle of the series, naturally tempts
men bo trent them all alike. I we do this, we must
hold either o) that it 1= 3 mismke to think that a
sensation of red e be analysed into an act of sensing
and a red seoaum ; or (S) that it is a mismke to think
that a of hesdarhe consas be anulysed :nto ao
act of senxing and u beadachy sensum. The former
alternative malkes sensation and sensum fadl together
into » mngle peculiar state. even in the case of sght;
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and, since the i 22 & whols inly in muntal,
we have 1o say that 2 seomtion of red=u red seasum =
a feeling or presentmation which is red. The sscoad
altemative is that which is taken by Reslists, lie
Professars Laind and Alexander.

Mow it iz evident that, if you inzixt nn umng- nll
experiences which ave called !* panastions™ in the mme
Imy, it |s anhewdnnﬂy as reasanable to take llle Luird-

us the P

You might argue: ' It i obvious that a seosation of
red involves un act of sensing and & red sensum, x0 2
sensation of headache must involve an act of sensiag
and & headachy sensum.” Thus the mene fact that
sensations can be arranged in a series, such as I have
described, does not sperady favour the poentationise
wiew ; since exaciiy the same type of srgument, stwrting
from the other tod of the series, would lead te exactly
the opposte conelusion. Thert are just two remarks that
sttr to e worth making at this pomt

fo) I do not End either the realist or the preséntationist
view very saiisfaciory as a comptete account of sll the
experiences which are called " sensatipna” But, if [
were fproad 1o take ona alternative or the ather, 1 shoukl
prefer the former. [t seems to me much mare certain
that, in = sensaton of red, [ cow distivguish the med
patch nod the st of aunﬂng it lhln that, in n stnsation
of healache, I camwor & headachy ohyect and
an act of genaing it. {# [ thnk, howeser, that there is
no need to insist oo the realist analysis of bodity feelings
in order to deal with the question whetber attaations
be analysable inte act of senmng and seagum. [t seems
to me that the aimplest nod least doubtful way of treating
the whale question caiscd By the secies of sensations i
the fellowlag: The word ' sensation,” as commonly
wsed, is defined, not by direct inspection, but by causa-
tian.  We say thar we are having a sansation, if our
taim of mond is the i to the stimul

uon of u nerve.  Now, since seusations are not defioed
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poychalogically through their intringic properties, bt
physinlogically through their bodily astecedents, it is
nucely wery Likely that they may imclude two vecy
different kinds ol experience, cne of which can and the
other cunnot be amlysed Into act of seasing and seszum,
These might be called respoctively * true sensations
and *'bodily feelings™ The meee fact that both are
aften milled ** sensatinns " i3 surely a very poor ceason
for insisting that the structure of both must be the same.
1t is true indeed that there are marginal cases of which
it in very difficult to say into which class they fall. But
this ought not to make us slur over the plain intro-
apective difference betwzen ihe top and the bottom
members of the series. The top ones at least do seem
quite cleatly to involve acts of sensing widd sensa on
which these acty zre directed. [t does seem clear thar,
when | have 2 sensation of a red triaagular patch, some
things are true of the patch itself (e, that it is red and
triangular) which it 13 very dificult to beliove to be true
of my sensation of the tod patch.  If so, it s=erms neces-
sary to hold that the sensation and the schsum are not
identical ; ikat the seasum & an objective comstituent
of the sensation ; and that there is another constituen
which 18 oot objective and may be ealled ‘' the act of
sensing.” Iate the question whether thiy latter fuctor
is cagmble of further analysis, and, §f so, what the right
analysit of It rmay be, it is fortunately not acceasary to
g0 For our present purposss,

I coaclude, thez, that some sensations at least are
analysable into act of peosing and wensum, and there-
fore that we caongt argoe that sensum = genmaticn =
i presentation,

{3} Asx Semea, thowgh diriinct from Sexrations, them-
sefvws Presostatiome?  Theugh seusations are not pre-
sentations but contain objects, which are sensa, it is
perfectly poasible char rhese objects might themselves
be presentations.  To prove that senss sre presentations,
it woulkd be necemary to prove that they are sisies of
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mmd And l.his !nvolves proving (s} that they are
d and (¥ that they are
constituents of minds and not mecely of contain states
of mind. Obviously it might be possible (o prove the
first, even if it were not posmbie to prove the gecand, of
these propositions. 1 do not knuw of any reasonubly
plausible argument w prove that sensa gre not merely
mind-drpendent, but ame alsa staten of mind, gnoe you
atrrpt the view that sensa must be disungwished from
senzations.  Inderd, the asserbion would be open to
the same king of objection which we made to the view
that seose 2nd sensations can be wentified. On enher
view somethung is saxd to be a state of mind, though it
posstrses propertes which it (s very difficult to ascribe
o states of mund. I a sensum be a state of mind, then
there arg states af mied which zre literslly red or round
or bot or [oud or trangular, and s on. | have no
difficulty in belicving that many simies of mind comtars
such lemos ax otgects, but 1 do find it very dufficull to
beliee that any state of mind actually 2 a term of this
sort. Vet the latier 13 implied by the suarement that
SEnEA are presentaions, just as much & by the state-
ment that sensationg are preg=ntationg,  In fagl, the
reasons which forced uy to distinguish sensations from
zenss, and to regand the latter ay objects contaned in
the fermer, tqually forbid us to treat senea themselves
as states of mind.  This objtcton may, of course, be a
mere prejudice ; but it & worth while to pont out that
the view that sensa are preseatations dves hgically
imply the very paradoxizal propositions (hat same states
of mond are literully hot or red or rgund, for most
phnlunuph:rs whn have held the view onder discuston
led this from them-
selvu and llmir readers. | shall therefure mject the
view that sensa are yiates of mind, unbl someone pro-
docen mugh berr reasons than anyone hns yet done
for belioving such an
These m, huwerar, guite plnnxlh.l.c ugum:nis o
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prove that sensa are existenually mind-dependent, though
oot atates of mind,  That ia to say, thal, although sensa-
nianyg sre analysable into act and sensum, and 1he stnsum
must therefore be distinguished both frem the sensation
and from the act of senziag, which s the oiber facter in
the sensation, yet these two [actors are oot mpable of
existing separately fram ench uther. No act of sensing
without some sensuss on which it is directed, and no
sensum without an act of gensing directed upon it. The
arguments for this view are three : (&) The privacy and
variability of stoza ; (#) the snalogy between senea and
bodily feelings ; and {¢) the analegy berween sensa and
so-cailed '* mental images.”

(9] We notige at gnee that sensa have some of the
characterisues of physical objects ard some of thow of
mental stales. (o the gne hand, they are extended, and
have shepes, mzeq, calpurs, temperatures, ste. On the
ather hand, they do weem 1o be private 1o each observer ;
and thas, it will be remembered, iz one of the chief marks
of the mental a3 disunct from the physizal. It is mt
least doubtiul whether two people, who say that they are
ptreeiving the same object, are ever sensing the same
Bensutn Of éven two precsely similac senta.  This does
Suggest that sénsa ara mental—at any rale in the sense
of being mind-dependent.

If, howsver, we logk more closely, we sec that this
conclusion does not necegsarily follow. The facts are
on the whole much better explained by supposing that
the sensa which & man senses wre partly dependent on
the posftion, interoal states, and strocture of has bady.
Sunce no two men's bodies can be in precissly the sames
place at precisely the same Hme, it is Aot surprising that
the senza of the 1wo men should differ,  And, since the
inlernai states and the minute structurs of np twa loving
bodiey are exactly alike, it is stil] less surpnsing. Now
thiy not only ar well for most of
the facts us the view that seosa are mizd-dopendent ; it
Accounty a grear deal better for same of tha mont striking
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of the facts, The orderly wariatioa in the shapes of
visual sensa, as we move about, is intelitgible if we
suppose that the sensa which we ssnse are msily con-
ditioned by the pasitions of our bodies  The axsumption
that they depend on our minds gives no explanation
whaterer of such fucts.

There 15, however, & bettar form of this argument,
which hays, 1 think, besn somewhat neglected by peonle
who want to bold that sensa ant setwr mind-dependent
to any degree. It does seem to me undeniable that in
oertain cawes, and to o cerain extent, cur past experi-
ences and our pregent experiptions affect ibe actual
properties of the sanga that we aanse, and do not merely
aliect the fudgments about physical cbpects which we
base upon sensi.  We shall go intg this pent 1o some
detail in a later chRpiar; st present [ will jost llustrace
my meaning by two examples.

When | lock at the " smircase figure,” which js
given in most p gy text-books a5 an i of
ambignous figuares, it seems to me thar it actually lacks
sensibly difierent from time o ome.  lis sensible
appearance changes ' with a click,” as 1 Jook at it, from
that of & staircase b that of an overhanging cornice.
“This change tends to ke place as [ concentrate my mind
ontheldeanflhgmormmnofdleoﬂm' Mow,
un the present of swh
w change 25 this invoives an actual quahun\'! change
in tbe sensum, So far is it from being & mere change
in the judgments which [ happer to base on one and
tht sam sensum, that the direction of my thoughts

changes Arst and i the condition of the changt in the
sensible appeacance.

Again, when [ tam #ty bead, the visusl sensa &re not
as & rule affected with any sensible movement. IFf,
however, [ put my glssses a little vut of focus o Took
through a windew mwade of irregularly thick glags,
and then turn my head, the seom do ssnsbly move,
Whether they move or keep sull seams to depand on
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my past experiences and my preseat mpectations about
pbysical objects, The whole peychology of wison is
full of such cases, some of them of & highly complex
kind,

Naw, nfmmm.tbmmmplnsdommgguﬂora
moment that senss are exi dly mind - dey
bt chey do srongly suggest that they are to same
extent qualitatively mind-dependent.  And it cannot be
nidbem,umﬂm, ples, that rek
1o the mind givea na belp in explaining the facts. Here
the boot ia rather on the cther foot.  No doubt the facts
just meationed could v shery be accounted for by
referring to the past histary of the dady, in addition
to its present state and position. £, we could alk
learnedly about the traces left on our braing and nervouns
systems by the past experiences, and could sy that
they are amomg the conditions of our sensa.  But this
wonld a0t belp os to explain any concrete characteristic
of our sensd in any paruculer case.  For the plain faet
1, that we do often Imow what relevant sxperiences we
o others have had, whilt we know nothing whatever
in detail abont traces in the braia and nervous system.
S0 here a ceference to mmfsf conditions really does
explain concrete facts, whilss a reference to dadily con-
ditions does not  We shall have to return 10 this point
at & much later 3

{3) We hawve mlrtady naticed the acrngement of
" gonsations™ in a scale from seasations of colour and
sound to bodily feelicgs. We saw thar this might be
uged 25 an argument ta prove thet sven senmtions of
colour and sgund are presentations, or squally aa an
srgument t prove that even senpations of headuche
arp divisible into act and abject. Suppost we take th
Intter alwrmative, which, ay [ have mid, sé¢ms to mc
to be the moce plausibhle of the two, thongh 1 do ma
think that the incis mpdnnlnnduptuiﬂm Itis
then passible ta prod n fairy plansibl
the view that sonsm mre ecistentially mi.nd-dnpandnt.




abs SCIENTIFIC YHOUGHT

Tlle argument would rua as fallows : ** Granted that
of § can be lysed into act of

mﬂng and headachy sensum, it in surely obvious that
the lager, from its very naturs, could not exiat without
the foemer.  An uofeit headache |a surely a mere Cwding.
Now, if this be trus of hesdachy sensa, does not the
wery conbinuity of the series of sénasticns on which you
have been insisting male it lkely o be true of red
sensa, and indeed of all sensa? [f 30, senza will be
fromn thelr very hature ex Hy mind-d d
and pable of exising save a3 objecli i
of sensanona.”

1 think rhat thiz is quite & plausible argument, but
I de not tusk it conclumive, ‘T'wo guestions coulé be
asked aboul il (a] bupposmg it to be true that an
unielt headache is 1 does the i al
the series of experences called "sensluons.“ Jusufy us
in extending this cooclusion to all sens, and, in par-
ticular, to those of mghr and hearing ¥ Secondly (8),
15 1t really true thal an uofell headache is inconceivable ?
(o) Ta the first question [ answer hat, 45 a matter of
fart, 1 do nor find the sl.{glms: intrinsic difficulty in

g the d md patches or

unsnnsed. mm. whilst | dn Enda eunsmleﬂhledlﬁculty
in g the of andelt headach 1 do
nat think tlllt. it is mbe to neject this pl.lln dlfl'erenc.e on
the g da of & mere arg from

m]mmom, 1 thick [ can see why it seems so
difficult o it of the exi of unfelt headach
and can see that this difficulty is not really conclusive.
Our main isecest in bodily fechngs is that they are
pleasant or painful ; sensations of sight are, as a rule,
iotnosically neutral, o ocarly so. Now 1 am quite
prepared to believe that an object has to be cogaised
by us in ocder to be plausant ar painful o us. Foeit
seem3y (0 me that the pleasantness or painfulness of
anything 1s {or, at any rate, depends upon) my recog-
nising it and @king up a certain actitile of liking or
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dislildog to it. L might, therefore, be perfecily true
that an unielt beadache would nol De o darr, just a2 an
unromcried woman 3% not a wie. Since we are mainly
interested ia beadaches as pains, we are inclined to
think that an unfelt headache would be metkemy, when
the truth mexely 15 that it would not be o pww.  This
would be comparable te the mistalee which a Bostdcal
adourer of matrimony would make if he ignored the
existence of ali spinsters because chey were oot wives.
§, therelore, am not eonvinced that, o a Reling of head-
ache bea genuine sensanon and nol 2 ment preseactation,
the beadachy sensum which it conwains could not exist
unsensed.  Sob lesy could [ extend this view o might
and sound sensa.

{f The third argument for lhlnkmg that senka are

P of - [ ded om their
resemblance to "menul tmages,” whose wery name
implies that they are communly supposed to be pxasten-
tiatly mind-dependent, of noc actyally states of mund.
The bl miust be ad. i, thowgh i ol
cases Lhere seems to be some intringic difficrenee whick
10 IS eany o recoymige but hard {0 descche. But it
s¢ems v me doublful whether images arc existenimily
mungd-dependent. 1 do not see any very obvicus reason
why there should not be **unimmaged " images. It is,
of course, perfectly truc that mages are to & much
greater extznt quahtatively mind-dependent than are
senga,  Most, if not all, of them depend on our past
expersences ; and many of them depend in part op our
present volions, Voluntry images do, no doubt,
depend on aur minds, i the scose that they would oot
be imaged here and now, i we did not e them.  But
vaactly the same iy trye of many things, which no ooe
would thick of callng existenbally mind-Gependect.
Most chemical reactipns that mke place in & Jaboratory
wiuld never have happenad if someont hadg not deliber-
ately mixed the reagents in 4 fask and heated the
latear aver a flame. No one supposas that this renders
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Such igny in any imp nense inind-h i
Thoy ﬂ:nhﬁthnmanmugsmvulumm
irrelevant my che present

'.l‘hnothu—pnmt,tlmﬂl I.nngulhnuu mnw
image are in pnt in their by
our past ix more lmp. 1t muet be
counted along witk the fact, ziready admitted, that many
sensa are to some extent qualitatively mind-dependent.
Here, as heiore, we can, # we like, substitute a reference
o traces in our beains and nervous systems.  Hue here,
too, the liouhl remales whether th:l lnnd. af e:pknlmn
i olti of much p in view
afdm fact thn.t we uhen Enow dltectly wlm. our relevant

past experiences are, whilst the traces, stc., of the
pliysiclogist mre purely bhypathenal bodily i
of these. Further treatment of this subject must be
deferred il we face the problem of the part played
by our awn bodies in sensation aod imaginution.

1 =il mree try to sum up the results of thus rather
long and complex discossion on the relation of sensa
to miods and theis states, The senpum theory iz
hound up with a special view as to the right analysis
of the kind af fact which in destribed by soch phrases
As "oy stosation of £.” Tt halds that thig is complex,
and that within it there can be distinguished twn fagtors
=t itself, which is the genpum and is an ochject, wnd
a suhjectiva factor, which is called the " act of sosing."”
The latter may, of courss, ba capabie of ferther wnalysis,
such, v, &5 Runsell ateempts in his Awalysis of Mand
or it may be (or contmin} 3 peculiar unanalymable
relation, Now, thewe is also a theory which refuses to
analyse "'my senmition of #" in this way. It holds
that the whole thing is unanalyzsbla into act and ohiect.
On auch & view the disiinction tetween sensom and

ishes ; and the i which muy he
called indifferendy by eicher nnme, is @ mental state of
the kind called prosemtations. This view is supported
by reierence to bodily feelings, and by az argument
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feom the coatinuity between them mod the higher
sensations. As aguinst this we ponted out (@) that
thece is just a8 good reasan to usc the argument from

ity in the d jon ; and (#) that very
possibly, in spite of the coatloulty, there is a rceal
difference in nature between ganuine ssomtions and
bodily felings. In farcur of the view thet gemuine
sensations are agalymble into act and object, we pointed
out that there Seems to bt a plain difference berween a
red patch senged by me and the total fact described as
" my s=nsation of 3 red patch.”  And we suggested that
those who sefuse to make this analysis ant forced to
the very paradoxical conclusion that there are siapes of
mind which are literally red, round, hot, Joud, etc.

The next poiot was this.  Assuming that sensations
ane analysable into act of seosing and senyum, we
raised (e question whether aensa are states of mind,
of, if not, whether they ane existentinlly mind-dependent.
We agreed that, if they art states of mind at all, they
must be prosentations.  But we found no positive remson
Jor thinking that they are states of mind, and much the
same retsons ggamst that view s led us to hald that
Sensatinns art analysable into act and seosum,

We then discussed three mort o iess plausible
arguments to show that seosa are existenually mind-
dapendent, a.¢., that they cunnot exist excopt as objective
coogtituents of sensations.  We smw no intrinsit fmasoo
why coloured patches vr soises shoukl not be capable
of mishng unsensed. Aod we refused to be moved
from this view by an argument fram continuity with
bodily feclings. For we were far from: sure whether
bodily feelings really arc analysable into act of sensing
and sensum ; and we suggested that, even if they be,
it is by no meana cormin thas their sensp could om
exist unsensed.  We tned to show why this was fhegds
to be obvious, asd o show that 1t is not really so.

The twd remaining argumants scemed o us o show
that sensa Ar¢ partly dependent om the positinn, mc.,
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af the dedy, but they did not have any tendency te show
that they are sdevnaliy dependent on the swd.  Still,
somw of the facts adduced did mither strongly suggesl
that sense awvd, @ feréer, images, are 1o some expeat
gwalriativorly mind-dependent. We thought that this
reference oo the mind eefgd? be removed by extending
the bodily conditions, s0 z& to include physiclogical
wraces and dispositions.  Bul, in view of the wholly
hypothetical character of these, we were oot prepared
st this stage to deny thnt sensa and images might be
D Some exent q And
there wa leawn the matter, ] we dn] more Fully with
the part played by the human body i sease-percepton.

We have scen that the wholt guestion is highly
complex, and that the arguments for the view that sensa
are mental are By ne means lacking in plausipiny. We
akall not thevefore be tempred te think that everyone
who has been persusded by them must be either a
knave or & fool.  Sowme of those whoe call themselves
New KRealrtz Dave been 150 much inclined to ke this
attitude ; and, on one reader at least, they have produced
the impression of being rather affengively *“at eaxge in
Zion."

(i) Wawr ars Benus relatad te Fhysiesl Ohjsetrt—
We can now tum tm the second question which we
raised abour senma.  The plain man doex nat clearly
distinguish between physical objests and sensa, and
thersfore feels no pacticular diffculty about their mutus]
relations. We first come o recognise senr as distinct
&nmphymlob)emhyrdmmgm!hefac:uf

PP wnd the b It and
the d of physical reality. Bat once
the existence uf nensa bas been clearly recognised, the
problem of their relation ta the physical world becomey
pressing.  We all believe in a world of physial obyects,
and profess 1o have & great deal of detailed knowledge
shout it Now this workl of physical objects imakeg
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ts exlmm:e azd It detailed nature khuwn to us oy
the P which it to us. And,
on the sensum theory, these appearances Are s&nsa
Seuss are therefore in some way the rode
of the physical wesld, whilst the physical workl i in
some way the s soemdi of sensa.  Qur problem
therefore divides into an epistemological and an onto-
logical one. The twn problems wre not ultimately
independent, but it iz useful to state them separately,
(1) How far is it tue that our beliefs about the
physical world depend on our scosa? Before w2 can
angwer this, we must draw some distinctions ameng
our beliefs. First, therm is our belicf that there s a
physicel warld of sowve kind. This, as we have seen,
ml'nlm nt least the beiief thet there are thingy -h.lch
which bine many guali
.md which permst and ioteract at times when they are
not Appearing tn our senses Thnse we may call
of the physical world, since they
are part of what we menn by " physieal,” Then there
is the peliaf that thest objects bave spatial or quagi-
spatinl characteristics. This muy slmpat be called
constimtive, but it is B shade lest fundamentl than
the firnt get of properties.  Lastly, there are what might
be ciled ewprnesd beliels sbout the physical world,
‘Thesa are beliafs about points of detail, eg, that 3ome
things are red, and that there is now a red Auted lamp-
shade 12 my ropma.
Now 1 have nirtady asserted that it is flse paycho-
luglﬂlly to say that we, in fct, reach our percepiual
about the exi and propertiag of physical
abpctu by a process of inference from our stoss and
their properting.  Further, it I false logimily w soppose
that the sxisisms of o physical world in gentral could
be inferred from the existence of our sensa, or from
anything that we know about their istrinkic properties
ot thelr mutual il 1 supg that the exi:
of senna is & y condition, but it Is inly not
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a sufficient pondltion, of my belief In the existence of
the physical world. If there were no sensible appear-
afices 1 me, | suppose that T should not judge there Lo
e any physical reality. But, on the other hand, there
is nothlag in my senia 1o force me logically to the
conclusion that there must be something beyond them,

having the 1 prop of physical objects.
The belief that our sensa are appeamnces of something
mare and ban th zeems
o be primitive, and to arige ineviably in us with the

sensing of the sensa. [t i3 not reached by inference,
apd could not logically be justibed by infarence, On
the other band, there is ne possibility of either refurving
it Jogicaily, or of gerting rid of it, oe—50 far a5 | can
see—of co-prdinating the facts without it

There are groupings among my own sensa and
correlations betwren my sensa and those of otbers
which fit in extremely well with the belief in & physical
workl of which all the sensa are 50 many appearances.
It might be held that this at least forms the basis of
a logical argument 1n inverse probabdity, to show that
the belief in tha physical warld is highly probable.
But the snag here 1 thar all such argumens poly
serve 1o multiply the anwoedent prebabillity of a pra-
position, and, unless we have reason o suppose that
this protubility amrts with a finite magnitadr, they lead
ux nowhere. Now, ahthough I do not know of uny
teascn antecedently against the exigtence of 2 physical
world, T zlsc know of no sntecedent reason for it. So
its antecedent probability seems guite indeterminate,
uniess we are prepared to bold that the Gt that
everybody does in practice bedieve it, is a ground for
ascribing & fnite anmeedent prababilicy to it. It saemy
to me that the belief that there is & phyvica) world i
logically in much the smn position a5 those assnmp-
ticna shout the constitution of the exigtent an which all
inductive proots of special lawa of nature rest. M these
assumptions start with a finite anteceden: probebiicy,
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their snoceas justifiss uz in ascribiog = bigh final peob-
ability to them. But do they buve a fioite antecedent
probability ¥ W tan say of them, as of the bellef ln &
physical world, that we all do believe them in practice,
that there is no positive reason against them, snd that
we cannot get oo without assuming them,  But, having
said g0 much, we shall do wisely to change the subject
and mlk about the weather,

We shall not thea attempt to grote the existence of
& world of entities having the conatitutive properties of
physical objects ; for, if this can be done, I at any rate
do mat know how tm do it But we shall point out those
Ity about our genzx and their gmnpmga which speelally
fit in with the wiew that *nse are various partial and
feeting apy of relativel undd inde-
pendent things. That is, we shnll oy to indicate those
facts about aur sensa which wewld give a high Gnal
probability to the belicf in a physical workl, growidar it
had a finite antecedent probebulity. This wilt be gur
mzin task in the next two chapeers, which deal with
the spatizl and temporal chamcteristics of senxa and of
physical gbjocts and events. The first of thess chapters
will be conzerned with the facts about pur sefsm which
fie in with the view that they are sppeamances of objecta
which combioe many propertes, and which can be per-
geived by many different observers at the sasme time.
The secand will be conctorned with the facts about our
sanaa which &t in with the riew that they ace relativaly
fleeting appesrances of more permanent things and

Mow, assuming that there is a world of enduring
and independent thinga, there is stll room for wide
differences. offopu n as to the kind of whole that it
Forms, the way in which it is divided into party, and the
various empirical qualities which thes: parts possess.
Common-sense gnd science are agreed that it i3 in some
sense & spatinl whple, whose parts have various shapes,
siges and positions, and are capable of moving about
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within the whole. This alleged spatial character of the
physical world may be calted * semi-congtitutive " for,
as 1 have said, we hardly admit that & world of non-
gpatial entities wuld deserve to be clled * physical,™
even though it were persistent; independent of us, and
many-qualitied. Now, it is clear that ail the spatial
characteristics which we aseribe to the physical world
art based, both in general guthne and in detail, on the
spatiml characteristics of our scosa.  Momover, 1 think
it can be rendered fughly probable chat, if there be a
physical world at all, and our sensa e appearances of i,
thesn that world is quasespatial. The importance and
complexity of this subject seem to justify the kength
of the next chapter, in which 1 have treated it to lhe
best of my abilicy.

When we come to the purely empirical quahties of
the physical world thers is a sharp gifference of apinion

science and . The latter ascribes
qualities, Tike calour, P e, o p
objects, whilst the former refusss to do so. [n dis-
cussing this matter the partizsl dependence of s=nsa on
what goeg on ingide the hody of the observer becomeg
of great i and the duding chapter has
‘been devated to this problem.

{2) This last question leads in the most natural way
to the ontological problem as to the statuz of stosa in
the existent world.  There is a world of physical objects
nnd g warld of sen=. [n some way the larer seems to
be dependent on the former.  But both are parts of the
whole of existent reality. How zre the two related ¥
This iz a problem which commaon-sense ignores, because
it doss not definitely distinguish batwesn sensa and
physical chiscts. Science also ignores it, because,
although in theary it makes an equivalent distinction,
it uses it slmply a5 an excuse for ignoring sensa and

g on physical ohjrects and [ This
is a perfectly Jegiti d ﬁurthn&'paclll
purpost which optural sanez has in view, but it Iy nat
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itde to the h Hiz wholt husi: in
mdrag auch skeletona l'mm the cupboards in which it
bax been found convenient to shelve them, and o give
them their right. place ia the whole scheme of things.
Now the logical and the logical probl

about sensa -nd ibeiz relations o phys\ﬂl olue\:ts are
connected in the fllowing way. Our primitive belief
m the existence of a world of relutively permanent,

d d things is ly vague. [t is linle
tore than 2 getoenil scheme, in terms of which the actual
groupings which we find ameong our senza are stated.
Even when we go a step further, and say that the spaml
<haracter and the special groupings of sensa p H
fioree us to think of the pllysu.'.al world as a qua.sl-spmal
whole, containing parts with fairly definite shapes, sizes,
and poyitiong, we still have only & very general, though
much mopre definite,gcheme.  Within this general guesi-
spatizl scheme all kinds of altornative specifications are
possible. We art not Ged down to any specal vicw
ux to the numbar of 1z dimensions.  Again, we are not
tied dowrn to any special vicw a5 to the ' peometry " of
it, when the number of {ts dimensions is settled.  Lastly,
we might put forward dozens of different theories as to
the nature of physical objects, all compatible with the
generat scheme and with the special facts about our
sensa and their pings. It is this varigty
of alternative lh,eones. left open o us by the genernl
concept of apllysiu‘l warld and the special facts about
nur sensa, which gives 2 laginmats hnpe for md:ﬁmt:

B with the problem under di

the scientists and the patrivts brtwetn them du not
destroy civilisation, and with it ell disinterested thinking.
‘With traditional ¥iews sbout the nature of Space, Time,
and Matter, it 15 extremely difficult to fit the world of
sensa and the world of physical abjects together into
» toherent whele. But, once the immense number of
poasible alternatives within the scheme is grasped, the
devising of Lheories of the physical object which shall
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give senda 3 Jovug risxdi in the physical world will bea
winter evening's pastime for symbelic Iegicians. This
sk we shall leave @ those beiter fitted than oursolves
to accomplish jt; we shall b concerned rather with
those facts wbaut our sensa with which any theory of
physical olyjeets must deal.

Tha Criticel Balsatifle Theery —I[ propose now ta
try to state cearly, in tecng of the Sensum dlew)r.
whnappeusmhe dved in the
wiew of physcal ohiscts and their sensible appearances.
Aa scicntists never statc theie own position on this
point ckearly, it 1= necegsary for us te do so for them.
Wea can then see how far the view can be nccepted,
and how far its plaugibility has depended on ity modest
obecurity.

Let us take the old example of 2 boy looking at a
penny.  He believes that 1t 13 quite lieerally round aznd
just as lerally brown, He believes that the browsn
fand, as he thinks, roued) patch which he is sensiog
in quite lterally & part {wiz., the upper side) of the
penny. And he balieves that this, which be now sees,
is the smme ax what he can [feel if he puts aut hus
band. A= he grows up he is probably wld, on the
authonty of ' science,” that the penny 15 not ** meally ™
brown, though it a5 "really” round. The sort af
reagan which he 15 given for this starthng slamement
is {50 far &5 | can remember) that thioga apgear to
have difflersnt coloury in different lights. If be should
study heat and light, he wili be told that the colaur
which he sees depends on vibrabions which strike his
eye, knd that the tempeeature that be fecls depends ca
molecular movements which are going on in the penny,
He siill thinks of the penny as Iiw-a].ly round, and
thinks now of &l sorts of movements going on within
its tour, and 1o big eye amd
his band.  But he no Iongu thinks of the peony as
literully brown or cold. The brewaness and coldness
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arc thought to be ofes which the processes in the
peony peoduoes Dy transaission. The mound shape B
"in" che penny ; the brownness and coldness are not
‘They are efectr which the penny products *'in" his
eve ar his hand or bis brain or his mind He mill
thinks that be litetally seoses the samwe round upper
side of the pesny, both with hizx ayes and with his
kand, but he no longe: thinks that there iy & hmwn
colour or & cald temperaruse literally spread over this
raund guriace.

This, I thiak, is a falr account of what the average
peraon with a scientific training bhelieves on these
mattery ; sa far a5 anything 80 incoherent can be =aid
to be beliewed by soycne. It is perfectly obwicus
that such a view as this cannot stand criticism. It ia
an incongistent mixture of two utterly different theories
uf perception. A regurds spatial lnnhutm, it ketps
tw the parvely realistic view of histi
sense. According te it, the seen mﬂ Eelt shape is not
un affect duced 10 us by ing clse It ia out
there, wher.hzr wt sem it or feel it of not.  Processta in
it simply make us see it ar feel it ucder suinble cir-
cumstances. But, a5 regards colour and temperature,
the scientific theory takes quite a different view. 1tis
n caysal theory. The proctases in the peany do not
make ys 2o a colour or feel a tempermture which ix
alcendy there to be =men or felt  They prodwee the
colour or temperaturm “in us,” to wee n discretely
vague phrase, which may cover our minds, our beaina,
nnd gur ppacial sense-copans.

Now thiy muddied mixture of theories is not con-
sistent with itself or with the facts. [¢ i3 inconsistent
with imelf for the following rmason. When 1 ook at
a penny, the brown colaur chat I =re is seen sproad ont
aver the round contour. Siumifarly with the cold tem-
perature that [ feel. Wa amm asked tp balieve that
there i5 browno#as without shape 'in me,” sod rmound
shape without colour out there wherm the penny is,
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asd yet that iz somec mysteri way, the ahapel
bownness ‘'in roe” is projeeted into the roond eon-
tour of the peney ** out there.” If this be nat nonsense
30 not know what ponsense is. Wea man all ray this
kind of thing, but can we attach any clamr mesniog
to what we are saying ?

Moreover, asz Berkeley long ago pointed out, the
theory only takes accoust of half the facts. Certainly
colours vary with the illumination, the state of our
eyes, and 30 o0, Bur it oaly needs a little careful in-
spection ta gee that vigible shapes also vary with changes
in the medium, and with the position of the observer.
If the farmer fact proves that colours and temperatures
are not *'in the object” hut ' ug,” the laiter should
prove the game thing for wisible shapes, 1t 13 impos-
sible to reconciie the view that the penry iz round, in
the literal sirpightforward sense, with the view that,
when we logk et 1t, we hterally sense visually the upper
surface of 1t, For we sense all sorts of eihplcal patches
from various positions. It ig clesr thay none of thesa
can be idewnicel with Lhe round upper surface of the
penny, and it s equally clear that they are not peres
of 1t 10 the lweral sense ip which the King's head iz a
pary of it

11 w¢ want 1o be consisient then, we pust treat vigual
shape in the same way ks colour and temperature.
What we sense visually 15 & sensum, and the shape
angd the brownness both belong to it If anything be
prodyced *' i us™ by an external olect when we logk
At at, it is nat just the cplour, but ig the whale paich
with its colour and its shape. And, a3 we have seen,
this patch cannot be reganded as being the upper
surface of the external object, or as beng htesally o
part of that yurface, Naor can we any longer hold that
what we sense: by touch is Literally identical with what
we sense by might, and that sight and touch merely
stveal twe difiereat qualities of this one object:  Fer
what we snst wctually i round and of constant sie.
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What we sense visually is not round, except when we
are in that very special set of posivoos from which
we wre anid to be 'looking straight down on™ the
penny. And, even if we confine curselves to this series
of pamtons, the sizes of the various round pstches
which we senase are nat the same for different positions
in the series 1t is therefore clear that the scientific
view necds to be completely restated in terms of the
stnsum theory. And this 13 not eagy, because the
saentific theory assuemed that we reaily were sansing the
contowr of the actual physical ohyect out in space, and
that cur sengabions were due to whet wes going on
within that contour.

As we move about and continug, as we sy, to “ Jook
at the same object,” we are wware of a serics of sehs,
cach haviog shape and colour, and all very much alike
in these mespects.  But ihere arr cormn vanatans
which w¢ commonly vverlook. These strilke ua in
exapperated cams, and can be notived by careful
inspection. in all cases  Moreover, they ere an & rule
reversed when we retrace oor steps.  IF we are going
1o attempt i causal theory of pcrl:e'ptlun We must try
to axplain thiz of T
throughout the serics with shght, regular, and reversibile
vartions between its diffiizent members.  The vxplana-
von that naturally strikes us 15 that the series of senga
dcpcnda on wo scts of canditions One of these it

pet . and for the d
:greemm:ll el’ the members of the senes. The other 15
varisble, and accounts for their miner variatons.

Again, f we feel an object, such as a penny, and
seeanwhile look at it fom varfous points of view, the
serien of predominantly similar, but shghtly variant,
visual sensa is coreelaced with an invarian: tactual yenaum.
‘The shape of the latter is wery much, but not emctly,
ke thoee of mogt of the former. 1t is exactly like thar
of the visual sensa which are sensed from a certain
series of positions. As regards other qualities, there
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is complete difference betweea the visual and the tartusl
srn.  The forneer have colour, but no ‘mmperature or
bardness ; the later bave coldoess and hardoess, but no
colour. Now we bave to expinin this predominsnt
agreement, corebined with mincs differences, betwoen
e shapes of the many visual sensa and the shape of
the cne tactual senzum. And we have to remember
that, as regards cther sensible qualities, the diffezence is
oomplm Hm, again, it seems natural to 3uppose that
there = and Latively p

which for the pred in shape
‘berween the visual nmd tbe tactual sensu. and something
variable that accounts for their minor diferences in
shape. This ather facior seems clearly to be connected
witk the pesition of the sense-organ.  As the cye moves
about, the shape of the vigual senga varims. The shape
of the tactual sensum does not change: but then we
cannot move the hand o 3 digtance and continue to stnat
the tectual sensumn at ull, a5 we can chaoge the plsce
of the eye and atill contioue to see. We may further
suppose that different faciors are needed to determine
such vﬂry different sermble qualn.u:s as colour und tam-

; butiris ppose that, wk

nn:uhcm may be, they a:esubjectwme common
condition which determines the very similar shape of
bath visual and tactual sensa.

Lastly, when we compare notes with other peaple who
aayﬂnlllmym Ioolung &t the same thu:g a5 we are,
we find again a pred their
senisa and oors, bined with minor variad Tt zeemz
remsonable to soppose that there is & st of conditiona,
common to their sensa and ours, which accounts for the

b the two. 1n additipn,
thm must by \rariable factors, one specially connected
with ane ohserver and ancther with ancther observer.
These are responsible for the minor varistions. It
seemy, then, that we have good grounds for supposing
that there are physical objects in the senze of canditiony
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which {a] are common to ng and io others| (§) are
relatively permanent, and, at sny rate, do not G fadls
change when we meve about; snd {/] determine in
some way the attributes of our stnsa, in conjanction
with cther conditions which do vary from person to
person At \be aame time and for the samn person at
different times.

It might be asked st this point by a sceptical reader,
' Why go ontside the series of correlated sensa at all?
Why not b= content 1o take them as o fmct? Why
make them sll depend oo conditicns outside the seriex
of ponam itself?" As 1 hawe mid, this ix & step which
evaryone does take, but which no ane can be logically
ompeiled to take. At present we may say that what
induces us to de this is the fact thet we have reason
to think that physical objects change and act on each
ather when we do not happen to be sensing any sensa
ftem them. We can drop such series of sengm as [
have been describing (ef., by tuming cur beads or
going out of the room), and then by making suitable
movements we can pick it up agaln either whers we left
it, or in & form that is obvicusty w later development of &
course of change whose earlicr stages we notosd bafore
we turned gwwy. It is facts of this kind which (rightdy
orwmglﬂ lnlhe us Isok beyand such series of correlaced
BENSA O it which lie out-
side the secies and cn dewnlop on their own account
when the serwa is interrupted.

Now thege common and relatively permanent con-
diticrs might, for all that we have seen up to the
present, be so uterly unlike the songa that they
condition that it would be misleading to call them
physical abjects. The question therefors at once arises :
"Can we determine anything further about Ihcir
properties, either with i or with
high probabilicy?" 1 do nm thisk that we mld
determine anything further with cerminty, but I do
think thet we might determine something further with
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high probabilicy. 1t is, of course, perfectly true that &
et of conditions—and, moreover, u et which is only
one st of the tom] conditions—of 2 genpum, must not
be wd to ble in its perties the sensum
which it partially determizes. On the other band, it
were equally unreasonable to azsume that the two canwes
resemble each other. Thert can be no inner contra-
diction in the qualities of shape and size, since saa,
at least, certainly have shape and size and certainly
eXist. If such qualities invoived any Xind of internal
ion, no exi h could poue.:s them.
Herce it is p legiti o hyp
ally any Mnt of memblanoe ﬂlat we choore between
nenna ard the permanent part of their otal conditions.
If now we find that, by postulMing certnin qualities in
thew , W& cAn for the
most striking facts mboul our geosa, and thar withont
making this hypothesis we cannot do so, the hype-
thesis in question may reach a very high degree of
prohability.

Now we find that the visusl stnsa of 2 group which
we ascribe to a single physical object are reluted pro-
jectivtly to each other and te the tachual seasum which
we ascribe to the same object 1f we regard their

d as having something
anllogous 10 shape, we can explamn the shapes of the
VAMOUS 3ENSA (N the group as pro]ecmns of the shape
of their If we refuse
to attribute anything lLke shape to the permanent
cooditions, we cannat explain the variations in shape
of the visual senka as the observer moves into different
pasitions. This dou not, ol course, )W that the

and Iy of a
group of sensa do hn\re shape, but it does render the
hypothesis highly plausible. We bare alrtady sten
that jt is a legitimate ene, that there is no reason why
ibese common conditbons should not have shape; we
now 3ee that it is also & plausible one, sioce with it we
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can, and without it we cannct, necount for the varlations
in the shapes of the sensa of the group.

What about the so-called *'secondary qualities,"
tikr colour and temperatore? We know that Descartes,
Locke, and the orthodox natural scientists, bold that we
have no right to macribe them Literally to physical
olgects, whilst Berkeley and many other philosophers
have wrgued that primaries apd secondaries must grand
of fll (und that they, i fact, {all) together. What is
the truth sbout this metter? The first need is W state
the doctrine of primary and secondary qualities in
clear and ineslhgible form. Unguestionably, mlpur
acd tempersture hulnug to oNr Semsa, it ANY rate, in
it same literal way in which shape and size beloug
e tham. What I am immediately aware of when 1
look at a penny stamp 15 a8 indubitably red sa it is
indubrably more or less sguare. Similarly, when I
hold a mund piter of foe in my hand, what I am awam
of is as certnly vald as it is cerminly cound.  Thus,
to say that cclours and temperatures wre *' uoreal,” or
“do not really exst,” is patently false, if this means
thet there 13 watkmg it the Universe of which it is troe
ta zay. " This it Literally red,” oc “ This 1= literally
ld.”  Such statements are true of many seosa, at
any rate, and scnza are pacts of the existing Univezse,

The only substantial guestion is: ** Do colours and
temperatures cver literally belong w physical objects,
or do they beloag literally enfy 1o sensa?”  What the
itntst 18 wying in an extremely muddled way w
do is to assert the physeal reality of shapes and sives,
and 10 deny the phvszad reality of colours, temperatures,
nnises, etc.  Now this view, when clearly siated, comes
to the following : ** Shapes and sizes beloag to physical
objocis in the same fiternl way in which they belong
o sensa, and from the shapes and sizes of yensa we can
generally infer with reasonable certainty thase of that
phiysical obgert of which these sensa are appearances.
Colours, temperatures, etc., belong likerally o sense,
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but they belong to physical objecty enly in a derivative
and Pickwickinn senge,  Therr must, of caurse, be ssme-
thrmy in the permanent conditione of 3 proup of sanea
which wholly or pantly determines the colour or tem-
perature of the latter, But this something is not colour
or woperature.”  We have seen what sont of ground
there in for the positive part of this wjew : is there any
jood reason to believe the negutive part of it?

It is sametimes thought that the physical theories
of light and hext positively grgprove the common-sanse
viow that physical abjects zre Literally coloured or hot.
This is a sheer logical blunder. The physical theory
of light, &g., asserts that, whenever we sence a red
senyym, vibrations of & certain period are striking our
retine.  This does not prove that bodies which emit
vibeatigns of that period are not literally eed, for it
might well be that only bodies which are fiterally red
can emit just these vibrations. The vibrations emight
simply be the means of stimulating us to sense the
red colour, which is literally in the body, whether wa
bappen to sensc §t or not. {1 am cuite ceriain that
thizs simple-minded theory cannot be made o Gt the
extremely complicated facis | but 1t 2 compatible with
the fact that we only become aware of colours when
vibrations of & certain kiod affect our eyes: and there-
fore #hur foor dotd not, a8 is often supposed, refute the
commod-seane view that bodies are literally coloored
and that we actually sense the colours which are on
their surfaces.)

1 think that the negative part of the scentific view
does ¢xpeess an important fact, but that it nesds i be
stated i & much more guarded way. (1} [t is aricw
that, if physical objects possess shape and size st all,
thay must have some other quality, related mp shape and
Eize in the same general kind of way in which mlour
and temperatore are related o the shape and =az of
sensa.  You cannot have extension «f proierae mikd;
you muxt have something that can be speesd out and
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cover an ares or fill x volume. (2] There is no reasan
why these '‘extensible” qualities, which swa? be
present in physical abjects, if they be extended atall,
should not actually b colour end temperature.  Since
senh oeridinly exist, and amm certainly coloured, there
can be no Internal contradiction in the notion of an
uximm c:.nlnur {3} On the other hand, of course, the
of physical objects sved not be
colour or mmpamnre. S0 long as they are gualities
that can cover areas and fill volumes, as colour and
wempemiure da, they mght differ from any quality
that is ever prestmt in pur senm. (4 Whist we found
that the assurnpticn that the permanent coaditions of
groups of scusa bave shape, and that they and our
bodies have position, does help us to predict the shapes
of various seasa jn the group, we do not fnd thae the
ascription of colours or I to these
conditions helps us to predict the colours or tempera-
tures of the =ensa in the group. [t s Jound mere
proftable to correlate the oulrmrs and temperatures of
snnsa with the hypoth of hypothetical
party of their permanent conditions. This doss not
prove, ws has often been thought, that physical chjects
aannet literally bave colours or tempecatures.  Uf course,
i the sensa that we sense cannot heerally be pans of
the surfaces of physical objects, it fellows that the
colours and temperatures of thess sensa cannat Literally
& adexteof wik the colours aond remperatures of
physical objects, even if the inrer have such gualities.
The facts under discussion do show that the bypothesis
that physical objeets liierally have colours and tempera-
tures, though legitimate enough, is not capahle of
empirical verification, and thertfore cannot be asserted
with aoy high probability.

The view wkich I kave been trying to state may
be called the Cravieal Sarmtefc Theary. Tt is simply an
atempt o formufate clearly, in terms of the Sensum
‘Theory of secsible appearance, the wiaw about the ex.
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ternal workd which has beeo et the hack of the scientific
mind since the tUme of Descaries and Locke. In its
originel farm this view wasa saas of inconsistencing, vinoe
it witd oaively realigtic for our perception of shape, sizs,
and position, and held & causal theary for our pm:uptmn
of colour, temp m. This
proved to ba i 1 bl l
ment of the twa kinds of qn]lties, which war.tnllly find.
Moreover, the nuvely realistic part of it proved unten-
able it Gace of the variatioms of viznal shape xnd Fize,
which are obvicus when we view what s regarded as a
Elagle unchanged physical object from varlous positicns.
Thus the anly hope for the seicntific view was o
restate it in & completely cauzal form. A sericus diff-
culty at once arose. The causal part of the old view
presupposed the paively remlistic part  When we were
told thar motions within & cifcular contous at a ceraiz
place in space caused sensatioas of colour ang tempera-
ture **in ug,” we understood this, becaose we thought
thar we Literally sacr and felt thes coatour in this place.
But, a3 30on a3 the theory is made complaely cauml,
ok spatial and non-spatial atiributes beleng primarily
10 the effect produced ' in us™ by something else. [t
then becomes difficull to see that we have any betier
tight o regand this cause as literally endowed with
shape, gize, and posiion, than as literally ¢<adawed with
colour and Yet the fic theories
about the causation of our sensafions of colour, tem-
perature, eic,, are stated in terms which seem to lose ail
meaning uniess the canses of these seosations literally
have shapes, sizes, and positions. The Critical Scientific
“Thveory, usmbyu&hasheenmnnmpllomm
these difficul 1o ek I the disti
primary and dary qualities, and to the
ameunt of value which this distinction can justiy claim,
1 think that the Critical Sclontifit: Theary is intarnaily
consistent, £0 far as it goes; hut I certainly da not
believe that it is uMimately satisfctory. In the first
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place, it continues i um a oumber of phrases whose
meanings are no Jonger obvious when we have given
up the notion that we litcrally sense parts of the sucfares
of physical chjects. It still tlks of penndes being
""round," of & pumber of different peaple at ' the same
time " and the same person at " diferent times™ all
perceiving " thc fame peany ™ from + differant places.™
We must relnterpret all these phrases in twems of our
senst and their relationa before we can hope 1o gec 2
congistent theory. [ shell oy my hand st this very
dificult job in the next theee chapters.

Secondly, our theary uses the phrase that processes
in external physical objects and cur bodies ' joinlly
produre in us™ the sensa by which we become awarn
of them. The phrase ininverted commas eavers a

itftude of bl Do ph I p creabh
sensa out ufnotlnng‘i Oz do tlwy_]m canss us to zanse
now one and now aocther sclection out of 2 mass of
already existing scnsa?  And, on either alteroative,
what is the status of sensa once they have come into
existenca? Da they just emst zlongside of phy=sical
abjects? Do they ever interuct with ¢ach other or pro-
dure effects on the physleal world ¥ Or are they, in some
Pickwickian stnse, parts of physical objects? With seme
of thewe problems I shall try to deal in my last chapter.

The following additional works may be consulied
with advantage .
B A W Russru, Lochoms on i Eviernat Wordd, Lects
IE ppd 1Y
o Anaiyes of Mimd, Lects ¥ oand ¥I1
€. F Srous, Mowwad of Faychoiogy, Be 1L Part 1T Cap
1,and Bk 11

o
5 Ax.nx.nmn. S, Tomr, and Bmly Yol 11 p o124,

o g, . T, al sag
GCE MPWM-
Bankaixy, Prnayplas of Huean Knowiclps.
TDrancanrza, Madiisiscens
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The Positions and Shapes of Seoan and of
Physical Objects

WE have now to dig beneath the assumpticns Mhat are
taritly wade by the Critical Scientific Theory, and to
discover their precise maaning and vaiue. 1n expound-
ing il we talked of a number of people all *looking at
the same peany,” We assumed that there is a certain
place “*seen by all the observers, and that in this
place there is a round physical object. We have now
o ask what is meant by a common place; what is
meant by a physical chiest occupying that place ; and
what 15 meant by calling that ebject round. We shail
find that ail thess questions, which seem so childishly
simple, present great difficulties, and can only be
aaswered in highly Pickwickian senses. They seem
easy, becauss we hahitually confioe ourselves to cases,
which ane indeed of frequent occurrence, and are of
peactical interest, but which roally awe their simplicity
to the existence of specially simple conditions. Thess
conditions are not always fulfilted, and then dificulties
arise. This happens, for instance, with mirmr images
which torn up in places whbere nothing relevant is
golag on.  As a rule, we simply ignore these o wild ™
3ens; but we shall find that the only way o deal fairly
with all the fagts is o base our theory on them, and 1o
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rd “tame™ scnsa ws pwing their tameness to the
fullilment of certain special simplifying conditions,

In dealing with our presenmt problem we shall now
anly be learning somethlog more about the roncapt of
Matter and its appearances ; we shall alse be mmying
the theary of Space a step lurther. In Chapter 1 we
simply tock the common-sense notion of 2 single all-
containing Space for granted ; we have now to consider
the exact cash value of that conception.

[f we want to di the ing of the
that we all see a ctrtain physical object 1n a certamn
place, we must smrt from the spatial characteristics of
our vigual senea.  Unfortunalely, there is a good deal
of disagreement as to what these actually are. Thus
wt are ofien told that we do nat *Ysee” distance or
sohdity ; and this 13 undoubtedly meant to mean that
distance avd soldity are not charactenstics of visual
senga, ax shape and size are. Thiz seems to me to be
a mistake, and the whole matter has become 30 much
confused that our first duty is to try to clear it wp.
This will be rather a long process.

Bpatisl Charasterigtics of the Visoal Fisld —When-
ever ] open my eyes 1 am aware of 4 coloured ficld of
view, which 1 will call a ¢ visual field.” It 1 edmitted
that this is spread out and inernally differeatiated iowr
patches of various shapes and colours. Thesc ame: at
once joined and scparated by a background, which alse
has colour. The middle part af thiz field 15 the most
distinct. 17 1 turn my head a lituc, the ficld chenges
slightly. What is now in the mihdle and most digtinct
differs from what was in the middle of my former field.
But it is extremely Jike something 1hat was alightly ta
one side of the former field and was slightly indistinel.
Conversely, what ix slightly 1o one side of L prewnt
field i+ very much Jike what was iv the middle of -
focmer fiekl and had there maximum disiinctnes.  The
process of turning one's head is, of coumse, MI’M
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with certaio kinesthetic seosations, which last Jonger
und grow moce intense the more the head is tornad.

(a) Firnad Mutiou,—So much, I uppose, ia admitted

everyoze. 1 now want to cal! attention to ocortain
Eacis that have an impormnt beardog on cur present
problem, and are not 5o mmmonly oticed. As a rule,
we et objm hroug’
medium, viz., air, in wh:ch thzy and we are immersad.
Uader these conditiona the slight turning of the head
anly prod thoge changes in dity and distinet-
neys that we have noticed, combined, of course, with the
loss of certain features which were on the exireme cdge
of the first Gold end the guin of others on the opposite
extreme edge of the second. So long a5 the medium
is homogenequs, the turning of the head does ot affect
the visual senza with sensible movement. If, an the
cther band, ore are looking through s bad bt of window
ginzs, or through any optical instrument imperfectly
focused, the sensx in the Seld do visibiy move as we
turn gur heads. What | call " sengible myvement™ 13
s dustioct and irreducible a character of certain sensa
AL certain times ny colour or shape, We notice then
that, under normal conditions of xight, rhe $ENEN in our
visua] Geld may be i d with
though we turn our heady; bu?, a3 s0on a3 the comde
tlona become unusual, a tuen of the head afleets alf the
sensa of the field with sensible movement.

Again, some of the sensa in a field may be afected
with sensible movement though 1 keep iy head sull.
Ay ] write, ] am sitting 2t an open windosr in Trinity,
and looking out at the epposite side of Nevile's Court,
All the points that ! have mentioned are illustreted in
my present visusl field. 1 ean tom my head without
the risual app af the af d being
uffexted with ibl lf 1 look th h the
shut window, which is at the side of my open um. and
is marde of mther irregular glass, [ find that I cannot
tum my head without the visual apperrance of the
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upposite side of the Court jumplng about.  Laxtly, there
arm cortain features in the field, viz., the visunl appesrances
of bedmakers and washerwomen—for it is 2 Seturday—
which sensibly move, even though I kecp my head =il
To thesn cases we must add coe more, which is the
least common in ordinary experience, Sometimes we
find the whole fisld affected with senalble mavement,
though we kesep our heads still. Thie happens if my
epen windaw swingy (o in the breers,

‘The pasition, then, is this: There iz oo doubt that
sensible motion and rest are genuine onanalysable
properhas of visusl sensa. 1 amn amare of them as
dircctly an [ am aware of the redness of a ted patch,
and 1 could no more describe them 1o anyone who had
naver sensed them than 1 could describe the colour of
u pillar-box t0 2 man born bhind.  Now, there are thres
enhrely distinct, but consmntly confused, quastions that
can be asked about a quelity of a sensum.  {1) Do scoza
really bave this quality 7 {z) What conditions must be
fulfilled tn order that sensa with thiz quality may accor?
and (3} What nght have 1 to bast on this quality of
my senza those judgments about physical objects and
their properties which T do in fact base on it?  The fimst

15 absolutely 1nd @ of the other two.
The only way to find ot whe(her 1 sensum does or
does nut have & cermain quality is o inspect the stnsum
itsclf as carefully as possible, The sweond question
belongs partly to physics, partly to physwlogy, and
partly perhaps 1o psychology (if sensa be [o any extent
mind-dependens).  The thud iy 2 question for Critical
Philosophy. Naturlly, the answer to it will dstermine
the interpretation which we put on the answers given
by scientizts to(2).  Conversely, the answer to [3) wiil
have to be such as tn allow for any well-established facty
that the sci Tave di din & {7

Now it & & very common mistake 10 suppose that +f
(a) has to be answered in & certain way it follows that
senza tannot have the quality in question. ‘This fallacy
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seems o me tp have besn committed by those persony
who deny that visual penas have sensible solidity and
pesition.  They srgne that those qualities could oaly
have been acquired through certain past experiences,
asd conclude from this that the gualities in quesuan
cannot now belong to wisual sensa.  This in, of course,
a sheer fallacy ; hut before discusting it in detail for
position und golidity, 1 propoge to deal with the case of
sensshle moboo.  For exactly simtler arguments could
be used to prave that visual sensa do not have scnsible
mation ; and it must surely be cbrious, even to the most
ndnnwd thinker, that some visual sensa do have this
quality.

When 1 lock through a homog due and
turn my head, the stimulus of hght from various objects
moves over my retina; nevertheless, my senza are ool
affected with sensmible motion. When [ look through
& non-homogenzous mediam, and turn my head, the
stimulug moves acrass my retiea; and this ume my
senga ovx affected with seosible motton  Thus the
movement of the stimulus over the mlm may bea

Y, but 18 Iy not a
of the senmble mevement of my visval stnsa When
[ believe that the oitect that [ am looking at 15 the sont
uf object that will not mave (o, the epposite side of
the Court), and when | am seng it under normal

Jitions {f.e., through w b dium) the
sensa keep still, 1o spwe nf the movement of che sEmulus,
provided this movement is caused by the voluntary
turning of my head. Thug it seems to me to be clear
that one cundition which partly determines the present
mution ur rest of my visual sansa is my belicly as tv the
wotion and rest of the chiscts of which these sensa ant
appearancen.  These beliefs must be dus 10 past experi-
ences, not wholly vismal, in connexion with similar
scnsa. They arc prosumably present in the form
of tracts. Under normal drumsantes these traces

Jise the bl which the motioa of
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the stimulus over the reting would itself pmduu Bm,
a3 500n a5 the conditions become ak this

isation {which 15 merely associatlve and insunctive, not
deliberale and rational} Bils to fit the vausual condivons,
and the sensa visibly move.

Tf the above theory Be true, the present motion or
rest of @ sthsurt 1 not entirely determined by anylhing
in the nature of the presect stimulus. The traces left
by past experiences, some of which were not wholly
visual, also co-operate ; and we have what Mr Russell
wlis & case of ‘' mnemic causation.” Yet it is clear
that this makes no difference to the fact that bere and
now visual motion and rest are propertics of visual sensa,
which are " seen,” as truly as shapes and colours, and
which woutd be inexplicable to 2 blind man.

These facts wre typical of visual peroeption, and
render the situation with which we have ta deal highly
eonplex and confusing. On the one hand, we sew
pass fmm lhe visible muolicn or rest of our senma to

about the beh of our bodies,
ol' the medmm. and of the objecz at which we say
that we arc lookang. We could not get 30 much out
of 30 litle if 1t were not that many past experiences
of ourselves and others co-operate with the presenc
visual sensum to form the basis of our perceptual judg-
ments.  But shey de aot only co-cperate to form g
wexfr, The actual pressnt qualities and movements of
our sensa are modified by the races beft by chese past
experlences.  We have thus to deal with a double
process. The experiences of many people {conveyed
to us fmm our sarliest years by speech and corporate
acuon) and many past experiences of our gem, have
helped o produce our present beliefs in the places,
shapes, movements, =te., of physical chpects, and have
heiped to produce our present classification of (hese
into medium, observer's body, object lovked al, cte
Farr possw with this, the traces left by these past experi-
eneen (which expreas themaslves in cansticusness, if
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they da so ut all, a3 expectations and beliefs about
physical objects) co-operate with present stimuli, and
modify the gualities of our sensa. And our present
Judgments about physical objects are, of course, baged
©n our aznas ag thus modifed,

{8} Vereal Sedidey,—Let us pow apply these genemi
principles 10 the debated case of visual solidity and
distance ; and let uy begin with soliday. It seems to
me perfectly clear that, whatevee may bave been true
of my infancy or of my remote ancemors, solidity is mow
a5 genuine a guality of some of my visual sensa as Aat
shape or red colaur. A sphere does feok different
from a circle, just as & circle logks different from an
cllipse. That this i3 due to prst experiences of touch
and past kinmsthetic sensations may very weli be
try= in gne sense, though | think that it i3 certainly
false in another. We must digtinguigh beiween a
general quality, capable of varions specific modifications,
and the particular form of it possessed by = certain
particularssensum. Thus visus! sohdity, on my view,
in = general quality of visual senss, whilst sphendiy is
a garticular form of it, which belongs to some sensa and
nat to others. Now [ can guite well believe that the
parucular form of solidity possessed by & certain sensum
towy be i part due to traces of past experiences of
touch end movement. [ can believe, for instance, that
the particular distribution of light and shade gver my
preaent sensum regembles that of a past sensum which
way iated with rhe i of passing my hand
over & spherical surface. And 1 can behieve that the
resemblance of the stimulus excites the traces left by
that experience, and that tbese ce.operate with the
present stimulus on my retina 1o produce a sensum
which is visibly spherical. But U find it very hard to
believe that expernces of touch or movement could
araaée A third dimension in visual sensa which originally
had only two.

Now it does seem 10 me clemr that visual solidity i in
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itselfax purely visunl as visnal shape and size. [t does
not consdst of vigual fstness, together with fudpwests
about past o fotome tictual mmsationr.  Nor does it
consist of visoal Matness, together with assocated
gz of past or future actusl seosa. 1t iz & mater
ufphin ill:pectinn that the experience of visual snlidity
iz o umta:)r an experience as that of wisual lhlp! :n
two d i and that it is impossible to di:

it into & visual and & tzcteal part. We am therefore
forced to suppose, either that the experiences of one
sense can create an acdditional dimensioa in the sensa
af another sense, or that ¥isual senza are af their awn
nature three dimensional. I should nat be prepandd
o accept the farmer altecnative unless very strong
arguments could be produced aguinst the second. We
shall see in » moment that the arpuments arz ifecblia
in the 1 shall theeefr N that visual
solidity is n primitive chamacteristic of visual sensa, and
that the treces left by past visual and tactual expercnces
merely help to determine what partinier form of visusl
solidity a particular sensum shall have.

If this be the genuine resolt of careful inspection,
ng argument from the phyml and phyamlngll:ll con-
ditigng of visual an g have
to say aginst it. On the muu-ary n will be one m‘
the facts with which any theory as tc the conditicns of
visual sensation will have o reckon.  All argumenty
which attempt to prove that salidity is not 2 primitive
property of visual sensz are of the following type.
Whenever we gee an ohject, a cartain area of the retina
in stimulnted by the Light fram this object.  This areas
is & projactian of the ohject o to the surfeca of the
retine, and such an ares could equally well be the
prodection of a solid or of & plane figure af suitahle
shape. Coluequenuy. u is lrgned there is nothing
in rhe cetinal sti Tight from
a solid and light from & plm Egure of suitable contour,
Thesefore sight cannot give us an awareness of solidity.
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This muy be illustrated in the following way: Take
a sphere, and suppose that we wre Jooking at it with
oot eye. The light from it aflects a cleele oo the retina,
of diameter, oz

1f we were to cut gway ull the sphere in front of S5°and
a1 the sphere behind ir, teaving merely the circular
dige of dumeter S5, the area of the retina afccted by
the light from this disc would be oactiy the same as
that affected by the light fram the wheole sphere, .,
the grreular aren of diumeter op’.  Heoce, it Is argoed,
the vigual sensum must be the same io both cases.  No
doutt there will be a diffarence in light and shade in
the sensum conoected with the sphere, but this is the
only difference, And this effect could be rtpeoduced
by using u suitably sheded flat disc instead of an
uniforrmly illumioated one, a» is in Gt dose when
paintera want o represcot spheres on Lt canvases
Conversely, armngements of lines whith are really in
otic pluoe may **look solid.” [t i concluded (a) that
selidity is not & primtive property of visokl seoza;
und {3 that, even now, "'to lock solid,” weaxs simply
to evoke certain images, memories, or expectations of
metual and kingsthetic experiences.

This wrgument, which s be mistaken if it iy &
et that wisual solidity is a unitary aod unanalysable
pruperty of sensa, does rest en tacit assumptions ; and,
when these are laid bare, it loses ity plausibiliy. Tr
assymes {) that, bmme lhe -mmr Aerweiur for viguml

is 2 the comre-

spondmg vrwal sowsese cannot have more than cwo
It is this ption that makes it 5o

plausibic to hold that the visunl sensum sewst itself be
a mem surface, and therefore that visual solidity nesds
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0 be explalned. But there ia not the Jeast reason to
acoept the assumption. There is no reason, whatsver,
why a 3enium should net bave a preatsr number of
dimengiony than the physiclogical stimuluz on which
it deponds. Hence, even if it be true that the necessary
and et condition of a visual sensation is an
excited aver am the refios, this is 00 reason why some
oc all visual =emaa shoold not be volomigons.  (3) The
mrgument in question does make the further axsumption
that the complete conditions of & visual sensum must
be present in the retinal srimulus with which it is
conpected. 10 anylhing else, such as the trace of a
past tactual or
is assumed that it can only produoe usocllted w
smagesr and not modifications of pewaf senss,  Thix
again i3 a sheer assumption, and cne that iz ngt even
antecedently probable. [nany case, the visual sangation
does not atise Gl the stmulus hey pussed from the
reting, through the optic nerve, m the brun. It in the
wildest dogwatism to assert that what happens in the
braitt cofresponds point for pownt to what happened
on the retina, and that no additional factors come into
aperalion there, which may be congant when the
retinal stimuls vury, or varmble when the retinel stimuli
are the same. Now if ooy visual penpation is partly
dependent on what happens in the hrain as well es an
what has happened on the reting, it is =urely mere
pesdantry to assert that the sol!d shepe of a certain vigua]
sensum cannat be & g of rf, by ane
of jta condifocd was a trace laft on the brain by a past
factux! expericnce.  We musy judge senas, 1ike O.B.E.'s,
by their present properties and naot by their ancegtry.
‘The truth seems to me o be as followa : {1) Visunl
teoss, as such, are capable of being solid. There is
such & qualicy ax visual solidity, amd it belongs to some
sen=a as moch as the shape of a flar sensum belongs to
it (3) The complctt conditions of sy wisual sensum
include {aj a stimulated area of the retine for what
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cormeponds palnt to point with thix in the beain by
tranamision through the optic nerve); #nd (5} certain
cotditions in the brein which are independent of the
present giimulus oo the retine. (3] Awmtong these
indepandent coaditions are baces left an the bain by
past experlems of sight, touch, and movement  Thess

de not y shew th 1 in i at
alL I!t‘huyhppen m do.uo,thuy expressﬂl!msulm
about physical abjects,

(4] Generally lhue traces mertly cooperate with the
beain swatex which are doee to the retiral stimolos, ©
produce a risusl seroation whose sensum is of such and
sach a kind. 1t is, therefore, reasonable to expoct that
the ¥isual solldity of two sensa may be different, though
the stimulated retinal area is the same.  Let us iflustrate
this by the case of the disc and the sphere. [n both
cases the same circular aren of the rednz is stlmnlned
and the disturb is iteed Eom iK toa |

part of the brain. In ncither case is this suficent w
determine completely the natune of the visuel seosum
which shuil be scnsed @t the moment  The other
pecagsary conditions include factors in the braio which
are independent of the peesent stimulus wnd existed
befare it took place. Amoag these arc traccs lck by
pant Now the disidbution of the light in
the um: of the sphere excites certain traces, 4, whilst
the different distribution of the light in the chs of the
uniformly illuminated disc excites eertain other traces, £.
Calling =, and o, the visual appearances of sphece and

disc respactively, and r the area of the retina
stimulated, we have
oy rt,) and o= $r, 0

and the menxible shape of the two sensa takes different
forms, viz., the salid spherieal form and the fat round
form. Coocverstly, supposs we are looking at & per-
spective drawing of & cube oo a 8at bit of paper. If
we happen to be thicking maioly of solids, as we
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generally are, a trace, 4, left by past experiences of

togching cubes, will tend to be excited ; if we are think-

ing mainly of the flac bit of paper a difierent trace,

1, will tend to be exeited.  The two visual sensa,
s=Hna)end 5 - ¢iri),

will than differ in the specific form that their sensible

shape tmkes,

(¢} Visnal Distamer.—We can now pass to the guestion
of visuul distance, which is more impormot for our
pretent purpose, and abeut which almost cxactly the
mame controversy has arisen. We have been told
ad mawsexwe since the days of Berkeley that we do aot
1¢¢ objects at a distance from ourselves, but ther the
percepiion of distance by sight 1 siroply associated
images of tactual and kinwsthete sensations. 1 whe
this to mean thet distance ix not an intringic property
of our visual fields, as colour, sire, and shape are.
Now it is perfectly olvious to me that [ do sense
different patches of colour at different visual distances.
When it is said that we do not s« distances out from
the body, the ealy sense in which it is truc is that, in
monocular vislon, thert is pothing in the retinal stimulus
which is wxiguely d with the di of the
source of hght from my eye. In Binocular wision
there is, ¢ suppasc, parullax between the twe retinal
impressions. To make the case that 1 am arguing
aguinst as strong as passible, | will confine myself to
manocular vizien.

It is truc that, if I fix a stick & inches long at 6 feet
from my eye, its projection on my retina is the same
as that of u stick 1 foot tong held at 12 feat Fom my
eye and parallel to the first. The ome factor of langth
in the retinal impressian has to represect the faws (actors
of length and distance in the physical ohject, This i,
of cautse, still clearer if we keep one end of the stick
fiwed and move the athar and sbout in various directions
in Spare, The various projections on the retiva are
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of many different lengths ; bur all thase vazious pre-
jections could equally have been produced hy sticks of
suitable lengths, with their directions all conBned to
the plane parallel te the observer's body. Hence there
in nothing in tho retinal impression to distinguish
betwean a number of sticks of various lengths put in
varlous directions in a plane parallel to the body, and
a aingle stick with one ¢nd at a fixed distance and the
other turned in varwus directions in Space. The con-
clusion drawn is that distance out from the body is
not an attribute of visual senga as such, like length
and breadth; the distance that is apparenty *'seen™
consists of associated images of lkinmethetic and metual
experiences thet have Been enjoyed in the past.

We must make much the yame criticisms on this
wrgument ag we have already made oo the argument
to prove that there is no such qualty es visual galidaty.
{t] Whetever may be the history of the process, it is
wew a fuct that one wisual sensum iy visibly remater
than enocther, and that & stick 6 inches long end & feet
wway feok: difereni from 1 parallel stick 1 foot tong
wnd 131 fest awsy. (a} Thig sensible distanee is not
now anelysmble into 2 eensum of o cerfain size and
no distznce, together with revived images of past kin-
asthetic and tactual sensstions.  Visual distance is as
simple and unitary a quality m itself [whattver may
e true of ar coxdifiens) a5 visual length or breedih.
{1} 1cis extremely difficult to believe that visual sensa
started with no such quality as distance, and then
acquired an extra quality, perfectly interchangeabis
with their former qualities of lengih and breadh,
through association with expencnees of enother semse,
{4} The fact chat there is nothing in the cetinal stmulus
which i5 uniguely correlated with distance in no way
proves that visual sensa do not, bom the very fimst,
have some form of visual distance. It 15 squally true
that there 15 nothing in the rehnal stimulus that
whguely cofresponds to the length or hreadth of the
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ahbject at which we are looking ; yet the present theory
does not hesitate to hold that lengih and breadth are
geouine quulities of visual sensa. In fact, cothing
but prejudice can make us suppose that, because a
physislogical simulus has ualy w dimensicns, the
sensum which & correlated with it cannot have more
than w di i It is, thorek fectly open bo
us to hold that all visual scoma bawe, of their very
nature, some visual distance or other.  The only problem
is to account for the fact thet here and cow one visual
sensum has one sensicle distance and another visusl
senzum hay ancther. (33 Te sccount for this we have
to remezber thet, on ady view, it is not the retinel
stimulus itgelf, but & procest in the brain, which is the
last link in the trein of events which enda with & visual
scnzation. This being s0, it is it unreasonable o
suppase that the towl physiclogical conditions of any
visual sensation include (o) a ser of brain-states which
<correspond by transmission to the events in an oxcited
area of the reting; and (#) cerein bram-states which are
independent of the present retinal stimulus.  Among the
latter are traces Ieft by past experiences of sight, touch,
mmmnt, e, .and these play an important part in

rm- lar visual di that & given
wisnal sensum shall have, [tisthus pefectly intelligible
that the sengible length wnd distance of two sensa should
differ when the rtinal stimulus is of the same size
and shape, and converstly. This is simply another
instance of the same genenl principle which we bave
already seen at work in the casc of stnsble motion and
rest and in that of visual solidity.

A special dificulty with which we must now deal,
has bezc felt about escribing distance to visual sensa.
It isargued that di: is Zally a relation b
twn tezms, and that 2 relation cannot literally be sensed
unless both its tmrms are alzo gensed.  Thus we do ot
visually sense & given ling, unless we visually sense
both ends of it.  Naw we ceraialy do oot visually sease
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oor own teting, apd thersfore it is impogsible that we
should visually sepse the distnce of nzusl sensa from
them. Thik ix & perfectly zound argument, and b mett
it we must Sraw certain distinctions.

{1] The first thing ta gmise i that the
of visual di in primarily an of the
distance between two visunl senga, and is not an awane-
ness of the distance of either of them from qur metina.
It i perfecily true that the distance of sonss from our
retina is net sensod by sight.  Indeed, it is only pessible
to give 4 meaning to the notion of distence herwesn &
visual sensum and something, like the retins, which is
not & sensum at all, in w highly Pickwickian sense.  All
1 am aggecting is that, when I open my eyes, [ am aware
of & visnaj field in whick different parts hwve diferent
depths.  What { scaxe s visual distunce is the diferomc
of daprh between two sensa m Ilus ﬁuld

{2} We must therei b visual
depek and wigual diirance. Dapm is a senxible quality,
not a senmble relation. Visusl dismnce is a sensible
relation between two visual sensa, fowmdad spon the
difference of their reepective visuel depths. When we
sense two sensa with diffierent visual depths we spre
Jacts gensa the celation of visual distance between them.
1f we anly sense & Eingle visual sensum {say a luminous
fiash on a perfect!y dark aight] we do not sense disance,
hut we do senae depth.  1I i3, of course, guite ur that

it iy difficult to esti depth 1]
apart from dlsunoe But thers is nothing odd in tlu:.
It is y difficult to esti length

axcapt by mmparsng an obpect wilh some other.  Never-
tixeless, objects do have lengths of their own, and the
relations between them which we notice when we com-
pare and measure, are founded on the lengths of cach
of them.

{3) Sensa are ut no distance rom our retipa, not in
the pense that they art at zeto distance from it, as the
points of cantact of two biltiard balls are from each other
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when they bit, but in the sense that the concept of
wigual distance does not apply at all to anything but
pairs of visual senza. They are st no disance apart
in the kind of way in which it is true that my belief
that 2% 3=y inat no distsnce from my desine for my
tra. A Pickwickian sense of di can be defined
in which it is true Zenerally to say that visual sensa of
leas depth are nearer to my eye than visual sensa of
greater depth.  But this Pichkwickian sense involves a
reference o movement and cther things which we have
yet to congider, The interpretution of the depth of &
single wsual sensum in terms of distance betwesn it
and the eye is, of caurse, greatly helped by the fcr that,
when o sensa of different depth are both sensed, the
corelated relation of visual distanes between them ia
wlso immediately cognised.

1 have spoken at some length about visual motion
wnd rest, sobdity, and distance, for three reasons: (i)

They dl the plexity of the relati
betwoen sensa {if there be such things, as we are assuming:
throughout this bouk) and p ohjecty and p

and ghow that the past history and present expectations
of the percipient must be supposed to be partial con-
ditions of some of the yoalities and relations of seasa,
This cuts out at once any of thoae cheap and ensy formy
of narva realism which are produced in mass and ex-
parted in bulk from the other side of the Addaneic. (i)

The prokl cvf dm ptica of di and golidity

by nlght in an intri Ty i ing and very

ane, and we have at keast shown e many venerable
on thest subjects rest on ptinng which

are not convinting when cleary smred. (i) The con-
dugions which we have reached abaur wisual distance
and solidity art of the utmpst importunce for qur
immediate urpose, viz., & discussion of the canceps of
position and shape, 18 applied to rensa oa the ane hand
and tr physical objects on the other.

My view is that nearly ull the saversd conceper Lhat we
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use in dealing with Space, £, distance, direction, place,
shape, £ic., come from sight, whilat the notion of exe
Space and the pardewiar guantitagive pajusr which these
general concepls assume in specisl cases are dne mainiy
to touch and ta Beries of ki e
tiom are not, as such, i of di i

; and 1 do not see how they could ever be interpreted
ln sncll ferms ualess the necessary concepts had already
been supplied by sight. Before going further, 1 will
Sus up our conclusions and sketeh the general owtline
of the view l.ha: 1 take.

(¢} The physical world is ived as Lai
at sny momem 2 number of co-existing objects o(
varous shapes and sizes in various spatial relations to
tach other. (8] The concepts, in terms of which this
view i= stated, come mainly from sight, and could
hardly bave arisen apart from it. Sight supplits each
of us at cach moment with an extended visual feld in
which there are cutstanding coloured patches of variocus
shapes and sizes. These co-exist; are in many owses
sensibly solid; and have warious spatial relations to
esch other in threr dimensions, which relntions are
directly sensed. () These visual experiences, however,
need much supplementation before they cn give rise
to the traditional cencept of physical Space. In the
first place, visual shape, size, distence, stc, wre not
quantitatively very definite.  Again, Space is not
thought of as either momentary or privats. I, and
1he chjects in it, are thought of ny puhlv: pmpeny
which all chse can o Aed it iy th
of ag the incr in which physioml cbjects.
exist, persist, chaoge, and move. Thus it is noceasary
1o connect up with eech other {f) the succesiva visual
fields of the same cbserver, and (i) the coatempoary
visual felds of difficrent ohservera.  This fact may well
make ud anciclpate thar the craditional separation af
Space and Time is oot an ultimate fact, bot 18 & con-
weniznt Sction, witich wocks as well as it does because




POSITIONS AND SHAPES OF SENSA  gox

of certain simplifyisg conditions which are generally
folfilled in everyday NHfe. () The connecting link
between wvaricus visual fislds 1 beligve to be mainly
expariences of bodily movement and of touch. Thes=
alsa enable us to give quantitative definiteness to the
mainly qualmnite concepts which we derlve from sighe.
[#) These series of movewment-sengations are not them-
stlves ions of spatial relati ‘They am serica
in Time, wk spatial relati are ived 10
Hek contemporary terms.  They are évterprefed spatially,
in terms of the concepts which sight alone can supply,

17§

i h their jon with vizual exp
The mceurar quanumjw deml. and the unity of
physical Space, ag i by us, are thus due Lo

the inticate wggociation of sight with touch and move-
ment-sensations,  But the traces of the lstter do not
wink simply by calling up judgments ar images of
past or possible movements amd touch experiences.
They also contingally modify the acturl properties of
our vigual senwa| 56 that the sensa conoected with a
given retinal disturbance may come 1o acquire differcot
visual shape, size, and depth, from that which they
ut firg had. (£} 1 do not, of course, mean that the
spatinl attributas of visual sensa can be xdefnniely
modified by association with ether experiences, or that
such associstion does ot often express itself by mere
judgment, without modificktion of the gualities of the
sensa.  For instance, it 1s true that if { Jook st what
1 believe to be 1 round object in 4 consilerably obligue
direction, the visual sengum is not reodered round by
the tracey of past experiences, but remainn visibly ellip~
tical. What the traces do here is not to modify the
msansum, but merely to produce the judgmeot thet i
am in fact dealing with & round physical chject The
meowng of zaundoess ia mainly baged oo visnal ex-
periences ; the fact that [ g the conoept of roundness
and oot that of ellipticity to the perceived object is
maioly doe to the associned traces of past tactoal and
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motor experiences ; bat the Istter enly modify my judg-
ment sbout 2 physical ohject in this case, and do not
actunlly render thr visual sensum round.  This may
be contrasted with the case of leoking through a
homogeneous medinm at an ebject which 12 belleved to
be still, and tuming my head. Herz the traces left by
tacteal and nasthetic experiences, which I have had
in the past it connexion with similar retinal stimuli,
do prevent the sensum from having any sensible move-
ment. [ the medium be not in fact homogeneous,
thess traces will automatically supply an “ over-cormse-
tion,” and the sensa will visibly move. (£ On the
wholz, we may say that traces of pasi expetiences do
Mm‘ to modify the qualmes of visual sensd In such a

that they more closely to those
which we believe t.be oh_[ect al which we are Iookmg
posseases.  Often the app ion is very i

buty a5 & rule, this makes little diference to the Jndg-
ments fhat we make abaul physical objects on the basis
of gur sensa. (1) In any case, the spatial attributes
that we agcribe to 2 physical object, on the basis of a
present stimulus and the traces of past experiences,
gain their whole sveowimg from s2nsa and thew proper-
ties, and in the mam from the properties of visual sensa.
[ may judge that T am looking at & reund penny
because [ am sensing an elliptical sensum ; but what
I mean by calling it *“round,” is that it has the same
gort of shape as certain vizual sensa that | have sensed
in the past {e.2. when 1 look straight down on pennkes).
{#) We must further remember that, in ninety-nine cayey
out of a hundred, the resuit of association, whether
it modifies the present sensum or not, is Dot to produre
an explicit fedgweens about a physical ohyect and its
properties, but te guide us (0 appropriste adiver,
When we sy that an elliptical sengum, together with
trces of past experiences, leads us to judge that we
are lcokiog at & round physical cobject, this is genemlly
an over-intellectual statement of the facts.  The peculiar
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s d ol

ar b ing may not arise in cur
mmds at atl, and pmhlbly will Aoty if we are at the
time more interested in action than in reflection—as the
present state of the world proves most people to be
at most times. What really happens it that we set as
we might reascnably bave been expecied to act 7 we
bkad made yuch and zuch a judgment.

The Comoept of Flace: {a) Smadle Place,— Lot us now
deal in detnil with the concept of place, as applied @
scnaa andl to physical objects.  We will start with
visuzl sensa. The fundamental meaning of “ place”
far visual sensa in their place in the vigual firld of the
observer 'whe sensey them. This 1 shall call Seamdle
Vimal Place. We shall nlso find it convenient to say
that such and such a coloured patch is cmardly precmi at
4 certain place in a visual field. Sensible preseoce (s
{a) directly expericoced by might; () is Liternl gnd un-
analysable, not Pickwickian; and (J is privare to a
single observet, in the sense that it only applies 1o the
senga of his Beld. It is a relation Betwetn a sensum,
which is part of a field, and the rest of the feld. Two
dlferent men have diferent visual fields, and the same
mun has different fields at difierent times. A given
field may be mid to last as long as the specious present
of the observer whose field it i=.  We shall have to go
{fully into this matter wheo we dzal with the concepma
of date and duration, as applied to sensa and to physical
objects. In the preseot chapter I shall make the
simplifying ption that our ive fields are
literally momentary. Thiz is certainly oot true, for m
mosentary field is something that can only be defined
by Extensive Abstraction ; but #t is best to deal with
one difficulty at a time.

7 have already said that it seems to me flat the
wigual field, with its varigus coloured patches standing
cut at different depths and in diferent directions aguinst
» more neniral background, is the apngible baxip which
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alone gires mezmimg to the concept of Spece. The
coneept of Space ia that of a perfectly unique kind of
wbole of co-existing parts, and, if we hld never been
with a

of:ud: a whole, we could never have formed the con
cept.  The visual field seems to me to be 2» instance,
and #e owd instance, of a space-like whole with which
we are directly acquainted. Now, of course, once a
concept has been anparsd through sensible pequainance
with & pacticular instance of it, it can be agpird by
thought o whales which are mewer senged a3 such,
but are aonly d by on
which come to us piecemsal. In order ta lpply the
concept tn such wholes, many modifications in detsi]
mzay be necesaary, and these will be suggested by the
characteristics of the vanous experences which we are
synthesigsing under the concept of a quasi-spatisl whole.
For example, 1f you ask o scientist what he ander-
stands by the statement that an atom consists of a number
af d in a ek istic pattern in
Space, he wilt not be able to answer you by defming
his meaning in terms of other @mapdr.  But he will be
able 1o answer you by cxempizfomy what be means. He
can ask ¥ou 10 look up at the sky on & clear night. He
can then say that he Lhinks of the electrons a4 analogrous
to the little twinkling dots in your visual field, and that
he thinks of them as forming a pattern in Space, in the
sense in which those ttie dots form a pattern in your
visual field. In fact, 2 bit of matter i w physical Space
a3 a wigual z=paum iz to a wvisual feld. This is the
fundamental, non-Pickwickian sense in which things are
conceived to ocrupy places in Space. What we have
now to congider is the facts sbaut our sensa and the other
experiences which encoyrage us o extend the applica-
tion of this concept beyond the wvisual field and its
SAnsA.

{6 Comprecemes wf Veoun! Semse from diyferewt Fealds—
I look at a penny, wnd either stand still or walk
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about, 1 sense 3 successive seriex of vimual fields. In
each of these there is & sensum which is an apptarance
of the penny. Again, if & number of ohaervers look
at the penny together, there are as tany different visual
fields at any moment as there are ocbservers. Each
contins & sensum which is an appearance of the penny.
‘We say that the appeamnces in the sutcessive fields of
each ghserver, and the in the

faldy of the varicuy ob:ervm are in & certain senst al.'l
“in the same place,” and we say that this is the
""place where the penny is.” It is evident that facts
guch as 1 bave just been describing am the sensible
hasis af guch stataments as that T ' go on scting the
same penny,” and that other people and mysclf = ste the
sme penny together.” 1f there were po such correla-
tions between the successive fields of myseil and between
the contemporary fields of several okservers, there woukd
be no ground for making assertions of this ind.

MNow it is qoite clear that when I say that a number
of sensa from different fields are in the same place, I
canngt be wdking of sensible place,” as described
above, for thet concept rafers essentially to Lhe relatian
betwsen & sansum and its own feld. We must, thare-
forr, try ta find the exact mash-value, in terms of sensible
expenience, of the statements () that the various visual
scosa are in the same place ; and (5 that this is the place
where the physical penoy is. By considering abnormal
cases, like mirtor Images, we shall sex that sometimes
the first is true when the second is false. But we will
begin with more ordinary cases,

Very often the successive visual fields of az obseﬂrar
are largely similar. [n parti there may bea
BENBAZ, - .0 a |nl|usumweﬁeldsf PR
which are very much aliks. Let ns take the case of &
man whe would be said to be lcdnng dumlyumm: rest-
ing i object through a
What sort of visual sensa will he sense? To start wilh,
a certain sensum s, in the field 7 may attact his aven-
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tion. This may be somawherr to the side of the field,
Suppoge he turne his bead 5o that, as we say, he 13 now
looking at the object af which this sensum is an appear-
ance. What happens is that he turns his head until he
is aware of m ficld £, in the middic of which is a sensum
5, which in mlour, shape, etc., very much resembles
the stosum 1, which odginally attracted is attention.
Thia will have a ¢ertain scosible depth Suppose that
he new begina to walk, ' following tus nose.”  He will
scnet a saries of visusl falds, of which the fellowing
itions will generaily be true. (i) In any one of
these ¥, there will be & sensum 5, in the middle, closely
resembling 4, in shape end colour. (i) The sensible
depihs of the sucttssive senss &, . . . . . 4a will steadily
diniuith, whilst thelr brightness, distinctness, and size
will increase,  [i1i) This increase in distinctness and size
will go on up t¢ & maximum, Ay in the sensum &, of
the field £, (iv) [f he now goes further, various pew
and startling things will begin te happen. He will
aften find that, if he stretches om his hand in froot of
him, ke will sense tactoal senm, correlated in shape
with the visual sensum, He oy aiso bum his fingers
badly. He will generaily find that his path is blocked.
{¥) If he manages to get past the obstacle he will find
that his field 7, containy oo sensum g,y like those of
thesorims x, . , . . . fa (¥i) Veryoften he will be able
ta senze a field 7, which does conmin 4 sensum 1y, of
the right kind, provided that he turas right round.  The
easeoce of thn process, then, is & succession of viscal
hields, emch contining st its cantre gne of n series of
qulllmivel)f smulm' sensa of steadily dlminlshlng deprh
and i rs and el d bya
great di: inuity nnd the b ginning of new, thongh
often correlated, seosstions,

Nexr, lat us suppose that on wnother occasion the
mman does not toy 40 tumn bis head 50 a8 to senge & wigual
field with & sensum ke 1, io the middle of it. Let him,
ingtrad, walk in some other direction, and et him mpp
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at some paint in this course. Call his visval ficld at
that time é,. &, mey or may not contan a sensum ke
4z If it dors, the sansum will certainly nat be 1n the
middie of the fald, and wil! probably be a very distorted
projection of 5. But, on cither alternative, he will
generally be able, by suitably turning bis head, to sense
a field /., in thn middls of which there is 2 sensum £,
whick iz a good deal hke i, though net as a rule so
much like it as the sunsa of thesenes s . .. . . Fu AIE
like each other. [As we say, he is seting n different
side of the object.]  1F he now Eoilows his nose, he will
i general sense & senes of visual ficlds £, . L . L o
in the middle of cach of which is a sensum of a series
Fle oo a &y This sorits will have the samv sgrt
of internal relations as the seres s, . ... . Sy and
will end up in the mme catastroptuc way. Now our
solitary observer will often And (hat, wherever he
starts, he can, by swiable head-turning, sense such
a geries of genza.  He thus comes to recognisc a central
regien of discontinuity, to which he can walk from any
pagition, and to which he passes through sezics of
similar visual senza of d g depth and
brightness,

Now he will ind this notion of 2 central volume rris-
ferced by some of his other senses. The two other
scnses that act af 2 distance are hearing and the feeling
of radlant heat. They have interesting differences from
tach other and from sight, which will be worth mention-
ing. Letus begin with agund. Thers 5 an auditory
continuum from which particular noises stand ut, as
particular coloared patches stand out from the sight
continuum.  But, whilst patchez of eoloor have definice
shapes and sizes, noiscs do not. It is extrerely hard
to state the vague spatial charactevistios of a Reld of
sound. Dhlfetences of direction in it can wertainly be
sensed, but vach sourd seems o 6l the whele sound-
field, though one is more int=nsely present in one part
of it and another In ancther part. Colourcd paiches
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in the same wisual fiekl do not Interpenetrite Two
different colours cannot be senaibly present in the ame
plage in the same vigual flekd. A colour is either
sensibly present in a place or it 5 not.  There is no
question of degree.  But eack sound seems to be present.
everywhere in the auditory field, though it is ** mom "
present in somo parts than in others. This difference
between the sensible presence of sounds avd of colours
leads 1o a diffiecence In the way in which common-sense
supposes them to be present in physical Space.
Common-sense says that the colours that it sees are
spread out over the surfaces which it can wowch, It
relusts to say that they are present in the medium
hetween this and the observer's body. But common-
sense does not hold that the noize of a bell iv spread out
over the surface uf the bell, or even that it 15 confined
ta the volume of the bell. 1 think it would prefer to
say that the noise 75 present throughout the whele
surrounding air, and that there is merely * more of it
per unit volume " a3 we approach the bell.

Apart from this very importunt difference, to which
we shall have (o return, there are siriking likenessas
betwesn sight and hearing [ we sense 2 sound 5, (a0
the auditory appeamance of a talting bell) we can tam
our besds in such & way that'z similer sensum
'* accupies the middle of the anditory field.” [ we then
follaw our ngaey we shall, u3 a ryle, sense a guccegmion
of auditory Selds £ . . .. . £ each of which containe
ax itk sentre one member of a seriey of suditory sansa
Fpae e 5. These are gqualimtiveiy ahike and of in-
ereasing Iundm:ns, ﬂmugh Ido not think we can say
that thert i any to the
decrense in acnaible d.qlt'h which we .ulwuld Gnd in a
series of visual sensa.  After you have reached & ctrtain
stage in this series you will genenlly find that, on
stretching out your hands in Eont of you, you get
tactux] sensx, and that, ur you do 5o, the sound ceases
or i modified. Exactly parallel resuls o those
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deseribed in the case of sight wr found, when we
approach from different sierting-points, or pass the
obstacle in which such series genecrally end, Thus
amditery sensa acrunlly lesd us to the notion of "' centres.”
Now in very many cases, whether you move under the
guidsnee of your visual senss or under that of your
auditory sensa, you will end up with Similar tactual
sensations aftera similar series of kinsesthetic sensauony.
This happens, £.g.,if we fest look at a sounding bell
with ¢ur ears stopped, snd then unstop our ears and
shut our eyen. Thus wt come to think of centres of
discontinuity which can be apprached fom all sides,
and which are not mecely centees for colour ar for
sound, but are centres for both.

If we now ask purselves why colours are held to be
on the bounding surfaces of such central volumes, and
not anywhere else, whilst soonds are held o be both
in and ail round the sounding cmbre, Lhe answer is
plain.  Visual sensa have sensible depth ; this steadily
diminishes in the successive sensa that we sense i wr
approach a cenire, but never vanishes altogether il we
are too nesr the centre to sense any sensum of the series
at all. On thc other hand, noises have no fxed
boundaries; they do not exclude zach other from the
same sensible place; and they do not, [ think, hawe
sengihle “depth.” We have thus no ground for saying
that we approach the seund when we approach the sewed-
ing cengre. A part of the sound is held to be wherever
we are when we hear 1t; it merely is present in greater
denaity st places nearcr the saunding centre.

Let us next say & wond or two about our sensavon
of radiant heat. We have here series of sensa of the
same kind as we have with saund.  Fhey Jead us agein
to the nution of centres af discontinuity, and in grneml
to centres which are common Lo radiant heat, sound,
and sght.  But there is one intecesting and important
peculiarity it the case of hear. [ we start at a distance
Eom a <entre we feel a2 heal sensum; and, as we
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approach, our suconssive heat sttun are more and moce
intense, in the ysual way. Now, ax uzual, when we
get toa cerinin polnt in the serits we can sense tactual
sonsa, if we stretch out our bands in front of us, These
senga will usunlly be intensely and painfully hot The
interesting: point if that, in this case, beat is fetr dosd in
the surrounding apart: and on the surface of the central
volume. There i= no sensible depth in the field of heat
sonsa, =0 that, as with sound, we do not localize the
successive scnsa on the centrzl volume. On the other
hand, when we do feel the ccotrul walume, the tactusl
senga are themselves hot. So the beat 15 regarded an
dord filling the ting space and residing in or on
the central volume. Now common-sense regards what
can be felt ag sér physical chject gar creditner, and the
place to which one has to move in order to sense the
tactual sensa an the plaoe of the object. Owing to the
fact of visunl depth, and nx g-ndnnl decrtase s snch
central vol nre apy
all the succestive visual sensa as Jocalised on this
volume. It therefore says thet the ceniral wolume o
eolowred, not thit it cowies colowr.  In the case of the bell
it does not say that this is sdsnd tdé sowmd, but that
it ig the causr of the surmounding space being Elled with
sound. [n the case of heat it thioks of the otntml
volume as both demg &of and cowrg the surmounding
spact to be filled with heat. The discrete side of the
view of the physicsl world is based on
the pecoliarities of the visual Aeld, and on the fact that
long mmvals of free movement often come between
tactual The side of th
sense view of the physical world s based on the
peculiaritiey of the fields of cadiant heat and sound.
Heat sengations in gome way form a connecting link
between the two agpects of nature, sinct they are felc
both s wned deszoven the centres of discontinuity.
1t is obrrlous that these teo yid the
view corrspond 1 resl Go in pature But we may
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reasonably suspect that the paparation between them
has bem made too slurp. us5 all separations that are
made ily in the i af ice tend to
De. M-mrn{hct.ﬂ:ewmmmmgvlwhﬂ
been based mainly on experiencas of touch, sight, and
movemens. Pervesive media, like wir and ether, have
ooly been recognised in historical times. Thus the
continuous and trnnsmumu side of nuture has had o
be fitted into s prehi dysle of the i
world, made up mainly to deal with our £xperiences of
visible and tmngible volumes with sharp outlions.
Atomic thecries are 30 muoth more tomfortable o most
of us than hydmdynamic theorles, becaust they fit in
50 much better with the scheme that we have icherited
from the poacticai philogopbers of the Stone Age. We
leasn, aa time goss on, that light itse!f travels through
a wedium with a velocity, that coloury seen depend on
events Ln central volumes, just as do sounds heard, and
that these colours may turn up o places where no
correlated tactunl acnan can be felt.  All iy will have
t¢ be dealt with later, more especially when we come
o treat of date and dusaion. But, it the meanwhile,
we may offer the suggestion (hat 2 good deal of our
difficuity with the philosophy of the 1 world is
due ta the fact that we are kryiog to fit saw dais into &
schee based on experiences which did naot inclede
them, and which ignortd or minimised the sensible
facts, such s lmages, shadews, cchoes, etc, o dead
with which pew concepls are needed. In just the same
way we inslat on forcing the facts of modern society into
the cthical and poltical fmmework of & simpler agn,
without even the excuse that this “works weil in
practice.”

So far, we have ecmﬁnnd anrselul to the ns: nf "
solitary observer, i dinah
such =5 air, and dealing with resting ol'.geet.s. Thesn
are, of course, very and ¥

ditl and the P g experi ace there-
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fore commoens, and have left their traoes deoply on cvery-
ome. 1 have tried to show that such an abscrver will
socn reach the notion of “centres of discontinuity,™
datted about in variouy places whirh be ¢an reach by
movement ; and that his successive vimual sensa fall
intn srries which ha will loslist oo the surfaces of these
central volumes.  Further, we have seen that the senses
of bhearing snd of fecling heat will reinforce this notian,
aod will lead him to recoguise these centres an common
to the scass of dificrent seuses.  [a particular, hest and
sound will combine to give him the noticn af centres
surrounded with “ physical fislds." Sight, for reasons
mentioned above, does not give ta unsophisticated pecple
the potion of & physical f21d ; aad when the -dvnno: af
gcjence makes it ¥ 1o this,

able dificulties gre felt in reconciling the omnipresence
and the finite velocity of the light field with the strict
Iocalisation of colauss on eentral valymes remote from
the oﬂ:atmn We :nay a7, if we like, that colpur
bel ify w the side of nature, but
that it has sa far belooged sperzemolegicaliy to the discrere
side of nature.

‘We can now pass to the case of 2 number of obseovers ;
and theocet 1o the mort compler cases of aon-homo-
gentous media, which considerably * stain the white
mdianee” of our originel view about wight and the
localisation of its chjectm Hwen with the solitary
observer in the homageneous medium we have passed
to a new meaning of *“place™ for viscal sensa, The
first and most primitive meaning was the place ofa single
visual sensum in it2 own visual Seld.  We have passed
beyond this to m grup of visual sensa, each selacted
out of different sengible Gelds of the smre observer,
The members of such & group are zaid to be in the
same place, through thair correlation with each other
and with the movements of the observer, The *place™
teferred to here is clearly ot place in any v!snnl fickd,
ot is a place in the of p of
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the observer's body. And the presence of a visual
ensut at such a place is not an vitimate gnenalysable
relatian, like its sansible presence at a pluce in ity own
wisual feld, On the contrary, we bave just been

Iysing the ing of the that a visusl
=Fnsum & presént at a cermin plece in the movement
continqum, sod have found that it means that the
serspm in question is ooc of & set of sensa belonging
ta successive wisual felds and connecred with each
other and with the observer's movements in the wvays
indicated above.

When a sct of visual scom from successive Felds of a
sizgle obscrver have the sort of relations that we have
hecn describing, we will say that they are gy
camprerent zouik respeel fo thol ehsrver.  Each member
of the =2t may be said to heaprmatb«mmnﬂm
place in the i of p i of the
ohserver’s body which he reaches when the character
of the =t begins to change abruptly, Looking ar the
matter from the point of view of this place in the move
menr-cantinuium, we may suy that it is eplically s
by tensa of such and such & kind from such and such
a direction. When we have 2 number of such serg,
which all converge on & ceatral volume wherever the
ohserver may atart, we will sy that this place i3
"V apiacally filled" with sensa of a certain kind,  "We shall
see [ater that a place may be opticaily oecupied without
being optically Glied. We have seen that, us & rule,
when a place in the is optical
Hlled, correlated tactea) gensa are presant at that p‘lal:e‘
{We have not as yet congidered what is meant by
saying that tactual sensa are present at a place in the
movement-continuum, but we will for the moment ke
this notion for granted. We have slse not as yet ade-
quately discussed the notion of place in the movement-
continyum.  To thesk points we shall return later.}

Now, under normal conditions, we can not cnly
find groups of opuically compreseat sense ia the suc-
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ceasive visual ficlds of a siogle observer. We can also
find =omething of the same king in the helds of diferent
chservers,  Let us consider what 13 meant by =mying
that the sensa s, and r,, belonging to visual Gelds £, and
Jaof the abservers A und B respectively, are in the same
place. We will suppasc that A and B have turned their
heads in such directions that r, 1= in the middle of £, and
I, in the middle of £ 1F they change places and repest
the proces=s, A’s new sensumm will, a3 & rule, resemble
B's cid one in shepe, and converscly. Suppese thay,
when they have both turned their heads so a8 to senge
fields with these correlated sensa at (heir respective
cantres, thay gtart to walk, follawing their noses.  Let
A do thig till he sensea the sensum + which 15 the
most distingt of the series.  Let bum then stop, and let
B now stant to follow der nose.  B's body will, in generl,
grt nearer and nearer to A's, and by the time that B
stnsts hus most distinet sensum £ 3 they will be nearly
in contact. If they now follow up thewr respective
eturses they will certainly run into each other.  [f they
both streteh out their hands they wili, in generzl, both
stast tactual sensa correlated in shape with their visual
mtosh. Thus the notion of & commen ceare in the
moument-oommuum. at which & number of wisual
SEnLd Are ORI P 15 ded to nclude
striss of aptically s=nsa bel g to tha
ficlds of dnﬁ‘mnt observers as well a3 to those of =
single ghgerver,

Now it wiil be noticed that the place which a group
of cprically compresent sense are zaid e occupy is
defined by bodily movement. T heve called the con-
wnuum of possible positons of an observer's bedy “ the
movement-contirnum,” [ think that ' place,” in the
physical sense, refers primarily tn places in this con-
tinuum.  Eefore we can deal with the more complicated
cases of visual sensa sensed Dy an observer who is nat

by o di we must get
clearer wbaut the notion of plare in tha mavemest-
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continuum, The experiences of turtung one's head so
mn::h and then walking g0 faz in & straighr line are not
in spansl exp Iley are sunpl)r
serics of i thetic wnd

stages of which fajl inta different specious presents.
They last for sensibly different times, and tire us to
sensibly different degrees.  How da they come to esd
to the netion of & continuem of physical places, which
are common property to ail the observers 2nd are co-
existent? We cannot fully deal with this guestion dll
we have dealt with che dates and dusations of stnsa
and of physical obyects ; but we cin at leasl say this
much- These zenes of susersse kinzsthetic sensa-
tions would not bead to the notion of & contimuum of
amirweperary places if w were not for thewr correlation
with experiences of sight. All the fundamental con-
eepiy needed for dealing with Space have their origin,
and their only fueral exemphification, io the nigual feld.
Space 15 thought of us a whole of contemporary pans,
spread cut 2t vanous disgtances and 1n TANCus directions.
A whele of this lind is senyed, if [ am zight, at each
moment by sight, and in no other way. Turnings of
the head are interpreted i terms of ditection because
[a) different sensa do have different vimble directions
in the same wisual field ; and () because with cvery
turn of the head 15 correlated 4 change in the sensible
potinen of some séngot within the field of view. O,
to put it moré wecunitely, when we turn our heads a
field £, with 2 sensum 5 at a certain sensible place in i,
can be replared by 2 field 4, with & similar sensum s,
in & different pl.lw: in ity g in the middle. Again,
n series of ki i i s the
traversing of n physical line of & certain lcngdl by the
observer, becanse the sensible depths of the similar
SN 5, . 441 - g in the middle of the succesive
firdds £, + F. contiomally diminish as the peries
lagts longer. Sight and movement are thos under
reciprogal obligations, Were it not for sight, with its
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extended fields of cootrmporary parts with different
sensible depths and in different zensible dirctions, we
should lack the very concepts needed for interpreting
the ¥ On the other hand,
were it not for the existence of groups of visual sensa,
correlated with sach other and with movements, in Lthe
way described, we should never have reached the notion
of the optical compresence in the same place of visual
sensa from different fields.

But, although the facts about wigual sensa which
lead to the recognition of *'centres” in which grovps
of visual sensa are optically compresent, are necessary
in grder that the movemtnt-continuum mey be inter-
prdad spatmlly, we must not suppnse rhnt all placeg
in the full or even
optically occupied at all, Tlle vast rna;ont)f of them
are not  Maoregver, some which are optically eccupied
Trom several directions are yet not centres at which
correlated tactual sensa are present. Let me diustmte
the first point. If I direct my movements by a certain
series of optically compresent sensa in the way descriped,
But stop before | reach the end of the series, T have
resched a place in the movement-continuum. But [
have not arrived at the place in which the senga of
this stries are optically compresent, and when 1 stretch
oul my hands [ may feel nothing at all.  And the place
in the movement-continuum at which [ have stopped
may fuite well oot he eccupied by asy visual sensa
of wny series. What do we say under auch cirum-
sances?  We say that we have indecd reached a
pbysical place, for we have walked 3o far, and in such
and such a d.xrwum But we add that thi= plece is

neither ophcatly nor iy pied, [f mo places
had been ppticaily or Iy pied, we should
almost inly not hawe interpreted the

continuum spatially, or have arrived at amything like
our present conception of the external workd, As it ia,
a Inrge number, though a minarity, of places in the
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jeall pied ; many are
aptically flled ; and most of thuse are alsa centres for
acund and heat, and are also tactually occupied. This
fact gives ug the contrast betworn the filled and the
emply parts of the movemeni-continuum, and helps oy
to conceive it az & Spact dotted about with physical
objetts In debnite placey and with definite boundaries.
We are now in a position to deal with the less
ypual foerma of optical presence. These arige when, as
the phynicist would say, we arc surrounded by & noen-
hpmgmns md!.um Our peesent ek, hirvever, =
to 1B ble the actual farts
abeut our vlslnl &eMsa, nm! not 1o offer causal cxpians-
tionx of them in terms of their cocrelatung with physical
events. To begin wth a very simple case, let us
guppose that [ am looking at the image of a luminguy
point in m plane mirror. [ @n, as before, turn my
head ic such n way that 1 senee a visual Geld £ with
A sensum & in the middle of it, similar re the sensum
£, that d my Hawving done
this, 1 un. as before, follow my nose, Up to a point
my experiences will be exactly like rthose which we
have already described, There will be the same kind
of series of sensa sy + . . . . 2., quatitatively much alike,
each in the middle of us fiecld, of swadily decreasmg
visual depth, and s0 on. Bul at & certain stage n the
secies [ shall suddenly tense cerain tactual sensa, quue
uncorrelaied with the visual sensa of the series {ne, [
shall “'bump into the muirror ™). This 18 ilustated by
the figure below :

If I, or mnyon¢ ¢lse, were to start from B instead
of from A, the same sort of expericnces would be
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enjoyed. This, bowever, 15 by no means all. A and
B might both have experiences of this kind if they
were both looking directly at some source of light
through a thin sheet of transparent glass The differ-
ence is the following: [n the former case, /f A or B
break throngh or get round the mirror and trr w0
cootinue their course, there will be nothing in their
visual fields corresponding ta the visual sensa that led
them up to the mirror. (That 13 to say, their visual
experiences, ay they move along the dotted part of the
line Al or Bl, are quite different fram thage which they
had when they traversed the undotted parts of these
lines.) 1f ther were merely & thin sheet of transparent
glass 3t M, and A and B werr viewing through i a
source of light at 1, the scries of visusl sensa woukl
go on steadily sfter they bad broken through or got
tound the abstacle.

The next point tu notoe is that the courses of A,
B, C, e, who stert from the same side of the mirror,
really do converge on v common place in the movement-

1If they T d them through the micror
or the glass they really would mevtat ], The difference
in the two cases would be this: If they wen: looking
at something directly through a thun piece of glass, the
series of visual sens of each of them would end at about
the tme when their bodied came in contacl with each
other, and comelated 1aclual sensa could be senwed by
each if e stretehed his hand foreard. 1 they are look-
ing at a pucror-image the seres of visual sensa which
leads theta up 10 the minor not only ccases abruptly ag
soon as they get through or past it; they alse find
that, when they mect, they cither sense no tactual sensa
at all, or, if they sense any, these are quite uncorreluted
with the wisual scnsa that originally guided them on
their respective ways. I they want to sense correlated
tactual sensa, they will have o g9 to quite & different
place 1w the movement-continuum, and one that is not
on their course of movement ac all, vix, the placc O
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n the figure. Now thes place O, which is an A’s and
B's side of the mirror, 15 also a place in which wisual
sensa, much like those that guided A end B up to the
mirror, ate cptically compresent. Bub, a5 we have
rematked, it is in gquile 8 diffevent direction fram those
followed by A and B; and people who walked up
# would seose tactual sensa cocrriated with the visual
snsa that led them to it, and therefart also correlated
with the visual senza that led A and B away fram 1t
towands I.

There is ona further point to notice about 1 as
compared with 0. Not only are there no tactusl
senss at 1 parrelated with the visual sensa that guide
observers fram the other side of the mirror on their
paths towards I; there is also a purely optical
peceliarity about [. The place O is optically S
with visual sensa of the lnd in guestion. That is,
any observer, no matter i what direction he may
approach O, will sooner or later begin to sense & series
of vigual gensa of this kind, which are optically com-
present at O, This is far from being true of 1. [ is
not a ceart which 18 cccupied by visual sensa of the
kind in question for a#f observers, of even for the larer
pparts of the course of Jay obaserver. People at the back
of the mirror, who losk directly at the place 1, cither
see nothing there or clse they sense sensa which have oo
resemblance to those which A end B sense on the earier
part of their courses. Agan, A and B, during the latter
part of their courses, sense no such sensa as they did
whed they were on the reflecting gide of the mirror. ' We
must 5y, then, that is seagerd by the sort of sensa that
constitute the mirrar-image, from certain places, but
By no means from all; whilst & may be Afnd with
visual senaz of quite a different bind. On the other
hand, O s not merely occupied, but 1 filled, with such
visual sensa as constitute the mitror-image. {(For the
maoment 1 neglert the inverson of the image, which of
course makes a chararteristic difference between Lhe
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senpa thar fill O and the ctherwige similar seasa that
optically occupy [ from places on the reflectiag side of
the mirroe.)

We may sum up the pacaliarities of mirror-images
with respect to place, s follows: (1) The usual correla-
tion betweea visual and tactual senss breaks down.
Usually, when visual sensa are optically compresent
at a certain place, correlated tactual senza can be srumd
br an cbserver who walks up tothat place,  If, however,
you want 1o sense tactual sensa correlated with the
wisunl sensy that constitute & mirror-image, you must
v to quite a different place from that at which these
wisuzl senaa are optically compresent.  This is, af course,
puzzling, because unusurl ; but there is no theocetical
d.lﬂicully in the fact that two sorts of sensa, which am

7 should ] oot be ao.
Peaple whom we meet ars geoemally compresent with
iheir trousers, but this rule is Hahle to beeak dewn in
swimming-baths. {ii) The optical places of mirror-
images are never optically Affed with the sensa that
constiture the image, but are only cecupied by such
seoma from certxin directions and from the remcter
places on thege directions, Om the other hand, they
may be ut the mme time optically filled wich visgal
sensa that are not in the least like the syimor-image,
bot are correlated with tactusl sensa whith mn be
senzed by people who walk to these places.

Wr o now agk: What iz it precisely (hat the
twws of geometricai optics teil us about mirror-images ?
The answer is simple  They tell us where sources
would Bave w be placed, and what angible shapes
they would nced ta have, o order that an abserver
whe stands In a glven positics shall cantinue to sense
the same visual sensum when the beterogeneous medium,
with which he is in fact surrounded, iy replaced by air.
If we like 1o uge the comvenient language of the gencral
Theory of Relativity, we can say that the intrnduction
of =uitable sources in suitable places ic a hamo-
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geotous medium will slways * transkorm away * (fn
be equivalent to) the sffects of any beteroguncous
medium for any ewe visual sensum of moy ome observer
in any s position. [a Pvourable cases the trans-
formation may apply 10 many senza of many observers

mmuqrr But no T4 of sources in
a dium will be i o the
effoets of a i lium for ad of

n a¥ positians. For instance, if we remove the mirror
M and put a luminous point of the right colour ac ],
A’s wod B's visual sepsa will be oochanged ; but very
differen: s=ngz will now be intreduced into the fields
of ohservers at the hack of the mirror. The lsws of
geometrical optica ace then aimply the rules according
to which we can ilculste the tactual shepes and the

i of such hypeihetical sources as would trans-
form awwy the sifects of a heterogencous medium for
a given sensum of a given observer in a given place
in the movement-contingum.

(€} The Relapan of Optical Oceuporson.—1 think thar
wE are now in n pogition to gao a step further wn our
analysis of the opticai places of visusl senma We
notice that threr types of case can aris, anging fram
the completely normal, through the mildly abnrormal,
o the wildly abnormal. (1) There i8 the case of seting
things by direct vislen in a homogeneous medium,
Hare all gbeervers in oll directions {provided they be
not o far off) can sense very similar =enss, and can
bring them into the middles of their respective fiekds
of view ; and the paths af all thest obstrvers converge
to & cemmon place 1 the movement-continuum, at which
all the sensa af all these gerict are opdraily compresent.
“The provise that the chgervers art not twn be toa far off
is ndded in ander to allow for the posable jazerpesition
of opaque obstacies between the place where the ohscrvar
ig and the centre of optical compresence.  1fa luminous
point be inside % room, it is true that the placs where it
is said to be is optically occupied by sensa of similar
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quality from il déwaions ; it i not true, bowever, that
it is occupied by such zensa rrow alf places on any one
of these directionx. It 19 not s0 occupied from places
that are outside the room. What we can say is that
there u some ﬁmw duunu #, auch that the placs in
4 by such senss from 2l
pl:m wudun n sphere of dius » drewn with thig place
ws centre.  The figum below illusirates this regtriction.
. The datt=d partg of the lines are
}‘(‘ the pacitions Eom which P is not
+ optitally ocoopied by senmi of the
‘/l\p sart with which it is optically Glled.
(i) In the case of seting a
+ mirror-image there Is o cttain
place behind the mirror which (s} is occupied by
smdar visual sensa from eemsy, but not from af,
directions which converge oa the point.  (#) Lt is only
occapied by visual sensa of this kind from centain places
on any ane of these directians, and na semeg of such
plunces extends up to the place where the image is spd
te be.  On the contzary, thegn geriag niways cod abruptly
Bt z fioite digtance from the place. {c) The place of the
mlrlul\-lmage may, though it need not, be also a place
of opticel camp fram sl directi
Buy, 1f #0, the sensa with which it is optically Hilled
will be quite ynlike those which opually occupy it
from places on the reflecing side of the mirror. In
the figuere below, M 13 amirror, ¥ wn opagos obstacle,
wnd 1 the place of a mirror-image, The full thick part
of a line represents the places on it from whieh T is
optically occupied by the gensa which consrirate the
mirmor-image, Tha full thin part represents the places
from which it is oprically occupied by sensa of the sont
with which it is optically filled. The dowed parts
represent places from which it 13 occupicd by neither
kind of sensa.
{iii) Lastly, with distorted mirrors or other kinds of
maore hererogenetus medis, any observer may find that
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he has contizually to turn his hend at ench step, if he
wANLS t0 sense a serics of visual fields with at all similar
sensa at their centres.  In soch cases the observers will

g

algp generally Bnd that their sensa are affected with
sensible movement ag they turn their heads.

We thus have & series of cases, ranging fram the
complete tamencas of (1) to the extreme wildness of (in)
Mow it seems to me that the psyehological and the
logical order are here opposite to each other. Psycho-
logically our concept of Space, and of the places of
things in it, 15 built on {1}, ##, on the commonest nnd
most practically llllpl:n:lnt cases. I (hess had been less

and less #t 13 doubthul
whether we should have reached lnyunng hke cur
present view of the external world.  Put, logically
congidered, it is the wild cases, of type {iii}, that ar: of
fundamental importence. It seems pretty clear that the
normal cases can only arise when certain special simpli-
fying conditions wre fulfilled, viz., those which we sum
up by saying that the medium is homogenesus  These
special conditons mask the real complexity of the
relations involved; whertas the wilder cases exhibit
thess rolations in their mest general form. There is
some bope thar, if we ireat the wild cases as funda-
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mental, we may be able o deal with the normal anes
as specially simplified ipstances of & more genesal
relation ; as, &4, acicck may be regarded ax a specially
simplified case of an ellipse. But theme is very linde
hope that, if we take the relations involved in the normal
cages ay undamental, we shall be able to interpret the
lbnormal cases in terma of them. And, as Critical
Pt it 13 pur L W try to dell with 24
the facu. and not to hush up the existence of abnormal
senga, a5 though they were the peccadillos of a Cabinet
Minister.

Wz can now say something about the logical
characteristics of the relation of serscal acewpasion. (1)
[t i3 a relatioo between a4 visual sensum on the one
hand and & place in the movemeni-contiiuum on the
ather, (2} Itis a many-one relation. This means that
a given sensum & £an only cccupy optically cne place
in the nwvemem-oonr.lnuum, but ene place in the

can be ded at
the same time by many sensa. (3) I thlak we must
alsc hold that the relaton of optical cccopation is
imeducibly triadic. This means that any complete
satement, which asserts this relation to hold, involves
Lhree termy, vir, the sensum, the place that it optically
occupies, and a third term. My reason for saying this
is the following: The statement that Lhe place p is
opticatly occupied by the sensum 5 seems to be incom-
plete, the full statement would seem 10 be chat p is
optically oecupied by ¢ from g, wharu g uthephnnin
the i by the £ ]
body., Wa see thiz more c.lmly if we smbe caactly
what we mean when we slythﬂtx&pﬂﬂllymplts).
5 wil] be & gensum which is sensibly present in a cértain
olserver's visual Held at the dme.  This observer will,
in fact, be in 2 certain place g To define the dirwtim
of p, the place optically ocrupied by s, we have to
suppoge that the observer turns il he sanses & visual
field with » sénjuin 1, slesilar to 1, tn ts centra.  The
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direction of ¢ is then the direction in which he would
start to walk if he foliowed bin nose.  The distance of 2
iz determined by the sensible depth of  in the observes’s
visunl feld. It is the distance that he sowls have to
walk to reach o soutes ¥, ia fact, the medium wece homo-
gentous and £ wert due to the transmission of light
directly from this souroe to his eye. 1t seems therefore
that the full ing of the that s is opti ',
present at p cannot be ond d without &

the place ¢ vocupied by the obsenver in whose visual ﬁeld
£ s pensibly present  TF so, the relation of optical accupa-
1ion is triadic, and the mini iz
that = pecupies # from g.

Of coocse, in a great many cases, if the observer
wese to walk to & place p, thus determined, he would
not find any centre of discontinuity there which could
be when 4% the source of his original sensum r,  And, in
tmany wses, he would not find that & series of sensa like
4 were gensibly present in the middle of his successive
visual fields as be moved in the fine from ¢ to A, This,
hewever, does not prove that our definivion of optical
occupation 11 wrong, [t merely shows that the isct thar
a lensurn £ oec.uplespopmdb frum ¢ is no guarmniee tlln
FALY. Ky ] by g closely
With s This we llrendy knew from our experiences
with mirrors and cother types of non-homogeneous
edium.

We must oot be frightened of wiadic relations, for
themn wre plenty of other examples of them in daily iife.
The relntion of gimnr iz an example, ance it essentinlly
involves a giver, & gift, and & recipient, The mizimum
intelligible statement which assects the relation of geing
it of the form "« givesy to x." [t iy true that we some-
timex use apparently simpler phrases, Like ** Smith gives
to the Additiona) Curates” Fond™; hut thes are clearly
elliptical, and, whan fully stated, mppear in the form
W Smith gives semesking o the Additional Curates'
Fund,"” Of courst, whenever 5, #, and & smand in &
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trindic relation, this fwvakes termin dyadic relations
between them by pairs; but the assemm of the t.rlldlc
refation is pot analysable into the j of
these dyadic relations. The latter are dorived from the
Irrmer, and the former is net built up oot of the later.,
Contrest the relation of ** uncle " with that of * giving."”
Both involve three terms.  For to say that ris uncle of
& teans that r is brother of some third person ¥, who is
i parent of 5. This does net make the avoncular
relation triadic; for it is completely analysable into the
eonjount assection of these two dyadic relations, and
they art not merely derived from it.

Now we are very linble to ignore the fact that a
reation is pelyadic and to treat it ax dysdic. This
happens if twa of rhe t.erms munly interest us and the
rest age When
this condition ceages to be fulfilled we are Tiable to Aind
apparent contradictions, which czn only be aveided hy
recognising the polysdicity of the relation, When we
say that A is to the right of B, we often ignare the fact
that we are really nsserting a triadic relation betwesn
A, B, and our gwn hands. Eventually we mest some-
cne as sane a5 cursclves, who insists that A i o the
left of B, Thes 1 a contradiction, uatil we take inm
acoount the neglected third term, which is different in
the twp cages, and sce that both parties mmy be right
when their full meanings are made explicit.

If we mooepl the view that the relation of optical
occupation hetween visual sensa and places in the meve-
meat-contitzurt is triadie, there is no difficulty in the
fact that & place may be at once optically filied with
scnsa of a4 certain kind and ogeically occupied fram
many places with sensa of quite a different kind, which
have nu coneeaion with the physical filling of this place.
P is optically filled with sensa of the kind & if there is a
elosed surface in the movement-continuum such that it
cantains P, snd such that P iz optically occupied by
sensa of 1he kind & from all places between the outside
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of Pand the inside of this surface. This is guite com-
patible with the fact that there are other places in ihe
mavement-cantinuum from which P is not oecapied Iy
sensa ut all, It is also quite compatible with P being
optitally occupied from many other places with sensa
of a cifferent kind #.  This 1s what happens i the case
of mimor-images. With & plane mirror the situation is
as follows : There is & set of places from each of which
a seasum of the kind ¥ 15 optwally present at P.
These places are on lines of approach which converge
on P. But (4] all the lines on which such places am
situated are confined within & certain sohd angle with P
ag vertex ; and {#) even ifor lines within this region the
senes of places from which sensa of the kand ¥ art
optically present at P does net reach P, bur stops short
at & finite distance from it

The question might now perhaps be raised: s it
enough to suppose that the relation between 2 visual
stnsum and a place which it cocupies in the movement-
continuum is trisdic?”  Qught we not, in the case of
the mirror-image, for instance, 1o brng 10 the positons
of the source and the mirror as well ag that of the
observer, and thus make the relation at least pentadic?
This 13 a plausible question, but 1 think that it rests on
acanfpgion, Undoubtedly, if we want to pradhe in what
place 2 sensum of a certain kind will be optically present
from the place of a cermin ohserver wa need to know
the positions of the source and the mirror.  But these
art not mmvolved in the meeming of the statemont that
such and such & zengum is optically presont in such end
fuch a plece. We saw that a4 reference to the place
of the abserver s an estential part of the meaning
of this statcment.  But the parts played by the source
and the mircor are merely arsral end not amrdgusive.
This is clear from the fact that we beve been able 1o
give & satish of optical pation with-
out mentioning thz pogitions of the sourte or the mirror.
The way in which thess do become relevant i= the
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l‘nllnuing ‘l‘h:pmmmoﬂhemmaadohbe mirrar
nling to the phyllul Taws
ot light, ihe senxible 'plme of the sensum # {n o'y visusl
Geld. And the place # in the movement-continvum,
whl:ll is opﬂ.m.l]yoccupled by £ from whesa the chgerver
is, (by ] on the ible place of rin o's
vlsunl Feld. But it is one thing to sey that the positicns
of the source and the mimor are factors which ameally
determine the nsture of the sensum which optically
oceupies 4 particular place # from another place ¢, and
fquite another thing o say that the pesitivns of source
and mimror have to be stated before the proposition that
1 optically oocupies ¢ from ¢ can be waderreosd.  If the
latier wers true, the relation betweeh = seasun and its
optival place woald be at least pentadie, for the minimum
intelligible statrment about opticat oecupation would be
of the form ** 5 optically ocoupes ¢ from ¢ with respect
to the mediutz s wnd the source ».”  Hut this does oot
seemn to be brue, and therefore ] see ne reason at present
to hoid that the relation of ptical occupation is more
thaz tradic
('} Phyrioi Plece.~Having dealt with the puzling,
bat most illumizaring, case of abnormal cptical oceupa-
tion, we can now trest the places of physical objects.
Before the notion af physical place can be profiably
discussed, we must form 3 clearer iden of what we mean
by & physical object. For a physical place is ihe zont
of place that can be occupled by a physical oiject. So
far we have simply contrasted physical ohjects with the
sengs which are their appearancag.  But it may well be
that = physical object,” in this scnse, is 2 somewhat Joose
term, wnd covers several diferent kinds of entity. We
miust ¢ven be prepared for the possibility that what
calls a phy objoct may be relly &
number of comelated objects of fundamentally differant
kinds,
‘That this is 30 will be plain, 1 think, if we compare
the following four entities:; o particular visual appear-
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ance of a certaln pznay ; an image of the penzy in a
place mirror; what comzan-senss undersiands by the
peony ; and I.'he atoms, elecmxls, e, wln:h acience
azeris to be the uld of the
penny., Toe Grst no cme wnll.d think of calling a
physical object. The second would not indeed be
called a physical object; but it i3 much more thar a
mere gensum. It can be “seen”™ by a number of
different observers from different places in exactly the
same sense in which the penny itself can be seen.  And
it hag 2 certain persistence and ind=pendence. It ig, in
facty 2 group of:lose.‘lyewm;mdvuualmsa,audl
certain place in the in opti
occupied by members of this group from a gmumm]r
places, although It 18 not filled by them. We refuse 1o
call it 4 physical ehject, becauss of the lack of complete
optical filing, and because of the absence of correlated
tactual senss when we come to the place which is opti-
cally oceuprisd by sensa of such a group. I will call
such a thing as & mirmor-unage a Perfal Optsni Gpect—
optical, because it consists wholly of visual sensa;
partial, hecause it does ot opticafly Bl the place which
it opticaily oceupics.

Naw what BT i ds by a
ohject, such as & penny, is something more than this
in twe ways at lemst. (1) It involves a Crwpdete Opticad
(fect, for the plmwherelhcpennyumdmbeu

My filied with ] ptical and cound
scnea. (3) It involves snm!thmg more, which is nat
optical at all. The place in the movement-continuum
which is marked out for us by being flled with the
camplote aptical abject very often resists our efforts ta
move into it. It is often a centre lor sound and radiant-
heat sorum.  Amd, as & mole, we s¢nse tactual sensa of
characteristic shape and of sume lemperature of other
when we come to this place. It i3 very excepdonal foe
eondition {1) to be fulfilled without condition (2); though
I suppose we may say that condition (2) is eyanescent
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m the tast of clouds and wisps ol cvloured vapous.
Let us call the penny, a8 common-sense understands
it, & Percepiwnd Ofper. Now the important thing to
notice ix that & perceptual whiect is neally nor one single
homogeneous object, present in a place in the movement=
continuum 1n one single sense of ‘' presence.” It is
a number of interconnected obyecis of different types,
ant! the diflerent kinds of object included in itan: present
1n different senses in the place where the parceptual
abfect 15 gaid to be. I will call the werious correlated
objects which together constitute a perceptual ohject
comstruents of the percepturl obyect. It woold be mig-
lepding to el them garrr of 1, because this would
suggest that they literally fit together to fill up the
plece 1n which the perceptual object 15 said to e, This
could nat be true, btcause they an: of cdically different
kinds, and are in this place 1n mdically different senses.
Take, for example, the perceptual olgect which is whar
comman-sense means by o penny.  Qne constilsent of
this is 2 complete ppuical object.  This congists of visual
senza.  Ench of these is Literally present only at a place
in s own wvisul fisld. The optical object iz only
present at the plage i the movement-continuum in the
stnge that this place is vptically Glled by the visual
sensa which together make up the complete opticl
chiect. Anvther of the p 1 penny
is & group of mctual senm. Each of thea 15 literally
present anly in its awn mctual sense-fiekd, The whale
Eroup 18 present st the place where the peany iz sad
0 be, in some Pickwickman sense which we have not
yer definmd, but which, from the nature of the case,
cannot be identibed cither with sensible prestnce or
with optical pregence. It is becsuse the percepiual
ohject is not gne bomogeneous thing, hut a complex
of comrelated constituent objects of various cypes, that
science finds {t necessary to pass beyond the perceprual
abfects of cosmon-sensc.  This does not mean, ax we are
Lable to think, that the latter are 'unreal.” [t only means




POSITIGNS AND SHAPES OF SENSA 331

that they are unsuitable unlts for scientific purposes,
though admirably convenient units for the purposes of
everyday life. This leads ux o the Jast meaning of
* physical object,” vix,, what Whitehead calls Sciemighs
Odpacis. (Though [ use this convenient expression of
‘Whitchead's, and mean it to apply # muoch the same
thing= s be applies it 1o, it does not necessarily follow
that he would mgree with the accounr that [ am guing
to give of the canap? of such objects.)
Scienoe Izl]_-a us that a peony " ronsists of " large
of ik mmrlngahuut with great
welocities in chamcteristic ways. This is undemstood
bath by science and common-sense to mean that the
colourless particles are parts af the perceptible brown
peony in the mame litcral sense in which a risual
appearunce of the King's head 1w & part of the visoal
uppearance of the penny. [t would be difficult w
Beocpt this interpretation, even on a nuvely reslistic
view of peonies and our perception of them. [t is not
easy to believe that the brown continuous surface of the
penny, wllu:h on that view, we sense, can hirmlly be
lourl ] Anybow, this simple-
mludui interpretation of the scicatific statement becomes.
impossible when we remember that the perceptual
PENAY 15 fo0t one homogensous object, but is a complex
of conneweted constituent objects of difierent types,
which all cccupy a place in the movement-continuum in
different Pickwickian sensts. it is clear that nothing
could be a part of & the constituents of 2 perceptual
olbiject it any one scnse of the word ' part,” whetber
literal or Pickwickian. If it be litermlly part af sme of
the conslituents, it can cnly be & part of the others in as
muny different Fickwickian senses wg there are different
types of constituent, Moreover, some at least of the
constituents are such that nothing cocld Aierally be .
pact of them, One i e.g- of & peroep
object i A complete optical object.  Nothing could
claim to be & literal part of this except ona of the vispal
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PP of the percep chjet. And even these
are not literally garts of the complete optical chject. A
visual appearance of a penny is u *! part” of the complete
aptical object only in the yense that the later is & group
of optically compresent sensa of which this appearance
i one meseber, Bt the various mambers do not licerally
fit mgether 1o make up a surface, and therefore they
are not fitersfly paris aof the camplete opriical object

We man now relurn to the statement that perceptual
objects, like penaics, are * oompmed of " sienulic
objects, like siectoons. From what we have jugr said,
this cannot mean more than that the sclentific objects are
litesally parts of o of the constituents of & perceptus]
object, It is further quite clear that they are nat Literully
parts, of even members, of the spla’ conatituent of the
perceptual object.  This, 1 take it, 15 why there iz no
objection to the view (hat & brown penny is compoged
of colourd The b belongs to the
optical H + and the are nat litersily
parts of this, but 8t most of some other constituent of
the perecptual object.

Now 1 think Lhat by a scizntific object we mean
something that /eraZir occupies a place in the move-
ment-contituum. Aned by this [ mean that it occupies
it in the same indefingble way in which a sensom
oceupies its sensible place in its own feld, 1 thiy be
right, the relation berween the place of the perceptusal
abject and ity companent scientific objects mey be seated
a3 follgws : The perceptual object marks out = certain
region in the i by the p in
this region of its various constituents. These con-
stituants are 2l present in this place in different ways,
nnd these ways are all defioable and Pickwickian, We
bave attempied to define the way in which the optical
canstituent is present, because this is the most difficult
und important case. Scisnce vonceives that the regions
in lhe movement-continuum, thus marked out, are liter-
aliy occupied 'y certain objects which have an important
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cansal bearing oh the nature of the sensa which wetupy
guch regions in their various Pickwickian ways. These
supposed objects, defined as the Jueral accupants of
places in the rovement-continuum, are what we mean
by scienufic objecty.  And » perceptunl chject is com-
posed of certain scientific gbjects, in the serse thet the
laster fréeroliy ocrupy that region of the movement-
continuum which the constituents of the former occupy
o Prdivickicm texnes
(¢} Swweoeary of Condwmons about Place.—There is one
and only one littral seose of * being in a plece.”  This
is not definable, but it is exemplified in our stnse-
experience moat clearly in the presence of & rizual
sensum at & certain senaible place in i vieval ficld.
The concept of being i a plaze is based oo our sensible
with such i as this. 1t ¢an then
be applied in thought to types of object and of con-
tinuum which we annot sense aa simultaneeus wholes.
Again, there & onc and only enc kind of place which
we deal with when ouce we lave indindul sens and
their fickds and pass to physical objects in the widest
sense of the term.  This is a place in the continuum
of possible positions of vur bodies w8 we move. Fhis
continuum is not senscd as & simultaneous whole ; bur
our successive expericnces of moton are synthesised
under the concept of a spatisl whole, through analogy
with visual Gelds which we tan sense simulaneously.
Now, slthough there is only one literal secse of baing
ina p].nuu aod althvugh by "plaoe“ we tlwlys mean
"plece in the com-
ceived,” so s0an as we [save the individual sense-field ;
il there art omoy derdvative, definable, and Ph.k-
withdan senses of " being in & place.” Whenever we
talk of any sensum occupying a place in the movement-
continoum, we are using terms in a Pickwickian manner,
and are bound to defice thens.  And for different kinds
of sensa different Pi kinds of pation will
have to be defined. *
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Now theze are certain correlations between the sensa
of susceasive fields sensed by the same obacrver, batween
-y senza of diffe vhatrvers, and between
sanea of different kinds, which constantly ocrur in real
bir, and make these definitions possible and useful,
But we are liable to overfook cases where these cormtla-
tions break deown in whole or in part, and thus @
produce an illusery simplification. This mistake is
avoided by considering such facts as mirror-images.
We found that the pesceptual ciacts of everpday lif
are not homogeneous, but are renlly composed of a
number of correlated constituent objects, all cooupying,
in warigus Pickwickian senses, the same region of the
movement-continuum. A mirror-image besrs 2 close
resembiance to the complete optical object which is one
of the constituents of an vrdinary perceptual chject. It
differs from & perceptual object in three ways: (1) It
is not a complere optical object, but only a partiel one.
{2) The plact whith w opucally octupies is not also
occupied by corrtluted tactual and other types of obpect.
{1) There is good reason to think that the plare of a
perocptual object is lnerally occupied by cectain saientific
objects. which ane intimately eonnected causally with the
sensa which occupy this place in Pickwickian ways. In
the cage of 2 mirmramage, the place which ig optically
ocrupied by the sensa which make up the image may
or may not zlsa be literelly occupied by sciennfic objeﬂs.
Fut, an en.h!r aternative, the namre of the gensy i3 waf
ined d chiects which cecupy
thrs place, and ur causally detarmined by the scientific
abjects which orrupy cartain ebber places, viz,, the places
whers the sourct and the mirtor wre perceptusliy present.
Flnally.justnu a place in the mmgmuntmnmmnum may
pied withgut ini ]
sclgnnﬁc ohjects, 3o thom may be mnny p]'-mzs in the
movement-gontinuum wlm:.h eonmn imponnm scientific
objects without b i
1f therm had beer no pm:elmal ab;um, arif the relevant
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scientific objects had not A% 4 sule cocupied the rcgion
marked out for us by the perceptusl ohiects te which
they are most relevant, we should hardly have reached
the notion of scientific cbjects at all. But, once having
reached this notion from refecting on percepiual objects,
there is na reasan why we should not apply it tn regiana
which are not occupied by perceptua! objects at all,
Newertheless, this is a Iate development of human
thought, which has hlppmd well within historical
Hmes, the of phaal objrects is,
af courss, prehistanc and atmost ::l:ﬂlmly pre-human.

Tha Jozeapt of Shape.—It nemains to consider what
in meant by ‘' shape,” and what s the exact cash value
uf common Slatements about shape, such ax *“This
penny is round.” The notion of shape * one of the
many pointd whers the ditional
Space and Time wears very 1hin. This 18 readily seen
ifwe ask: " What is the shape of 2 cloud of coloured
vApouE?”  As the putlines af a cloud ace contlnualty
shifting, there (s nathing that cun stnctly be called fhe
shape of it We can, however, divide up the history
of the cloud inta shorter and shorter succertive sections,
and talk of the <hape of each of these. Shape only
becomes & perfectly definite concept when it refers o
a momentary extended ohyect: it ¢an thertlore only be
defined stnctly by the use of Exttnsive Abstraction.
It is true, however, thai there are many objects,
such as penmes, for which the shapes of successive
momentary sections are practically adentical over =
loog shice of tustory. In such ceses we can talk of
the shape of the object. We can say that a penny has
a definite shape, and that thiz is circular, We have
now to consider the precise meaning of such statements,

{a} Fowerdle Shape.—Just 23 there is ane and onty
one non-Pickwickian sense of being in 2 pluce, 50 there
iz ooly one literal sense of having a shape. 'We cannot
define **shape" in ity literal neosr, any more than we
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can define “being in a place” in s lieerel sense.
But we can and de become aequainied with concrete
instanees of shape in our sense-fields, The Lierl
meaning of shape is best {llustratcd by a vipual sensum
which persists unchanged throughout the whole of
the short duration of & gingle sense-field. It will be
remembered that, in the present chapter, we are making
the simplifying assumption that sense-fickls and the
sense which they contain ame literally momentary,
“This assumption will be corrected in the next chapter.
But in the meanwhile we may say that Sewrsdle Shape
1% the sort of shape possessed by visual and ather
senga, and that this is 1h fundamental meaning of
shape.

{&) Optiead Shape —We talk of 2 number of different
obscrvers ‘seetng the same object from different places ™
We have already discussed the cash value of this stale-
ment with sufficient acouracy for the purpose of defining
optical occupation.  For the present purpose we must
go a lietle further aad draw a distinction which we
have hitherto ignored For the sake of simpheiy.  When
several prople acc said to see the mme object,” this
sometimey means that they all Fisee the same part of
the object,” and it somctimes means that they '‘see
different paris of the same cbject" Marecver, when
they are seeing different party of the same abject, it
would be held that sometimes the pans which they
£te are sntwely sep and that they
partially overlap each other. The foliowing examples
wili illustrate these distactions: {1) [f a penny be
Laid on the table and a number of people stand round
and ook at 51, we should say that they zl! “see the
whole of the upper surface of the penny.” [a} I I
am in my rooms with the door shut, and I look at
the door from ingide the rcom whast you Iook ag it
from outside in the passage, we should be sud to be
"'geeing wholly separate party of the same ghject"
[3) ¥ 2 cricket-ball be put an the thle and & qumber
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of people stand reund and look at it, we sheuld say
that they all ' see partially different parts of it, but
that the parts sven by adjacent observers partially over-
lsp.” It ig guite evident that thess three different
types of statement express thrte genuinely different
situntions, all of which often arizc io real hie. On the
nave view, that wa litcrally sense parts of the surfaces
of physical objects when we look at them, the meamngs
of such statrments are tolerably obvious. But we have
long sgo desertrd that view ; and wndeed one of the
reasons which made us do 30 was the differences in
tensible shape of the sensa of various ebstrvers who
were il "scaing the whale of the upper sudface of a
penny.” It 1s thercfore necessary for us to define Pick-
wickian senses in which such statements are true.

A and B may be said W see the same part of a
perceptusl object when the visual s¢nsa 1, and s, which
are the uppearances of this object to A and B respecuvely,
are pptically present in precizely (the same region of the
moveament-continuum. It might be said: " How is
this possible, when s, may be arcular and s, clipul ;
or, again, both may be circolar, but o mm:ll bigger
than 5,7" This objection rsts on a
upuul any literal ocoupation.  There {s nothing in the

haition of optical f o pment pmclsc]y the
same regron of the being opticall
pccupied from different places with senm of various
senmble shapes and sives. What would be 1mpossible
is that cither (o} the same place in a sense-feld should
be sensibly occupied by rwa sensa of diferent shape or
size ; or {f) that the same region of the movement-con-
tinuum should be physically occupied by scientific
objects of different shape or size. Lt 19 naw easy ta deal
with the other two cases.  We see wholiy different pants
of a perceptual object if the visual seusa, which are the
appearances of this ohject to us, are opucally preseat in
whally separate regions of the movement-continuum.
Lagtly, A and B see partially averlappiog parts of »
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perccpinal object if [s) the sensa i, and <, are optically

present in different reglons of the movement-continuam ;
(£} these regions partiy overlap ; and (o) the overlapping
part {5 optically occupied by a part of 5, and by &
part of 7. What we must clearly undergtand is that
litteally it is nonsense vo suggest that the various
senza which consttute a complete optical object them-
sclves averlap and together make up a single surface.

[t is hardly worth while to wke grear trouble to
define A optical shape of & perceptual chject.  This
would involve defining some Pickwicloan sense in which
we could talk of sk shiape of the complcte opucal abject
which iz a constitutne of the given perceptual ohject.
Now common-sense would admit that ne one can Eterally
sea the wholt of any perteptual chiect from any onr
position.  And it would edmit that the visual shape and
sizz of any part depend on the pesition of the observer.
In fact we only ust visual shape and siz¢ ws indications
{trustworthy snough under normal conditions, if guit-
ably corrected) of the shape of rthe perccptual ehpect
And by the shape of the perceprual object common-
sense understands its felt shape. It is possible, and
perhaps usefil, to define the optical shape snd size of &
part of a perceptual object from a given direction. This
might be done ag follows: IF we lock at the place where
a percepiual chject is, bring the visual appearance of
the object into the middle of cur visual field, and then
follow our noses, we do sense 3 series of veaual fields, sach
containing an appearance of tha obyect. These sensa,
s we have elready seen, do mcrease to 2 maximum
of sizc und brightntss ag we approach the piace which
they optically octupy. We might, pethaps, take the
size and shape of the largest and clearest sensum of
such a series aw what {s meant by the oprical size and
shupe from a given direction of a cerlain part of the
pemepmal object, But I do not think thar it would be

ine thig defitution, 30 2% ta give 8 mean-
mg o nh size and shape of a complets oplical object.
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() Physicol Shape--We have gud that common-
sense identifies the ** real * shape of 2 percepiual object
with its felt shape. This smlement requires 2 good
deal of analysis. The first thing to notice is that we
are much mort inclined to believe thar we feel literal
parts of the sorfaces of physical objects than that we
sce them.,  Mirror-lmages, and the iens of visual
shape and size with the position of the observer, make
it Girly evident, even to eo mon-sense, that visual senmsa
wre not lterally parts of the surfaces of peroeptusl
ohjects, though, of course, cotamon-: sens:dcr_snot under-
stand what radical changes a of
this conclugion involves. But we arc convinced that
what we touch is literally a part of the surface of a
physical abject. i beleve thet, mith suitable explana-
tions and gualificationg, some guch view can be held;
but we must gradually work up to it, and make the
necessary distincrons. as we go along.

{z} There are tactual fields, just 25 there are visual
figlds, And within them there are sometimes out-
standing tactual yensa, with recognisable sensible shape
and positinn within the field  Tactual sensa stand out
from the rest of the taciual field, if they be markedly
diferent 10 temperature or in “feel™ from the rest.
Thest remarks would be illustrated by [aying onc's
hand on a table with & small bit of ice Tying on it or
with & nail sticking up from it.  [n each case we should
sense & tactual field with a certain ocutstanding tacioal
sensum &t 4 certain sensble place withan it.  In the
Brst case the sensum would stand out by s coldness
from the background, and it would have a sensible
shape. [n the second a sensum would stand out from
the background by s peculinr * prickly feel.”  But, in
the ardinary man, the tactual fiekl & much less clearly
differentiated than the visual feld, and sensible tactual
poeition and shape are far vaguer than the sznsible
shapes and positions of visual sensa  Very posxibly
this is nut true of bling men, The tactual feld, such
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a3 we have just been describing, is onnected with what
psychologists call * passive toach ™ ; and it is generally
admitted that passive touch by iself gives very vague
infarmation about shape and size.

[2) Jugt ax visual sensa are literally present only in
their owm fields, so tactual scnsa are literally present
ooly in tactunl fields, When we say that there is a cold
round tactual sentum ata r.ernin place in the mvemem

i wtare kit in a Fi

sonse, as much as when we sy t‘nn ﬂwre it an ellipdcal
brown visual sensum there. This Pickwickian sense
13 fairfy obvious. A certain tactual sensum may be saidl
to accupy that place in the movement=continpum to
which | have to move my haod before [ can sense
this sensam. The total reglon In which a certain
perceptual object i3 present may, in this sense, be
occupied in different pars by a great sumber of different
tactual 3ensa from contemporary felds of different
abservers and from suocessive fields of a single cheerver.
The whole of such a group of m@etusl sensa would be
the Prwgidle Cousiciweres, which, along with the complete
aptal vbject and perhaps other constituents, makes up
the perceptus] object.

{3) It would generaily be admitted that it is by
‘“active touch,” é.e., by passing our fingers over surfaces
that we Tearn about the ' real shapes” of objects like
penryes.  Now active touch is partly a muovement-
experience and partly & tactual experiznce.  The purely
tactunl mide of it ig iliustrated in isclation in passive
touch, and we have zeen how very Littla it has to well
the normal man about shape and size. But active
touch is mavement of very much the yame kind os we
experience when we walk about, nowmp.nwd by scnzm-
tions od' * " blunt-
neas," ete. We find thet there are certain regions of
the movrment-continuum inko which we cannot enter or
posh our hands.  Our previously free course is stopped.
This ] ied and i
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mctual senzations of vardous kinds. It & always
ied by i which grow in
intengicy the mere we iry to penctrate the region in
question. Whea we actively fezl 2 body we are trying
10 peoetrate 3 certain region of the pvovement-contingym
fram vasicus directions, and are f2iling v doso.  And
our failure is marked by ch 18t tactual
The paints on ity surface are the points at which
ettempted courses of fuzther mowement arc stopped.
Thus, it apema to me that what we feel when we are said
to be actively exploring a cortmin peroeptual ohject is
a closed surlace in the movement-continuum.  The felc
bound are the bozndarics of o volume which is m
the movement-continuum in the same literal sense in
which a tactual sensutn i in its tactusl Geld or a visual
sensum m its vlaun] field. The optical constituent and
the of the peroeptual object are on
the surface of this felt repion in their respeciive Pick-
wickian ways, whilst relevant scientific objecis are
within this region 1n & perfectty lileral sense,
‘There i3 one imp paint to here.
‘The experience of being stopped when we try to pene-
trate u certain region of the movement-continuum from

various directions is net one simull experience,
but iz a unu of Suciessive atlempis aod farlures, acoom-
panied by tactual On the

other hand, the region which we are said to feel is on-

ceived a3 & network of cewiemperary points, I we had

not got the concepts of shape and volume from our

vigual, and in 2 much smaller degrec, our tactual Sclds,

we s‘nould maver ha-e been able 1o interpret these
of

points in 3 kind of nplne This iz simply a furtllu
illugtration of the general fact, already noted, that apart
from the charcteristic peculiarities of visuaf ficlds
and their carmelations with our badily morexents we
should never have interp i the

spatially at all.
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1@y Swmary of Comclusens cbext Shepe.—Shape
has a perfectly definite meaning enly as applied to
extengive wholes of co-existent parts. It is thersioce
impassible ta dea] wth it ndequnely mpart £rum time.
Strictly speaki only LOERLE
have shape, and we can oaly talk oI the shape of a
persistent sipf on the amumption that sucotstive
momentary scctions of its hislocy are extended events
with the game shape. Leaving these iemporal compli-
cations aside till the next chapter, we may say that we
reach the concept of shape by acquaintance with
particular instances of it in the form of visual and (to
& much less degres) tactual sengs, Having reached
the concept in this way, we can, as vsusl, proceed to
apply it to other canes which we cannct sense.

The noticn of the shape of & perceptual ohect has
the same kind of confuson as the perceptunl ohject
itself. For the latter is a moghonrmse of conshtoent
objects of warious types. Each of these constituent
objects wall hawe a shape only in a Pakwickinn sense,
if at all. And the Pickwickian sense will be different
For cach different type of mns:[r.uent chject. [t provad
to be atable, and p ible, to defina
[ melmng for the shape of tIIE opnr.l] constituent or
the mngible constitaent. 1o faet, what is meant by the
shape of a perzeptual object secms not to be the shape
of any of its coustituent objects. 1t is mther the shape
of = cermin mgion of discontinuity within the move-
ment-continpum. This I8 the reglon oo whase sorface
the optical and bk of the | .
object are present in the " Pitkwieldan senses of
*presence " appropriste 0 each. And within thig
valume sre supposed 10 reside thosc scientific chjects
which are muinly relevant ia detezmining the optical
und tangitle filliag of the region.

The boundaris of such regions of the movement-
continuum afe learst by active exploration. Attempts
at further are bere stopped, and the
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is emphasised by the accompanying tactual ssnsations.
The interpretation of these successive stoppages as a
network of contemporary points within the movement-
continuum involves the application of concepts derved
maizly from the visual field, and the same 15 true of
the spatial interpretation of the movement-continuum
itself. The shapes of wisual sensa are taken as indxa-
tions of the shape of this region in the movement-
continuum, but are admited by common-sense to need
correction, a correction which we apply automatically
and praperly in familiar cases,

This is as far a5 we can profitably go without con-
sidering the temporal characteristics of sensa, physical
objects, and physical events, With these we shall deal
iu. the aext chapter.

The following additionzl works may be consulted
with advantage:
G T Srout, Massal of Pepchelogr, Book [11. Part 1L, Caps
I aed IV,

W Jaues, Priafles o Pchotogy, Chiupler on Spare.
BERKRLEY, Ty of Koo



CHAPTER X

" She = settlmy fat," mod (he Figt Legbegint oy e returned
from yhavmng
“ Fars, Mr Spoker 1" saked the Captam The eapresion
w 3 strmope ops, for Tuma (f yoo wll thwk of it} w oaly
elagree
[R L. Srevesaos, Tho Sinbusg Ship }

‘The Dates and Duraticas of Sensa and of
Physical Objects and Events

We have now to raize the same kind of questions about
date and duration as we have just been raising about
place and shape. Asx in the Jast chapter we were
learning something fresh, not only about Matter, bntt
also about Space, so here we are poing 1o dig beneath
the traditional concepts of Time and Chaoge which
were treated 12 Chapter II.  'We shall zlso be cormecting
certain simplifying assumptions which were made in
the last chapter, such, e, as the assumption that our
successive sensible felds are literally momentary.

Gomparisen of Spatial and Temporal Charscteristics
of Beapa.—Let us begin with the tem poral chareeteristics
which belong te sensa in the same direct and lieral
way in which sensible place in their own Gelds belongs
to them. There are three waya in which temporal
characteristics are more pervasive than spatul gpes.
(i} Onty objects have places avd shapes in a liveral oo
even a Pickwickian sense.  Mental acts, iike befieving,
wishing, ¢tc., neither bave sensible places, such as
sensa have in their own fields, nor are they commonly
beld to be in physica! Space, ¢ven in 3 Pickwickian
sense, This is denied by Alesander, but I am gquite
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d by his arg It is 0o doult possible
to give a Pickwicki ing to the that cur
mental xcts are in aur heads, but we make so Litle
scientific use of such statements that it is hasdly worth
teoubling to do s0. On the other hand, it seems o me
that mental acts have dates in the same literal sense as
gensa and other objects, which are oot acts, When 1
agy that 1 began ko think of my dinner at the mament
when 1 heard 2 nois, 1 am agserting that & certain act
of thought and a ¢trlain seomation of saund were con-
temporary ; und this is un uxpnnwn of an immediate

and has 1. kwickian about it
(n) The spatsal :hmcunsﬂu ol the stnsa of one senza
do not literally extend to those of ancther senxe, cven
in the case of n single observer. My visukl stnsa have
piaces in my visual field, and my tactual sensa have
places in my tactual field; there is no place in which
both ase Tierally peesent.  'We do, indeed, come to say
that certwin visual sengx zre compreszent with certain
tactual ones; but, ny we have szen, this cnly means
that bath are prescnt, in differant Pickerickinn senses, in
a region of the movement-continuum,. This is not the
kind of fact that can be directly sensed. On the other
band, it doey geem to me thst temporal relations do
literally connect stmsa belonging to differeat senses of
the game observer. | can often judge guite immediataly
that a cortmin woist that [ sense is contemporary with
& cerain flash that [ senge, and iy lzter than a certain
twinge of toathache which 1 remember.  Here [ seem
to be using the name= of these temporal stlationa guite
literully, and in oo Pickwickian seost. On the other
hand, temporal ralations do not lienally stretch across
from one abserver to angther. You and 1 may judge
that two visusl sensa, cne of which was sensed by you
and the other by me, were conlemporary ; and you may
judge thae your visual scnzum was contemparary with
a twinge of toothache that you felt. But my fiash and
FOUrs mre Dot contemporacy, in the same literal sense
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in which your fash and your toothache are can-

y. T ) the sensa
or the menul :ct.-a of twe diflerent obsérvers have to
be defined in terms of 2 good many other facts beside
the two which they arc said to mlate, just a5 we found
with spatial relations between the sensa of different
observers. [1ir) Spatial relations do not Jiterally extend
from the sensa of one held of 4 certaln observer 1o the
nenta of a later ficld of the same sense of the same
observer. [t is only in & Pickwickian yense that we
can szy that 4 cevin visual sensum of mine is com-
preseot with another visual sensem of mine, which
beloogs to & later field, ©On the other hand, direct
memery seems often W hridge the gap between two
of our sensa of different dates, and to enable s 1o
Judge durectly that one is liierally Jater than the other.

Banrible Durstion : (¢} Sewss owd Sewse-pdpcets.—We
assumed temporarily, and for the sake of simplicity,
in the last chapter thal our sucessove sensible fields
are Titerally momentary, and that a sensum in one held
is apee facts dilfecent rom any sensum in another ficld.
We must nuw gel belund these simpl: fying assumptions.
The =tcond of them 15 pantly a matter of definition.
Tt 15 ob¥icws thal what 18 now past canmd be precscly
and aumencally the same as what 15 now present, even
thaugh the sensible qualities and hapes of oth shoukd
be exactly the same, and though they should ocoupy
preciscly simlar sensible places in ther respective
senmble fields. I am therclore justified in umng the
term Y sensum ™ in such a wiy that they shail be called
diBerent senza. This i3, of coursr, withoot prejudun-.-
to the fact that the ] and the
between the members of a teres of different sews in
succtssive fields may be such that it is possible and
useful to speak of & sinple perustent somne-cdpect, of
whose history the senma of the series wrt different and
successive shoes. When there is a sezies of senss
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5w v+ v« Jain 2 set of successive fiekds of an observer
0, and when there is enough qualitative likeness between
adjucent senga of the series, we can say thet a sense-
object 5 exists and pergists, and that these sensa are
suCcessive plru af lts bistory, [If ull the sensa of the
series be i hable in their qualitiez, we can
say tba: the senw—ob;ecl S has persisted unchanged
a cartarn d T the ive sensa
have different places in their respective hields, and if
cer@in further conditions ba fulfilled, we @n sy that
the seuse-ohject 5 has moved. The soct of cantinyity
that s required of the senm 5, . . . . . 1, in order that
they shall all count as parts of the hustory of 2 aingle
sense-object S, is that the oesrer togrther two senga
ure in the series the more alile are their sensible places
in their regpective fislds. If this condition be fulfilled,
wr say that there 13 & mingle sense-object, and i the
mccessive seasible places are differect, we say that it
has moved. We cun, of course, remember the place of
a sensum 4, n its field £, and compare it with that of
Irsy in its Seld £,,,. This is net generally an sct of
deliberate memory znd compari hut we
notice |f:,+, s postion in £y, is greatly d:fecent from :,s
position in £, IF the fields which come after a certain
fiald 7. do not contsin sensa with the right sort of resem-
blence and continuty with the previous r's, we say thar
the sense-chject S has ceased 1o exist. Ay we have
already explained, nothing that bas ever existed rrally
coascs to exist.  The parts of its history that have be-
come, Memly recede into the more and more distant
past; and nothusg that benceforward hecomes, is of
such a natare that it adds on to these past events o
makr a inustion of fhat parti sense-object. It
were therefore lass misleading to say that the sense-
object in gquestinn ceases to gersist.  The past, hike
the uchappy Theseus, ** Seder, wlermumgue sedere.”
() Duration of Sense-fields and of Semsa,—On the
asaumption that sensible felds are Jiveraliy momentary,
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it follows that sensa are also literally momentary, Buot
thls assumprion must now be dopped, and we must
come cloger to the actual facta of gengible experience,
A sensible event has u finite duretion, which may
roughly be defined a5 the time during which it is sensed,
as digtinet from being remembered. The twa kinds
of act are markedly dilfferent when u loog gep of Gme
meparstes the apt of rememberng from the objsct m-
membered As :‘he tlm&llpue between act and ohject
seasing knd retnember-
ing grows ﬁmm, and no absolutely sharp line can beo
drawn wherr oae ends and the other begins.  Stll,
it is certain that what can be sensed at any momeont
stretches a little way back behiod that moment. Thin
is the phenomenon to which we hare already refecred
a3 the Specious Present. 1 do not find the accounts
of the Specious Present given by psycholegises very
clear, and I shall therefore try to illustrate the matter
in my vwn way, which will lead us to definitions of
momentary Gelds and momentary acts of sensing. It
is obvions that, §f we art to hold that all object-evanty
are really of finite duration, and rhat ¥ obpecys
are o be defined by Extenzive Abstemction, wa aught
to tmke up the same attitude towards aor. 1 shall
begin by ing literally y wcts of senging,
and shali then cormet this sbstraction.

Let us cepresent the history of O's acty by & dimeted
ine O0. Lat us represent the history of his sensible
figlds by m paraliel line . Let Oy, on the upper line,
represcnt a momenkary act of stnsing dooe by O
ampment £ I take it o be & fuct that this act grasps
an event of Enitc duration which stretches back from
the moment £, to a moment 4, which i eaclier by an
amount 7, This duratio - is the length of O Specious
Present. I cpll this avent o, and ] represent the act
of sensing which grasps it as & whole by the right-
angied trisngle 4O, with &, m base snd O, a3
vartes,
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Let us now suppose that, at n slightly latzr date
(separated by iexx than the length of the Specious
Present), O performs another act of sensing. W will
repeesent this hy the dothed triangle ¢ Oy, which is
similac to 4,0, Thia grasps an
event of d &
back from the mouenx whan the
act bappens. The tvent is cepre-
sented hy &,  Now it in avident
that there Is a part ), which is
common to the two swvenis of)
and &f, This part is smsed I
by both the acts O, snd Q. On
the other hand, there is & part 2, of the first avent
which fa not sensed by the second act, and & part
#¢y of the second cvent which i3 mot sensed by the
first act. 1t will be noticed that the duration of o),
the event which is sensed by both O, and Oy, is such
that, when added to the time that slapses between the
two acts, it makes up the duntion of (s Specious
Present. If we Eoally take an act O,, separated fram
O, by the lengeh of the Specioux Present, the svent £,
which it grasps has nething in comason with £y, except
the singie point which is labelled both o, and £ Thus,
if two acts of sensing by O be sepacated by the length
of C's Specious Present, the only **event " that is sansed
in both of them iz a " momeotary event.” In genecal,
we notice that the shorter the time-lapse between two
of Oz acty of sensing, the Jonger is the event which is
sensed in both of them ; and that, as the lapss tands
10 nothing, the duration of the event tends to -

{e) Mowmaxrary Frrids and Mowensary Acts of Semring.—
We am now able to remove the supposltion of litomlty
momentary acts, and to define by Extensive Aleiraction
both 2cts and ¥ Gelds. If the
mdumlllmkh-cknthn dingram be will s8e that
the event s, which ¥y common to the two acts of
mensing O, end Oy, iy & foriierd' comman to O, and any
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act that happens between O, and Oy For it willl bea
proper part af the looger event which is common to
this pair of more <loacly adjacent acts.  1f we imagine
a i series of ¥ acts b 0, and
0, we can regaxd them as momentary sections of an
act or process of finite duration, mnd can say that the
finite event &¢, is present throughout the whaole of this
process of sensing:  The parts ¢, and ¢,¢, form a Lind of
peiumbra; the latter was not presant at the beginoing,
and the former is not present at the end, of thiy fnite
process. of sensmg. but the pert «f, is present sl
h ible field may thus be
rough])f deﬁned an the limit which the event that iz
present througbamt the whole of & process of sensing
approaches, ag the durtion of the process of sensiog
approaches o the leagth of the observer's Specious
Present.  The reference to limits can then be got rid
of m the usual way by Extensive Abstraction. The
momentary field #, might finally be defined as foilows 1
It is & class of events such that each member of it is
presest throughout the whole of some process of sensing
whick beging at £, and does not tast longer than O's
Specious Pressat.

In the same kiod of way we can define 2 momentary
act of sensing. The longer an event the sharter is the
process of sensing throughout the whole of which it is
present.  An the length of the scnsed svent approaches
that of the Specipus Prusent, the dumtion of the procesa
of senning thrpughout the whele of which the event is
preaent apprarkes w oothing. We could, therefore,
roughly define & womentary act of senging as the limit
which a procesa of senslng approaches as the duration
of the event which Is present throughout the whole of
this process approaches to that of the observer's Specious
Prescot. The reference to limiis can then be got rid of
in the uswal way. The momentary act O, might wini-
mately be defined as follows : Tt is & claxs of acts such
that throughout each member of it there is present roma
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event which ends at r, ard does net last longer than the
duration of O's Specious Present.

In real lifs we may assume that cur acts of sensing
wre 00t momentary, but are processes that last [or a
Ginite ime. What we choose to count as anc process
of 3=nsing, of course, depends on many factors, of which
the most impertant is probably unity of intecest. [ our
account of the Specions Pregent be right, the Funda-
mental fact 19 that a process of sensing which lasts for
s fnite time [provided it be sherter than the duration
of the Specious Present] will agtually sece 3 certain
event of mite duration throughout the wheole time that
the process lasts.  Since, howtver, we have su:needed
in def ¥ ucks and ¥
Sields 1 terms of procesees of sensing and senaible
ficids of finita dumtion, we are hennefoﬂ.h at Liberty
o use the ¥ s we find it
convemant ta de go.

{d) Semnable Chawge.—W eare nowina posinon to desl
with stnsible change and movement, We have alveady
defined what is mmeant by the statement that o sense-
object &ax nhingl:d or maved. We saw that it dzpamied
on a comparison b the and
ather hitiet of senza 1o Gelds, But it is
[ xmmnﬂus fact that we do not merely notice that some-
thing &ax mml:d or otherwise changed ; we alse ofttn
see thing eommg or rhaxg This hupy if we
look at the seoond-h:md. ofa wm:h of look ar & Sickering
Bame. These are experiances of & guite unique kind ;
we could no more deseribe what we sense in them to a
mar who bad never had such experiences than we could
describe a rerd colour to & man born blind. It s aisg
clear that to see a second-hand wesiny ina quite different
thing from '"“seeing " that an hour-band der moved.
In the ooe case wa are concemed with something that
happens within a single suns:bln ﬁnld ; in the ather we
nre d with a ihe
af rwy difersnt sensible fields. Now we have just seen
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that, in the total event which iv sensed by a process
that Iasts for ess time than the duration of the Specious
Present, there is a Bnite part which i3 sensibly present
throvghout the whole process of sensing. Even if &
certain process of zensing goes ca far onges than a
Specicus Present, there will ba parts of it that am
shorter than tbe duration of a Specious Preseat, amd
same event of finite durntion will be ssnsed thmughout
any one of these shorter parts of the woial process.  Let
vs <ongider any such foite eveat, which in sensed
throughout the whole of n finite procesy of sensing.
It will constitute & sensible field, and it lasts dor &
finita time. It can therefgre be divided into succmsim
fields of shorter duration, which together make #t up.
If anything in ana of ity earlier sections be qualitatively
difierent from anything in any of its later sacticns therme
will be change wiskra the anginel finite field, But the
whole af this ficid is senged thrwghuut a finite process
of sensing. Thus the
113 sarher and its Jater sections will be sensed taguthar,
re. the observer will artually sense the chaoging and
will not merely notiee that samething éar changed.
‘We can pow casily see why a chaoge must surpass a
cerain minlmum speed of it is to be sensed wt smch.
If a change takes place slowly, this means that closely
adjacent events are gualitauvely vecy little different
from gach other. Tt may therciore happen that two
events are not qualitatively distinguishable by us unleas
they are sepacated by more than the duration of a
Specious Present.  1F this be so, these two qualitatively
distinguishable sections of a single long event arv 0o
ar separated to be sensed together even by & momentary
act, A forpizyi they coukd not be sensed throughout the
whole of any process of sensing which asts for & finite
time,as all real acts of sensing do. Thuy we lllly'be
able in such a case to judge by memary and comparison
that something Aer skamged, but we shell oot be able
o gense ity chasprag.
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The fact that, in @vourcble cases, changes can
nctuaily be senged, is of great impoctance in developing
the concept of change in geaerl. A suficicatly short
ect of sensing senscs o feld of Enite doration, This
field is divisible intc earler and later parts, which to-
gether make it up.  Now, since 1 sensa this Anite feld
235 & whole, 1 actuslly senze the way in which its earlier
half joine up with its Iater batl to maks up the whole.
By analogy with this, I am able ta canceive haw two
succesaive ndjacent Belds, which no act, however short,
can sensc together, are joined up with each other in
sature to form a single Jong event. 1 thus interpret
thome gualitative diferences, which [ can notwce only
between successively sensed ficlds, in terms of the
changes which [ cxn actually sens¢ within a ficld that
is short encugh 1o be sensed as 4 whole by an act of
Emte dutation. 1f there were to sensible chenge, 1t
woukd still be true that a suficiently short act of sensing
senscx 4 Aekl of faite duratlon ; but it would b ex-
tremely difficult for us to recognise that this was divisible
inte successive shurter sactions which jein up with each
other to make the Bnite feld. Far there would be no

gnisabk I difference | the earher
and rhe later gections., In thit e, it would be ex-
tremely difficult for us to conctive the way in which a
finita field, which is pow senzad, joos an to an earlier
fnite fieid, which s pow only remembered. It would
be propartionately difficult fot us to interpret any
qualitative differences that we might Snd betwotn two
such fields in terms of slow continuous change.

[e) Condl abont Senssdle Duration. — We have now,
[ think, got all the facts that ace needed to deal with
the concept of the duration of sensa. A sensible Ssid
i3 the total event that is sensed throughout the whole
of any process of sensing. No process which lasts for
longes than the dusation of a Specious Prescnt senses
a smgle seasible field, and no sensible field can Iast
longer than the duration of u Specicus Present. But,
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on the other hand, every process of senaing that lans
for & shorter time than a Specious Present senses
throughout the whaole of it a gensible fiekd of finite
duration.  Since we can always divide up 3 process
of sensing into succesgive bits, each of which is shorter
than 3 Specious Present, we can always divide up the
tatal event that an observer has sensed in the eourse of
a long procesy of senging into successive sensible fislds,
cach of a finite duratign fess than rhat of the Specious
Present. There 15 thug a maximum possibie duration
for & gensible field, but any sensible feld is dweisible
inta shorter fields which join togather at their ends to
make up the whole. This divisblity iz mada cbrious
to ok by the Gct of sensible changr, and the mnd.c of
of dj fialds 15 1 o be
analogous to that whith is actually sénsed 1n the cas
af the carhier and the later half of & single sensble Reld.,
Now we have alccady secn that even a momeotary

ble feld [especially, lor e, a visual ane) is
spatially extended. We have now seen that any real
sensible Eeld has a certain duration, which cannot
exceed that of the obeerver's Specious Present. Tt is
thus a[so tempma:lly “enended "It may r.hus be
ded as 3 four-d ] spatn T whole,

! define 4 sensum s & part of a sensible Field. Now,
il we consider an ordinary three-dimensional volume,
like a cube, and neglect the quastion of duration
altogether, we see that anything that s literally a part
of it must be @ thres-timensional voiume too.  For it
iv only such things that could literally fit wgether to
make up the cube. Plane sections of the cube are not
parts of it i this literal sense. lhough it ls per!ecﬂ)r
vasy o define by E:
senses in which plane, lines, lnd puanls tan be truly
and usefully aud te be “parts” of volumes. Ta the
same way, 0 15 clear that the only sorr of thing that
can hiterally be a part of a spate-temporal whole, like
n seosiple field, must be somelbiag that is extended in
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time a5 well my in gpace. Any nctus] sensum is thace-
fore extended bath spatinily and temporally. Grasted
that pg senzum iz w0 be held o last lomger than the
sennible finkd of which it is a part, we have stil? to ask
what i3 meant by the statement that one sensuz persigty
throngh the whole of & certain sensible field and that
another sensum does not. The following cases can
arise: ([} A certnin plece in a sensivle Held may be
ocupied by a znse-qnllltjr leg a wlwr of a mm
definita shade, beig and

the whole duraton of the sensible field, We should
then say that 4 sengum of this colour has persivted and
tested in one seasible place throughout the whole
duration of the Geld, Of such a seayom we can anly
gay that it caonct last longer than the sensible feld of
which it is a part (and therefore oot longer than the dora-
tion of a Spmonu Pmscm}, t.hough af course, it may
e by q sensa,

pying similar bl plﬂ!ﬂ in

fields. (i) A certain pince might be s!nslhl_\r occupisd
by & continugusly changing sensequality throughout
the whole duration of the sensible fisld. This means
roughly thet, if we divide up the history of this plece
throughout the dumtion of the field inte successive
thinaer ssctions, eny twa aections will be occupied by
a differtot sense-guality, but the thinoer we make the
sactions the more nearly elike wul.l be thﬂ vanzo-qualities
that cerupy this place througl

In this case we shouid zctually “gense the change of
qunllly * The senzible identity of p]ace, lnd the

of the lity, would be
reglrded a3 sufficient to jusuiy us in sn)rmg dun a
single sensum has p the

ﬁeld. and. has rested in one serulble pﬂau but that 1t

ges in guality. (i)
It might be possible to divide the higtory of & certun
stosible place in a sonsible Geld ioto three Successive
sevtinns, of which the first s cccupied by a quality g,
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the second by & markadly different quality ¢, aod the
third by a muarkedly diffitrent quality §, We should
then say thut thert wert three Encotssive sensa, each of
whith persisted for s Tong, and then was succeeded by
another. If the middle one of these sectons should
be excessively short, we could say that we had sensed
& ¥ sense-faek of quality g, at this sensible place.” {iv)
It might happen that, as we divide up the sensible Held
iate successive thinner sections, we find that in each
section there is & sensible place occupied by the same
sense-quality. Moneaver. the shapes of these sensible
places mught be i ishable. But the bl
placos occupied by thin qunhty in successive sections
of the stnsihln Beld might differ. And it might ba
found that the thiooer we made the sections the mom
nearly alike wure the sensahle places oocnpuad by
this quality in adj On the g
this continuny of place and identity of slmpe nmi
sensible quality, we should be justified io saying thet
we were dealing with a single sensum, which perints
thraoghout the whole of the scnsible feld. But we
should actually sense its movemeot; and should thers-
font any thet a moving sensum of such aod auch shape
und ible quality isted th hout the whele of
this sensible field. 1o reaf life it 18 unlikely that the
shapes of the successive places would be exactly alike,
oz that Isely the same quality woukl occupy
earh of thez, But, provided thai ihe change of shape
and of sense-quality was contnuous in the sense defined
above, we ghould still ssy that we were dealing with »
singla sensum ; but shomld add thet it changes gensibly
in phape acd quality as it senmbly mores. Of toucsa
a moving or goalitatively changing sensum oeed not
porsist throughoyut the whole of a sanaible field, any
more thin o restizg or qualitatively fixed ooe need do
30. The change may begin after the begloning and
end befoce the end of the sensible Beid {n question.

I think that we have now said all that iy necessary
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about the durstion of sénss.  As in all goestions of
duration, the snawer depends in part on mere mattees of
definidon. When we ask how Jong so and so lasts, we
have Arst to lay down our criterion of idestity o o
and so. If anything Lasts at gll, the succextive

of its history are seceasarily wwwrialy different, or
they could not be successive. Our criterion of identity
wrurf, therefore, depend on identity of quality, in 4 wide
sense of that word, which includes sbape and place.
‘Thus the question is: * How much qualitative difer-
ence can we allow between successive slices of 2 long
event before it ceases to be appropriate to call the whole
evant the history of 1o awd w7 Obwviously, thisis a
question which admits of various anywers | but no one
bolds that romplete qualittive identity of successive
events is necesapry if they are all to be regarded as
party of the himtory of one persistent object, [ have
defined the word sramume in such a way that nothing
which casnot be seased throughout the whole of sewe
provess of seasing ia to be called one sensum, 00 malter
hiw great the qualitative resemblance and the cot-
tinuity between succesxive slices af this long event may
be. Such a long event may count ma the history of a
ninght sexeeobpict; because the kind of idectity needed
for the persisience of a sense-object, aa defined by =,
is diferent frem that required for the persistence of &
seazum. Within these imits, however, I have not
considered that complete identity of place, shape, or
mense-quality iz mm.hl 1o the identity of a sensum,
1 therelx the af ibly mavlng
and sensibly changing senm. Since the experiences
of semgible change and movement wre peculiar wod
important, and since they occor within fislds that are
sensed an wholes by processes of seoding of finibe
duration, this ssems tm be the most reasooable course
tn talm.  Aoyone who disapproves of it has merely 1o
make appropriate modifications o his definition of the
word semzwee; e will still have to recognise and deal as
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begt he can with all the facin which we have heen
passing under review,

Dating of #eaas—Wea mn oow turn to the subject
of date. The notion of date only becomes perfectly
definite when we deal with momentary events; and no
actual events are momentary. 1t therefore has to be
defined by Extensive Abstraction. We will it o=
sider the dating of sensa which are sensed by a single
abgerver, and we will then pass ta the concept of
temporal relations between sensa of different observors
When a ing can be assigned rothe that
a sensum 5, which is senased by O, is contempocary
with r,, which is sensed by Oy and later than s, which
was sensed by Oy it will be possible 0 see what is
mesnt by the notion of a date which i neutsal as
between watious observers. But 1 must just say a
wiord abaut the dates of anr of sewsrag.

(&) Temepowzi Relation Dateoesm Ad of Seasing and
Semsum.— If the teader will refer back to the diagram,
by which we illugtrated the facts of the Speciaus Present,
be will see that we there tagitly assumad rhat a
momentary act of sensing would be congemporary with
the end-paint of the finite ¢vent which it senses. This
iz implied by waklog Jines, like O, 1n the diagram,
notraal to the Line of objects sénsed. 1 suppose that it
15 poasible that eo act of sensing might be later by a
Gnite amount than the whale of the event that 1t senses,
It could not, of urse, oz our view of the future, be
eaviyer than any part of what it senses.  For, when the
act is present, there is oothing later than it; and to
senge what has not yet become, would be literslly to
semse ssfhoyr. Our assumption seeeis to be the most
reaspoable one to make On e ope hand, therw s,
30 far as 1 know, nothing conclusive agamst it On
the other band, the distinguishing mark of an act of
swewory is that it i3 separated by a Bnite Hme-lapse from
the latest partof the event which it remembers.  Honcs,
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any other assumption than that which we made, would
render it dificult ¢ distingnish, £ven in theory, beiween
an act of sensing and an act of retmembering. The
Prachcal Gilficulty which there somctimes is in drawing
this distinction can easily be arcounted for on Gur view.
We can well suppose that, as the gap betwesn an act
of remembering and the eod of the event remembered
shorter and shorter, it will be more and more
difficult to disangish the act of remembering from an
&ct uf smsmg‘ in which, if we are right, the gap
I shall ke it that the
Aksumptian mﬂy made in the diagram 1= justified. In
gentemal, then, we may sy that the beginning of a pro-
cess of senzing, throughout the whole of which an
event of finite duration 15 senzed, is contemporaty with
the end of the event in question.  Thus, in the dagtam,
Oy, the begmmng of the act G0, is contemporary
with ¢, the énd of the event ra, which i3 sensed
thrgughout the whols of this process. This will suffice
25 to the connexion between the dates of an ast of
senmng and of an event stused by it; a2 question o
which nothing comparable arises when we deal with
Space, since mental acts do not have places, as they
have datea.

(¥} Tamporal Relavons within a Soeee field. —Having
diearrd this point out of the way, let us consider
the dating of stnsa that am sensed doring the Jife.
history of a single observer. This inguiry falls into
two parts. We have hrst to consider the dating of
sensa that Rl withio a single sensible feld of the
observer, and then to consider the mxiension of ths to
sensa that do not fall into the same sensible field but inie
successive ones. | must first cisar up a slight ambiguity
in the tarm seasebie feld,  1n the lagt chaptar we counted
the fields of two different senses, r.g., an suditory and =
visual Held of the same chserver, as different sensible
fields which do not form pasts of 2 single larger whole,
This s true a3 regmnds spanal characteristios, which we
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were then Fdering ; slnee spatial i

do not conoect the sensa of one sense with those of
another. Du:. [ :eglrds temporal charactecistics, the
digtincti bl ﬁel.d: of different senses
mmhanfimpmunce A noise that 1 sense
auditorily muy be sensibly and literally contemporary
with a flash of cobour ibat I sense visunlly, 'We can
therefore sy that the gpacial seosible fields of the vasious
senses form  parts ofa sing'leMaenslhlz field, 5o far
as d. When 1
spelknfn acosible fiekd in theseque] T shall mean »
groeral sensible field, unless the context makes it pisin
that 1 am referring o some special one, such as thar of
sight or that of hearing,

Let us then take a certain sensible fiedd of a certain
obaerver.  Ax we have explained, this is of fnite
duration and its parts of finite deraiion are sensa. Some
of these endure thropghout the whole of it, others do
not. O two senza, neither of which endures through-
cut the whole of this field, cne may be completely
sopatated [rom the gther, to, e May ctasc and some
third sensum may intervens before the cther begins.
On the other band, the end of one may exactly coincide
with the beginning of the other. Or, finally, the twe
may partiaily or totaliy overlap. These various temporsl
relations between sensa of finite duration that fall into
the same seaaible field can be and are directly aenned,

)

just as the spatis] relations b iwo coloured parches.
in the same visual field can be. Two sensa would be
said ter be sovndly stk if each letel i;

theotber. I one sensum only pactinlly mrl.nps anmher,
there is a shorter part of one which complet=ly aver-
Inpa and 8 epnplettly overlspped by n cortain shories
part of the other.  Thus these twe parts will be sensibly
simultanecus, though the wholes are nat. 1t will be
#oen that sensa which are sensibly simultmnecus both

ibrough the same slice of the sensible field, As
thin slice is made thinner and thinoer, the pensa that
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pemist through it are made shotter and shorter. Pm-
coeding 1o the limit, we get the nodon of exam, simul-
tantity becween momentary events, Thz refarnoce o
limitn cxo then be At

‘The drtails of the process will be found io Wintehead.

(3) Temporal Relstioms wiikin & Sewss-hestory —We
o sec roughly bow, in this way, the stnsa that &l
within a single sensible field can be armanged in &
temporal arder and daged, We have vow merely to
extend this to successive fields of the smame observer.
Apy =ensum in a later ekl iy later than any sensum
in an earlier field. A field is Jater than another if it
was sensed when the other could only be remembered.
(This is ngt the weammg of heing laer, ax we have
seen, hut it is & criterion of it thet we can asd do uze
in practice,] Now we have seen thar eatlier and Iuter
sactions of any ane sensible ficld mn be distinguished
and dated. Suvccrssive Gelds of the same cbhserver are
conceived as joining on to each other in the same way
in which succegsive sections of the same field are aciually
stoged to yoin up with each other and v conshitute that
field. Thus we coaccive of the total event, that is
gradually and prcsmenl sensed by an observer ia the
course of hia life, as being complercly analkagous in its
tamporal chamacteristics to those short sections of it
whitk can be sensed as whales thrmughout the whole of
& single procesy of yensing.

The particular duration of an observer’s Specious
Present may fpirly be reganied as & poculiarity of
himself or of his species, 1t is known that thisdurive
is much the same for a1l men under normul conditionn.
1t it koawn that it ig shert as compared with the dura-
tina of mast eventy that are practically interegting to us,
hut loag as camparad with that of many events—such as
a single vibmation of kn el hich are of great

fenuific i [These can, of course,
only receive a perfectty definite memning at & Iater stagre,
when the temporal charactesistics of physical obpects and
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events have been di 4.} Inthe hale it 2 2
Euct that we can easily conctive of Specious Presents
which are longer then cur swn. [n particular, we can
imagine oursaives repiaced by an ohserver who differs
10 o respect from us cxéept that his Spocicus Present
covers the whole of his history.  Such a man would il
distinguish the present from the past and the futire,
and the less from the more remote past.  But, whalst the
dizstinction between present or pest and futumn would be
as important for lum as for us, singe it ix the digtinction
b ' hing and nothing, the di t
present and past would be much less important for him
than for us.  With us the sinking of an event into the
past 15 accompanied by a change in our mode of
cognising it. We have to cognise it by memory or
inference, 1f at all ; and the further 1t sinks tnta the past
the vaguer i5 our knowledge of w likely to become.
But the hypothetical observer woold sense the whole of
his past lstory at every moment, and thercfore would
have the same full knowiedge of its sarliest parts as of
these that have only just become.  This renception of
an vhserver with en indefinitely long Specious Prestot
is usciul, because we smeaee the whole content of our
history to be such as this cbserver would sewre it to be.
) Newtral Tewporal Relatwns,—We have now o
deal with the temporal relations bewween ssnza of
different obtervers.  Let us call the whaole series of
sensible felds which an observer O senses in the course
ol his Iffe, O's seese-Arriory. We have seen ther, within
any sence-history, mamentary sections can be defined
end dated by Hxtensive Abstaction. We have now
1t take into wevount the existence of A number of ob-
servers, cach with his own stose-history. Our task iy
ke treat the tempocal relatlons berween a cenain event
in one sense-history and a cenain event in another.
Ler vy start with the fundamental relanon of simul-
taneity. This is illusteated in ity most bteral senge by
sensa in the same field ; the guestion is, how far it can
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be extended 1o 2 pair of sensx, one from the feld of
onae cbeerver and the other from the field of another
observer,

‘We will begin by pointing out & complication which
did not arise over spatial retations. When we dis-
cussed in 1he lnst chapter the meaning of the statement
that visual sensa from several different Aelds are *"in
the same place,” it was clear that we were giving a
deffmiton and not a mere f22f.  This is perfectly evident
frem the Foll K ideration : Two diffe visual
wppearances of & penny arc at once sesrdy present
in different places and gpfidiy prestat in the same
pince. This woold be & sheer contradiction if optical
and sengible presence had the same meaming. Thus,
when we say that, wnder such and such conditions,
two visual sensa are optically compresent, the con-
ditiona are part of the definition of what is mesnt by
* pptical p Y ltis ible to hold that
aptical presence really meang the same thing as sensible
presence, and that the conditions mentioned are simuply
feizs, by which we can establish that this relation bolds
in mses whore the evid of direct
&ils us.

Now, when we deal with tetnporal relativns, and ty
to state the conditions under which 1wo sens fn different
senst-histories are maid 1w be contemporary, it is by
no means obvious whether we are defwrsgy o wrw soee
of simudtanaly, or meraly giviog & aer by which the fact
of simultaneity, o the ofd semse of the word, can be estab-
lished io cases where it cannot be directly sensed. [
think that failure to distinguish clearly these two possi-
bilities bas caused much confusion in the wniers and
readers of books on the Theory of Relativity. [t is
very much mere plaanible to hold that *simultaneity ™
always means the same in all fis applicabony, than to
hold that “ compresence " means the matne always and
everywhere. For it iy admitted that sensa belonging
to different senses of the pame observer can he con-
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temporary with each cther, in precissty the azme way
in which two visual or two tactual wensa of the ssma

observer can be parary. It is therefors oot
gllnnxly lhﬂud ta_suggest tlut o halonglag to
may be F ¥ la the

mums way in which seosa in the same sense-history can
be wo. [n thet cxse the coaditions under which two
sonmm tmlongiog to different sense-histories are xaid
to be slmultaneous do not define a sew meaning of
4 simultaneity,” but merely give a test for simultaneity,
in the old meaning of the woed, which we use in thoze
unéarourable cases where the relation cannot be directly
seazed,

The goly way of deciding betwmen the two alter-
nativea woukd be the fallowing : The relation of sennible
simultangity has recisin logical charcteripticr.  Foe
instance, it iy tranaitive, Fr, if A has it to B, and B hax
it tor C, then A necessarily has it to C.  If we found that
‘i simultansity,™ as testnd by the conditions commpnly
Laid down, did not have all these logical cheracteristica,
we coukd conclude that we were dealing with 3 new
meaning of ** simultaneity.” This would not, af muns,
preclude the possibility that sensa from different semse-
histories have also in fact the relatlon of simultaneity, i
the original gense,  But it would show that the conditions
[aid down were not a test for that relation. And it
might tara cut that ne conditicns that we could chink
of would bem test for that relation between sensa beleng-
ing to d.tﬁenut Imwnu. [n that case, it would be a
mere p ynceasy o hold that simulaageity, in
the unglnal seate, ever holds betwnen senga in different
hisgtories ; and it would be better to regard the conditicna
Iajd down as defining a mew sense of *' almultaneity,”
Far the preasot wa must Jvea to the g
of fact: " Under what cuudmms do peopl.e hold tlﬂt
senya from different
We may later on raise the question wlutherthﬁe nmdl-
ticax s simply & test for simultanelty, in the original
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senze of the wond, or whether they defing & new meaning
of Hsimutaneity,” [ will use the vague ward detevmine,
to cover both “ heing & test for ™ and * being a condition
of " a0 and 0.

Under what condidons de two cbseevers in fact
fudge that they pense two contemporury senza? Ofien
two men assert that they both ' see rhe some flnsh” oc
* bear fie savre podse.”  If this menns liczrally that the
two men sease precisely and numerically the same visual
of aoditory sensum, and if their gtatement be true when
=0 interpreted, it i easy to lay down the conditions
under which senm from their respective sense-histories
would be sald to be simultanenus. If A's twinge of

hache be seositily P with this
sensum, and B's twinge of stomagh-sche be also sensibly
contempotary I':th n, we mgln. =y that A's toothache
and B ach ity porary with
each ather.

Now there is na danbt at ail thet it {5 under condi-
tions of this kinduhat; senga belonging to different sense-
bisteries are maid o be “simuhancous™ But it will
take us some time to find the exact meaning of these
conditions, and m make sure whallm the pmperuen of
" ity " thus hlisk Erid the ﬁf!t
question that arisen io: What iz meant hylhn common
statement that twa observers ' bear the same Doise” or
“ 3¢ the same Aash"? Do they mean that tllqrm
a single stasum which is to tha h
of both of them? And, whether they mean it or not,
isit ever true? As ocdinary people do not upllm:ly
draw & disti b sezsa and p | phjects,
it ig difficult 10 say whether uwymeln that they scnse
& ommon visal zecsum when they assert that they see
the same fash. But, ax i1 I8 quite certain that by wands
ke * seeing ™ snd * heariog,” pecple commoenly mean
ta refer io acts of perceiving and not o acts of sensing,
itis probable that by 'the same flush™ oc * the same
noise " they intend to refer tn & common phyricel rent
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and not nscessanly to @ common seasvw.  1n that case
ne such simple intarp ion of the that A's

hacheand B's h-ache are ¥, a5 was
ofiered whove, can be accepied.  For we should need 1o
know how o determine whether two sensa are con-
temporary with the same gdyia! event before we could
determine whether they are contzmporary witk each
othez. Now, al present, all that we know is what is
meant by one sensum of an obeserret bting simultaneous
with ancther semswss of rhas observer.  Hence todetermime
neutral simultaneity betneen two sensa in terms of the
simultaneity of each with a common phyuu:a] event bells
us nothing, sinee it A ity in @ sense
which has not vyt been detormined.

Let us then ask curselves whal 15 the exact cash
valut of the statement that A and B hear the same noiss
T would like to point cut at the beginmng that notung
that has been 53id 80 far about senta and s=nsible ficlds
precludes the pesrdeiidy that ont and the same senzum
should be in several ble ficlds uf daffe it
A sengum iy defined a3 & part of s3ome senmble ﬁe!d
this clearly leaves npen the possibility that two or mure
sensible fields, sensed by different chatrrers, might have
a part in common. I 30, thers are s¢nsa common 0
several fields of severa! different ohstrvers. Whether
this is an actuzl fact remains to be seen.

It 13 firly easy to show, subject to cerlad subtle
qualfications, that when & number of observers say that
they hear the same noise and that they see e same
fagh, this cannat mean otk that thay all gense the samn
auditory sengum awa that they all sense the same visual
sensurm.  For, ag we shall zee in & moment, it 13 very
difficult to reconclie this view with ail the facrs, Let us
suppose that I fint a pistel, and that there is 4 number
of other ohservers dotted about at different places.  All
the observers, including myself, will sense a shorl
auditory sensum and a short visual semsum. These
wiil be seusibly sontempontey for ma; for an abscovec
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at some distance from me t.hzy wl].l only puul.lly over-
tap, the wigual sensum beg g before the ¥
one does 0. For an chserver still further off, the visual
sensum wili totally precede the auditory one, though
both may bein the same sensible field. Finally, for &
very distant observer the visusl sensum may fall into a
different (and earher} Seld from that inte which the
auditocy sensum falls.  Nevertheless, all the observers,
an comparing notes, will say that they heard the same
noise and saw the same flash. Now, if this Tierally
meang that thers is one single visual sensum which
they all sense, and one single suditory sensum which
they all 3¢n3e, we shall have to hold that the same pair
of sensa can be both sansably simnlumeuns. partially
pping, and letely sef d in time. Now
these relations seem 1o be patible wirth each ather,
and therefore we seem forced to eonclude that, when
several observers say thet they see the same Hash and
hear the same noist, this canfiot thean vk that they all
senze ome and the same visual sensum, and that they all
senst out aod the same auditory sénsurmn. Theoretically,
it would be possible tn interpret ome of these statements
{a.5., that they all saw the same Bash) in this litcal way,
provided we did not interpret the other (viz., that they
all heard the same naise) literally. But, cven spart
from the additonal facts which have led physicists to
ascribe a finte velooty to hight as well aa to sound,
such a course would hardly be reasonable. 1f o¢ jrost
axe of the staiements, that we all hear the zame noe
and that we all see the same flash, warr be interpreted
in some Pickwickian manner, it 1z bardly reasonabie o
suppose that the giher can be isterpreted literaliy.

Js there any way out of the conclugion that to hear
the same sound end 1o see the game flaxh cannot mean
that a number of ghyervers {itermlly senge u gingle visual
and e single auditary gansum ?  So far s [ can see, there
are at least two slt=rnative ways in which this conclusion
could bt avvided. Ooe would be to hold that senza can
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be sensed at various Hmes after they have ctased o
persist, and that the further 2 man is from a source of
saund, the greater is the gap betwean bis act of seoing
acd the end of the anditory sensum which it senses. [
do nat think that this is & sstisfaclery altemative, for
reasons which | bave given earlier in this chapter, when
I tried o fustify the view ibat the beginning of a proceas
of asnsing, theoughout which a finite event is sensed,
is contemporary with the end of that event.

The stcond alternative is a much more Important
one. It is to adopt the usual expedient, which has
already been mentioned a3 useful when [wo enatities seem
to hava incompatible relations to cach other. This
expodicnt is to assume that what bas been taken o be
a dyadic relatica between these twa entities is really
imeducibly polyadic, and involves same other term ar

tarmg beside the two entities in question. [t is un-
dnumdly troe that the same pair of sensa canneot be
and pariall lapping, and wholly

separnted, mﬂwbmmdﬂtsryqfan&r‘k
ebmervar.  But suppose that this pair of sensa belongs
to the seme-hlsmriu of several observers, and thar the
1 are really irmedudbly
tnadic. Suppose ﬂllt the minimum intelligible sate.
mént that can bt made about the tempotal relations of
twa sensa in & scosc-lnstory is of the form *f s, is coa-
temparry with g {or partally oveclaps i, or wholly
succeeds it, as the case may be)] with respect to the
sease-history £" 1o that case there seed be no iscon-
gistency in the sume puir of sensa being contemporary
with respect tc one wnse—hlsmry pum.llly overlapping
with respect to ther, and d with
regpect to a third senne-bistory. We gec than that cur
argument from the facts of sound does net conclusively
prove that, when 2 number of observers my that they
all bear the same sound and see the same flash, they
canoat all e pensing precisely the mame auditory
sengum and peacisly the zame visml sensum., 1t does,
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hmmr.heusdm w0 ove of two aitemnatives. Bither
ion must be oC we muust giveup the
notion that the temp
the sensa in the same sense-history are dyadk, acd ust
aubgtitute for it the view that they are at least trindie,
and that the third term which is always involved is some
nenpe-hintory in which both the sensa are contained.

Iz there mny way of deciding between these twa
altermativas? 1 think that we can st Jeast show thar
the second altemative could not siand by itself, tut
woukl need tn form part of & general Multiple Relasion
theory of sensible appearances, The varipus chaervers
In my example do not really all sense auditory peoms
which are exactly alike in quality. Baoth the auditory
amd the wisual senss which are sensed by wery dipmnt
observesy are much faister than thope which arm senyed
by me and by observers near me, Mow, on the sensum
theory, sensa bave all the qualties that they appear to
bave. What really differs in quality muonat be numeri-
cally identical ; hence a faint sensum cannot be the yama
sensum a5 & loud one, however much alike they may
bemodmrrespeﬂn. Thlsnrgumnl.wu:ldmthu

ive oo a M I ion theory of ibsh
appesrance; because, on such a theory, 3ensa need
nmhmthaqunhuus lhltthcymlnhlva. Butl
am deliberately ig
of sensitiln sppesrance in this book, in ocder to test
Senyum theories, an Cardinal Newman tewed the
Thirty-nine Articies to se¢ how much Catholic Truth
they could be made 0 contmin. [ am wa indifferent oy
he was to the possibility of the mbject of my mxperi-
ment blowlog up at the end of the process ; for negative
roaults arc ofien ax valuable as positive émes.  Accord-
ingty, 1 think 1 may conclode thet, oo the Seomum
theory of sansible appearance, it emnsot be trus that
when & sumber of cbstrvers sap that they sén the
aame flash or biar the same nolse they Literally senme o
single vizual or suditory seasum common to all of them.
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On cither altersative the determination of neutral
i A L] h h and B‘ h

u:hetsgomgln be a much harder job than it would b
if the ety about sound {and as we shall see later, about
light] were difarent.  If what we call the sama noise be
really a greng of auditory sensa, the simoltancity of A's
toothache wnd of B's stomach-ache with this neise only
means that the former is sensibly contemporary with a
r.erum Iud\lury sengum sensed by A, xnd that the latier
is y with a diff Audttory sensum
sensed by B. It is true that these two auditory yensa
are both members of B group of sensa which are 50 con-
nected with each cther that the whole is called one noise.
But it 13 by no means obkus that this rather iadirect
relancn A haand By ache will
have the kind of properties that we demand of simul-
tapreity. The same difficulty anses if we suppose that
there 15 hterally only one auditory sensum, which i
gensed by both A and B, and that the relation of
seosible simultaneity is toedic. The fact that A%
taothache 15 coolemporacy with 2 ceram  auditory
sensum wtlh respect ta A's sense-history, aod that

B's he is ¥ with the same
suditory sensum with respect to A's sense-history, does
indecd i a relation 1 the hache end

the stomach-ache.  But there stems no particular reason
to expect Ihat this relation will have the kind of pro-
perties that we demand of simultaneny.

Let us begin by imagiming a set of abservers whe
tiied o determine neutral simullaneity enatirely by
sound. We nesd not suppose them to be blind, but
we will suppoge that they have no means of producing
fashes of llght. either by gaitiag oombu!uble things
or by op and sh opague A
number of them hear what Uwy call the sume noige.
They all sense shoct, vustanding zuditory =ensa,
These are very similar in quality and are connected
with a common centre in the way described in the last
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chapter. They agree that any pair of sensa balonging
to the sense-histories of different obscrvers shall count
a5 neutrlly simultanecus provided fhat one 18 sensibly
'y with one ber of such a group of

auditory sensa and thei the othér is seosibly con-
temporary wilh ont member of the same group of
auditery sensa. What properties wall neutra! simul-
tansity, so determined, possess?

In the hrsi place, it wfll e nel:nsnry sllgll\ly 10
extend this way of o ing neutral
s0 as to deal with the vanous audulnry Eenga l'h.nt
constiiute a single noise. [F we are going ta allow
them te have ony zcutral temponil relations to each
olher, we¢ must suppose that they are all neutrally am-
4ewperery, of we shall get into difficultics. For suppost
that any two scnza, 5 and 5, belonging to different
sense-histanes; were neutrally contemporary, ag deter-
mined by the present mathod. This will mean that 5,
is senmibly conternporary with one auditory sensum and
that s, is sensibly contemporary with apocther auditory
sensum, and that these iwe sudilory sensa belung to
a mngle ooise, Now, unl!!ﬁ we hold that the two

ditory senga 1 d ¥
with each other, wu shall hnve ta adn:lll thal wo
neutrally contemporary sensa can be respectively
arnmbly simulancous with two auwditory scnsa which
are neutratly successive to each other. This does not
au:orli with the view of neutral empeml l:hmnns [t

of the bl
t.hat hold herween sensa 10 the sama sanse-hlmy We
must ine neutepl y, on the
present methad, as fnﬂnws Two sensa in different
125 are porary of (2] they

arc two audilery sensa bek:mgmg o thz |me ngise ;
ar () they are resp with
two auditary sensa wlnch b-.lnng to the same noige,
Would such & mode of determination be satisfuctory ¥

Let A and B be twu pleervers at 4 considerable
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distance apart, mod et theze be a bell near A and
another bell boer B.  Let the strokes of both bells be
andible t0 both cbservers. We will call them “A'g
hell” and ' Bs bell ! respectively. Suppose thet A's
belh rings and thet B heara the noise. It may happen
that B's bell rings at such m date that ha hears its stroke
At the same time a3 he hears the stroke of A'a bell. I
50, A will hear this strake of B's bell seasibly Jater than
the stroke of ks owa bell Call A's sensum of the
atroke of A% bell a,, A's sensum of the stroje of B's
bel! 4., B's sensom of the sooks of A's bell 4, aod
B's senaum of the atrokr of B'a bell 3. Then by
definition wa bave ¢
{1} =, in neutrally contemporary with 8,3
{a) a, is neutrally cantemporary with 55
and, by the termy of the sxperiment, we have
{3) &4 is sensibly contemporary with &,.
Under these cimumytancey we shovld find that
{4 2, in sengibly later than =,.
mw. i neutral uamulundty be fust an evtended
of ¥, we zhould expect
that [a) and {3} would mgud:gt lmpl, that &, i neutrally

v with &, © ing this with (1}, we
sllnnlﬂnxpu:ln find that a, -nda,\ummhly
But thia dicts the fact shM in

{4). Ia fact, if we Btutral ia
this way, we shall find tht twa scook in the sxme
Sense-hishry can be pectively

with two sezsa in ancther sense-history, which are
seasibly simultansaus with mach pther; and yet the
frse pair of pens art oot gensibly simubtaneous with
oach peher, but wrw smaibly sumzssive,.  Thus neuoal
sinoltaseity, dulnrmlnad lly this method. annot be &
e This aan
oulyhngmomd’n admit that, when twe people
“inear the same noige,™ the auditory sensum of the ane
wha s nearer the source i3 noutrally earlier than that
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of the ont who is further away from it.  But, an soom
a5 we admit this, the purely anditory determination of
neutral simultantity ban been given up; for we cnnot
determing in purtly suditory terma the reutrad tampomsl
selations between auditory senss which belong to * the
same noise.” We hare to introduce spatlal measure.
meat, and the notion of influenons travelling out from
sources with & fnite velocity. The intlmate linkage of
Spare and Time becomes evident here, a3 in 50 many
places,

So far then we see that, il cbservers tried 10 determine
nzutral temporal relations by sound alone, they would
be forced to the view that what they call the same noise
is a set of auditory sensa of different neutrml dates;
these datex depending on the distance between the
observer who senses a sensum of the group nod the
scurce of the noisa Thiz fact was early recognised
wbout somnd for several rasons. (i) Sound travels ag
alowly that the diffculties p\':mwd out lbuve Ire quite
obvions to ordicary

apart, and provided with no delwe apparatus. (M}
Sounds, az we bave seen, are not thought of as conbined
to & central volume, but 23 being in all the sprce that
surroupds their source.  Each chearver is thonght of
28 sensing the particular part of thy physical field of
sourd which ig '"where he i3 ar che moment.” Tt iy
thus natural enough to think of this physiol feld wy
travelling out Fows the centre andd reaching different
oboervers st different times. (i) Again, the phen-
mnmofeehoﬁmmlhenoﬁunofﬂuuhcityni
sound pretty obvlous to anyone, An seha is gunli-
tatively very mixch Kke the origingd somod wlh which
itz obwi d. But it 13 wep 3 from it,
282 ruls, byndlatlllﬂ. memaible interval. This natuzally
suggests something trmvelling from the observer e a
wall {for instance), and then wavelling back to him,
{iv) Lastiy, we are not like the observers in our cxample,
We mn produce Bashes of Llight by warlous means at
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will. Now, if a number of gharrvers count two sensa
as neutrally contemporary with cach other, when each
is sensibly contamporary with the same fiash of hight
that they all see, they wall not, in ordinary ke, get into
difficulties which ansec for ohservets who try o define
feutral simultaneity by tmesns of sound.  But, of course,
if they do this, they will be obliged to recognise that the
various auditory seasa which they sense when they say
that they all hear the same noise are not neutrally con-
temporaty. 1t iz, in fact, by a combmnation of ight-
signals and scund-sigmals that the veloaity of sund is
genenally measured.

The mnext step that naturally suggests itself is @
determine the neutral simultaneity between twa sengs
in different senge-histories, as the relavon which hoids
between the two when exch iy sengibly contemporary
with some semsum of the group which conshitutes m
gingle fash of ight.  1f we adope this methed, we shall
bave to begin by extending it stightly ie the same
direction, knd for the same ressons as we extended the
auditory method of d ing neutral 1
That is, we shall have to agsume that two visual sensa
Bbelonging to the uma flash are nooteally contemparary,
or we shall getinto dificulties.  We may thersfore give
the foliowing as the visual deficition of newtal simul-
unelty Twe sensl, belonging to diferent sense-

arg ¥, af {1} they are two
visual sensq of 3 group wlmh tonsurul:s a sngle Hash ;
or [n} arc I with two

wisual tnsa whu:h belung w sul;h a group.
There is I think, no dnubt that this is the way of
ing meutral . with whick we all
work in practice, except in ulr!lll!l)f delicate scientific
Investgations ar in cases whese distances of astrunomlcll
grder of magnitude are ynderd
we all know that no scientist would accept it as ulimatsly
sansfactory. He would point to the Bcts which are
alloged 1o prove that Nght tavels with a fimtre velodty
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as 3 lusive objection to the definiti The asser-
tion that light travels with a fimite velociy implies,
exter alza, that there 13 an extremely important sense
whitch the various senza of observers in different places
who see the same flask are not simultaneous but Fuvtes-
sive. The above definition of neutral zimul is
therelore unzahsfactory, becagye it leads us te call sensa
simultaneous, which are 1n fome very important, but as
yer undefined senge, successive.

Let us then cansider thig definibon and the facts that
wre held to render ot inappropriate. L the ficst place,
there are two things to be said g fvour: 1tis not
l:lrv:ulxx anrd 1t does nut a‘mﬂbr mnﬂm with our

about 23 the
lh.!ulptl:d anditory definition @i, [t would, of course,
be eirculur if we could not define what we mean hy “th:
sama fAmsh™ without i}
between sensa 1n different scns:-hlsmm:s. But we can
dafine *'the mme flash™ without this. A number of
obserrers may bo sad to see the same flash when the
follewing condinons are MulRlled : (1) Each 1s aware of
a nagie outstanding wisual sensum of yery short dura-
Hon. (i) These sensa are all qualitatively wery much
alike. {1} They are all optically compresent ac &
£OmMMOon centre, in the kense defined 1 the last chaprer.
[The frst condition seems to be enough toa sscurc that
we are all dealing with a single Sasgh, and that differest
observers are fob seeing similar but successive flashes.
For, if successive flashes were being sent out, some at
least of (he observers would sense two or more qualit-
tively sunilar sensa which were sensibly sucerssive.)

Again, there 13 nathing 1n our hght-experiences ta
eorrespond 1o the case that we adduced of two distant
observers heanng two belly, and onc of them finding
h:s auditary sensa sensibly contemporary, and the other
finding the auduory sensa beloaging to the two noises
zensibly succesgive. We mn only deal with pairs of
whservers separated by distances of & few miles ; and
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for such distances there ia no conSict between sensible
temporal relaticns and neutrsl temporsi relaticos as
determinad by Ilghu-signll.s.

Tt im ek d ine neulral simel
taneity vimuaily wn.lmm nommumng 1 clm‘le lnd. wlthoul
econflict with any judg: af
that we can muke. The conflict is with the facts that
prove that light has a finice velogity. What are these
facts apd what do they prove? When people say that
light trawely with a finite velocity they mean that some
change moves from a distant centre te the observer and
that his visusl sensum begins ms soon as this change
reaches him and goes on bl it cempes to reach him.
Hy & single Aash they think of a single event at the
source (4,4, the opemng of & shurter) and the change
that travels out from this, Let us consider the facts

which wre supposed (o prove this,. We
may nhe three typical examples. These are Fizeau's
experiment, with o rotating cogwheel and a mirmor;
RoOmer's argument from the times that apparendy
elapse between successive eclipses of a sateline of
Jupiter ; and Bradiey’s argument from the shift in the
Apparcet positions of the fixed stars, These three
arguments are placed in order of simplicity. The first
kesps the source and the ohaerver relatively at rest for
tie whoie time, and literslly coosists in producing
“light-echoes," and showing that there 1= a tine-lapae
between thetn and the fash of which they are the
“echoes ™ The second depends on the fact that an
obscrear and a certaln source are at diferent distances
upwrt at different times of year, The last depends
va the relative veleaty of source amnd observer, and
bekmgs father to the subject of the next chapiar than
to the limits within which we are at present copfining
ourselves. 1 must state a5 shonly a3 poasible the farts
on which these ug-mnnmbued,ao:hn“m;
be sble to pes whae exacily (hey assume in order 1o
seach their conclusion,
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[, Pinexs's Expariment,—Light i sent through a hole,
in front of which is a cogwheel. When one of the testh
of the whee! iz in front of the gap, light cannot pass;
otherwise it can. The light tvels some considerable
distance, and in then reflocted back along ity old course,
and the image i3 viewnd from behind the cogwheal,  1f
the pasmage of the Jlight betwaen the source apd the
mirror and back mgaie be ingunaneous, e image will
be vixihle, oo matier how fast the cogwheel revolves |
for if we time has mlapsed, the cogwheel cannot have
maved any distance since the Aach left it and before the
light returned to i. The gap raonat, therefore, have
bécome shut, in the meanwhile, by the rotation of the
cogwhotl. But if any finitt Gme clapses between the
departure and the return of the light, it mast be poasibles
b cauge the arigiosl gap o be repleced by the oext
tooth by the time that the light retums, provided that
the cogwhen! has moved fSast tnough. Do that case no
Jmage will e seen.  If the spesd of the wheal be oow
increased #nough, the image ought sgain 0 be seen,
sinee the wheel will have mmed so far in the Sme taken
Ty the passage of the light that the next gup will be in
poaition to admit the reflacted beam when itreums, Tt
ig found that the image can be made to dissppear by
rotating the wheel fast enough, that it can be made to
reappear by rotating the wheel faster, and that the
whezel needs 1o be rotated fagter and faster the peazer
the mieror is to the source, in order tc makes the image
disappear.  All these facts are what we should expect if
the reflected seosum depends on the pasage of soms-
thing with Bnite velocity from sourcs (o mirror, and from
mitrer to observer, and begins whes this something
reaches the observer's eye, anid does not end il it ceases
to reach hin eye

Jt is clemr that the result of the experiment does aot
boar direfy on the question of the neotral emporal
relations betwecn two sensa of abservers who se the
same Aagh, For we are actually deallng with & single
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sensum (the refected image) of 2 single chserver. The
coonexion, however, ig this: 1tis acgued that the resulc
of the experiment shows that any visval seosum beging
when gomething that hag started from a scurce reaches
the cbserver. and that this something takes a fmits
tirme to travel. The wvanous visual senga thar together
constitute & single Aash are aimply those senza which
begin t be senzed by various obsarvers when something
that left & pource at & certain mament reaches them. IF
the obsarvers gce at difforent distances from the source,
their various sensa will be correlated with different stages
in this process of tansmistion. Hence, there is an im-
poriant sense in which what is mulled one flash 1 &
group of rucraréve scnza. It would, therefore, be incon-
venient to di ine neutral simul ¥ in such a way
that all the gensa in & single fAesh would count as
neutrally simultaneous.

Thus a single flash of hght comes t¢ be treated ax
u srt of auccessive sensu, because different sensa in the
set are held o be correlated with diferent stages :n a
certein procesy of transmigsion from the source through
the surrounding Space.

(i) Remer's Argument,—The eacth and the planet
Jupiter mevolve abaut the sun in approximately the
same plane and approximstely in circles.  Jumiter heg
a much larger orbit than the earth, and mkey much
loager to complete it.  Thus, at certan times, the two
are in the position shown below,

e e

and a1 other bimes they see in the position shown below.
The first is calltd a conjuncton end the sccond an
cpposition.

3

Jupiter has mtellites which revolve muzd it ws the
moon doms mund the earth. When a sartsllite moves
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into the shldmr on the far suie o{ ]upm: from the sun,
it is ecli am to us- Now it
is found that the nuesber of eclipses that take plarz
betweon a conjunciion and the next opposition is the
same a5 the nomber that wke place between an
oppositicn and the neat coojunction. Bur iberc is
quite & marked difforence (about 33 minutes) betwoen
the total umes that elapse from the first o the last of
these eclipses in the two cazes,

Now the eclipse of a satellite is compurnable o the
shuiting ol a shutter. The movement of the eacth
ensures that the observee on it is at difitrent distances
from this shutter ar different times of year. He iy
nearer ko it at the tme of tomunction than be is at the
time of opposition by the whole diatuetar of the erth's
otbit. 1f wo suppasc that the visual sensum ceases bo
ptrsist 235 soon as the shutter 13 closed, we can only
explain the facts by suppoging 4 percdic change i the
time of revolutton of the sateline. This would be
extremely dificulr to Gt in with the facts that we belicve
about the laws of mechanics and the forces actng oo
the zatellites. M, however, we assume that the visual
stnse-Object persists after the shutter is closed, for a
time which increases with the disance hetween the
observer ahd the shutter, we can fully arcount for the
divergence of 33 minutes, withcut needing 1o soppose
that the petiodic time of the satellite changes ax Jupiter
pregresses in its orbit. The time-lapss betwesn an
eclipse and the ion of the poading visua]
sense-chiect, which is necessary to atcount fur the
i3 moutes' discrepancy, can easily te caleulates
and, If the radiug of the earth's ocbit be koown, the
velocity of hght can be determined. It is found 0 be
approximetrly the same ax that dedoced from Fizeau's
experiment. Here thert is no compliation sbout
mirror-images; we simply have & spurce and an
observer which arc at different distances spart ar
different times of year.
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Once again the resule of the azgument does not bear
dl:u:lly on the question whether it i3 appropriats to
d neateat leanzity in such & way that the
various sensa whith conptitute a single flask of light
shall be ail neutrally contemporary. We are not deal-
ing with twy obefrvers seeing 2 gingle Sash; oo the
coetrary, wears dealing with 3 single observer who sees
three different flashes {if an eclipse may by courtesy be
calied a flash) at widely different dates in his hisocy.
There i5, howewtr, mn indirect coonexica. The
argumeot is, that you must sither abacdon certain rery
wellestablished laws of motion, or assume that the
ocrerrence of visual senm depends on the motion of
something from the source (o the observer. The vizual
smse-object laws sa long as any of this scmething
meets the eye, ne matter whﬂ may have happened
to the sourct in the On this
you can account for the facts without abandoning the
familiar Jaws of motion.  But, ay before, if you make
this sssumption, you must suppose that what we
call u sizgle flash is & group of sensa correlated with
variaus stages in the poooess of transmission of this
something. And, on that suppomr.mn, it in oogatis-
factory w d ine neutral simul by 2 method
which presupposes that the various ssnss which belong
to & single Bash are neutrally zimulanecas,

{iii) The Adovvaition Avgwwent.—Ir ia Sound char, if
the fxed siars be ohserved night after night, their
apparent posidons undergo a peciadic change, Each
deseribes a cloged corve in the course of a year. Now
the eppasent position of & star is, of course, the optical
plagy of the visual sensum whick is an appearance to
us of the sar. The direction of thix place will be
determined by the direction in which we have to point
our telescape in order to bring thix visuzl sensum inte
the middle of czr visual Geld. Now, of course, wn might
suppose that all the fired stars wee deseribing closed
curves in the dme which it takes the macth &0 move
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round the suo.  But this would br a most extraodinary
state of afairs, end it is nat one that we readily accepr.
Mow it bappens that the facts mn be quite casily ex-
plalned on the same assumption as before about Eght.
L&t S be a star, wod It the line OO represent the
course of & moving observer with & telescope. [n the
first Bgure we will suppose that be is ponting his
telescope at the physical place of the star. At a certan
moment et his pomtion be & end let dght from the
star have reached £, 2 point in the muddle of the far
end of his telescope. At a slighdy later momeat let
his position ba O,. The light will then hava got to §

.
&
B 4
x L

In its eriginal meaight line, and will oo longer be passing
dowa his telescope at all, It is clear then thar, if the
meving cheerver points his telescope at the piyner’
placs of the siar, he will se¢ no str at all, Suppose
now that he tilts his welescope forward by an appropriate
amount in the direction of his movement, Let Q,, O,
0, O, mep four ive posiiony of the tele-
wope, and /i, & 4, 4, the four corresponding positions.
in the course of the light which is travelling from the
#twr, It i clear from the figure that the Llight will pess
down the telascope and meet his #ye, provided that he
slopes the tzlescope forwand st an angle to his course,
whose tangent ia sfw, where ¢ is the velocity of hght
and ¢ Is that of the obszrver. Nuw an obarrver on the
earth i moving with it in the course of o year round
n closed curve —the santh’s orbit—with considerabls
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velocity. It is thug esgy to undertand that, although
the physical place of & sar remaing constant, the aptical
places of the sensa by which the star appears to us will
vary in the coorse of the year, and will repest their
variations over and over again in thet pesiod. Foom
the apeedd of the ewrth in its orbit and the amount of the
aberrarion of a star, it is tasy tn miculate the vekocity
of light. [t ix once more found to be the same, within
thw limits of experimental error, as that found by Romer's
mrgument and by Fiztau's method.

This argument is of parilcular interest to us, not
meraly in connexion with the question of neutral dating,
but also as relnforcing the distinction that has already
been drxwa on other grounds berween physically and
ppticaliy octupied plases.  We introduced ther dig-
tinction originally because of facts which are found
t nrise when the medivm surrounding an obgerver is
non-homogeneous. We uow see that the oprical place
of u visual appearance and the physical plage of ity
source may be different, even when the medium in
homogenecus, if the source and the cbserver be in
rlative moticn.

Lat 4y now consider what these arguments have ta
teach ug. (i} We see that three extremnely diffezent
lines of argument tend ta thz mncl\lsnn thar usu.nl

Benga are d with g that is
from a sourme to an cbserver vnh a finite v!lucnt)r.
And they al! lead to approxi: ¥ the same

value for this welocity. Now, in each separate case,
there is no doube that the facts could be explained
without taking this particutar view about light, provided
wt mades some other agsumption.  But, in the first plaee,
each of these asyumptions would confict with soroe low
of Neturs which has been well established in cthar cascs.
And, in the second place, these assumpiions would be
qlnr.! discannected with each other ; each would be an

p piece of ! king." ©On the other hand,
u single assumption 4a to the nature of light explains
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all these very diferent facts, and reconciles them with
the established patural lawy with which they would
otherwiz conflict  Thus the hypathesis in question is
estahlizhed about as sclidly as any scientific hypothesis
can be. The simple-minded sciectist mzy think that 1
have nosdlesiy laboured this point ; but [ bava deliber-
atly insiated on it, because 1 kmow that some eminent
' realist' philosophers, finding that the finilc vtlodty
af light ** stains the white radiance ” of taeit theorics of
perception, are inclined in private to deny it, or al least
to " dumn with faint pralse, assent with civil less.”

i) We ootice that the finite velocity of light Is
never proved derwctly ; but always by the argument that,
unless it be true, cerais cbservable Racts will not be
reconcilable with well verdBed laws about fhe moizom of
meaiter. The only direct way to verfy the proposition
would be for two observers to stand at & distance apart,
see the same fAash of light, and find that thelr respective
visual FENW were uot wnumpeury‘ Now there is both
ap 1 and a about any auch
uperunen& The theoretical difficulty is chis. The
two oheervers would need to be provided with some
means of marking, and thus comparing, the dates of
their respertiva sensa.  Suppose that the means adopted
were two stop-watchex  This would be useless, untass
they had resson to suppase that the twa watches agreed
in their rero poipts and were going at the szmc rate.
They might, af course, set the watches in ayochronism
whan they am both together ; but what guacntee have
they that they will remain in synchronism when one
has been mried & long distance away? To oo
thut they do, s to make an assumption whick is con-
madicted by quite gross experiences. To fes their
syachronistn afiez they have heen separsted, can enly
be done By means of light ar electrical signals; and
thert i1 obwiously & circle in setting twe watches by light-
signaly and then using them to test whether reo visual
pecat belonging to the sume Aash are contem poracy or




3y SCIENTIFIC THOUGHT

successive, The pnly way outof this difficulty would be
if both observers could observe a cortain pair of Aashes,
and if one of them should End that kin two visusl sensa
were sensibly mimulmnénus, and the other should find
that his two visual sengs were sensibly successive. But,
in practice, this cannot be done, because of the great
welocity of light and the fact that the only observers
who can compere notes with each other nre confined to
the rarth’s surface.  Thus it seems clear to me that the
n¢utral simultancity of visual seusa belonging to the
same flash is denied wholly and solely hecause it con-
flicts with another system of dating which depends oz
certaln afleged laws of motion.

{ili} it is evident that if we accept the view that the
vatious sens. belongingto the same flagh are not neutcally
simultaneauy, we shall have to admic either that two
sensa which sam simulaneous may not neally be 30, or
that two sensa which e newtrally sugccamive may be
sensibly simultaneous.  The latter altermative would
prevent neutral i rolati f:oln being i

of ihl 1 i ang we shall
therefare not take it, unltas we ara forced tadoso, Now
there is nothing in the Sensum theory of senaiblo appear.
mnce o force us o the second altarnative. A sensum
belonging © a cortain flash wod a sensum belonging
to its raflected flash, ssem to us to be sansibly simul-
taneays, If the physical theory of light be accepted, the
latter is neutrally a litde Iater than the former.  But the
sznaible simoltanzicy of two sensa only means that each
exactly overlaps the other in their common sensible
field, Mow the notion of exactness always involves a
aegative factor ; it means that ws part of the one sensum
aticks out beyoad the £ad of the other. And we zaw,
when dealing with the general theory of senss, that
there i& no reason why agroins judgments about sensa
should be lnﬁﬂluhle Thus. WO tensa may ofien seem
tobe ibly quite whea mally cas begins
a little later and eads a litde Inter thaa the other.
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We see then that the quuﬁon ofa mutrll daung of
£veats in different leads i y to the
question of metlon, whether 1t be the mmwm of
those changes which are conaected with sound and light,
ar the motion of erdinary physleal bodies through Space.
‘Thus the separation of Space and Time, with which we
stared, which has been wearing thinner and thinner as
the argument has advanced, has oow broken down
altggether. This does not mean that there is po differ-
ence between temporal and spatial relations | ha it does
mean that it is imposgibls to apply the concept of &
single Space to Nature without referring through Motion
to Ttme, and thet 1t is equally impassible 1o date the
events of Mature in & single Time withour referriag
through Motion to Spact. And thig, it will be noted,
i5 one of the characteristic features of the Theory of
Relativity,

Te sum up: If ! want to determane neutral remporsd
relations between an evant which 15 in my sense-history
but not in yours, 2nd an event which is in your seose-
Justory but not in mine, the only pozsible way socms to
be to hnd somethiog which is common to the sense-
histories of both of us, and to determone the neutral
temporal relaticos briween the two ' private™ eveats
by means of their respective sensible relations to this
" public™ event. At figt sight this seems perfectly
plein sailing, since there are events, like noises mnd
flaghes, which are admittedly *‘public” m a way in
which hesadaches and toothaches are not. I it were
teaily true that, when we say that we ithear the same
oaise " or ' see the same flash,” there 1s & single auditory
©F visual stnsum In all owr sense-histeries, it would be
eagy to determine neutral simulianeity i this way.
.ﬁnd.. smm n wuuld have the same logical propenies

Ay, it would e ble to hold
ﬂlﬂ it is really the slm: Telation, snd that the pro-
posed methed of determination 1 mzply & faf and not
& dgfierstion ofa new kind of relation.  But, altheugh it
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is not Zgwally impossible that a single sensum might ba
in & number of differeat sense-histories, closer observa-
tion of the facts makes it almost impossible to believe that
& nofxe or 4 dazh really is & single senqum,. Moreover,
it 3eems impossible o hold that st is even a group of
cowsrmporary sensa,  Thus, such methods of determina-
tion, though practicatly useful for most purpeses, owing
1o the considerable velocity of sounds axd the very groat
welocity of light, ace not theorctically aatisfactory.

Tetnpornl Oesracteristion of Phywical Events--The
Farther development of this subject must be left to the
next twn chap But {1 15 posgible in the hile to
nay hing about the duraticns and dates of physi
objects and gvents. A single flash of light or a single
noise may be called a prrepiesie phyrspal evany. When a
man gays that he sces a flash of light, be does not mean
elther {a} merely that he senses 2 certain visual senmam,
of () that bt sexs the movement, ¢.r., of an electron at
the source which is mesponsibis for the flash. For {a)
he admits that other people can see the same fash,
whereas we have found reason to think that two people
who see the same Hash do oot sense the same vizual
sensum.  And (8), 5o far from admitting that he saw
the movement of the electron, he would say that this
iy invisible, and that he only believes it to have taken
place on the authority of a sciendfic theoty which he
does not himgelf understand.  Thus, to see 2 flash meany
spmething mare than to senge a visual sensum, and
something, partly more and partly lega, than to percaive
the moton of an electron.  An angel might perceive the
metion of the electran aod ste no Bash, whilst 2 man
acca the dash and does not perceive the motion of the
electron.  Seeing the Rash involves sensing the yensum
and also something more. [t involves the excitement
of races connected with similar expenences in the past.
These may or may nct actuelly produce the explicit
perceptunl judgment that other obsecvess are sensing
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gimiler sensa which ase optically iz the smme place,
and that same movement bas happened in that place.
Baur, whether these judgments actunlly srine or nat, the
abserver will tend to hehave In a way in which it weuld
bu reasonable to bebave if he had elpllﬂﬂy made these
judg Ifauch judgn e not trus iz & particular
case, we say that the observer ix mistaken in hig belief
that he hag seen z flash of light, even though ke has
sensed n short, bright visual sensum. Thus & man
who '* yeeg grary,” because be has hit his head aguinst
a post, senses p bright visunl sepyum, but would be
deceiving himself and others if he said that he had seen
& flash of light,

A perceptible physical zvent, like & flash or & noiye,
may therefare be defined 2y a cerain group of sensa
having certain similarities o each other and certain
neutral =patial relutions. Nearly always they will be,
in some sense, compresent at & cerain place in Space.
We have seen that, gs a rule, they will naot all be
neutrally simultsneous, but that their neutral datey will
depend opco the pasitipns af the varigus oleervers who
sense them. To perceive such 1 perceptible event
means {2} o sense u stosum belonging to such & group;
and {#), in consequence of the traces left by similer
experiences in the past, either explicitly to judge that it
is a2 member of such a group, or to act as it would
be appropriate to act if one bad explicitly made this
judgment.

) .ﬂam— qunnpkHe Lhyseeal Evextr.—Now, since

I event of a number of
!nm ol dilierem neutral dates, it is obvicus that the
question : * What is M date of & certain perceptible
physical event?™ can ouly be answerad in a more or
I Pickwickian manner. To give oy aoswer o it
wr must notice the two following ot ! The neucral
dates al the sensa in such a group are none of them
earlier than the date of » owrtain physical movement,
auch as the opening of a shustar.  1f we inclode In che
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Hnsh not only sctual sensa but the senza of possible
observers, the dates of the various seora would approach
the dam of this movement at the 3curce ay their Iower
limit. This dare might, therefore, be defined as ''the
date at which the perceprible physical avent Aoreer.”
The second paint to notice is that, where a group of
zenzn have Iater and later neutral dates as the ohsarves
is further and further from the source, the sensa in
questions are fuinter and fainter.  Thus the daeten of the
sensa whith conatitute a singls noise approach a Hoit
where we art dealing with an chserver 50 remote that
he cag only fust sense & yengum of the group. This
does not give an absclutely sharp date which may be
tmuken 23 *'the date at which the perctptible physical
EvEnt exds,” because the question of the different acuie-
nesa af different obstrvers comes fu. Still it ia clear
that in this way we could defior approximately the
dare at which such an event ends. The duration af a
pernceptible physical svent may then be defined as the
time that elapses hetween ity beginniog and its end,

(8) Relative Dates of Act’ of Feveviving and Evewt
Fevarved.—Next we see that, although the beginning
of an act of senging may be regarded as contemporary
with the end of the sengible field that is gensed through-
out the whale of it, there is not the same sfmple relation
betrween the datr of an act of perceiviag and the date of
the physical event percrived by it This 18 obvious,
since there is nothing that can appropriately be called
fke dute of a peroepuble physical zvent. We may
reasonahly idenlify the date of an act of perctiving
with that of the act of sensing on which it is based.
So that, in general, all we can zay is that an act of
percoiving ia later than the beginning and earlier
than the end of the physical svent that it perceives.
Itis very common to suppose that aa act of petciving
must be contemporary with the event perceived.  This
is, of course, 3 mare mistaks, dus o & coofusion
between an art of sensing, whose object iz = ssnsum,
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and mn act of perceiving, whos: ehject it a physical
eveat.

There ix oae more confusion to be pointed out
‘befgre we leave this subject. 1t might be gaid 1 ** Does
oot n physical event, such an & Bash of light, pecsist
Jor quer ance it has atarted 7" 1 aonwer that the move-
ment that is tranamitted fram the source and s corre-
inted with the waripus visusl sensa of the group, may
very well go on for ever, But thia movement, of what-
ever nature it may be, ar pot the Aash of light. & Hash
af Jight ig a percapeible object; tho movement in the
ether is not perceptible—by us at any cate. It is merely
sitly 16 say that & certain perceptible event lusts for ever,
because a certain imperceptible event, with which it is
closcly connocted, does o,

() Seemiyfe Bvewss.—This naturally brings us to
the question of the dates and durations of imperndle
physical events. We know that perceptible physical
mnu, snch as lluhesof Lght, are snpposed ta be

with ' and

changea in the ether which we cannct pemelve. These
art much more important theoretically to the scientist
than perceptible eventn. The epistmological relation
between the ton is the ﬂollmnng It 1= by observing
ang noting the relati ¥ ptibje events
that we infer the exi of theas i ible events,
which, following Whitehead, 1 wili call mﬂg&w
1nstend of stating the luws of Natore as direct relations
betwean perceptible events, we analyse these reletions
into the relative product of two different kinds of rela-
tivns, viz., () those of scientific avents ta each other, and
() thowe. of scientific mvents to perceptible events.  Thiy
prcess seéms 10 be indispensable, if we ace to deal
satisfactocily with Mature st all,  The relaticns betwecn
ptible events are very complex, and few simple

snd iovariable Inws can be stated about them,  On the
other hand, the relations of imperceptible svents to each
other and 1 p ible events are iy stmple,
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and laws of very wide mnge can be siated about them,
We can then use these hypotbetical lnws to predict
what perceptible events will be perceived under assigned
perceptible conditions, In 30 @r a5 the predicted
events actually take place, aur h)rpothuis about imper-
ceptible events and their lnws is strengthened. It ia
very easy for a scientist, who constantly deals with
scientific events and sees their great practical and
theeretleal Impontance, to fall inta the mistake of
supposing that they slonz are *“real.” This is n great
error.  The actual pagition iy this; The exigtence of
sensa is absolutely certain, and those positive sensible
propecties whick they seem to have they certainly do
Iaw.,\rtheSennm dswybeumpmduﬂl. The

of tewa percep 1l events is prac-
tically certain, if we are pﬂaplred o peoapt the existence
of other observers and (o believe what they tell us
about their sensa.  But, in any particular case, an
observer who thinks that he parceives » cartnin phygical
event may be mistakeo. For he may senge a sensum
of u certain kind and mistakenly suppase char it js one
of a group of cotncered sensa, wheo really it in '*wild *
and isolated. Lastly, sinot imperceptible physical
events are cnly astumed in arder o fill the gups
between the various senna of singic peroeptible events
and to coanect different peeceptible events with sach
other, it is clear that our certainty that there are such
and such imperceptible events cannac Jagically exceed
our certainty that therm are such and such percep-
tible coey.

Thers iz & connecting link between purely percep-
tible events, like Sashes of hght. and parely acentific
events, like the and eth
‘Thia link is the i m of ible eventa.
We dafined & fazh as & certain group of visual sensa,
and we said that its duration was the time that elapoon
betwetn the earliegt and the tatest of these sensa.  But,
it must be admitted that the really imporant point about
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grereeptible avents in not the wctual senga in the group,
bur the poasible senas.  Actually only 4 few of the
mensa in such groups aze sensed by anyoae, and it may
tjuite well happen that enly ooe of them issensed. The
perceptual judgement does not assert that other sensa of
the group arv sensed, but only chat they sowid be by
any observer suficiently like curselves piaced in any
auitable position. Thus the cash value of the statement
that peretphible events porsist, aven when no one happens
to sense any séosum of the group, ia that sdewier o
suitable observer is present at any positicg in a certain
spatictempural ntgion, he % sanse o messber of the
group. We are not content with this mertly bhypo-
thetical assertion. We mtsume that if awy cbheserver at
amy position of a certaln spatio-e:mporal region will
senst & sensum of & certaln group, this ztust be because
something independent of afl observers & going on at
af! positions in this region, Thia assumption rests
partly on our passion for spatio-temporal contiouity.
When there iy & close connexion between evenis ia
differsnt places and of diferent dates, we fee! that the
Baps between them w.r e ﬁlled in somebow. And

this ( ig forced If we find that
any observer who uhu up hiz position ar ramdew
within the spati | regicn in question equally
senses a member of the group.

We must notice, moreover, that the preoence of an
obsarver is found to be icrelevast to mowt chaing of
physical cansation. If [ put a kettle on the firm and
watch both, the perceptible event of the fire burping
is followed after a certain time by the perceptible mvent
of the kertle boiling. If I and all other obmervers go
away for a time and then retomn, we find thet the keitle
has boiled afier the same lapse of time, Thesa and
millions of other experiences show that the gape
between the senss belonging to n perceptible evest
wre filled by somethiog that prodoces just the same
effects ag if we were preseot,  Thun, even at the level
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event iy thoug]

ofuamnpufmnmnnmed b}rmnu that go on
io the abseace of observers. Common-sease iy very
vague a5 to the natzre of these unperceived parts of
perveplible events [ think that it generally mupposes
in m rather halbhearted way that they are of the same
nature aa the parts that are actually sensed. How far
snch a view cun be maintained canogt be decided ootk
we have dealt with the physiological conditions of sunm.
But, at any rate, we can say that it seema gancnbinl to
suppose that sewetiimg bridges thess gaps; and scienos
profosses to derénmicg more and more actunitely the
Rature of this something. Whetber it has the properties.
of sexto 07 a0ty it certainty has the propertic of samiic
nmis, sabject of course to the poasibrility of seiendific
theories being wrong on points of detail.

In the last chapter [ suid that scientific chjects arm
conceived o have shapes and 10 occupy places in the
movemen-contizuum tn the same leeral way in which
v¥isual senxs ace lmroediately sensed bo have shopes and
t0 cccupy sensible places in their fields. In fact, the
coacepts of what 1 will now call Scioefefc Spoce and
selentific physical objects art construeted togethe: in
an inseparable union. They are constructed ox sie
emarlagy of sensa and thewr fields ewr of data derived
from the senst-txpenencos af many observers through
varlous senmes and at vardous times. Exactly similar
rearks epply, mueiefs wextexdrs, to ithe concepts of
what I will cll Sawiefc Teme and stentfic svears.
Seientific Time is conceived by analogy with a sense-
history ; scrntific @vents are conceived to Bave dates in
Sciennific Time as senss have dates in the sense-history
of the observer who senses them ; sclentific physces are
conceived to have duration in Scieatific Time as sense-
objects bave duration In a sense-history. There 13 ooe
difference, howerer. For reasons already stated, it ia
impossible that sensa should literally occupy places in
scientific space, thoogh it may not, of course, be ls-
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possible o construct & apace-like whole of more than
three dimengions, in which st of afl kinds, and
scientific objects, litermlly bave places.  1£30, [ supposs
that Scientific Space would be one kind of section of
such a quasi-space, aod «p, 3 visual Geld would be
anpther kind of seetion of the game quani-space. But,
if auch a coostroction can be made at all, I, at any rate,
mm not capable of doiag the trick.  On the other hand,
it in not obviously impossible that sena should fireraily
have dates mnd durations in the same Scicatific Time as
selentific evears ; for, a5 we have seen, temporal relations
arm much more pervasive than spatial relati The
scicatiic dates of senan would 3ctm 0 be the dates at
which cectain scientific events bappen in the brain of
the observer who senses the:e sensa  Uniess there be
some positive i the rela-
tions of such scientific mnu and the sensible temporal

of the g sensa, thers seems no
Teason o reject the i vnewt.lulr.hatzmpnu]re-
latiany between sensa in _bur awn sunan-lusmry, with
which wa bacome ion apd
memory, ure littcally the same as the tnﬂpaml relutions
betwean the corresponding scwntific events iz our brains
‘Whether this view can be held, is s question which must
be resarved for a later chaptes.

Davation of Phyical Dhjects.—We have now aid
ail that can be said with profit about the dates and
duratlons of physical 2vents before dexling with motion
and the union of Space with Time, It remainy to say
something about the durations of physical abjects. or
‘things.” A thing, 25 we have seen, is £imply u long
svent, thrwghnnl the coursc of which there is cither
q y or qualitative change,

her with = ch sty unity.
A !!I!!l'ﬂhjﬂ:b. a1 defined enrller in Lhe chapier, is an
example of such & long event ; though, for rexsons which
will appear in & moment, it wouly! hardly be called a
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st thing,™ and it is certainly not * physical.”  Thus the
dividing ling betwees events and things cannct be
very sharply drawa in theocy. Nevertheless, we own
draw 2 mugh pmctical distinction, and it i useful o
do 3, in onder nol to depart too Ear from cotamon

[} Perapieal Objecti—A fash of Tight would be
called a perceptusl eveat, but mat a perceptual thing or
} This is because aach pargon who seex the flash
senses a single shom senssm, and not a series of senza
in svecarsive fields which join up with tach ather to
jorm a sense-object of decent duration. This ja crue,
although, as we have seen, the fiash itself as & per-
ible event has dy C which may
extend t thousands of years, Thus onc point about a
perceptible ohject s that it must be capable of being
perceived for a long time by the same cbsezver.  And
this means that (s sppearance i him must be nat
merely o s bt a semoeobjecs,  Again, & perceplible
thing i =lwsys understood o combine & sumber of
connecied qualitics which can only be perceived by
different senses. An observer might see a mirmor-
jnage for an honr =t & fime, bul he would newer say
that be was sesing a phyaical object, sa loog a5 he knew
that it was a mirmor-image. For be would know that,
if e went 10 the place whem it i= eptically preseat, he
would sense 00 correlated tactual senza, and that there
waukl be no relevant scicatific objects thare.

OF course, ax | have already hintad, thrse criteria
are not thearetically satisfactory. What we count &3
» pecepinle object may be mowing so fast that we
stust oily one short sebdum in connexion with it
Conversely, an observer wh d in the right dincti
with the vtlocity of light would contisually sense sthan
connected with = single fiash, 30 that he would be
awxre of & scnae-ohject of considersble dumition, awd
might serefire be inclined to say that he wis sceing a
perceptible thing and not merely a perceptible event.
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Seili, the criteris that we have just 1aid down work in a
great maoy uus and will do lor our present pntpmr_

We can now improve the defini ofap
object whlch we gave in iht last chapter, whura we
b looked for the

due to tme. We still cannot grve & perl'nc:i)r satis-
fartory definition, because we hawe Dot yer dealt
Iy with the of physical objests and
b 5 and the d of visual
arasa in the movement-continuum. We will assume
for the present that we are confining ourselves to a
regting object and resting observers, and we shall not
uitempt to semove thig restriction until the nexe chapter.
Suppese that a scentfic event of the kind which iz
connected with & single flagh of light wers to happen
at a certain moment at & cectain place in scientific
apact. Suppoese that observers were dotted about i all
directions and at all distances around this place. Then
it ix true that the place in question would be optically
occupied by visual sepsa from all Arvcrons for o very
loog time, But it would be optically occupied oaly
for & moment by visual stasa from & given durfasnr
At any given moment the sensa which occupicd the
place wauld occupy it from places on & certain sphane
surreunding it, and at & later moment it would be
gccupied only by sensa from places on u larger sphere.
It would never be occupied at onoe hy snna from places
on two such spheres. 1 thers weze & pentistont optical
chiect, ingtear of & mere flash, 4t the place, this place
would be optically occupied at & given moment from
many dificrent distances a3 well as from all directions.
We might regasd a persistent optical object a5 & con-
tinacms xeries of guccemive flushes. Each fagh iy
itnnlf a stcies of succeasive sensa belonging 10 different
fields, and the later a pensum is iz its flash he further
off is the place from which it Is present at the lumincus
ceatre.  Thus thert are two temporal series (o be con-
sidered : (1) The seriex of flaghes which together zake
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up the history of the persistent optical ohject ; nod {2}
the seriex of successive sensa which together male up
o single fagh. It is obwicus thet an early secswm
beloeging to a Jater Aush and = lste seasum belonging
to an earlier flash may be simultanetus with each cthet.
The former will be optically present st the ceotre from
a oear place, aod the Jattr will be opfcally present at
the centre Fom a more emote place.  Thus the cantre
is opticaily cceupicd by sénsa Erom differeat difawcer at
the same motwent. Imigine for smplicity a wizhls
objeci of very small spatial dimensions, which we can
treat as a point. Suppose it lasted for a time T, and
that & time #has now elapsed zince it begas to exist
Toen the places fos which sensa are
peesent of this point at the moment £ are
all the points contmined in the volume
between a pair of spheres with the
point as centre and of wnd o (f4T) as
radii. (Hern ¢ is the velocity of light.)
The disgram will make this plain.

At this moment sensh Fom the first fash in the
history of the object will be present at F from places on
the cuter sphere, and sensa from the lase Bash in i
history will be present at P from places on ihe inoer
sphere.  Sensa af intermediste fashes will ba present
at P from places in the volume contaioed between the
two apherical surfaces, Thua the thlckness of this salid
shell of places, from which sensa am contempormnecusly
present at P, is ch istic of the duration of the
optical abject.  Fram places within the smaller sphere
there ar¢ no longer any seoss present at P, and from
places outside the larger sphere there are not yet any
sensa preacut st P. The *shall " will continually
spread out from the ceatre, hut It will always ramain of
the samn ' thick 7 and this thich in ch
istic of the durttion of the optital ohject,

So far, we have confincd our sttentioe to the gdacer
from which sensa are present wt 2 given place ot & fiw
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mommms  But we can squally well regard the whole
situstion from another point of view. We can consider
the seawewis at which genss are present al a given place
Erom & givax piagy.  [n the cans of a Aash sach ohscrver
menses just one sensam, which is optically present at
the place whers the Aash ia said to be, 1In the case of
a peraistant optical abject all the observers will be awarn
in course of dme, not merely of a siogle seosom, but
ofm bject.  And the duration of this sense-object
would commonly be jdentified with that of the optical
objtct. The senst-chject in this cass is a group of
succeasive visusl sensa in & single sense-history, one
of whick belongn ta wach af the successive Haghes into
which che histary of the persistent optical object can be

dystd by E: ive Ab 3 Tt ix clear that we
mw dlstlngmsh betwren (1) the deration of am apiecal
wfret frome a ploce, and (a) the fotal duraiirn of ax optroal
obfect.  The farmes is simply the doration of the sensible
object which Is the appearance of the optical object
to an obszrver at that place. DBut an optical ohbject,
bowever sbost its duration from any coe place, has an
enormoudly great duration, when you take into account
aif the sensa which belorg to it from all places. Irs
fatal durstron ju the time that elapses between the arliest
and the latey visual sensum which belongx to it.  And
this, even in the ease of & momentary flush, may amount
ta millions of years. A fash, in the limit, has only
duration of the secand kind ; & persistent optical ohjoct
hay both kinds of durstion.

We can naw define & Avaisien? compiete eptical oigect,
subfect to the limitations about motion which we have
slready indicated. Such an object Is & group of visoal
senon of various dates, corcelated with each otker, and
having the following propertiest {1) There is a certain
closed contour in Scicotific Spece {the ** place occupied
by the optical abject "), such that every member of this
group of sensa is optically present at som part of its
surface from somewhere. (2) Every part of lhig contour
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is optically pied from by some

{or members) of the group. [3) At any moment nfter
the optical cbject has started to exist, any past of this
central contour is occupied by senas of the group from
ull the piaces within & cerwain sefuese.  Thizs volume is
bounded by twa closed surfaces, both of which conmin
the plnce occupied by the optical object Afier the
optical object has completed its history, the thickness of
this volume is 2 measure of the duration of the object
from any poist. (4} From any point & certain part of
the cantral contaur i occupied by 1 series of sucoessive
sensa, farming A sense-ohject in the sense-history of an
obscreer who stays at this point, The duration of this
semse-chiect iz the duration of the opiical abject from
this place.

To define x won-gerniyiens compless apfecal odject, L.
& camplete optical event, or “flash,” we leave clauses
(1) and (a) gtanding, and modify clauses {3) and (g as
follows = In {3} substitute "on & certain surface ™ for
‘! within a certain valume.” In (4} subytinuee ** 2 single
seoaum " for “a series of sucoessive sensa,” and omit
the mest of the clause, Finally, a mirrorimage of &
chair ot 4 pin wauld be a persistent incompletr optical
object, whilst a mimor-image of & flash would be & non-
pertistent incom plete opbical object.

‘We said in the last chapier that an onlinury per
ceptual object, like 2 penny, as understocd by common-
senze, is really & cooghesium consisting of 1 number of
correlated constiteent oljects of varfous kinds, all
occupying & place in the movement-continuum in their
varicus appeopriate Pickwickion ways. This place,
moreovet, is concelved to be literally occupicd by cor-
celated scientiflc objects; and the difference between
science and common-sense i3 largely a diffierence i
the amount of knowledge which the two claim to have
about these sclentific objects. [t is obvicus that some
of the conmituents of a percsptual object may ceast
o persist while others remain. Agzin, a place where
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a perceprtual obiect has once been, may continue 1o be
haunted from cerain places by its ghost, in the farm
of ity optical i of a

perceptunl olject infects tl|e notion of *ils” durstion
with an incurable vagueness, We can wake accurate
statzments about the durations of its constituents, and
we can make about the durati
of the correlated scientific cbjects, but the perceptusl
object of common-sense is too much a mixture of non-
homogeneous conatituents to be worth treatiog very
sericusly as & whale,

We saw that an uhmverm very well be mistaken
in thizkisg Lhat he pes a ical event of a
certain ‘lmd. because ihis mphca a reference beyond
the senaum which he senscs o other sensa, actual and
poulhte. of ot.her observers. A forfors, wecan 'be mis-

taken in that we pecceive a czrtain p
thing ; and this can happen even when we m qlnl.e
right in thioking that we ysical event or

a serizg of them. Such mlslalnes ulne various forms,
and contain warious amounts of error. [} We may
misake & partial for 2 complete optical chject, rer., we
may think thet & certain placs iz optically accupicd from
ail dizecrions when rl:al!y it is oecupied only Fom one
ar from a ictad range of dircti This hupy

in optical illugions wlm:h really deceive vt [i5) If we
make this mistake we sball almeost certainly make the
further mismkn of supposing that the place in question
is also oomupied by corrtlared isctual znd viher con-
stituents, that 1t i & centre for sound and radiant heat,
and that it i8 occupied literally by scientific objects
specially correlated with our visual sensa.  Actually
the most relevant scientific objects will be at some
rmmote place. [} We muy makr very grave mistakes
about time. We practically slwuys think thae physical
thingn bave endured and remaned in the sams place
longer thas cur visusl perceptions really justify us in
believing. If an onlinary man sees & starin & cartuin
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optical place, ht assumas that it niost have been thers
at least up to the time when he ceases to see it This
is of course unjustified. My visual sensa are indeed
opbcally present at thls place at the time when [ sense
them, and for as long as I go on sensing them. PBut,
In saying that the sfas ix there at that time, ! am assert-
ing much mere thas this. 1 am aszerting that other
types of constituent object are alsc there, and that the
place is now occupied by correlated scientific objects
and events. This may happen to be true, butit is aot
justified by my visual perception alone. The star may
have blown up or moved elsewhers since the light lef
it. The first smtement implies that there is now ng
centre ied by scienufie objects dated with my
present visual seoga. The sacond implies that there is
atill a centre pecupied by ewents of thig kind, but that
it 1= no longer at the place where the optical object is
present.  The @mets of abemation show that such diver-
gences hetween the place of o perceptual event and
that of the thing with which it is conoected, may arise
through mert movemeat of the observer.

{8 Seemitfic Obpects—In is admitted that crdioary
perceptual objects, lile pennies and chairs, begin to
exist, laat for so Jong, and then come to en end. [a
the chapter on Time and Change in Part I, 1 tried to
explain what sxactly iz meant by saying of any ohject
that it begmn to exist, luyted so Jong, and came w0 an
eod. Now perceprual abjecs ame suppased to be can-.
nected with scientific objects in the way described
earlitr in the present chapier. And the total scientific
object apecially d with any prcep object
ia bejieved to be a very complex whale of relansd
parts. Such structures have more or lesy smbility,
once they are formed ; but they 4o begin o exist and
come to an ond under suitable condiipns.  We shall
bave to distinguish hetween scientific objects of various
wdivs. The sort of acientific abject whith is specially
connacted with a percepiual abject, it a chair, may be
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called & firat srider abject. 1t 8 supposed, wa we know,
t consist of & great many moletuls amanged in
a pattern in space. These may be called secomd ander
ohjects.  Earh molecule is supposed to consist of a
number of atoms, characteristically wreoged in space
and maving in characteriatic ways in time. These
atoma are shral onder objects. Finllly, rach atom iy

posed to be an of po and nep
tlectrons, with cheracmristic types of motion. These
wre fourdk order o'b}!cls and it is of sourse poasible ﬂnl
they are th T d stroctores P
of fifth order obyectx

Such a hiermrchy represents real facts gbout Nature.
The simplest way to loak at it is the ftl.lll:\l'mgr Many

agents, such as the of &
pluﬁbcrr on the sut, will breek up a chair without
150 g the mol of etllulese of which it is com-

. Other ngents, such as heat, will break up the
celluloze molecules, bit leave the atoms of carben,
hydrogen, and oxygen of which they are made, un-
altered. A very few ageats will, with great difficulty,
break up the atoms themselves Into Lhelr coostituent
electrons.  So far as [ know, no agent yet employed
will break up an electron, though jt is possible by
heroic methods to knock pieces off the ouclens of an
atom. Thus the orders io the hiemrchy of scientific
objects am the stages where certsin disintegratiog
agents, which have previcustly boen eiffective, ceasc to
be s0. Chuira really are pemnnent under a great
variety of conditi Lyl les undera greater
wvariety, carbon atoms under & ntill greater range, and
electrons under all varintions that have been tried.

Now, for gur present purpose, the impoctant thing
ta notice is that seientific objects of different orders oeed
difarent minimal spaces and duntions to hve in, This
is generally reognised In regard to space, though it is
stared in & cather misleading wiy, r.g., that * molécules
are divizible and electrons are oL It is squally trise
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of time, and it Is ane of Whitchead's great merits 1o
have poduted this out cleasly. 1 will B3t explain what
is meant by this statement as regards space. If you
divide up the space which is occupied by a chwir inta
two parts, nelther of these parts will be occupisd by n
chair, though one may be cccupied by a Teg and azather
byaseat. Again, you culd divide up the space occupied
by & chair inte partitions, each of which was occupied by
a oellulose molecule. 1f you further subdivided one of
Iheu divisions you wuid fiad that some of your sub-
wtre d by a hydrogen atom, same by
a carbon atom, some by un oxygen som, acd some by
nothing at all.  'When a person says that & malecule ia
divigible in space, whilst an electrom is not, what ba
means, over and above the fact thae one has heen expari-
mentally split up and that the ather han pot, is reughly
the follgwing: If you take a space containing ane and anty
one malecule and nothing a'lu:, Yyou can divide 2 into
st of exh ive and it auch
that there is a positive difierence of qnnllty between the
contents of zome of thega partitions nd the cantents
of pthers.  (£.f., the contenty of one mey have the
*“ydrogen quality,” that of anotber the "oxygen
quality,” and so on. O course, some of your partitions
may bave to conteats at all.) If you take a space
containing oae :thmn and nothing else, thm either
(1) aif sets of exh Tve and 11 par-
1itioas into which you can divide the spme are pocupted
by contents of ihe same qunhty, or lz] ynu can dwide
the space into two
partitiors, one of which is empl)r \lhllst the other hls
the property (1)  What is called “indivisibdlicy "
really mther femopensizy of gwaiety for il spatial lub
divixions below a certain maximum. Wheher in facy
an electron answors to this definition is, of comrse, &
matter fpe empirical invesigation,
How, as Whitehead has pointed put, we have the
same distinction amosg objscts s regands division of
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their blstory into succemsive alices, There are many
types of object whose characteristic qualities need a
certhin minimum of dumtion te inbere in. £, memsory
is one of the outstanding features of the sort of thing
that we call a * mind.” It is, therefore, clear fhat the
wery notion of a ! ¥ mind “ia Now
the gams is troc of any aciesiific object which is partly
characterised by some special type of motion.  Suppose
that a ctrimin kind of atem consisted of a nucleus and
ats eleciron rotating zbout it at a certaln chariteristic
fate,  Such an atom would need ar least the duration
of one complete rotation to display its characteristic
propertiss.  The history of such an atees is a * patiern ™
in time, just as the ¥ of e}

and nucleus f3 & pattern in ppace. T the durmtion af
onecomplets rotation be sliced up into pljarent succegsive
parts, the contents of the parts will differ in quality from
the contents of the whale,

‘On the other hand, there may well be objects which
are tremponlly homogeneous. This would mean that,
however yau choose to divide up their history, the
coatents of all the slices art the mme as each other and
ax the whale in qnnllty Mxny types m‘ scnenuﬁc obiect

then have a cf s well
asach imic

Now sriem:e regudl l]le ulum scientific nbjects
as being spatio And it

assumes that these ultimate scientific chiccts mever
begin or end. Thus the ultimate scientific objects ar
regarded ag eternad in the sense of existing throughout
all ime. The only ultimatt scicntific changes e the
groupings and regroupings of such objects aocording
to a single ot of fundamental laws. Whether this
amumption be true, and whether it be self-evident, ! do
ot profes to koow.  But 1 believe we mny assert (as
I have pointrd out elsewhere, and as Mr Keynes has
independently asd much more cleary shown in his
Treatise om Prodabifity) thar, without some such apsump-
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tion, it is imposible to justify the wonfidence which
we feel in the resuits of ' well-catablished " inductions.
I do not propose 1o pursne ibis subject further here.
Ia the next chapter I shall say what I can about
Motion, and, in the next but ane, I shall discuss the
of Spaco-Time, from whith Scentific Space
and Scientific Time are two abstractions of different
types,
The following sdditiona] works may be consolted
with advantege :
B A W. Rymaxiy, Enghovut on the Exprrial Wordd, Lecares
1L and 1V.
A N WXITEATAD, Frimajier of Natiern! Kmowindge, Part 1V.
5 ALxxAwnER, Spac, Time aed Drity, Bock 1.
A A ROBE Adreluty Rolmtcoms of Troke avml Spmce



CHAYTER XI

* O, how gionous and respledemt,
Fragde Body, shalt thoo be |4
[Hymenx A mesns aud Mokern )

Sengible and Physical Motica

v the last chapter [ touched incidenmlly go the
sensible motion of senss within their own Gelds. Both
in it and in the chapter before ] talked of the motion of
our bodles, and sald that the concept of physical Space
is based on such moticns, interpreed spasially by
analogy with our visual fields. [ propose now to go
considershly more into detail about thess matters; 1o
cousider exactly how the cancepts of physical Space
and Mation are connected, on the ont band with our
bodity movements, aod on the other with the positions
and movements of our sensa in their Selds ; and fizally
te work up o the concept of physical Space-Time,
We shall find that the ronsideration of pur own bodies
and of the bodies of other abservers who can comimuni-
cate with us abaut their expericnces fills & gep in our
concept of physical objects, and is az essential Gctor
in the development of the concept of phiysical Space.

Geparal Remarks sbost Chavge and Motiom.—
‘When we say that something changes, or, more
particulacly, that it moves, we imply a cortain identity
and a cermin diffsrence. There must be enough
identity for 08 to be able te say that we wre deating
with the same object, in spite of the movemsent or other
change. And there must be some differeace between
one part of the hismryufﬂleobjmndmhers.oru
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should not say that it had changed or moved. Change
is a more general concept than movement, since move
meant is simply change of position in space. We will,
themelore, begin with change i genersl.

In crdizary life wo distinguish between an object
ared its history, and we are inclined ta thiok thar the
femer is logicatly prior to the latter. We say, £,
that there is & certain object, sach a3 & panny, and that
it may either =t or move, keep hright ar tarnish,
and 30 oo. These events, we say, " happen o™ the
object, and ita history is just all the evenis that happen
wit. You might, we thick, bave an object withoot &
history, but you could mot have & Ristory without mn
object. 1 beleve this to be & profound mistake, which
arises from taking " history” in too carrow a sense.
An object, separated from its bistory, Ix clearly not the
kind of thing thac could possibly exist. Every object
that iz not merely momentary hag w history of some
kind, and nd mently momentary object cowld really
cxist.  ** Object,” apart from * history,” is therefore as
much an abstraction as * history,™ apart fom ** ehject,”
OF course some histories are very lame, «.r., that of a
penny which ketps In ane place and vever varies in its
other qualities. Others are more exciting, «.r., that of

nny which moves ahout, gets bent and delaced,
and iy binally dropped inte ihe collection-plata,  Now
we are inclined to ientify history with exciting, Le,
variable, history, We then Identify the object with
the mme tracts of it histery ; and forget that these are
history at 8ll, because they are o uniform. But really
ali thae literally exists i strands of bistory, some tamer
and same move exciting.

Naw it is conceivable that there might have bemn
sucreation but ao histery. If so, there woukl have
been neither a¥ object nor a plorality of obiects. Let
us ronslder a fmgment of the wholt coprse of Natore,

lasting for sn hour. Let us Jmagine it cut up inw
successive slices, each lasting Jor & second.  “Theorsti-
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cally there mre three peatibilitics, (i) We might find
that tha af aoy ad] pair of ds had no
particular resemblance either o whole or in part.  And
we roight stll find the same zesult if we took shocter
and shorter divisions. [n that case we could hardiy
talk of histary at all ; there would merely be & perfrotly
chaotic hail of events. (i) We might find that them
waz iderable qualitats - the
wlaie of any adj pair of ds, and that
this resemblance increassd as we togk shorter and
shorter sub-divigiony. But we might have to compare
the contents of each second = 84, We might not be
able to divide it into glearly distinguishahle co-existing
parts,  In thet case we should say thar there is £ history
{of the world as a whold), but that thew is oot a
number of distinct stremds of drtery. We omlld. then
talk of ax abject, which eaduses and p

viz., the universs; but not of a nunber of distinct
oljrots. (i} We might find, 13 we actually do, that
the comtent of ench second is distinguishable into
diferent co-cxisting pacts, and that a certain part of
the content of ene is hooked on to a certain part of the
content of the next by close gualitative resemblance,
Under this head [ inglude resembilance of shape and

as well as bl of colour, temy

eu:, We should then say, nat only that there is a
higtary af e world as o whole, but wlso that there am
various distinct gtrands of history. Each strand would
ba called the history of such and such an object, bur
this does not mean that thert is ancther existent, viz.,
“ihe object,” beside the strand itsedf. It is only
because thers are auch strands that we can talk of &
plurality of abjects.  The wozkl 23 a whole would have
u history, partly because it is compoaed of such strands
of history. But jts history is more than the sum total
of 2 number of distlact strands lying side by side. If
there be causal and other regularities which held
throughaut the whole perigd uader discussicon, there
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will be ch i d E the mrands,
and the Iluwryoffthn werld a3 w whole wonld have
mare unity and mmplmty than Is implied by the

simple that it is pased of such wnd such
paraliel szands.

Whenevar we talk then of “ cbjects,” the fusda-
mental fact in the existence of distinet strands of history.
A glven ohjoct 1s a certain strand, pervaded by a centain
spcinl unity and inuity, which ch ise it and
mark it out from strands of othet ldods. To say thata
earinin abject has not changed io any respect la to may
lllnla'lllhu sumve slices of & certain atrand ave

t from each other. An
nm:lnmging chiect is ﬂms & comcpietely wugforme strand of
bistery. To say that a cectain object has moved, but
bas not otherwise dunged.ismuythuﬂwpm{uom
gualities of succesmve slices of a cermin strand are
progressively different, A moving object is therefore &
Perihonaliy wem-wniform strand.

Now it happens, of course, thet there are many distinct
strands which are co much alike in the charmcers of
thear slices, and in the type of unity that parvades them,
that they are called hisiodies of objects of the same kind.
Vet some of these straads may be pusutmnnlly unifarm,
whilst atbers are posil An pl
would be given by a resting and & moving panoy.
Agmn, & stragd which has erough unity and contiavity
throughomt to count as the history of a single obfect
may yet for same part of ity length be positionally
usiform and for cthers be positionally noz-uniform.
An example would bea peony which sometimes keeps
=till and sometimes move [ think that it is partly io
consequence of anch facts that we teed 0 separate
ohjects from their hivtories, and to treag their histories
a5 something more or lesa externel, which may or may
mot ‘'happen to” them. A given penny rally is »
cartain definite strand of history, positionally uniform
if it be & resting peEnny, pogitionally non-uniform if 5t
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be 2 moving penny, and 30 on. But you can always
find plenty of ather strands of history suiciently like
this one in their oon-pesitions] qualities 1o be called
histaries of penties, and yet onifarm where this history
i positionally non-unifocm. Yoo wend to identify the
ficst penny with & wnifore: histecy, such as the svond
penny, and to regard the nan-uniforn part of the fiest
penny as something that “ happened to™ it, but was not
a part of it. The real fact, however, is that the first
penny és the firz strand and nothing else, and the
socand peney :5 the stcond stand and nothing else,
O course the genenl chamcteristic of ** being & penny *
is common tv both, since it is the genenl type of
qualitative characier whleh pe:ﬂmdns all such sh-nds,
but this is & uni I icul i ; mad
when people talk af "ob:ects," and say that the_'r rest
oc move, they are certainiy not pﬂ:nanly taiking about
ieg but about p

It is pwident then rhat every obJac: has a time-
dipension as well as any space-dimensicos that it
may have, Therais nothing mystericus mbout this ; #
means ne more than that evecy existing object, whether
at rest or in motion, iz a strand of history with same
durstion. The goestlon whether it i a changing or
an unchanging object is simply the question whether
nucrzgsive slicta of the strand, normal 1o the time-
dimension, art esactly allke or progressively different
in qoality. The notion of an ahbject with nothing but
spatial dimensions is an abgtzaction, You can divide
up the object into thinner and thinner slices normal to
ita time-dimension, apd thess slices will approximate,
a5 you make them thipoer and thinner, o purely spatial
Hgures, In the limit sach will be a purely spatial
figuee, in geaersl of thres dimensions. But these ars
Dot the ohjeet, nor are they literally even paerer of it
The object is the whole four-dimensionsl =trnd of
history. And thess momenary spatlal figures are
“parts” of the okfact anly In the Pickwickian sease in




410 SCIENTIFIC THOUGHT

whirh plane sections of an ordinary solid aze “para®
of the solid. A person who refuses to ideotify an abject
with it whole hlstory must either identify it with a
mameniary fectien of 1hat history or with & smgforme sfice
of it.  JE he does the former, the object i3 2 mere abstrac-
tion, incapable of existence. 1f he does the later, his
Testriction. to the uniform part of the whola strand of
history Is cleasly arhitrary.

Ii it sheuld huppen thzt al] the socoessive momentary
sections of wn ohject have the same shape, you can call
this tA¢ shape of the object.  Bat, if they hare different
shapes, there is nathing that an be called #h shape of
the gbject. A penoy and & mist are bath ohjects ; but,
whilst you can talk of the shape of the former, you
cannot talk of the shape of the latter.

Motion and Bewt in Tigaal Fields and Benss-historias.
—ARer these general remarks ahout the nature of objects
nnd their motion or rest, wr can consider the varicus
types of mobon and rest which happen within our visual
Gelds and sense-histories.

{a} Motiom awd Ruest of Piswal Sewsa—A single sense-
feld lasty for a ﬁmt:, though short, nmz Spatinlly it
is of threed 1t is therek i 1]
spatiofemporal whole. 1n sensing h, wt thus sense
directly a fourdimensienal whole with three spatind
dimengions end onc temporal. A sensum is o outstand-
ing part of the 1otal content of & serse feld. 1t has some
duration, which cansot be greates than that of the sense-
field, and it has sparial extension. It 15 therefore in
genezal a fouz-dimensional object. Now, as we hawe
sten, & visual sensum may shift its position in ik own
fiedd or not. 17 7t does, it iy nfferted with sensible motion,
otherwize it is sensibly at rest. Thus &F visual sensa
are four-dimensional object, and those that are affexted
with ible motion are poaith non-uniform objects.
Just a3 we cannot soc BE oncé an abject of more than a
certain size, sa we cannct sense by one sct an abject
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Ehat dx the duration of a Specigys Preseot, whether
It be unifores or non-unifarm. In senming m reating
BEOSLM we LMt Awars in one act of a positicnslly wniform.
four-dimensional object of short duration ; in sensing
moving sensum we ate awkre in ooe sct of & pasitionally
non-uniform four-dizmensional object of short durstion.
Thus, sensible moticn Is the way In which the pasitional
non-uniformity of a four-di object

itelf to us when this non-umbnmty is "sharp"

to be noticeable within the dumation of = single sense-
Buld.

(8] Maotion and Rest of Vrrwal Semse-cbfects, — Qur
auccegsive visual fields join up with emch cther o
form a single senge-history, ns nlready dewcribed, This
in nimply a four-dimennicaal wholc, of the same generad
natare a5 4 single visual feld, but of greater duration.
It annot, of course, be sénsed as a whale, thoogh some
of its earlier slices may be remembered while {is larest
mlice 1t being seosed. Now, when a certain resting
nensum has occupied & certain position theoughout the
whole of one field, similar sensa may occupy sxactly
nimilar positions in a series of successive fields. Just
as the Selds joia up to give one sense-history, of which
they wre succeasive slices, sc these restiog sensa poin
up te give a slagle sense-chject, of which they are
successive slices. This will be 2 positionelly uniform
zense-object; and may be described as & seose-obyject
which serss dn the space of Ihe obrerver’s semse-Mirtory.

Now it may hlppen that there iy a series of more
ar less similar sengs in a nnes of sueumlw ﬁelds bui
that they oerupy disximil in
their :en-pwtlve fields. And |l may be that the thinner
rwo fickls amnndthcnur:rdmyammgum the less
is the digbmil i of the senza
of this set which belcng ta ﬂuse fields,  On these con-
ditions the stnaa of the pet still join up to form a sense-
olject of which they mre sucteasive alices. But this
metise-object s posianally nos~uniform, and may be
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deseribed ax a wnse-object which mmer in the gpace of the
oburroer's rearehinery. Often thers i5 0o sensible non-
unifermity in the individusl semsa of such a group,
although they join up to form » positionafly ron-uniform
senge-object  On the ether hand, it often happens that.
each of the component senm of a moving genge-ohject
ig itoelf affected with pensible motion in ity own feid.
Itis reagsonable tn suppose that, even in the former case,
the component senaa arm really not quite positionally
uniform objects, bt that their departure from usniformity
is na¢ *'sharp” enough ta be senged 25 movement within
the songe-Feld.

Naw, it is very impartant to notice that the mave-
ment of sensa in theic ﬁclds and of mﬂeﬂmm in ﬂm
spaces of their sense-hi in the ul
basis of the concept of absolute motian. The sensible
motion of & gensum in jts field renlly is samething
absclute; it does not simply asriyr je the fact that
this seosum altery ity spatinl relationy tp cthar sensga
in the field, though, of course, it weoeleer this as a
necessary congeqoence. This is guite clear, from the
following exampls: Suppose 1 am looking et the sky,
and a shooting star darts mcroes. [ am eawee of a
field ; and within this are scrsa which ane the appour-
aces of the other sars, and o tentum which is the
appearsnce of the shooting star. The latter s affected
with mosible motion, whilst the former are ot Now,
it the sensible motion simply consisted in u change of
relative position within the Geld, it wonld be parfredly
aymmetrical, and it would be impossibls to scy that
the shooting' giar gensum sensibly moves and that the
other smsa do ot.  But it ix quite cear that in fact
we 40 tnas Bo i liarity of the sh
star penaum whirkh in nntpmm it the others, Thu.
sengible wotion and rest are someching ahaolute and
intrinmic, not merely relasionad ; sod 1 take It that this
act in at the hasia of the concepts af absslute mution
and rest It does not, of course, follow that the
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concept thus formed rally Is apslcalle beyond sense-
Gelds and sense-historits. It may well be that the
aksolute motlon or rest of & sense-object ia the space
of my sense-history is connected with merely selative
motion batween my body and other physical objects.
‘This does not alter the fact that the motion of the
senseobject in the space of my sonse-history is fuself
absolute, and not 4 mere change of relation to other
contenty of the bistory, We shall consider this guestion
xt & |ater smge in the chapter.

Oorrslations between the Motlons of Fisnsl Objects
and the Kimpestietle Jensations of an Obsarver.—The
best way to approach this complicted subject seems
ta be by taking special cases as illugtraticns. Taking
a singic ohserver and a single physial object, wr
can begin by distinguishing four cagas which con-
stantly happen: {A} The obsecver stands sull, and
i} waiches a resting physical object, or [ii) watches
4 moving physical ohject. (B) The obstrver moves
bodily, and {1) watthes a resting physical olbyect, or
(i) watches a moving physical cbject Thest four
tanes must be distinguisthed from ecach other by certain
differenees in our sénsible experiences, and [ shall begin
by polnting aut the pecoliarities of each in tura.

[A) There are two kinds of kinasthetic sensation,
one cantected with walking, and the other with turning
t‘nehud [w:.ll ull them mpecl[uly dranskzronal end

¢ ki The A~ases are all
alike in the fact that the obzerver feels no translational
kinzathetic sensations.

(i} Whea a resting ohserver wawhes o restog
physical ohject be finds thet, once having turoed his
head 30 as tg sense a fickd with a visual sppesrance of
this ohject in the middie of it, be must hencedorth keep
hin head still if he wants v go oo sensing Selds with
mimilar sensa at their centres, That i, in order that
the physical object may appear in hils sense-hisinry asa
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mg mo‘num, he e heaceforth keep free from
If at any moment
be chooses to art turning his head, the physical object
will till conticue for a time to appear in his visusl
senpe-hiztory. But the visual sensa by which it appears
will pecupy progressively dissimilar places in his sue-
cesgiee fields, Moreover, they may be afected with
sengible motion withls their Selds. Thus, in this case,
thnphyuﬂlolm:taﬂll appears, for & time at leayt, a3
2 visunl sense-object in the obser!erl senge- Ilm)r
But itz PP is now & positi

., & MOVing, sense-object.

Tberemllmeeﬂain peints to be noticed about the
shapes, #tc., of the succzasive seasa in this senge-object,
While the observer keeps his head sill, the suczrayive
senss will be indistinguishable in shape, unlens, of
course, physical changes are gaing on in the olject.
But when be mowes his head, the successive appear-
ances will differ in shape ; they will be mort and more
distorted a3 he tzms his bead more, and as they sccopy
more i in his ive fields. Thus,
when be turns his hend, the senseobject by which the
physical ohject appears in hin sanse-history i= not only
posifosally non-uniform; it is also nen-uniform as
regards shape, There is another difference between the
successive sensa, which I will fust meotion here and deal
with mome fully later. They do not differ merely in
the fact that each is a distortion of the original central
sensam.  Very often there is something in the lner
sensa to which nothing corresponded in the earlinr
ones, and conversely. This i3 the sensible basis of
the fact which we express by saying that, as we tora
our heads, * {resh parts of the object come into view,
whilst others which were Rrmezly visible cease to
b w‘II -

A fnal and very impoctant paint to notice is that,
mlhcpleslnluaqunﬂﬁly reversing the series of

jons I exactly reverse the
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secies of sensa, and and up with » field like thet from
which 1 started, with & sensum like the original ont
in it centre. [ can do this as often a8 [ e, and
nlways with the same result. Aga‘m, 1 @mn move @y
head frem its initial position in a grest varicty of
ways, which are dusnngmulmd fnr me by mlﬂmd.nic
differences in my i

Each such way will involve n ses-uniform sense-object
of the kind described; and each, on reversal, will
bring me back o a field like that with which | swrted,
But there azz characteristic differences of detail between
the various aon-uniform sense-objects whu:h wrrespond
@ the various series of ional i

(i} Whea 1 stand still and watch a2 moving physical
abject, 1 find that 1 st keep turning my hesd {F 1 want
n keep the of the ph
object in the oentres of mj' sucoassive Delds. And 1
must do this in a pecfectly definits way. Moreover,
there is & difftrence between the sense-object which [
sense in this case wnd in the last. Tn the last case, if
I ketp my head still, T sense & completely wrifcrm senve-
object In the preseat, the sense-object never iy com-
pletely uniform ; it is not even completely uniform in
position.  What we should find would be this: There
wonld be & steady iocresse, a steady decrease, or the
one followed by the other, in the sizes and depths of
the menza. There will be distortion in their shapes.
There will be variatiens in brightness. And, Saally,
the later sensa will have paris to which nothing corre-
sponds in the earher, and converssiy.

Suppose now that, at & cenain momest, { siop
moving my head. From that moment the successive
appearances of t.'h: physuxl object will begin to cerupy

in my ive fillds. Wery
probubly each will have sensible motion in i3 owa
field. And the distoction of later sensa, and the
addition of new and dropping of old features, will be
greatly accelerated.  [n fact, the physical chjecy will
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heneeforth appear as an extrewmely non-unpifcrm sengs-
obfect, both positionally nd in cther respect.  Vecy
#00n it will teasc to appear at all in my sense-history,
it the later parts of the sense-history will be fields

ining 2o stnsa d with this physical obyect.
Wheso this is =0, I could, as a rule, slart again nt will
to scnse a field with an appearance of this physical
object at is centre.  1n oxder to da this, 1 shall have
to turh my head to a definite extent, independent of
my chowe. Auod, when [ do at length sense another
field with a zensum of the required kind in the middle
of it, I shall fzd that this sensum diffiers in shape,
brightoesa, depih, cte., from the one that was in the
middlz of the last fcld which 1 sensed before I siopped
turning my head.

{B) The B-cases resembls each other, and differ
from the A-cases, in that the obsewer expemam
trenslatory as well as jonal ki

{i) 1f 2 man walks, and wants 0 keep his eye on &
resting physical obpect, he wifl find that he must
contmually mm bug head as he walks.  And the amount
of i neecled is |
with the amgunt of dati i
experienced.  Provided he turng bis hegd properly, the
physical object will appear in his arnse-history ag &
partly, but only partly, voiform scnse-object. It will
oot be uniform i depth or brightoess.  There will
also be distortion and revelation of new parts. But
the sensa will be at the centres of his sucressive fields.
TE he walks, and keeps his bead ané eyes hixed, the
physical object will appear in his sense-bistory as a
moving sense-cbject, and poasibly the constituent sensa
may have sensible motion in their respective fields.
The noa-uniformity in respect of shape will be yery
much pgreater than when he keeps his eye on the
physical object, and soon this will cease to appear at
all in hig sense-history. Afier it has dissppearsd he
tun agmin seose a field with a stnmum of the group
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at its centre, pwudeli Ile turnz his bead properdy.  The

amount of d ion nesded for
this purp will be pletely ined by the
nature and amount of fa ki heti i

which he has experienced since he ceased turning hus
henel,  Lagtly, the sensum which will occupy the middle
af his present fiald will never ke exactly 4ke that which
occupied the middie of the field which he wax sensing
whee he stopped terning bis head. There will be
differences in shape, depth, brnighiness, etc. ; and there
will be parts to which nothing corresponded in the
last sensum, and conversely.

L 15 cbvicus that, on the visual side, there is a
chst analogy betwesn B (1) end A (i}, se., between
the visua! experiences of a moving chsarver watching
® resting olyect and those of a resting observer watching
a moving ohject. Tllm is aLm a partial resemblance

the i since both
of them are obliged to Leep moving their heads in a
¢ortain way in order to keep the appearances of the
physical obyect in tha centres of ther succeswive fields.
Tht difference in that in A (i} lhc mmmnll kio-
ion needed is absol of
the observer's volition, whilst in B (i) it is indirecdy
dependent on his voliuon. Tt is primarily dependant
only un the amount acd kind of his translanonal kin-
asthetic gensations ; but these in turn we dependent on
his will, since he can walk as he chooses. This gap,
however, is bridged by the case of obzervers whose
bodies are carrnied about in trans motor cars, ete.
Their movements do not involve translational kinssthetic
sensations, and here the analogy between B (1} and A
{ii} becomes practiclly complate.  Such facts a5 this
analogy lin at the basis of the concept of the relativity
of physical motion.

{ii) When an observer moves about and keeps his
eye an 4 moving physical object he will find that the
nature and amount of kingesthetic sensation needed are
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dmrmmed paﬂly, but enly partly, by his translational
He will have to turn
his head more quickly, and sometimes less quickly than
if he were walidog in the game way and keeping his eye
on a regting physical objsct.  Jf he were (o retrace his
ateps, und then walk gver hiy old course agaun, it woukl
be uscless to repeat the same head.movements which he
made on the previcos oceasion. 1 he did this, it 1s very
likely that the physical cbject would no longer appear
in s gense-history st all; sod, even if it did 50, it
would certainty not appear in the form of 2 sense-ohject
whase succegsive sensa occupied the centres of his
miccemive Gelds.
There iy a very impor@nt point ta notice about these
B-cases. In them dm nhserver hu kath transiationel

and ionel ki Now thege fall
into pairs of correlated series 1o the fellowing way The
PP of a physical ohject cun be kept

at the centres of one's guccegsive Sekdn in an infinite
varety of different ways, all of which involve different
¥, of 4 ! mnd PR
sengations. Take first a resting phyaical object (s}
Tta ive visual app can be kept in the
centres af one'y guccessive visual fields Dy suitbly
turning the head and henceforth moving peither the
head nor the body. (8] A similar result {though not2n.
identical one} can be produced by walking in insumer-
able different ways, and at the szme Hime continually
turping the head in correlated ways. Lastly, {3) there
iz one and oaly one way of walking without muming tha
bead which will produce similar reguits, though, of course,
this one way may be puryued at different rates.  This is
what we call “walking straight up e the ohject” (g}
and {y] are two exireme cases of the huge graup included
under (8} Tt must e nouned that t.hu vlrmus mmhmm
tigns af I i

1 and
are not abenlutel ivaleot in their resulls
on the sense-object by wlneh the physieal object
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appears in the cbaerver's sense-history.  The {a}-method
gives a completely upiform sense-object Each of the
(Bymethody gives a somewhat different senst - objeet
Adl thes nense-objects are non-uniform in shape and
depth | for difierant companent penag will have different
depths in their mspective fields. Moreover, there is
always that diffarsnce betwesn auccesgive sensa which
we describe by saying that we '* a¢c fresh parts and lose
night of some which we maw before,” Lastly, the
{y}-method gives 2 gense-ubject wluch is uniform, in the
senss that thers 13 0o di the

necwa which coastitute it, But each of these sensa has
u larger size and a umll]urd:plhlhlnthcom before,
whilst there wili be a p in beigh

in spite of this, theee. my be the difference which we
should express by saying that the earlier sensa “* reveal
parts of the physical object which cease to be revealed
by the later ones.”

Somewbat similar remarky apply to the carrelation
b P {ationgl kinmsthetic sensa.
tions in watching & moving physical object.  But there
are certain differences. [a) Lty succesgive appearances
st be kept in the eentres of our successive fieldg if
we neither walk nor torn pur beads. {4} 1f we chooss
to do both, thert are innumerable combinations of the
two which wiil produce the xequiled kind of sense-
abject, But the ional ki ions which
have to be ombined with & glves set of translational
sensationd for this purpose are oot the same as they
would be if we were looking at a resting object. 1n fet,
no geaeral rule of correlation can be laid down without
bringing in rn additional factor, ¥iz., the wotion of the
physical object iimelf. (y) Thece is noe and caly ooe
way of keeping the of a moviag
physical nhju:: i the centres of our succeasive ficlds with-
aut continually turging our heads, and that is, of course,
by wathing pnrlllel to its line of mounn at 2 :umhle
parn. The p peries of ki
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neaded for this purpose varies, of course, with the motion
of the particular physical object which is belog watched.
By the (y}-method, and by it alene, doea & moving
physical cbiect appear to us as x completely unifprm
sengz-object.

There is thus a close resemblance between the e
A (i} and B{il) [y). So fac us the visual ohject 19 con-
cerned, theyne precisely alike. The difference is t.lu.l in
Afiya J iform sense-object requi
absence of barh kinds of kinasthetic sensation, I'hllﬁ
in B {in) {y) it requires & characrevistic series of trans-
latignal kinasthetic sensations. The gap here is to
same extent beidged, as lu the analogy between A (i)
&nd B (1}, by the fact that an obstrver's body may be
aurried parallel to anather phymeal vhiect withaut effort
of hizs own, This happens, #z., when an observer in
a moving train keeps bis eye on o certain window of 2
carnage, moving at the same rue and in the same
direction on a pazallel line. Here we have anather
sensible fact which lies at the basis of the concept of
the reletivity of physical motion.,

(8) Summsry of Fouer elosstedd i the dost Sub-secuon.
We have been di ing the ibl
hoth wigual and kinmesthetic, which make an " ahsarver
say sometimes that he stands still and watches 2 ragting
body, sometimes that be siands still and waiches &
maving body, sometimes that he moves and watches 2
roming body, and sometimes that e moves and watches
u maving body. The most important geseral canclugion
that emerges is that theee is & mixtare of arbitrariness
nndmmpn]xmmnilsuchm and that it ia the

of the mi which causes us
t0 make otrw one sod now avather af these fus typea
of statcment.

i) T can always, if ! choose, senge a series of visual
Eelds, each of which conting an wppearance of o
astigned physical abject at im centee. (i) [ oan always,
i 1 choose, sense & sevies of firlds in which successive
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of the '_ d physical ohject occupy
¥ more d ibl But
(m]. once I have decided which kind of sense-object [
Wwant to sense, condltions are frosed on my kinmsthetic
sensations, which T must simply acccpt. And these
imposed conditions vary from case (o case. Sometimes
[ must keep my head and bedy sull §f 1 want W sonpe
a completely uhilorm sense-object ; sometimes [ mugst
move bodily to stcurm this result. If the latter, 1
cannot move just ax I Lilke; only one way of moving
will gocure the result in & given case, and the right way
wiil ary from occasion to om!non. Then {iv) there
are varions of and lati
kingsthetic sensations which will cause the physical
obiect to appear as a portiady uniform sense-abject with
ity successive sensa at the centres of my suoccessive
fields. Bur {v) the senseobject will not be uniform
m d:ptll sh.upa bnghtn:ss, et Am:l [vi) not every
and ic sensa-
tions mll secure even this result.  If [ arbitrarily choose
10 experience a certain secies of translational kinzsthetic
sznsations, the amgunt and speed of the mtational
kinzgthetic sensations needed will always be partly
and sometimes wholly devermined by the former series.
Similar remarks apply, mwiars smpanaes if we arbitcarily
choase & trrinin series of rotational kinesthetic senss-
Hons.  (vii} 5 i when we deli Iy confine
1 onal X i 1.z., when
we deliberately stand stil? and mersly trn cur heads,
w find thoae u afmn ay we wmplewly reverse the series
n Inati of the given
ph,-uinl ebjact oocupies s the ceatre of our Gnal visual
field. On other ocrasions we find that, if we have ance
turned our hemds o thys ceased 10 secse 4n ADpeArAnce
of a certain physical ohjoct at the ceatre of our fiekl,
mere reveraal aof the original serdes of rotational kin-
annthetic sensaticns will zot suffice to restore a similar
frld.  In such cases the ameunt and kind of rotational
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idneathetlc seasation needed for the purpose
independent of our choice, and vary froc oo ahju:t
toanather.  {viil) Whesn, In spite of our best endeavours,
the physical object falls to appeac in o visual sense-
history as w completely uniform sense-object, the kind
of noa-unifortoity in depth, shape, brightness, ete,
which It displaya is indepemdent of cur choies. it in
determined pavtly by the particular mixtuze of trzns-
Taticoal asnd kinzstheric sensaticss which we have
chosen out of the whole zet shich will keep the
succexsive appearancey in the centres of the successive
fields. Az a rule, it is not edaly determined by this,
but is partly determined by ancther factor which is
quite independent of us. Thiv other fagtor is what
we come t¢ koow a5 "“the physical motion of the body
at which we are looking."

Itis this mixture of arbitrry choice and subssquent
external compulsion which is at the basiy of our dig-
tingtion between **pbjective physical modon awd rest,”
and 'subjective seoaible motion and rest.” [ shall
now go into this important matter a litle mote Rully,
king some important apecial cases which we have
so fur touched on ooly incidentally.

{£) Swaressive Seanidie Appuarances of Coexinting Phytical
Odpects.—We have already seen that, when a physical
object moves away from ua while we stand still and
kee¢p our eymt on it, it oever appears i our sense-
history ws a crwgplefely unifoem sense-abject, aithough
ita muceeasive appearancea ant in the centnes of aar
succexsive falds. I wm not 3t present coacemed with
the nen-uniformity of the sense-objsct in respect to
depth or brightness. Nor am I now concerned with that
kind of non-unilesmity which may be descrived ax “dis-
mrtlun" of the Ive app ax d with

in some d field of the sense-
hm.nry #.¢,, with the kind of varixtion which takes place
ia the successive appeamoces of the upper surface of
A peny as it moves away fom uw while we keep our
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eyes on it. What [ want o discuss i3 that Kind of
change which we describe by saying that, as time goes
on, we see parts of the object which we could not see
before, and cease to be able 10 aen purty of it which
we could see befors.

As far as our visual senzs am concerned, there ix
no particular difficulty in deszibing such experiences.
We sensc a series of senss which have encugh con-
tinuity with tach other to counl as successive slices of
a mingle bject.  But, although closely adj
sensa of the sericy are barely distinguishable in quahty,
those at some distance apart differ in the following
way: The earlier has some parts to which nothing
carresponds 1n the iater, and the later has some pariz
to which nothing corresponds on the earier. The real
problem i this: These sensy wre saorrae, when the
Inst 15 present the first is past. But we suppose that
the part of the first to which nothing corresponds in
Ihe second, and the part of the second 1o which nothing
corresponda 1 the first, are appearances of o-erumer
parts of the physical object.  'Why do we assert physical
co-existrnce on & Dasis of stnsibla succession?  Since
the spatinl parts of physical objests are themselves
physical olijects, and the spatial pars of senga am
themselves sensa, we may geoermhise the peoblem xs
follows : Under what conditicns do twn swressze sensa
justily us in ing the exi of twa
physical objects?

This question is, of course, mughly equiveleat to
a very famous on= discussed by Kant in the Awadeic
af Princples of his Critigne of Pure Rewion. 1 think
that Kaoct hit on one very important part of the answer,
but that other important factors are involved beside the
one which he stresses.  Moreaver, the Sage of Konigs-
berg did not number clanmess of expogition among his
meny mesits, s¢ that it will be well worth whike to
discuss the whole question afresh. Lot up take 2 very
simple concrete cxample. From where I am sitting,
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i 1 Tock straight in Ront of me, the middle of my
visuul field is occopied by an appezrance of a certain
picture. The rest of the fisld consists almost wholly
of » cream-cokured background, which i wn wppesr-
ance of the wail, In this Seld there is nowhere wn
appearance of 2 door. I I tum my head enough to
the left T senge a field whose general background is
much ax before.  But, in the middle of it, is an appear-
ance of 3 door, and nowhere in it is there an appearance
of the picture. From where 1 git it i3 impossible for
these two physical objects 1o be cepresented by simul-
tmnequs visusl appearances in & single field. Neverthe-
less, T judge them to co-exise, although their appearancey
are aiways successive,

Now, first of ull, what does my judgment of co-
existence really profess (o assert? [t does not, I think,
mean that the part of the history of the picture which
appears to me when 1 look in one direction, and the
part of the history of the door which appeers 1o me
when 1 look in the other direction, are contemporacy.
Ii physical ohjects exist and endure, they must be strandy
of history, just ag sense-objects are, rs., they must be
extended in time. And a stnsum i presumably an
appearance of a short slice of rhe history of n physical
object  Now,apart from complications abaut ﬂlevelmﬂ)r

of !.lght, itis ppose that ot

of slices of physical histary ;
lnd { think we always do assume this tn the absence
of special reasons to the y. Thus the fud,

that the picture and the door co-exist, althoug'h their
appearances are sucresgive, dotas not mean thac the

revenl y slloes of
their histories, What it means ia this: The history
of the pictare has gone on while 1 tumed 10 the door
and, when the door appears to me, there iy & slice
of picture-history contemporary with the slice of door
higtory which now appeats ta me, and pactically indis-
tinguishable in quality frem the slice of picture-hiztory
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which appeared to me when I last looked toward the
picture. Coaversely, the dvor-history extznds back-
wards from the slicz which it now appearing to me;
and there is a slice of it which 15 contemporary with
the alice of ph history which app i tr me whan
I ormerly looked at the picturt.  So what we arc really
sserting is that the puctun-h!stcry extends ﬁunvlnl for
spme time with irally no i after
the last slice thar has lppzal!d @ me, and that the
door-husiocy extends backwnrds for some time with prac-
ticalty a0 qualitative varfation before the first slice that
appeared 1o me.

New, 1 have aleady ssid that 1 do not profess to be
able to prowr that such assumptions are sver true. 1
anyonc saya that the existenoe of leng strands of phyaical
history of almest uniferm character does nat foliow logic-
ally frtm the merd sxlstence al ctrtain times of picturn-
sensa and at other times of door-seénsa, 1 heartily agree.
[ can only answer that we all do, in fact, assume that
senta are appearances of short sliors of things which
last longer than themselves, and that we can eeither
refute this assumption, ger rid of it in precties, nor
lir a step withoat it.  What we can do, however, is to
stare the specinl conditions under which we hold that
SUCTESSINE SCNSA Art appearances of co-existing phy sical
objects {in the stnse defined above), and show that,
gubject to the general assumption just mentioned, these
conditions are reasonable.

1 find that over a long pericd of time [ senge a practi-
cally unifonm picture-sensc-objeet, whenerer 1 look in
a cerzin disection.  Morcover, [ can look away and then
Inok beck aguin after all kiads of different intervaly, and
1 still fiod u simular sengecbjent. Ezxactly similer romarks
apply, smeleter mustandis, ( the sense-ohject by which the
dogr appears to me.  Now, thmn-.umlly, there 2ce four
possibilities: (1) My luohng ina wﬂmn direction |s a
aulicient as weil as a di for
a feld with a pu:uue-sensum in the middle of it (nj
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The R A cenmin of & Beld with »
picture-stosum at the mddle of it, is 2 neceasary and
sufficient candition of my tuming my head at hat
moment in & certain direction. (i) There in a certain
event which jo} @uscs me to e in the given dizection
whenevet it ocurs, and {8} produoes 1he piciore-stnsum
at the aame time.  (iv) The head-ruming, and the pro-
duction of the sensum when I have turoed, are the
resulis of two causally independent series.

We will first give familinr examples of these various
possibilitles.  Suppose that on 4 certain day T pass a
certain buflding several times at various intervals, and
that on each cocasion a beick falls on my bead az | pass.
[t might be (i) that my passing shakes down & loose
brick, which would not ctherwise have fallen. Or (i}
that whenever 1 see that a brick is about to fall, ! um
20 much interested that T rush o the spot, snd that
nothing else ever takes me there. Or tii) thar 1 go o
the place when and only when a workman who is working
there calis me, and that be throws down a brick when
and ooly when 1 get there, becau=s: he is a ‘' class-
conscicnd proletarian ' and regards me as a ' lackey of
the bourgenigie.” Or (iv] it might be that my journeys
to the place and the fLlling of the bricks beloag to
causally indepeadent series. New 1 might be able wo
cut oul the frst three alternatives by reflecting on the
facts. § might know that [ am not heawy encugh to
thake beicks down by passing underneath. [ might
krnow that I had nou gone to the place because [ zaw
that u brick was going 10 fall, and 1 might know that
o wozrkmar had called me or thrown the bricks at me.
1 might be able to explain why 1 had passed there on
each octasion without meeding b refer to anylhing going
an at the place whaterer.

Supposing thar this is so, only ooe explanation of
the facer would be rmasooable, viz., thar a fairly steady
stream of bricks hus probably becn falling for moat of
the day. Iiin wimost ncredible that each of my visits
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w the place should happen to coincide with the fall of
a brick, granted that the causes of the visits and of the
flls are quite indepandest, unless many more bricks
fall than the few that [ Illpp:nm "mp.“ Now It us

apply this ang ta the af the
picture and of the door. it s certain. ﬂlnt mucly o
lock in & given direction is not suffick

particular geagum in the middle ufmyvluul] Bald ; ﬁlr
at gther hmeg [m‘nollnthemdlrtﬁ.mnmdm
na such sensum (£.g., if someone has moved the picture).
[t iy alya certun thet the oocurrence of the sensum does
not makr me tum my head in that dicection ; on the
contrary, I often turn my bead simply in ondér to see
whether [ shall again stnse the same kind of stosum
an before. And, in geacral, I know why I tum my
besd on each octasion, and oo séc that sy wct ia com-
piciely determioed by causes which have nv discover-
able comnexion with the causss which produce the
sensum in the middle of my Beld whea [ do turn. Iam
thertfore forced to conclude, tither that there is a pretry
continuwous strand of wvery similar picture-sensa, of which
I stnsc the particular one which happens to be oorur-
ring when [ turn my head, or at least that there must
be a pretty steady stream of similar physical events,
each of which is sufficient to produce a sensum of the
tequired Kind whenever my eye is turned in the right
direction. Which of these two alternatives is to be
accepted does not much matter for the present purpese,
and the queshon must be left to Chapter X1II. On
either alternative we are jugtified 1 concluding that
thers is a persistent and practically uniform ' pleture-
ohject,” slicts of which SII up the gape between my
successive picture senss. On the sume grounds 1 am
justified in supposing that there is 2 persistent and
practically uniform **door-cbject,” slices of which fll
up the ZAPE DEOWEED MY SUCCessive door-sensa.

Now lct us supposz that ] smn by looking at the
picture, and then turn my eyes scveral times between
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the picture and the door, ending up hnally with the
picture.  We will suppose that | do this st different
rates on diffe alse that T i dwell
for a time on one of the objects without moving. Let
us represent picturesensa by little crosses, door-ssnsa
by little cirgles, and the lapse of time by & dirsction from
Teft w right. Then my seneible expenence may be re-
presented by the disgram below.

NN

Now let us represent the physical events which appear
a5 picture-sensa by dots, and those which appear ax
door-sensa by livdz Lnes. Then the argument from
causal idependence, zpplied to both chjects, justifies
me in flling out my sensible experience as indicated
below.

A slightly more dungerous argument would justify me
In extrapolaling to some extent, 7.2, in assuming that
the history of the doot and that of the picturt rxtend
Tackwards for some distaoct before my carliest door-
and piclure-sensa. [t would also justify me in suppasing
that the history of the door extends forwand for some
digtance afier my lazt door-sensum. For, unkss there
be some special reason to think otherwise, it i3 highly
improbable that [ shouid happen to have fooked first
n the doer- or the picture-direction just when there first
begnn o he door o picture events. And it is highly
improbable the: door events ceased to happes just when
I happened to turn my bead In the picture-directlon for
the last time. Like all polati this arg

it weaker than an intrapolation, and its prohability is
quickly diminisped as it is extended forther before the
first sensurn of ant stries ar wfter the st sensym of
thr other series.
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The argument for co-exisence is now quite atraight.
forward, There i3 & slice of picture-history between
mr frxt and last picure-gensum, And there is & slice
of door-history between my first and last door-sensum.
But my first dooe-sensurm s afier my firgt pictore-sensum
and my last doorsensum {8 before my lst picture-
sensum. Henca the interpalated picture-history com-
pletely overlaps the interpalated door-history, ag the
secand diagram shows. 1 belicve this ta be the tuth
underlying Kant's mther confosed argument in the
Ansiytse yw but that is a purely historical
guestion io which [ ke no pacticular interest,

There are, however, at least two other criteria of
physical co-existence in face of acmeible succession.
One of these can be dealt with only when we have
consideced our kngwlodge of cur cwn bodies. The
other may be mentipoed st once. 1 am not obliged o
i in gne plage.  While I st in my chair at the tehle
it ig true that the picture and the door can only appear

i in my histary. But, if I move back-
wards t the other side of the oo, I can sense a single
field with 3 picturesensum at the middle, and u door-
sensum 1o the left. These sénsa oo-exist, and lh!yln:

Iy like the ding senza in my successive
fields when I was nearcr the wsll. ‘They are smaller,
and have greater depth; otherwise there {s very Litle
difference. As 1 approarh the wali on which the picture
ig hanging, keeping my eye on it, [ first sense 31 geres
of fiekds with bath the door and the picture-sensa in each
of them, As 1 go on, the doorscnsum iz mare and
more to the extreme left of it field, and more and more
distoried. At last thert comes & point where the field
does not contain wny appearance of the door, The two
kinds of senga can now oaly be seneed succesmvely.
Nuaw the co-cxistent sensa were presumably sppesrances
af coctemporary slices of two overupping strands of
physical histary. And the subsequent successive senaa
are sq much like the former simultatcous yoes, thar it
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is reasonable to suppose um the same pair of strands
of physical history i i 1o overlap in
time, aicthough contemporary sllus can no Jonger appear
in my sense-hi

Similar rtmh upply to ooking st a physical object
and gradually feeling fts surface. [t is true that the
tactual senas are succéssive, and yet that [ take them an
informing me about the thape of the physical obpect at
some ome memieni. But we find that we can make the
tactual sensa follow each ather in various series at will,

provided we initiate ble series of ki hetic senga-
hong.  And we can repeat any of thess: serieg ay often
ag we like, M the visunl apg keep

consmnt, and we sense a completely uniform wisual
senge-chiect. [n whatever order we sense pur tactual
senga, they are connected with a part of the visual
sppearunce st the time. It is difficult to resist the con-
vicugn that we are dealing with a uniform strand of
physical histary, and ther carh of our tactual sensa
reveals a bit of some slice of it Trur, the slices revealed
by successive tactunl sensa are presumably succemsive
but then the undormity of the wisual sensa-object
auggests that they wre all alike in their spatial charaster-
istica. Henoe, what we leam by touch about oifferent
ports of smcesion sficer may be put togelher to tll us
wbout the twhole of emy sme tfice.  Here, again, thers are
crrtain facts about our experiences of cor own bodies
which reinforce this interpretation.

(d] Simgie Oducrver Wetching two Physicel Objucss in
Relmr Moerom.—In the last sub-section we were really
dealing with the case of one observer wha watches two
physical obgects which are at rest relatively to each
ather and 1o Bis body, but which canngt bath be seen
at once.  Let us now consider the case of sn observer
who witches two physical objects, which are in mwotion
relatively 1o each other. As we have already seen,
the observer will always be able to make one of these
physical objects appear as a wniform senxe-object,
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whase suocesxive sensa are st the centres of his succissive
felds, provided he moves bly, W can theref
simplify matiers by supposing that one of the bodies
appears in the ohserver's sense-history as & completely
wniform stuee-object. Lt this body be A, Tt may be
that at first he will sense & geries of fietds 1n which
both A and the other body B appear as senseohjects.
I 0, he %1l netice that B does not appear in the form
of a uniform scnscchject. Each sensum of the sense-
object by which B appears, will very likely have sensible
motion in its own field.  Again, successive B-yensa will
terupy more and more secentric positons m ther
respective fields and will be more and mare distorted.
Thus A and B appear at first 5 two sense-ghrects which
overlep 1n time, r.¢., &5 two overfapping strands m the
obgerver's sense-history. But, if we ke successive
pars of cantemporary slices of the two strand:;, we sha][
find a prog. ion in thewr

dusmnues apart, Sensam 2, and sensum &. m the fi=ld £,
have a certain sensible distance o, Thig s slightly greater
than &,_, the senmble distance between g, , wnd &, in
the field f,.. And it is slghtly less than dj,, the
sansible distance between A, and b, in the field £,
In fact, if you take the two sense-objects together as
forming a kund of composite sense-object of a higher
order in the observer's sense-hisiory, it has the peculiar
land of nen-umformuty whuch i have just been descnbmg
And this kind of is of the
relative motion of sense-objects.

Now as tme goes on the senga of the B-senseohyect
will occupy more and more eccentnc positions o their
respective fields, wll at length no mere sensa of the
B-kind appear in the observer's sense-history.  Aifter thas,
he w21} still be able to sense appearances of A and of B,
provided he tums his bead; but he will no longer be
able to sense them 1n a single Geld : they must be sensed
successively or not at all. Let us now compare and
contrast this with the cases discussed in (he lasi smb-
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section. (1} Obviously the later stages of this case bear
a certain resemblance to the lest; i, in both, the

observer can onl)r Jense App rxfﬁu w0 p

objects One i 13 that
this situation hay dew.loped oul of one in which he could
senge appearances of hoth objects together  And it has

developed tedepemdensdy of the obnerver. it 19 not due to
any changes of bodily position that he bas made. [a
the previous case, if be strricd by being able to sense
nppearances of the two obyects in the same field, be wems
#x being able to do so, unless he deliberately moved
nearer (o0 the two objects  [a) It in true that, in the
present cass, if the obeerver chooses to wall backwards
quickly enough, he can eguin sense ficlds in which both
A and B appear. But, wherrss in thr former case he
could continue to sense the two appearances together by
merely walking a certain distance baclkwards and respgrng
thert, he will now fnd that bBe must kerg on wallong
‘backwards if he watls to keep on sensing fields in whuch
both the objects appear. 1t I8 thus clear that thls
case there is a lack of bality, duc to the

of some exteroal tondition, which is ot present in
the former cases. The externzlly impoged condingn is
evidently soanething of the nature of a Continuous process,
with a rate and direction of its own, which, if it is ta be
compensated for at all, must be compensated for by
another appropriate continuous process in the obscrver's
body. The interpretation of this Drocess a3 motdmens is
sendercd almoat inevitable by the fact that, s long as A
and B are appeaning under the form of two senst-albyects
with contemporary slices in each of the successive helds
of a sense-history, there ix sensible relative matian
between these senseobjects, as described above. (3)
Firally, the irreversibility of the present, as compared
with the reversibility of the last case, shows il in
anather way. When | dealt with two restung physical
ohjects which 1 could ses only successively, I could
always pans from the field coataining an appearance of
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A atits centre to the fitld containing at appearance of B
it.s eetitre, md Im:k agaln. by a wmere reversal of my
1 And the awounr of
tuming needed was quite independent of the rave m
which { 1ermed, or the time for which I dwelt on one
of them before turning to the other.  With the retatively
moving physical objects this ] ibility breaks
down. The position here is ag follows: If [ turn from
A w Eon one oceasion, a reversal of the process will
indeed bring me back to A, But, if T now rcpeat the
process, the amount of turning will always be greater
than pefore, and it will be greater the longer | have
dwelten A Again: 1F T turn too slowly, ) shall not be
abie to pick up an appearance of B atall; and, il I turn
quickly enough to du this, then the quicker [ turn
the Tess amount of tusning will be needed.  Lastly, the
minimum quickness needed will be correlated with the
swifiness of the relative motion berween the sense-objects
of A and B, when both thess co-exist in my sense-
history
{#) Ruteitom.—For the sake of completeness 1 must
1y something about rotation, and foc the sake of brevity
[ shall say but little. It will be fairly casy for the
reader 1o work out the details for himself by anzlogy
with what hag aiready been said. 1 have o far assumed
that we were looking at ohjects which either rested
altogether or moved with a purely translatory motion in
spuce. Let us now consider the expenences of an
apbserver who stands stil] and watches a rotating pliysical
ohject which 15 translationally al rest.  He will be able
o keep ils successive appearances in the centres of his
FUCCessive ﬁzlds mt.hout needmg to have either transla-
tioaal or But the
sooseobject, which 15 the appearance of the rotating
physical ghiect :n s sense-history, will be far from
uniform. In the first place, each of the senm may have
sensiGle rotation (a guite pecuiiar and charact=nstic
sense-quality} in 13 own field. Then, althsugh closely
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successive appearances will be very much alike, there
will always be & part of the later to wiich nothing
correspends in the earlier, wod convecsely. In thils
respert the sense-chject which is the appearance of a
rotating body bears yome resemblance to the sense-
object by which a moving, but non-rotating, body
appears in the sense-higtory of an ohserrer who follows
the body with his eye by turning his head.

There is, bowever, an important difference.  After
4 tmit the series of senza will begin to repeat iteelf in
the sama order, wod it will do this again and again.
‘Wre may say, then, that a rotating body, which keeps in
the zame place ard is looked at by a resting obecrver,
appears in his history as @ pasi iy uniform,
but pereodic, sctse-obtgect.  Now it 1s passible for a non-
rotating body to appear as a periodic scense-obfect, and
for a rowating body to appeat as a non-pericdic sense-
object. But in cach case the observer will have Io
“walk round ™ the body ; and, as he does so, suitably
tumn his head at each moment. “ Walling round™ a
‘body appeary in the sense-experience of the observer a3
a peculiar secies of kinmaihetic vensations.  1f he wants
a rotating physical object to appear in the form of 2
complatety uniform sense-obiect, he must walk round at
a perfectly definite zate, which depends on cimumstances
orer which he has no contrgl, Thusg, agein, we am
foreed to the conclusion that there are external pro-
crsses of change, connected with changes in our visual
scoae-histories ; and that cermin definite series of kin-
wsthetic sensations are the signs of proceages of change
in our twn bodies which are © equivalent to " these,
the sense that they compensate for them znd give a
uniform sense-cbijrct.

U} Saumary of Renwits of the presews Seesion.—The
upshot of our di ior. on the 1 ‘betwesn
visual monon and rest and the kinesthetic sensations
of a single observer smcms to be ax follows: (1) In
dealing with a single physical ubiect we can genezally
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arrange at will whether it shall sppear in the form of
a positignally uniform or a positionatly non-uniform
{.¢., moving) sanse-chject. But (3] 1n order ta do this,
we must sometimes imtiate serien of kingsthetic sensa-
tions, and must somctimes refruin from doing 0
Sometimes a phyzical object will appear in my senge-
higory a8 a uniform sense-abject, ¥ wnd only i 1
refrain from starting a seriea of kinesthetic sensations.
If s, it will appear as & non-unlform senseobyect when
1 do initiete any such serics.  And the nature of the
non-uniformity will depend wholly oo the natere of the
serics which 1 choose to carry on.  {3) Sometimey a
physical object will appear in my scnac-history as a
uniform pense-object if and only Wf I imitiate = certam
series of kinesthetic sensativns.  1f so, the appropriate
serics is fixed for me. 3 I do net carry out one of the
group of approprate serics, the physicl object Wil
appear &5 4 non-umiorm sense-abjoct, whose particular
noo~uniformity depends perddy, and owdy pantly, on me
and my kinmsthetic sensationa. Having made up.my
mind whether 1 want a physical ohject to appear as
a uniform or a non-uniform  sensc-object, I have o
conforra to conditiona which arc imposed on me.  And
these conditions vary from one case to another.  {4] Now
4 serics of in me is g iy
An appearance of 4 cartain process of chanpe ia my
hnd,. 1 knuw dlat thia process is eme condition which
of bjects in my scnse-
Iﬂnwry, for in IIIIII]' cases [ do senze 2 wniform
senzc - ubja':t g long as I wefimen from having kin-
and it b iforol so soon
s [ sars 1o have such sessations. Conversely, 1 know
that in many other cazes sense-objects have the same
¥end of non-uniformity when I Ilaw e hnﬂmnc sensl-
tigns, arnd that this can be
vf |1 start & smubk.m of kmunhelv: sensations. Tt
ppos: that the ather
et of mndmnn.s, to which ] hlve to conform, i another
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process of the same general chamcter as that in my
own body which is revealed to me by my kinesthetc
sensations.  In fact, it seems prohabile thar the positicnal
onifermity or non-uniformity of the gense-object by
which a certain physical chject appears to mr, depends
in general on the co-operation of fws seix of physical
processes, one in my body and the cther in the physical
dbject ; and that the latter prootas is of the same genecral
character 23 the former, whick is revealed tn me by
my kinmsthetic senastions. (5) Of course it remains a
question whether these processes should be regarded as
weataons, and, if 90, in whgt Spare and what Time they
happen. For the present all that we can da i3 o
mike the following tentative suggestian : Two different
physical ohjects ofien appear as two temporally over-
lapping senseobjects throughout a lomg tact af my
sense-hugtory, Qe may be posibonally unifarm and
the gther not; if 90, cne of the sense-objects witl be
in sensible relative mohon o the grher. Let A be the
phymical object which appesrs as a uniform sense-
object a; and let B, the other physical okyect, appear
in my serse-history as the non-unifprm sense-ohject 5.
From what has gone before, I ronclude that the uni-
formity of a depends on oertain procestes {or, in the
limiting cuse, on the absence of such proceasss) n my
body and in &, Similarly, the pogstienal non-uniformity
of @ depends jointly on certain processcs in my gwn
body and B.  Singe the process in my body is common
to both, it seems certain that there must be a differenee
Between the A-proceas end the B-procems ; for otherwise
thert is no apparent reason why a should be orifonn
and g non-umforms. Thux » diferese betweoen the
processes in A and B ia cormelaed with zensible refzffos
wwotiow bevween & and 8, the twa sense-objects by which
A and B appear in thia tract of my sense-history.
Convereely, if A and B had both sppoared as unifocm
senst-objects, a similar argument would show that these
& N0 feason o assume that there is any differeoon
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b he el physicl p in A and B.
‘Thus sensible rrfaifor red between g and 8, the sense-
objects by which A and B appear in thus tract of my
sense-hiztory, is vormtlated with sy of the processes
in A and B,

Thiz, I think, is about as far &t we can go withaut
entering into further detafl about the human body as
u physieal ohject, and our knowledge about . When
wa bave done this, we shail find that the genera! con-
clusion {4}, and the more special conclugion that the
physical processes oo which the uniformity or nan-uni-
formity of visual sense-objects d:pe-nds are of the nature
of i are greatly d. We will, there-
fore, make thiz the subject of aur next sertion.

Tha Huoman Body as o Physieal Objset. — Human
bodies may be, ax we are told that they are, *temples
of the Holy Ghest™; in which case it must be admiced
that the Third Persan In the Trinity sometimes displays
& Mrange taste in bemples.  Bur, whatever ¢lse they
tay b, they eertainly ave physical abjects as much as
chairs or tables. Nevertheless, they do occupy a peculiar
position among physical objects.  In the first place,
tach is connected in a perfrctly unigque way with an
observing mind, which Iooks out at the rest of the world
from its bady. Sccondly, each of these minds has &
pecubiar knowledge of its own body, which it doss aot
Bave of any other body in the universe. A given mind
perocives every other body except its own in cxactly the
same way us it pertrives a chair or a potato. It per-
trives its own body, partly in this way, ané partly in &
quite different way, viz., by organic sensations. Lasty,
the minds connectrd with variocs human bodies can
and do constantly remttunicale with each other, so that
phserver A leams that observer B perceives B's body in
the same way in whith A perceives his own body. A
also lcarns that B can no mere perceive A's body in
thiz way than he himsclf can peresive B's body in thix
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way. 1 believe that these peculwrities of human bodies
and of our knowledge about them are essential factors
in founding the sense and ific natlons of
physiml cbjects, and iz developing the concepts of
physical Space, Time, and Motion.

{4} A Solitary Obsrrver's Perceprion of bis oum Body —{t}
1 do not kngw very muoch about my own body directly
by sight, but 1 do know something. I cennot see my
own head st all, though by means of & mitror [ can see
&n incomplets optical object in & dufferent place, wod 1
now conclude oo various grounds thar it is very much
like the optical constituemt of my head. 1 can sce the
front of my trunk from a Little below the chin ; can ses
my hands and feet often quitt distinctly ; and can see
legs distinctly the upper parts of my srms.  The grester
part of the visual appearance of that fraction of my hody
which docs appeas i the visual Seld is very vagoe snd
distorted.

There are two Imporant polots to potice about the
visual appearances of my trunk. (i) Altbough they are
so fragmentaty, they are almost invarizbly present in
my risual sense-history. To sense & visual Geld with
00 duch sensa in ity 1 bave to follow the advice given @
the ** happy baod of pilgrims,” and ** look uprward tg the
skies,” in & most unnatural and uncomfortable wuy. In
fact, my own trunk appears to me as & highly uniform
and highly persistent visual sense-objus. thnﬂer 1
vy o a serles of latory the
gueater part of the contents of my luter felds bears no
resemblance to that of iny easlier Selds. But the visusl
appearances of my body ane present with Hittle vuriation
throughout  {ii) The other pecoliarity b that ali the
visual appearances of my trunk have a very nmall visusl
depth in ail the fields. They are at the sttrame ** front™
of each Reld, and ihe wisual appearances of all otber
physical objects are bebind " them ac varinus greater
depths in the field.

Now, with other objects that appear in my visual
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sense-history, 1 have to initiate 2 certain series of trans-
latary kinasthetic sensations before 1 can sense any corre-
iaced wctual sensa.  Asg this series goes on, the vivual
depths of the successive sensa, which tagether make up
the sense-vbject, steadily decresase in each successive
figld. But, 28 1 have said, the visual appearances of
my own body have a practically canstant minimal depth
in all my successive visual Selds. Thus, when 1 walk
up o a regting physical object, there are two sense-
objects which co-exigt throughout ths tract of my s2nse-
bistory. One is the sense-object by which the disant
physical object, tn which ! am walking, appears.  This
is pesitionally oon-uniform, in so far a5 the muccassive
sensa that belong to it have progressively diminishing
depths in their mpemvu fields, There are also corre-
latnd i in size, brigh etc. The other ig
the sense-ohject by which my awn body appears in my
scosc-history. Thas is practically unifcrm, stnce all its
summl\re scisa bave minimal visoal depth. Thus,

irs of y scnaa, onc from oo
serue-object and the other from the other, have progres-
aively smaller visual distances apart. So the scries of
transistory Innusrhehc sensahons. expericnecd in w!.k-
ing up o an i abject, is iated with
sengible relative motice between the stose-nbject which
represents the external body and the sense-obiect which
is the eppearance of my own body in my visual sense-
bistary.

(a) My mctusl sthsations of my own body are
peculiar. (i) As I bave =ald, most physiml objects
whith appear in my visual sense-history can only be
touched after an appropeiate series of trapalatory kin-
mathetic srosations. I this series be reversed, we s0on
tease to be able to senst any tactaal sensa cocrelated
with our visual sensa. But we do eot need to walic in
oprder to touch our own bodies; and, haring once
twuched them, we do not cemse o be able to de 80 oy
walking away. Tn fact, all other tactual smscobjects
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are rigidly bound up with scries of tranalatory kin-
asthetic pensationn ; but the tictual sense-nhject which
represents my body is indiferent tn all such series.
This must be correlated with the Gct that translatory
hnaathnh:: stngutions make no difference to the depthe
of visual of cur own bodies
whereas they do make ‘a difference o the depthn of the
successive visual appearances of nearly all other phiysical
clijects. My trunk iz the oe% physicsl object which
nppr.n.rs &lmnghnut the wholr of my visutl sense-hotory

d lly uniform biect ; aod it s the
nnIy physmal wirect which [ ean touch whenever I Like,
f.e., which I need not walk up to and cannct walk
away from.

{3y The tactual sersa which | sense when T tomch
my own body are characteristically different from these
which T sense when 1 touch any foreign bedy.  Suppose
that in vach of two successive visual Belds of my history
there is an sappearance of my hand. In the first, it this
be in visual conlact with an appearance of my table,
und in the second let it be in visual contact with en
apprarance of my leg. Apart Fom minor qualiative
difcrences there will be the uindamental diflertnoe that,
in the second case, 1 % feel my leg belng touched ™ as
well as "ol my Ieg with ey bnger.”  This peculiar
expericnce of ** double contact,” as it is called, helps me
to distinguish the surface of my vwa body from those of
all other physical chpects. It also helps the solitary
ohserver te 811 out the very fragmentary knawledge of
his own body which he would have if he were confined
tr visual appearances alone. He can feel » glosed
sutface, marked out by the characteristic of double
contect; and oan gradually explove it Only
a very small part of these Lactual sensa will be carrelated
with his visual sensm.  But I can start with a visual
appearsnce of my band visibly in contact with & visual
uppearance of some part of my trunk, and can gragdually
mave my band xo that it =ueresive appearances in
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successive ficlds are nearer and nearer to the extreme
edge of the appearance of my trunk. At length I ahall
no lotiger be able to st¢ my hand ; but the character-
istie: tactual sensa will still be sensed, and they will be
continuous with those sarlier ones which rerre cosmelnted
with the visual appearance of my hand wisibly In contact
with the wisual appearance of part of my trunk
Finally, as [ go on moving my hand, it may become
visible agan; and i3 visual appearance will again be
in wvisible contact with the extreme edpe of a wisual
appearance of part of my trunk, My gwn body is thus
known to me by tactual exploration as & closed surface
which resists my efferts o penetrate 1t, Jike any ather
pbysical abject. But it is marked out from the other
closed surfaces that I feel by the qualitative peculiarity
of the tactual sensa, and by the fact that [ do not have
to walk up ta it and cannat walk away from it

{3} We come finally to & most important peculiarity
of our sense-expermnce of gur own bodies. [ am
congtantly geting mild tactual senzations from the
whole surface of my body without actively explonng it
with my hand. These come from the contact of my
clothey, from aircurrents, and 3o on.  In each Specous
Present they form & mags which i3 the largest pant of
what I will call the somaric feld, These somatic Helds
are, in the main, extremely alike gver long pericds of
time ; they thus join up with each olher to form an
extremely uniform temean: semsevdrect.  Within each
somauc field certain characteristic sensa atand out ; &.0%,
at ane time I may itch in one place, and at another time
T may feel 2 burn at another place, and sc on. Now
Titeralty *'inside™ the somatic fields there are from time
o time outstanding bodily feelings, like headaches and
toothaches and steenach-aches, which enliven my somatic:
history and provent it from being perfusly ame nmi
uniform. Agan, my ki
events with places in my somatic flelds, Thus a
peculiarity of my body is that I have sense-perception
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of eventa which happen in ity maside, 25 well as of eventn
on ita outside. Of course, events in the inmide of my
body appesz to me in b very peculiar way, vir., by kin-
methetic sensations, bodily paing, ete, But the insides
of stisr bodies do not appear to me in sense-perception
in any way whatever, unless, of course, I cut them open
of “tum them inaide ant.” And if I do thix, 1 am sot
pesceiving their intides while they are inside, but am
only perctiving new outsides, which for various reascos
I take to be exlcﬂy similar mfmr insides.

{8) Severad I deny each
ocher’s Bodses.—1F | were and had always been a com-
pletely selitary observer, these facte about my body
would net help me very muwch o form the concept of
phymul ob}el:t.l havmg ingides ag well pa outyides,

bysical Space, and moving
about n w us physuu]. Tunz elapses. [ should rather
be inclined to stress the differences betwren my own
body and all other objects that appear to me, and leave
the maiter tharn.  But I am not in this solitery situation.
The impartant fact is thai there are other people like
myself, whose bodies I can see and touch, and with
whom [ can exchange notes by verbal communicatian
and gesturen. 1 am convinoed thai this fact plays a
vitally inportant part both in the development of the
gencral concept of phymc:l obju‘.ts, and in the develop-
ment of the ysical Spece, Time,
and Motan.

Any otber human body is perceived by me in exactly
the same way as [ percsive o stone or  chair.  1¢ ] Jook
at it it appears as a characterisic visual sensum in the
middle of my visual field. [ can thes approarh it mnd
semat correinted tactual sense.  And there in no exsential
differecce in the expericnces which 1 have in this case
and in that of an ordinary inorganic ohject  Similarly,
I petetive the motion or rest of ancther boman body
in precisely the same way as I peroeive thome of any
other external object.  But | recognise that ather human
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bodies are connected with minds lile my own; and,
atthough 1 can only know their bodics from the cutside,
they tell me that they know them from the inside, and
that they know mine oaly from the cutside. 1 under-
stand what they mean, because of my own experiences,
degeribed in the last sub-gecton. 1 thus eome o
recogmise that there are plenty of other bodies beside
my awn, having intermel procrssas ; althoagh [ cannot
percove thrse processes in any body except my own.
So the Bt that 1 cannat perceive such processes else-
whtre crases tn be any reagon for supposing that they
do not exur elsewhere, I kpow thet thay happen in my
body, althcugh other people tell me that #ey cannot
percrive them ; and 1 wm therefore ready to behieve that
they happen in ciker man's bodies, though F cacnot
perceive them; since they tell me that 2 can
do so.

The logical pogition is therefore ax follows: {i) [
know what is marss ty internal processes from my own
emse-experi of pl pains, kinzsththe sense
tigns, ete. (i) I believa that thers qre other switemoer
of bodies with such internal processrs, from communios-
tion with sthér minds ; thoogh I cannot myself perceive
these processes 1o the other instances  {in) I then
ertnd this conception that bodies have '"insides,” in
which all kindy of interesting events happen, from
human bodws to others, which, sa far as I knmw, are
not connected with minds, (i} This ix ressonable
because they appesr to me in exaetly the sune way as
da all human bodies except my own; and 1 already
know, from the instances of other human bodies, that
the noc-appearance aof intemel procesges 1o my arnaes
iy quite comparible with the fact that such procesges are
going o, I 1ibus conceive that aff my sange-nhiscts are
appearances of physical abjects, which have an inncr
kitory.af their owr, and are seats of internal processes
in the way in which human bodies are the seaty of those
processes which appear 1¢ the minds connected with
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them a5 headach haches b hat
e Hnwﬁlrmmmzanxlogyumheprﬁaﬂlu
of course another qllestnn, which cen only be gradually
1 propose mow
to apply these g!n!ra.l cangiderations, first the general
concapt of physical ohjects, and then 1o the more special
concept of physical motion nnd rest.

(6) The Human Bady ar the typica Physiesi Object.—
lnwmmmnnmon with other human minds, and

ation of the of their hodies, fili put
the gensrnl concapt o physical ohjects in the follawing
ways

{1] Any of the sensecbjects by which other physical
objects appear to us i5 lizble to sudden interruptioas.
The visual sense-object comes to an end in darkmess,
or when we shut our eyes or turn our heads away.
And the metual semge-phiect exists only when we are
at of near & cerain place.  But, in spite of these
interruptions in the sensthle appearances of othtr men's
bodies in my history, the minds 1 with
thes bodies tefl me that their sematic history hag gonae
on atl the time with very little change. Thus, in the
cane of human bodies, T have reagon to belicve that
their inper history is much more permanent and
cantinugus than their apg i ofmy histary.
I extend this conclusion by analegy to non-human
badies, which appesr in the same kind of way in my
sense-history. This argument is srengthened by the
fact that 1 know that my own samatic histery is going
on eadily at times when other men tell me that my
body has ceased to appear in their sense-histocies.

{2) 1 know that I can initisre noises, bodily move-
osents, etc, and that when 1 do so they are preceded
by special yeries of events in my somatlc sense-hismry.
Other people tell me that they hear noises, see mowe-
ments, and 50 on, at the centre which is the pptical
plase of the visual appearances of my body.  Similarly,
when 1 hear noises or see movements cannected with
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the place pccupied by the optical canstituent af angther
man's body, he will tell me that he has been * making ™
the noises or movements. This means that he produced
them by i an i sermes of ibl
events in his sumatic hislnqr. Thus we arrive at the
generai concluwon thet many changeg in the vizual
appearances of A's body in B's visunl gensr-history are
connected with changes in A’s somang stnse-history.
Now the latter are apprarances to A of physcal cvents
witlun his own body. Thus, in the casc of & buman
bedy, we reach the noton lllal the plm:e whlch is mmfbf
wccupied by its ophcal
by certmin events which produce changes in thi upuul
vhject, or at any mte in pants of it This 15 the coude
beginning of the notion of scientific events and their

with ible apr We exiend this
result in the wsual way w those places which are
uptically occupied by compléte optical obyects which
are consttuents of oon-human bodwwes.  That 18, we
eonclude that these places are physically vecuped oy
certain events which are nexponsible for the changes
that take place from time to tme in the complete
oplical object.

(3} The comparalive constancy of my SOManC sense
bistory, combinad with the fact that no cne can 4 see”
the whaole surface of my body at once, supports the
view that muoerpre visual senma often justify a beiel
i cicvraireg physicel objects, or parts of one physical
wbject. No one can sce my face and the back of my
head av the same time, though thers may be an appear-
ance: of cach of these in guccrasive visual Gelds of the
same observer. But [ know that my somalic history
includes * {u:z\-ﬁ:clmgu and "' head-feelings™ in sech
of its succeasive Gekds. Tlmu, atthough tlle o'bs!r\f:r"a
vizuel senas were , and
fon-contemparary alices of my bcdy Iusmry, yet there
is reasan to suppose that sk of these slices (ami ail
that came b them) included a part
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m the appearance of & head, nod & pan corresponding
to the eppesraoce of & face,

Thes goem to be the main fctors which ocur per-
ception of cur pwn hodies and gur intercommunication
with pthtr obasrvers supply to the concept of physical
objects in general. The buman body is rhe physical
ubject par crosllmer,; with an * inside " which is con-
Bnually, ¥ inadequatrly, perceived by its own mind
through bodily fetlings ; with an aoutsde which is
perzived on and off by other chseryers through their
visual and tactual sepsations; and with internal pro-
cessrs, which reveal themselves @ its own mind as
kinmsthetic &nd other bodily feclinga, and reveal tham-
selves to other minds as movements and other changes in
its maval and acher appestances. Each observer rearhes
the nnlm uﬂlumn bedies as complete physical objocts
by & his own of the inside of his
body with what other observers tell him about their
expeniences of the outside of his body.  He then exeends
the geneml concephion, thus formed, to noo-human
physical abjects, which cannot tell him about their ven
insides.

{d) The Human Body ond the Comespt of Physscal
Motwn.—In the section on the comelations between
idnmsthetic sensations of a single observer and the
mation or rest of visual sense-objects In his sense-
hisgory, wet made 1o specizl assumption as to the nature
of the physical ubjects which he was warching. They
might be other human bodies, or they might be
inoarganic bodies, liks penniez or chairs. Even an, we
rearhed the follewing resnlts, of which T will remind
the md.er> {1y That thm nhunru mgh( reasonably

de that the g Earmity
of the visual sense-olqwt, by which a u:mm physical
ohject appears m his =ense-history, dcpﬂ:ds in grnerul
on the thwn- ene in bis own
body and the other in the physical object which he is
watchizg. The one in bis own body appears to him
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in the farm of a series of kinasthete sensations in his
somatic sense-history. And it is rcasomable to think
that the ather is of the same general nature. (i) That
thizs cbyzrver might reasonably hold that a certain
identity such p 10 two physical objects
A and B invglves relative rest between them, and that
differences between the two processes {nvolve relative
motion between A and B.

Now these lusi which are dered highly
plausible by the meére correlations betwren & solitry
obterver's kinmsthetw sensations and the motion or
rest of his bjects, are preatly gihened when
the physical obfects which he watches are the bodies
of other observers who can communicate with im,

{1) Suppose that abserver g watches B, the body of
observer 8, and that at the sme time chserver 8
watches A, the bndy of observer g. The correlations
L the & and the visusl senso-
objects af ¢ach observer are of exactly the same dnd
as if he were watching an ingrganic body. But, in
the present case, the observer and the obserred can
tompare notes sbout ther kinasthetic arrsabons and
thewr visusl senseobjects. Let us firsc suppose that o
floss nat have to keep turning his head in order 10 keep
his eye on B, and that B appears to him as 3 completely
unifprm visual seese-object. Then 8 will il o that
be, too, does not need to keep tum:ng hus head in oner
1o keep fus eye an A, and that A appears io e senxe-
history as a completely wniform vlsual sensw'bpcﬁ- If
they now Ji their ic sanaa-
ntiang, they will find either that lh:yuu abgent in both,
o, if present, are of precizely the same character,

Let us next suppose that a finds that he has to keep
turning his bead in order to keep his aye on B, B will
then appear In o's sense-history as a partly, but only
partly, uniform sense-object. The nature of ita aoa-
uniformity has clready been fully described. MNow 8
will also find, and will tell a that be finds, 1hat be must
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keep turniog his head in order o keep biz eye on A,
and that A appears in his sense-history as & panly, but
only partly, uniform gense-object of the kind already
drscribed. inﬂusﬂ!!amdﬁ'ﬂl Gind, nneumpnnng
motes, that they both a series of
Einzsthetic sensations, and that there i an amalsgy
betwsen them. Baoy, on the other hand, they will
slways-find that there is a sifrroie between their trans-
latory kinmsthetic sensations. This will sometimes ke
the form that one and onfy one of them has such
sensations at all (I am leaving out of account for the
sake of aimplicity cbservers who are cartied about
witheut effort in trains or motor-cars) There 15 one
cther important pomt which they will discover on
g ther exy The of o's
hﬂu‘l 1w A's snse-histary mill be a Mvisuﬂ SEnse-
object, and so will be the appeatance of F's head in o's
sense-higtory. Thus each will Qiscover that, of his two
kinda of kmnﬁﬂuuc sensation, one 15 corelated with a
hpect by which bis head
appears in the s:nsu—hlmry of the other cbhetrver, and
the other kind is correfated with a pesifesally non-
uniform sense-object, by which his body appears 1o the
sroge-history of the gther gbaerver.
{2z} S far, we have confined oursclves to two ohservers
a and A respectively watchung B and A, the bodies ol
the other. Let us now take an observer v, who watches
the bediea A and B of the two obmervers e and 8, who
can communicate with him and with earh other. As we
bave said before, if 4 keeps up ® suitsble series of
kinagtheric saspbiony, he can always make A appear in
his history a5 a pletely zniform b}
each of whose suctemive consutuent sensw in at ﬂu
middle of its finld. 'We will suppose that y does this.
He may then find either {i) that B appears as a com-
pleicly unllnm mseob:ect, or (i} that B appears as
a blect, Each of the
eumpunzm :unn in this may have sensblc moveEnent




SENSIBLE AND PHYSICAL MOTION 45

in their felds. And, even if they do not, successive
pl:u's of wnwmporary A and Barnga will have pro-
in their

common fiedds in 's visual sense-history.
Now, in case {1}, ¢ and 2 will =il » chat, an
companng notes wlt.h each mh:r, they Gind no diference
in thewr | i b which may,
of course, in the hmiting case both be non-existent.  1In
case {it}, z and & will tell ¥ that, on comparing notes,
they do find a difference in their tranglational kinssthetic
gengations. I one of them has no such sensations the
other will have them, Moreover, each of them will tell
 that the body of the other appears to himse!f 23 3 non-
umfurm sensc-object. And 4's body © will appear io
&3, though not i o's, sonse-history a5 & non-uniform

aenss-pbiect.

Now these communwcated experiences (1) and (2}
leave no doukt at all that t!:e positianal wniformity or
ity of the byect, by which une human
body appears in the sense-lstory of another obstrver,
depends yowntly on those physical processes in the two
bodizg which are revealed w theqr respecuve minds in
the form of &

show clearly that unsy &0 the byect d d

on a cerain wlewiegy of quahqr and quantlty in the o
whilst p i the senge-

objeﬂ" 'onmﬂl\n‘ itative wnd itati

differencer betwren the two processes, Lully [z} shows.
that refative motion of the senxe-obiecs by which two
human bodies appear in the sense-stecy of a thind
cheerver depends on a difereace between these twa
processes in the bwo human bodies, whilst relative rest
oi wo such sense-objects depends on an adewirdy of
b the twe p

We now extend this ounclu.mm in the usual way ta
physical objects which are not connected with minds
that can commuaicabe with us.  'We assume that, in atf
caseq, the unformity of a sense-ohject in the genge-
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higtory of an obeerver dependa upan a cectain identity
between that physical process in bis pwi body which
appears to him an a serics of kinzathetic sensations, and
anther physical process of the same general type,
which happens in the physical object of which this
uniform sense-olyect i the wisual appearance in the
observers sense-history. And we agsume that, o o
mats, the posinonal nun-umﬂotrmlty of a sensc-obyect in
the history of an ot ds on differences
‘beiween the ph)r!lml procosa in his. ody which sppears
to him ax a series of kinesthetic sensatinns, end another
phy=ical proceas of the same generzl type, which happens
in the physcsl ohjet of which this non-uniform sense-
object 15 the visual eppeacance in this observer's senge-

istory.
fr) Several I EMirarvers i ke
sante Physoen! Obgect. —On: more very important fect
ins o be d . that tww ohservers,

= and A, are watching a certain physical object O, and
\hat a third obacever 4 18 walching their bodies, A and
B. Lt may happen that 0 appears i &'s sense-history
a5 an uwiform sense-object, and that it appears in 82
sense-history as a positionally non-uniform sense-obiect.
[f this be 50, the observer v will always natice that the
senst-objects by which A and B appear in his sense-
higtory are in relative motion to each other, And, as

usus! under these mndiﬂms. there will e 2 difference

in the ! ions of ¢ and 8,
If we generalise this from humas bod.nes to zll phymn]
abjects we reach the following jon : 1t is

for any physical abject to appear at once as a uniform
sansc-object in the senge-history of ane observer and a8
& non-uniform sense-object in that of another observer.
Bur, if it does 80, it will always be found thar there is
nome difference between those physical processes iz the
bodies of the two cbssrvers which appear to them ag
aeries of their kinmsthetic sensationy.

This result, which can actually be abserved, might
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alsh have been deduced from what bas gone before.  [E
the physical ohpgect O appears as a resting sense-object
in o'a vizual aunu-hlsf.nry, dm 1mphra = mln denhty
of ch the in
A and in O, according te the argu.menl of the last sub-
=eetion. If O wppears as a maving senssobject n @'s
sense-history, this imples a digfereser between  the
relevant physical processes in B and in O, on the same
peinciples. 1t follgws nt once that, under these cium-
stances, there must be a difference between the relevant
physical peoexsgesin A and in B. And this should appear
togund to F a9 a difference between their kinmgthetw
sensations. That such a2 diffsrence is xfwaidy found
supports the conclusions of the last sub-section, smee
they are here used 3 hypothetical premises from which
it follows that such a difference sugdt to be foond.

In the next chapter 1 prapase to apply the results of
this one o the notions of sensible and physical Space—
Time, and so to ead my of the spati
aspects of Naturn and their seasible and perceptoal basis.

The following additional works may be comsulted
with advantage :
G. F Brour, Masewal of Pryehology, B III Part I1
W Tames, Prucpler of Prycholngy.
Hawr, Crndyue of Pars Becem {Awalyiiz of Principlad)
SeorEumaver, Werld ar Wil and Tdia, ¥Wol 1, Bk [1.



CHAPTER XII

"And u bot and for Godes naman hakath wlcon thim the
boc redan lysts thet he for hine gebsdde, and him ne wite
g b bt oitleor engrtx thoaoe be mibie.  Forthgmthe ok
men sceal be bt codgrics micthe and be hw smebtan sprecan
thwt be sprocth and don that et be deth "—Kinc ALFRED,
Prufaza s bos Transtanon of Bathus

Sensible and Physical Space-Time

Wk have at length reached a posiion where it bocomes
passible t deal with the concept of physical Space-Time,
from which, as ws ghall see, the concepts of physical
Space and of physical Time are abstractions of two
diferent ¥inds. We shall thus finally work back, from
a whally different starting-point, to the pasition which
we reached at the end of Part I,

Let us first take a backward glance over the country
that we bave crossed, and sst how the wniverse locks
From vur present standpomt.  We shall ehen be abie to
see what part of our joumey from crude sensation to the
refined pts af h 1 physics to
be compitied: and, having done g0, we can try w
compicte it.

(&) Statesamet of the Prosmi Posttex.—The situation,
sa far a5 it has now developed, is roughly as faliows ;
There is a world of physical objects, some of which,
like my own body, arc connected with ohserving minds
which can communizate with each other. Others, so
fur an we know, are not connectad with minds; but in
their gensral character they are very much lika thoge
which are, Correlaled with each buman body there is
a general sense-history, which is split up into sevesl
specinl ssnse-histeries, visual, erual, anditory, socatie,
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and 5o on. We can sense femporal relations between
sensa in cur different special sense-bistories, Just as we
can sense emporal relations between different sensa in
the same ipecul senle-hl:wry But we cannot seose
spapal ¥ Sensa in our
difFe apecual b i dmu.g‘h We RR Sense
i [ ¥ aenm of the game
special history, These spatisl chamcteristios are much
more marked i the visyal sense-bistary than in any of
the otheos.

My somatic semse-history contains gtnsa which are
appearances of internal statea and processes of my own
body. In my other xpecial sense-histories art vanous
sense-chjects, %ome uniform for = time, others non-
umiform. There are cartlations hetwean cértain senses
clyects in my different special histones which lead me
to regard them as different kinds of appearances of the
same external phymeal oinect Al these remarks about
me and sy sense-histories applyequally, mwtass mafondss,
to other observers and their seose-higtocles; as I leam
by inttreommunication.

Berween £ensa 1n the histories of diferent cbazrvers
neither spatial nor temporal relations can be sensed by
rither of the observers or by any third observer known
o us.  But there ars correlations between certain sense-
objects of different chstrvers which lead us to say thar
the same physical object is appearing to all of them,
When this 18 s0, there 19 generally a tertmn external
place which all these sensa may be said to occupy”
in some Pickwickiun and definzble sanse, such as optical
occupation.  Aguin, there ore cortain methods, discussed
m the !m l:.'hapter but ane, hy whmh some senka of

s 1
simul@necus,” and others are gronpcd wpart as
" neutrally successive.”

Then there are the very claborate correlations between
the uniformity or non-uniformity of sense-objects in
the visual himtories of observers, and certain events
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in their somatic b fas ealled 4 Id thetic senaa-
tiona " Wchavchu:nutudymglhﬂt!nlhehﬂ
v.-.hapu:r Ws came to the conclosion that the pesftional
iformity of the bject by
which & certain ph)mlul] oh_pc: appear to an ubsemr,
depends upon cerimin p in the d
object end the abserver's ledjr, end that these pro-
ceases it one's own body appexr to caesell ax kinses-
thetie sengations. A more vartfol study of thest come-
lationa revealed two further <losely connected polnts.
Oue is that the positional uniformity of & sense-object
dl:pendn on an identity of character hurueun umaenm
and that
is correlated with certain diferences between them,
The other iz that relative est betwsen twa senseghjects
!.n a sense-history d.epevldl on 2 similar kind nf identity
wo such phy P in the which
appear as these two sense-objects, whilst relutive motion
betwesn Lwo pense-ghjects is aorrrﬂmd wnh similar
kincls of diffe b two such |
in the bodies which sppear a5 these mmh;nus.
Senyible motion and rest are ebmoduds, but they secm. 1o
depend on reirteons of identity and differenos
between physical processcs in the body which appears
and the body of the observer to whom it appencs.

{8} Statesums of ths Remarwing Problem.-—~These, then,
wrt some of the facts which bawe so far been elicited,
and some of the highly probable infereaces which burve
been made from them. The next thing is to state
clearly the problecs which still remaing, The rest of
the problem is to make, if possible, a further synthesis
by analogy with what we aleady know. Can we treat
the world of physical objects nnd events a3 forming a
whole which iy analogous to u yingle sens=history ?
That is: Can we reganl acientific objects a5 analognus
10 Sense-opjects ; can we suppose that they have spaiial
relations to earh other, such as we can sewsr only between
sensa in a single senw-fiekd ; and can we suppose that
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they endurt, and have temporal relations ta each other,
such a8 we can sewir only betwreen sens within a single
general scnsc-history?  Lastly, can we suppoar that
physical oljects rest and move in thin spato-temporal
physical whole, as sensa do in their fields, and ax sense-
objects do in our sease-histories ¥ This, 1 think, 18 the
real problem about phy=ical Spare, Time, and Mation.
It is the problem of constructing a single, ocutral,
public Speca-Time of phyasixl objects and events, on
the wnulogy of the many personal privaté space-titnes
of the various observers’ sense-histories.
Now it is not, of course, a question of just maHng
wc.'h Ppasiti in t.hl b COur only g
ification for thng of the kind in that
!t proviudes & scheme which summ:nm all the known
correlstions between tenss, and is, st the mme time,
farniliar to us because of its analogy 10 OUT OWN SCNse-
historwes with which we are directly acquainted. [t s
theorttically possible that no sueh supposition would do
justice to the actual corvelations among sensa. 1t is
still more likely that no Suppesition which made the
structurg of physical Space-Titne cradd analogous to
that of an individual sense-hisiory would account for
the lmm facts. Agamn, if the physical wwld can be
ded as & spath poal whole with
rconsideable, unmgh not plete, analogy af
to an individual sense-histery, it is probuble that thig
<an be done in a number of altnrnative ways, all of
which will gynthesize the known facts equally well.
Even if up m a certain date human beings had only
happened m think of one view of the structure of pliyslcal
Space-Time, there 15 no feason to doubt that, if they
thought more carsfully and peid less attention to certain
traditional poinks ufvl!w, they would be lhle to devisa
dosens of al for phyeical Space-Time
rqually capablt of doing justice to all the known corre-
Lations aoiong seasa. No doubt the physical warld has
» certain ahxol ; and this
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exhitrita itzelf, in part at least, in the correlations between
senza of the same and of different observers. But we
have ta reat tllia structure pleoemeal |n the mees
of g icK, ard
elemo-mngmﬂu, and hy making sulu.hly <correlated
modifications i the wxioms of these various partinl
Acitnces WE cAn express the same absolute structure in
iznumerable difierent and equally satisfactory ways Il
0 fac, very few ail h have been

thiz is due to nothing more recondite than lack of
sclentific imagi: and the § of aut techni-
cal math and logical

Itis, ani ingand imnp inequiry
to see how far we can do justice to the known facts by
supposing that the structure of the physical world ia
analogous 0 tlut o(' our sense-histories, and to see what
i the mi af stezcture b the two
which we must postulate.  For, after ail, cur physical
concepts have their rools in our sense-histories.

Tt iz evident that it anght be possible to regard the
phyncal world a3 formiog a spatiotemporal whole
ansfogous In general outline to a single sense-history,
and yet that we might have o postulate differences of
detail. [ do not mean by this simply that the coxsems
of the two might be different. 1t iz perfectly certam
that they will be. The ultimate contents of a sense-
kistory are the sensa of the abserver whoss sense-hustory
it is. The vlumate contents of physical Space-Time
are scientific events:  Even il it should be possible to
regard scientific events as composed of sensn (which is
far from certain, each scientific event will be compoged
of sen3a from the historicy of maoy different ohservers,
and slsa presymably of many mare sensa which do not
balong ta th: husmry of any obscrver. Thus, evan on

this | of physical Space-
Time wﬂl be pwqﬂ of arrrioted imsa. But. besude thls
difference which there inly must be b

Space-Time and any sense-histery, there may “well be
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w difftrence of strucrure between the two, oy, the kind
of differtnce which there iz between a Euclidean and
1 byperbolic sparc. A sense—hl!lury and the physical
world are both fi | wholes,
and we must therehte talk of tlmr_gwdvmnw\vy rather
than their geometry. What T am saying then s that,
althaugh a sense-history and the physical world may e
3o far analogous in structure that we can say that both
have a geo-chronometry of some kind, yet the peo-
chronometries of the two oy differ in demil.

The reader must Geware of suppoging that a Space-
Time 15 an entity which exists in its own nghe, side by
side with s cantents. It is often convement to talk as
if this were 5o, and it does ne harm, provided we
recognise that it 18 elweys an abbreviated exprestion,
and understand cleardy what it 1= an abbreviation for.
Having got rid of the abselute theordes of Space and of
Time, we must not introduct them again for Space-
Tlmr. Hln)r really cmmenl wntcrs on the Theory
of

y have exp o4 mest
unfortunate way, which suggests o inmocent readers
that they think of Space-Time ay a parncular existant,
with properties of its own, which acts on matter as
a cue acts on 2 llard-ball. When we talk af the
properties of physwal Space-Time we wre simply
enumersting certain very general structural charectee-
istics of that spatio-temparal whale which is the physiml
world, The uuly existent under discussion s this
whole, which is mmpuscd of scientific events bouud

in a wtic unity by spati

relatinns.

An apafogy will perhaps make this clearer than
much discussion will d.o. The Frenr.h and Eritish
armics are t i # hi Theiz
contents arc difierent ; since the farmer is composed of
Frenchen, and the latter of Englishmen and Scatsmen
and & few ilems from the Celtic Fringe. There in a
great analngy between the organisstions of the two,




438 SCIERTIFIC THGUGHT

which rtnders it reasonable to call thexn both armies.
But therm are also considerable differtnces in detad.
If a military writer st aut to describe in general terms
the gtructure of the French army and that of the Briush
urmy, he would to studying something akio to twa
=ystems of gea-chronometry. He could do thix without
referring te particular French and Eoglish saldiers,
such as Jacques Bonhomme and Tommy Atking, He
could even talk intelligibly of the * effectz™ which these
two types of organisation *'produce™ on French and
English soldiers of varicuy p But, if ths
ied him t,o suppuu dlat thu ors-msanm whose
that exigred
side by sldz wn‘h the auldu:fs, he would be mlkoog
nonsense ; amd it would be the same kind of nonsense
25 ig talked by people who imagine Space-Time o be
an existent substance which pushes and pulls s of
matter mbout. [t must, therefore, be clearly und i
that, when we talk of the geo-chronometry of Space-
Time, we are simply descnibing certain very general
und abatract ructural features of that whale which iy
the physical world.

Since the geo-chronomeiry which in to be ascribed
ta physicul Space-Time depends entirely on the cor-
relafions belween Our 3enss, we must not be surprised
if opinians about it alter with the growth of sclemific
knowledge. Fec one view might fit all the facts that
wera known up to a certain date, and a different view
might be nteded to fit both them and cerain new facts
which were discovered later.  This is exactly what has
happened in the change fram Newtonan 1o Relativistic
dynamics and kinematice.

(&) The Comarpe of am Ffrodiscd Semre-bectory—IF we
want to ses how closely the geochronometry of the
physical warld gan be approximated to that of a single
uensz-h:mey we must begin by consideding what is
the g y of » history.  But, before
dmng thiy, it will be well 1o remove in thought certan
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limitations, which are, in fact, present in all cur Eeose-
histories, but which stem rather o depend an dr firce
limimtions of eut powers of sensing and remembering
than on anything characteristic of the structure of sense-
historics a3 such. (1) We ean think of a sense-history
as strerching back indefinitaly into the past, although
in fact we can ooly remember o ttriaic distance back,
und although presumably the hmstory does not extend
bnclcwudi be)'oud our birth. {3) We can remove in
ht the Ji ion of a finite Specious Present. We
an reg-lrd the fact that onfy a vcry thin slab an ever
be genged at onee, and that the whole history 15 & series
of such slabs, as conringent. That is, we can regard
the whole history a3 a continuous four-dimensional
strand, (3} We can remore m thought those limita-
tions which our finite powers of sseing: hearing, etc.,
impose en the extension of cach of our actual sense-
fielde. We can, egn, imagine the spatial Timns of our
wisual Gelds indefimtely extended; 25 they would be
if we could see everything, however distant from our
bodies. {4] We can also remove the limitaton which
in imposed by the fact that we cannot see all round os at
enee. (5} S0 far we have been conceptually extending
aur sense-histories by removing certain limits 1mposed
by senaation and memory. It now remaing w proceed
in the opposits direction. We cannot sense Selds of
no duraticn. But we can senst events of shorer and
shorter duration. We can thus concsive any shib of
a sense-history ag cut inte thianer and thinner slabs.
[z the end we can conceive of slabs of we duration,
and can imagine the whote sense-history analysed inte
an infinite s:m:s uf snch 1n:untaneous alices, just as
we can d ysed into an in-
finite seriea of parall:l plane cm:ular sections. Such
momentary aboes art net of course existenty, and they
are not litcrally parts of the sense-history ; but t.he)r i
e defined by E. ive Ab ion, and u P k
meaning can be given te the statement that the senge-
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history is composed of them, Thess mamentary alices
will be pwrely spatial, whereas the scose-history as a
whole and any finite real part of it art spatic-temporal.
We may call each of these momentary sectiona w
MR w in ﬂlz gwcn aenwh!smry By

farther app den within
» single ¥ pace, we coukl evident
define Py seare-planes, Aimes, and
mﬂfﬂq oo poimir.

It is pretty cvident that, of the physical world be
unalogous to a sense-history at all, it will be analogous
to an idealised visual hiatory, ded concep-
tually in the ways described.  And 1 think there is very
Iitde doube that this 18 the original of the concept of the
physical world as a whale in Space and Time. Wa
must now consider more in detail the geo-chronometry
of an idealsed visual history. In the section that
fallows I am more than usually indebted o Whitehead,
and 1 shail be contented if T provide the reader with
' Brst aid " to the study of Whitehead's two great works
on the philosophy of Natare,

{#) TheGeo-chronomtry of aw Tésaiced Vasunl istary -~
The idealised ¥imual history is a four-dimensional spatio-
teruporal whole, formed by the continual addition of
successive slices, which are idealised felds Each of
thege slices has duration, and the dunition ef the whole
history is the sum of the durations of the succesmive
slices up to and including the lamt that bas become,
Now we can regard all these successive fields as normal
o a gertain straight hine In the history, jost as succeasive
circular slabs of a cylinder are all normal to its axis.
This comamon normal to all the fields may be taken an
the time-axis of the history. By Extensive Abstraction
we then reduce the temporad thick of the 1
slabs to zero, and we thug get a series of momentary
three-dimensionnl spaces, all nommel to the dme.axis of
the histary.

Now the gro-chromometry of the bistory might,
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apart from all wilder slternatives, be either Euclidean
or oltiptic or hyperbolic. According to which of thete
alternatives is reshised, the gtometry of it momentary
spaces will be Euclidean or elliptic or hyperbolic. On
mther of the iwg Iatier elternabrves the sucoeasive
momentary apaces will not bt pamllel o each other.
In elliptic g ¥ {which 15 analogous 1o the g

of the surface of a aphere) there are no pnnl]l:].s, for l.ll
co-planag straight lines intersect each other twice. In
hyperbalic geometry there are parallels and there am
non-intarsecting co-planar straight lines which are not
parallel. And the common pormals to 2 given straight
line are nct parallel 1o each other, though they do not
inttrsect tach other. Tt is only on the Euclidean alterna-
tive that the momentary spaces will be parallel. The
three alternatives may be very roughly itlustrated in two
dimensions and on 4 Euclidean plane by the three
dugrams below.

2 PRy R—

[Ir must, of course, be remembered that what appears is
these diagrams as Ames normal to the time-axis represent
three-drmensional gzeer in the four-dimensicnal sense-
histary. Msor.hn the v in d.llgr:ms {it} and {(if)
are I non: ki fimer
ona Eul:l\dr.ln plane.)

‘We may perhaps dismiss the elliptic alternative at
onee.  [f the geo-chronometry of & sense-histary were of
this type, its time-uxis, Like all other straight lines i this
geometry, would be 2 clossd curve, like a great circle
on a aphere. Whilst { see na theoretical impossibility
in the time of Nature being of thig kind, T think that
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there is no evidence to suppont the sugpestion. IF it
were 50, the course of Nature would continually repeat
itsell in cycles. These might, of course, be of enormous
duration, and 30 the fact that we have no empirical

d for this al ive cannot be countrd as
evidence against it| we may make A present of the
suggestion to the Dean of St Paul's and the Neo
platonists.

We mll thentfore confine dves to the Euciid,
and the hyperbolic alternatives. On the Euclidean
aliernacive there would be an infinne number of equally

iBaible ti for the Ristory, and thesa
woukd all be parallel to cach other. Thz line £in (i)
15 an le On the hyperboli nlumuuve,snl'nr

as my very limied b ladge of four - di
hyperbolic geometry may he trusted, I should say that
there could only be ome time-axiy for the sense-history.
It is true that there are plenty of straight lines in the
hustury, paraikel to & The line pp' in (i) is an example.
But oonc of them will be normal to the momentary
spaces which are normal to 4, and therefore none of
them could be lakto as timeaxes. Agamn, there are
plenty of Tines beside ¢ which are normal te all the
momentary spacts. The lioe #» in (il 5 an sxample.
But none of them are stragls lines, and therefore none
of them can be taken as time-axes. They are, in fact,
curves called horocydes, and boracycles are to hyperbolic
straight lines much as small circles are to preat circles
on the surface of a sphere. 1 do not think that the
unlqueﬂm of the I.ime-nds sumoes to show that the
y af an idealised sense-history omdd wor
be hyperbalic ; but we shall see jater that the Space-
Time of Natore could bardly be suppased to have anc
single unique time-axis, even apart from the Theory
of R:].ul.ivity. Heoce, we |Illd better Imrl ot the
'y of the ideali story oo the
Em:hdeln hypothesis, sinee we want it oﬂly as i hasis
far the geachronometry of physical Spart-Time.
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Tll!re is a more posluve reagon for rejecting the
1 for the ideal{sed sense-history.
ln “the Eutlidean case, since the nesmals to the Hme-
axis are parallel 1o each other, and gince Euclidean
paraliels are sverywhere equidistant from cach other,
any slab of the gense-hismory, bounded by two such
normalsg, has the same thickness throughmnt (ree Fig (i}
above). In the hyperbolic czse the normals divergr
from each ather on both sides of the common time-axis.
The reault is, that it is only an the Euclidean alternauve
lllltl Specious Present would |Il|l! one defirits hmited

i On the hyperbali ive gensa, far from
the centres of & ﬁeld could last for encrmous strerches
of time, remaining n 3 wngle Specious Present. This
seems to be contrary to fact  Se, on every ground,
It geems reagonable o take the geo-chronometry of the
idealised grnae-field a3 of the Eoclidean type.

We can new advance ta the very importast con-
ception which Whitehead would call the fmedesr space
of the idealiged senge-history. When we talk of objects
resting or moving in a space, we clearly cannot be
thinking of o sremewrary space,  For both rest and
motion mvalve lapse of time. We must, in fact, be
thinlang of some kind of space which lasts for the
whole fime under conmideration, and doss not change
ag the time flows on. This i3 what Whitehead meang
by a fimelesr space. ' We have now to define such a space
for the idealsed scnsn:-lnslury

Let us letely uniform oot
which. lasts U|r0||g'mnl the whole af the sense history,
Az we slice the history up inte thinner and thincer
gections we shall, s facio, be slicing this sensc-ubject
inta thinoer and Lhinner sections, all exxctly alike and
all pccopying pitciscly similar positions in thes: fields.
Finnlly, by Extensive Abstraction, we shall reach a
yeries of successive momentary spaces, each containing
2 momentary section of the uniform senseobject. All
thesr momentary sections will be exactly alike, and
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exactly similarly situated in their respective momentacy
spaces.  If, now, we imagine the spatial dimensions of
the unifarm sense-ohpect reduced more xnd more, 5o
that, finally, it i the history of a mer= paint, it 19 clear
that the obpet reduces o 2 line paratlel to tha time-
nxiy of the sense-bistory. Each point i this straight
Iine i3 in one of the momentacy spaces of the bistory,
and each of the momentary spaces contains one of the
puints. And these points are in cocresponding phaces
their respective momentary spaces Thus any straght
line in the sensehisiory which is parallel o the tme-
axis, is the history of a senseobject of punctual spatial
dimenyions, which resty in 3 single ' place " through-
out the duration of the histary.

We may therefors say that every rvaight fins, parallel
o the time-axis of 2 sense-hustory, 15 & praar of the time-
lass space of the higtory. The Gmeleas space of the
bistary thus congists of the whole bundle of straight
Lines in the higtory which are parallel to its me-axis.

We have now to define the rinegris focer of the timeless
apace  To do this, Iet us imagine 3 senae-objact which
is positionully non - uniform and of punctual spatizl
dimensions. It is evadent that it will consist of 3 series
of ponts, one 11t each of the successive momentary spaces.
Baut these points will not oceupy corresponding positions
in thesr respective mumentary spaces, sinee the obyect is
positionally non-uniform. Thus the whole assemblage
of then: will be & curve of some kind in the sense-misioey
It will, in general, be a tortuous curve; and it will, of
course, kever be & straight line parallzl to the ime-axis;
for that would be the history of & positionally wwsform
punctaal object. Again, it will, of course, never be =
line in any one momentary space, for it would then not
be the Murtory of any enduring object whataver. Now,
through each of the points of this curve, there goes one
and only one straght line paraflel @ the time-aus of
the history. And each of these lines, a3 we have seen,
is gne point in the timeless space of the history, It
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follows that the assemblage of all these lines is the
course traced by the moving olject in the fimeless space.
Such an amemblage of parallel straight lines will form
a rurface in the senye-history, which will not in geperal
be flat.  But, if the moving object happens Lo describe
& strsght line in the timeless space of the hstory, this
sarface will fatren out inta & plane paralle! to the time-
axiz.  The eagiest way to see this is the following: It
15 admitted that the pawes of the timeless spacs of »
semsc-history are reaipdy fimer in the history, parailel to
its time-axes.  Now & steaight 1ine 13 uniquely determinesd
by two of ity points  Now the only Gigure in the sense.
history, which 13 vniquely determined hy two straight
lines parallal to the ume-axis, 15 the plane which contans
them both, and i3, of course, igelf parallel to this axis,
It is thue evident that 3 siraigés hue 10 the imelesq space
of a sense-history i3 2 plesa in the sense-history, parallel
o it ime-axis.

It remaijng to define the Mansy of 2 timeless space.
A plane in the timeless space will be a figure uniquely
dotermined by a straight Tine in that space, and a poent
which it in the space but not on the straightline  New,
‘we have already seen that a straight line 1n the timeless
space 1= & plane in the history, parallel to its tme-axis;
and that a point 1n the timeisss spacs is a straight line
in the history, parallel to its timeaos. The fzot that
the pount is cutgide the line in the timeless space is
identical with the fact that the corresponding line s
outside the corresponding plane in the sense-histary.
It follows at once that a gdowe in the timeless space of a
senye-histary i3 2 three-dimensional region in the history,
uniquely determined by a plane, parallel to the time-
axis, ard » sraight line, alse parallel to the axis but
not cantained in this plme ‘Thigisan unhmlwd reguan,
which plays z ¥ g part in a fa
mamicid to a plne in an uﬂimary threc.dimensional
space.

We have thus defined the points, straight lints and
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planes of the timeless space of a given idenlised senge-
history in terms of certhin special types of figures in the
lavter, These definitions are wholly due to Whitehead.
It will be noticed (1) thar the timeless paint is something
plex than the ¥ point, since it consists
of o whoke senes of the Jatter ; (2} some straight lines in
the sense-history are alse momentary straght lines in
one of the mementary spaces ; but o straight Lne in
the higtory is al=a a straight line in the pmeless space.
At best, [t can only be a g in che Tatler ; {3} a timeless
straight line is a s of stravght Tines in the sense-history,
of a certain kind.  Once the timeless concepts have been
defined, the geometry of the rimeless space can be worked
out. It will be of the same character ag the genmetry
of the mumenlnry paces of lhe higtory For there iga
o gh never an identity)
between dw timeliss pontg, straight lines and planes,
as defined above, and the momentary points, strmght
Lines and planes of any one of the momentary spaces.
Ax a visual sense-history w u four-dimensional
whole, it 12 not possible campletely to illustrate ull this
on paper. 'Bnl we can help the reader to understund
the four-d case by imagining a hist
which has only three dimensions, two spaml and one
temporal. The momentary spaces will then be planes
at right lngles 10 the paper. and we can illugtrate the
¥ spaces, and

rimeless space in the dra\ung glven briow.

b -
in this picture S, und §, are two mementary sections

of sz¢h a scnsc-history. The dorted hne pg, 3 the
strafght line in the history which ihe

]
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bigtory of 2 paint-object, moving aleng a certain straight
lung in lhe umelus spece of the history with a certain
firat ¥ section of this
obfact is the mumem.nr)r paint @, in the momentary space
5,. The last section of it 18 the mmentlry point ¢
in the y space S [ are
momentary points i intermediave momentary spaces.

The dashed linc ##; is the point P in the timeless
space of the sense-hustory. The dashed line g,¢, is the
paint [} i the tmeless space of the Mstory. P would
have represented the history of the punctusl sense-
object 1f the latter had stayed in its ofiginal position.
 would have represented the history of this object if
the lateer had always been in the position which it
Enully vecupies. The plane pouna, which 15 deter-
mined by the two strught tines P and (3, 13 the timeless
straight line in the umeless space of the history which
the moving T 1 abject 1t is uniquel

with the ¥ stright lings sy in 5,
and gy, in S, which might be called the ® insantane-
aus directions of motion of the maving obyject ar the two
moments 7, wnd 4, These are of course sinular, in
the present case, singe the object is mowing all the Hme
in ope direction in the timelesy space.

‘The angle between the dotted line p.g, and the dashed
line p,p, depends an the velocity of the moving point-
abject in the timeless space.  The histaries of o m(wmg
points which thia particular line in the (i
apace will be struight times in the plase #.q.2, py, hut their
directionys in this plane will depend on the velocity with
which the ohyact traverses the line.  If the velodity be
non-uniform, they will, of coucse, no Jonger be straight
Jinas ; but they will still ba plune ¢urves in this plane.
Naturally we cannot llusicate timeless plawes in our
dlagram ; for we can ouly getthem in connecxion with
a four-dimensional seau-hiswqf. whose momentary
sections are not planes, ag in the diagram, bot three-
dimensional spaces. Also, there we ne swomewtery
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planes in cur diag except the
themsaelves.

te] Physweat World-tines and their Mwiwal Relztioms.—
It iy gvident that such an idealised sense-history as we
have just been describing would be & kind of ¢ world,”
with a tinie, a timeless space; end objeris which move
of reat in the latter as the former fows on.  The guestion
Sow ig: How far can the world of phyuuxl Dbjam and
mnubu garded ag i g 3 gpat 1 whole,

in ch to an idealised story# If
the :nllogy be complate, the physical world ml‘l have one
time-direction {though many parailel fomr-anes), and one
timeless Space, which will ba of the Euclidean type.
In this Space all physical abjects will rest or ove ag
the one physical Time fows on.

We must b¢ prepared to recogrises at once that it is
by no means obvicus that any auch view of the strucrare
of the phygical wazld will fit the known facts.  Alter all,
why shouid the physical cvents and chyects which are
copnected with a number of difernws senze-histories
farm 3 spatic-tampoml whole whith is cxactly asalogous
in sochire (0 & megle zense-history T Even of there
ahouid be 2 certain analogy, we have not the slighrest
right to expect i:menendwevery detail ; s.r., we have
oo nght to be i if the geoch of
phy=ical Spees-Time should nat be mctly ik r.hnl
of the idenlized sense-history. We shatl see in 2 moment
that most of the apparent paradox gi the Theary of
Relativity is dur ta the fagt that 2t dumppmuts our snnplm

Bpucts

minded ion that the gro<ct

Space-Time shall be exactly like thar of nsmgk ideal-

ised hastory. But. oo reflection, we see that this
pectation is absol B dlcas, and that it would

be rather a gueer coincrd i the geech

of two such different wholes were mcﬂy alike

After thuse general preliminaries, let ua see how far
the analogy tan be carried. A physical object iz a
succession of stientific events, just s3 # senss-ohject iy
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a series of aucoassive sensa i a sense-hstory. A
punciual sense-object, whether positiomally tnlform oc
non-unifors, is & Une of some kind in ita sense-history.
If it be positionally uniforss, and therefore rests in the
timeless space of the sense-history, it 1s a straight Eos,
paraliel to the time-axls; if it moves, it 15 a curve of
same kind oo o surface generated by hoes parallel to the
time-gxis, and 30 on.  If then a punctual physical chjeet
can be reganded ax 1 toa brect, we
must suppose that it (or its higtory, if you prefer it} isa
curve of some sort in physical Space-Time. ' We will call
such a curve & © world-line," lollowing Minkowski, All
other material particles must equally be regarded as
curres in physical Space-Time. We must nextconslder
the jatringic chamcters and mutual relations of wedld-
lines, for the whale question of whether it is worth while
1 talk of a physical Space-Time at wll depeods on the
nature of these.

Suppose that B, the body of obmerver 8, appears as
a resting senseohject in the wisual sensc-history of
anpther observer ¢. 'Wr know that A, the body of o,
will appear as & resting scnsc-object iz the visoal sense-
history of §, provided that o's and A's Tinasthetic
gengations wre aliie. The complete symmetcy betwatn
o'z experitnoes 1n connexdon with B, and &'s experiences
in conpexion with A, soggests Lhat there is some great
similarity in the world-lines of A and B. {Or rather in
the world-lines whick would represent their hislories if
they were reduced o bunctual spatiai dimensions.) It
meems reasonable to suppose that, in fsch cases, we am
dealing with pairs of intrinsically similar ®nd similarly
situnted world-ltnes in physical Space-Time. We can
cooceive of groups of ohservers whose bodies form sets of
mimilar and similary simated world-lines, We will call
these sefr of wiatvely resting phyvareal obucts. We know
that, if & certain body appears aa a senst-object which
taeves in the timelesy space of any ose member of the
wet, It will appear an a tense-abject which soves in the
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timelesy space of svcd member of the sct.  IE it happens
o be the body of an obearver, we know further that hix
will differ from those of
atl mmhum of the set.  Morcower, all the bodies of the
set will appesr to this obstrver as sensc-objects which
more lucely, but rest relabvely to each other, in
the timeless space of his stnse-history. Tt séems reason-
able to suppose that the wadd-loe of thia observer's
body is in yome way different from those of the et in
question.  Ther might be an 1atrinsic difference in the
na.t.un: of the curve, or sume kind of diference in ity
jon or direction 1n physical Space-Time. A geo-
mettrital dlustration uflhe ﬁrsl kind of difference would
be given by a struight lHoe and a byperbola; an
illustration of the second kind of diffectnos would be
given by two non-coplanar straight lines, or by two
coplanar straight Lines at an angle to each other.

‘We can now cxtend these suggestions in the vaual
wuy from the bodies of ohservers to physical objects
in general. We man suppose that a x¢t of relatively
resting particles is & sex of similar and similarly situatsd
wnrld-\llnu, and that any particle which moves relutively
1o this set is a world-line which diffess, either intrinsie-
ally or in ita altuative in physical Spa¢e-Time, fram
the members of this set.

1) Straupke and Tortwons Workd-trues, —World-iines
might be curves of many different kinds: some might
be intrinsicaliy very complex {iike highly tortucus
curves in ordinary apace) ; others might be intrinsically
very simple (like ordinary straight lines}. It will be
remembered that & punctual senss-object, which rests
la the timelesx space of ity history, is a straigh
Tine parallel to the time-pxis of the history. Puzochuad
sense-objects, which move in the tmeless space of the
sense-history, may be straight Lines {though they need
not be)t but they are never parallel o the time-axls.
‘Woa must ses how far there is analogy o this in physical
Spsurs-Time.
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If any enalogy at all can be drawn between a yense-
history and the physical world, we must assume {1} that
at least some particles are sivaghs world-lines ; (a) that
ot least some of these staight warld- Imea wr per-

for 1 for Space-
‘Time ; and {3) that, by talding certain plruclesas having
the characteristics (1) and (3}, and by using suitable
criteria of simyltanesty, wr can accaunt for all the known
general roles of spatiotemporal correlation amang
physical events. W will now sce how far the analogy
can be carried on this assumption.

A stright world-line which is a permissible time-
axis for physical Space-Time will be analogous 1o the
time-direction of a sense-history. N the whole physical
world 13 to be analogous to & single sense-history, every
momentary physical event must have one and only ane

ld-line passing throuph it, parallel o the
gmen time-direction. The whole of such a bundle of
parallel world-lines may be called a physecal referemon
Jrame. Fromo what has been said in the last section it
i% clear that every line of such a bundie is & point in the
timelcss space of the frame, and conversely. Each line
of the bundie 5, in fact, the history of & hypothetical
particle, which rests at 3 cerimin place in the timeless
space of the frame s the time of the fame Aows on.
The place of any mamentary point-event in the timeless
apaoe of the lrame will be the particular line of the
hundle which pasges through this pont-event. The
date of thin ovesnt m the frame will be its particular
position om this line.

Partkles which move uniformly in straight lines in
the ticreiess spece of this fmme will be warld-lines
which {1} are stright, and {1} aro rontained in a cerain
plane paralle] te the ime-axis, but (3) are net themeelves
parallel to it.  Particles which move non-uniforzaly but
rectilinearly in the limeless apace of the frame will be
world-lines which (1] are not strmight, but (3) are
contaioed in some plane parailel to the timp-axis, This
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plane in Space-Time iz, of course, the straight line in the
tdmeless space af the frame along which the particle
moves. Particles which move non-uniformly end nen-
rectilinearly in the umeless space of the frmme will be
lines which (l} are not streight, {3} am not plane, but
(3} are Enad toa surface 1 by straight lines
paraliel to the bmeans D[ the frame. Finally, the
mamentary spacas of the given frame will be sections
of physical Space-Time, normal to the ine-axis of the
frame, Momentary events in the same momestary space
will be contemparary wih regpect (o the frame,

{£] The Porar of Separctrm fetwern the Fradvionat
Vw anf the Spamrl Theory of Rnfakwo' —Tllm is thus

a phy frame
and an |de|l|sed senss-history, on the assumptions
which we are at present making. On these assumptions
every event ic Nature has its place and date in such a
frame. But now there arises 1 question ta which there
i# nothing analogous n & sense-history. The question
ia this: Are ali straight world-liney permismble time-
axss for physical Space-Time, or are some of them
permissible and others not?  And, o the fatter be true,
what distinguishes those which are, from those which
wre not permisgible ?

In a given senac-history there is one acd only one
time-disgssion.  This is because the simultancity or
successiveness of sansa in the same scose-history is
actuslly sexsed, and we bave therefore no choice as
which we shall group together as simubunecus, and
which we shal? group apart as succesyive. The succsy-
sive slaba of the sense-history am grex o us in the form
of sensefields, and the anly possibly time-direction is
that of their common normal.  The only choice allowed
o ux is that we could hbe any strught. Im: in the senge-
history, parallel to the time-di
time-axis, assuming that the gl:o—cllmmm:lry of the
seqse-history 13 Euclidean,

IF there were an exact annlogy between physical
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Space-Timec and sn idaalised scnsa-hestary, thare wanld
be one and ooly ant direction in physical Space-Time
which couid be taken as the time-direction.  1F this were
$0, there would be one and only one frame of reference
in which all the events of Nuture could be consistendy
placed and dated.  The only laritude allowed us would
be that any frame which rested in the timeless space of
the first wonld itself be 3 permisgible frame. For this
would merely amount to taking another world -lioe,
paralle! to the anginal one, as our new tme-axis,

Mow this 1 exactly the sssumption which the
classical mathematical physics did make, [t assumed
that there was one and only one fundamentsl frame of
reference m which zll the events of Natore could be
congistently placed and dated. The timeleas apace of
this 14 the *“*stmgnent ather,” and the one permissible
time-direction ia the history of any paricle of the cther
orof any particle that rests in it No straight line which
makes an angle with the om nuuﬂndmg ume-direction
will be & possibic t 5 the i of physical
Space-Time normal to such a lme will not be momentary
spaces, and the whole bundle of lines parallzl to such
a Line will not fosm the points of a umeless space.

Now there is nothiag antecedently absurd i such
a view., Tempoeral and spatisl characieristics ewe
different, for all observers ; and thersfore 1t might weil
be that there is cne and enly one curstanding diraction
in Space-Time which can be taken ay a tme-direction.
Moreover, jt is cenmin thay the aasumption is not fﬂ
wrong; since it is the ion of the trad
phyaics, and thig hay pmved l:aplhl: of rlulmg with
all the mere i spatl of
physical events in u mingie spltlu-lemponl scheme.
We can, in fact, at onoe eeject the opposite extreme
visw, viz., that aif straight world-lines are equally per-
missible as time-axes, For this would be incoosistent
with the admitted differance between spatial aod tem-
poral characteristics for all observers, and with the
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very great measure oc! succass which has attended the

don, that there is only
ane dim:tion n Space-Tims “which can be taken s a
time-axis.

(A) Thke Hyporkesisvfa limated Rawge of Toma-direcisons —
The only alternative worth discussing is that all streight
world-lines whoze dircctions &e wnithm corinim Irmrsn,
acd only these, are permissibie time-directions. The
traditional physica makes physical Space-Time zxaady
annlogous in Bructure to 2 single idealised sense-history.
The present suggestion makes it considerbly diferent
in principle, though not necessarily very different in
pracuce. Nothing but the ohservable correlations
between physical events, as betrayed by corcelationy
between sensible events in various sense-histories, can
decide betwaen thase alematives.

A tmtle reflection shews that there is 2 cenain
inccherence 1nthe trnditronnl view, ag regards mechanical
phenamena. 1t is admitted thet axes which move uni-
farmly in straight lines i1n the timeless space of the
suppoged fundamental frame wiil do equaily well for
placing events for mechanical purpeses. And surh
axes will be represented by straight world-hnes which
make an angle with those which represent the funda-
mental frame. 1 there were oaly mechanical phenomena
o be considered, it would e natural po suppose that
all such world-lines would do equally well a3 tme-axes,
and that all the corresponding frames would do equally
well for placing and dating physical events. The only
reason for thizking that thert must be one fundamental
frame conoected with & certain unigue direction in
Space-Time, wax the niofion that any pair of events must
be either simultaneous or successive, and that they could
never be both, It was thought that the phenomena of
light, clectricity and magnetiym, woold shew uy the
one h‘lnd.nmnntll !ﬂml!, which was merely concealed in

] ¥ the perticular form which the
Ilwaofmnnnnhnppenmhaw "Thus the traditional view
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holds thar there in only anc permissible time-direction,
which can end must be used for devmg aif physical
phenomena. But it sllows you to paer wechemiord
phenomena by reference to anmy axes which move
uniformly and rectilinearly in the timeless space of
the fundamental frame.

Now the experiments on which the Special Theeory
of Relativity is based, sherw that this supposed difflerence
b harical and P

is 3 pure myth. Electro-magnetic phenomena fail to
reveal any unique fundamental frame. Their laws
remain af exzctly the same form if you refer the events
to axes which move uniformly and rectifinearly in the
space of one fundamental frame, provsded that you take
the stmighl warld-line which represents these moving
axes ag a perrmissible time-direction, and use it for dating
your glectro-magnetic events.
The Specml Theory of Relutivity may, in fact,
e summed up in the following gtatement: There is 2
Irlmle set al d:lﬁu’ent dirertions in Spam-T:me. equally
ible as ti ior dmng 1 events,
Blll ail the isgible & are ]
within certain lisits. Corresponding to any one of
these will be a timeless space, whose poinis are the
world-lines pamllel to it. Every physical event has
5 unwjue place and date in any one such Fame. Tis
place in the timeless space of any frame s determined
by the line, parallel to the time-direction of the frame,
which passes through it. 1ty date in the fmme iy deter-
mm!d 'h)r itn pagitlon on this line. The laws of alt
have izely the same form, no
matter which of these frames is used for placing and
dating them.
All the characteristic features of the Special Theory
of Relativity follow at once from this supposition as 10
the geo-chronometry of physical Space-Time, as T will
now show In brief outline.
(1) There is nothing that can be called e timeless
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Space of Nature. There will be as many different
fimelesa spaces as there are different permissible time-
dicections.

(2} Two zvents which are contemperary in ooe imme
will not be contemporary in another, unless they happen
to ocoupy the aame place io the timeless space of the fiest
frame, The figure below will make this clear.

ey
A

[4

Call the twa frames F, and F,. Since they differ, they
will consist of twa bundles of parallel world-lines,
inclined to ench other. Since the two avenks are not to
be at the same place in the timeless space of ¥, they
will be o0 two difereat world-lizes of the bundle, say
£ und o Since they are to bt cootemporary in F,,
they must both be {n some one momentary gpace of F,.
This will be a section of Space-Time, normal to the time-
direction of F,. Call this momentary spice Sas.  Then
the points & and 4, in whick the lines 4 and w, cut Sa.,
will represeat our two events, which are simultaneous
in the frarne F,, but spatially separated o ity timeless
space. New let x Lie on the Jing 4, of the frame F,, and
Iet x lie on the line w, of the frame F,. Io this fame,
instesd of being 1a & single momentary space Sy, they
wre in the two successive momentary apacas Sa and S..
They are therefore successive in F,, though simultansous
in F,. Moreover, their distances apact in the two time-
lents spaces are aob the same, In the former, it is the
distance between £ and w, ; in the lateer, it s the smaller
distance between J, and w,.

(3} Conversely, two events which ars in the sme
place in the timnless space of F, will pot be in the smme



place in the timeless space of ¥, unless they happen tn
be also contempomry in F,, The diagram below will
shaw thix

The two events art an & cartain line 4, paraliel 1o 4,
aince they are in the game place in the timeless space
of F,, Since they are not to be contemporary in F,, they
must ba in different momentary spaces Sy and 5»° of F,.
“I'be two events will be repoeaented by the two points
A and A, in which the line /; cuts these two momentary
spaces regpectively. [n F, the two evants dand X' are
neceasarily oo twe diferens lines, £ and 7, pataltel 1o
1, the timedirection of F,. They am thertfore at
dufferens places in the timeless space of F,, Moreover,
their terpors] geparation ia different in the twn framas.
In F, it is represented by the line AY', in F, by the shorter
Linc between the two dotted nocmals to £, which represent
the momentary spaces of Fy, in which the two events are
regpectively situsted.

{4) We have still to consider same implications of
the fant that no¢ aff sirafght world-lioes are permissible
timva-axws, hut poly thoge whose directiony lie withio »
certain limited range in physical Space Time. Take
mny struight world-dine # which is a permissible time-
axis, and ider any other parallel straight warkd-
Yine p. There will ba ona and only one plane in Space.
Time which is parallel to # and contains . In this
plane take a line #, parallel to f. Then # and ¢ will
cut each otheratan angle. This plane will be a straight
lint in the timeless space of the frame of which # i= the
dmeaxis. The line § will represent a particle W'mg
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along this straight line in the timeless space with a
uniform velocity, As we saw in the Iasi section, the
greater the velocity of this parbcle the greater will be
the angle between # and #. Now we know that, if the
angie between # und ¢ exceed o ctrtain mize, p will not
b & ptrmiznible time-axis. This would imply that there
i no frame in whose Hmeless space the particls, whose
history is t.‘ne Jine g, rests. Thin would be contrary (o
the of physical rest and motion,
Thete in thus a c.ernin mﬂimum pousublc relative

whose is br ihe size
of the ugle in Space. T:rne within which ail permis-
sible time-directions he.  [f n stight world-line make
a greater angle than thia with Any pormissible time-
dirtction, it aonot be the history of an artusl particle
or phyzical process.  Such & world-line will, of course,
cut each momeniary spast of any cne frame at a pount ;
but you cannot take these succassive momentary points
ay gections of the history of any oxe object, though of
course each may be a section of the history of a diferens
object.  Now this notion of a certain mazimum relative
velocity is charecterigtic nf um Spacll] Thenry af Rela-
tvity, which, oo P i this
welocity with that of light vacmo.

(5) We canrot, 50 far a5 I con see, determine zny-
rhmg .lbout dle actual magnitude of the angle of the
fore | cone in physical Space Time, within
which all permiasible tme-directions lie. The tangent
of its hallangla will indeed be the velocity of light
But we must heware of supposing that, because £, the
velocity of light in centimetres per second, is a wery
largt cumber, therefore the haifangle of the funda-
mental cone must be very nearly a right wagle, aod
thertfre that there is a very wade mnge of possible

tima-directd For the ical value of the welocity
of light ohvigusly dmnds entirely oo the wnits that
wt: choose for and dumti The

largeness of ¢ may :imply mean that the centimetre
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in n very smail space-unit, or that the second is a very
large time-unit; it tells us nothing about the size of
the angle of the fundamental cone.

{6) Tt fallows at once from what han just besn mid
that, whilst eli the polats in any timeless space are
strmight world-lines, there are many stmight world-
lineg which are not poinu in aoy Hmelets space. It
follows nlso d|lt some pulru df momentary point-events
are diy, Lo, occupy diffecent
positions in af umlm spn:u, whilst others are not,
+4., they occupy the same place in zome timeless apace.

The diagram below will make this clesr ;

:

..13?1{ e
LtV .

Let } and &' be two momentary polnt-events at the

same point § of the timeless space of the frame F,

Lat g bt woother tnomenttry point-event at the point w

of the skme frame, and let 3, X, and o, all have diffzrent

dates 1 this frame. Draw the steaight world-lines hp

and A, | IF both a7l within the {fundamencal cone, both

are permigsibite time-directions. If so, k and u will occupy
the same place in the timeless space of the frame corre-
sponding t0 Au, and X and w will occupy the same place
in the tiraeless space of the fmme comrespoading o K.
But it may happen that Na falls inside the cone, whilss
Au bulls outside it If so, Ap i3 ot parallcl to & possible
tizve-axis, and thesefore is not o point in any timecless
space. Heoce the momenmry pointerents & and » will
have an mrensse spatiol stparanon. Lt will bo noticed
that the question whether twe momentary point-events,
which pecupy different places in the timeless apace of &
certain frame, are intrinsicaily ssparated in space or not,
depends on whether their dates in the frame are much
or limle separated. 2 end 4 which are intricsiclly
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peparated in gpact, are moch nearer wogecher in date
than }\'and u, which are oot gpatiaity separated in off
timelean spaces.

)] Al.mmt mmly mrmlar r!marks apply. L

nd ! not. ‘Tha di Delow will
expinin how this happens.

X

A and p am two momentary point-events, which are
simullanccus in the frame Fy, and cccupy the two points
4 and m, respectively in the timeless spsce of this
frame. o+ is a third point-event, which differs bith in
plact and In date from both X and a4 in the frame F,.
Join iv and g by strught world-lines. Draw the
straight world-lines », and s, normal to X and a
respectively, I both x, and a, be permissible time-
directions, A and ur will both represent momentary
spaces, one in the fame comresponding to »,, and the
ather in the frame corresponding to . N 50, X and
» will be contempotary in ooe of these frames, and o
und » will be eunhempaﬂ:y it m oiber. Their tem-

poral is th Ingic. But it may
hnpp:n th.ut, whuls n falls Inslde the {uadnmenul cone,
ad is th 3 x, Ella
outside it, and therefore is not a ible time-

direction. [f 50, hr will be a momentary space, and
we witl not. 1t will follow that x and v are evfaamcaliy
separated in time, 12, that there is ao frame io which
they are simuitaneous. Here, again, the difference
depends on the fact thar ) and y are further apan in
the timeless space of F, than are x and 5. Hence, two
puintgventy, which ant succemsive it a certwio fryme,
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are ihnwsacally succetive if they be near emqugh
together in the timeless space of the frame. [ they
be far tnough spart in the timeless space, they will
not be intriosically suctessive, re, it will be posible
to find a frame in which they are simultsneous.

All ithese seven consequences of the vicw that move
than one, but not all d‘recﬂms in physical Spme-
Time ace per are ch
results of the Special Theory of Relativity; and, as
this certainly fits the facts better than the traditional
views, we may assume that physical Space-Time bas
this particular kind or structure, at leut wa very high
degree of Thus the physi wwld as

a whole is paot pletal, Ing) Innsmg!a |ised
sense-history, since the latter has only one possible
time-direction, whilst the former has several. Instead
of being Bll.rpﬂ!nd at this difference, we pught rather
1o be imp i by the kable amount of mmil
which xists between the structures of twe such wholes.
) The Facts uederivmg sy cdove Theery of the Geo
chrswomwetry of PRerwcal Spae-Time,—1f the above view
of the structure of physical Space-Time is to be verifi-
able, a5 it ig to a high degree of approximation, we
must have some empirical means of (i) digtinguishing
he from rid-lines, and (i} dishngmsh
ing “those strpght woreld-lineg which are parmgsible
time-directiony from those which ere not, We find
that we can unify the farts by wssuming that the history
of uny particle whith rests relatively to the fixed stars
is & struight-world line, and that the history of any
pariicle which moves in & straight line with respect to
the fixed stars, and with uniform velocity as judged
oy clocks set by the method of lighr-signals described
in Part T, Chapter 1V, is another stright word-line
incliced te the first  And the history of & wave of Iight
is the amting Jand of m'mght world-line which we can
take as & p ib) i It la imp
to nouueﬂ:n, hough any one permi: i
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framn for physical Space-Time is atrictly analogous, on
the prosent theary, to an ideslised =ense-history, yet
wo have to traat the two from mther diferent stand-
points. Thr temporal reletions between events in the
sense-history are cognized directly by sense and
memory.  Certain events xre gruex simultanecusly and
vthers are giwmw in succession, Moreover, the sense-

history hu an i uait of d in the

il ign of all the & Presects.
In dealing with the physlul world we have to set up
créteria for the gi Ly or of p

eventy; and it iy not until we have done thi: that we
can say which physical zvents aze to be put into the
mms momentary space and which into different
momentary Fpaces of & given frlme. Mofewer, there
iz ng equality

and s0 we have @ mupmmmion ﬁnreqm]lty
of time-lapge, Until we have doce this, we cannot
decide whether the mollon of a certain particle in the
timeless space of 4 ceftain fame is uniform or Dot
Auod, until this has been decided, we cannot say whether
the history of Unis pariicle 1s or is pot to be regarded as
» straight world-line, inclined to the time-direction of
1he frame in guestion.,

i The Daferensy bettoeem tiz Spenal ol Gewerad
Thenvies of Refareyety.—The traditionsl physics snd the
upwli Theory of Relativity agree in making the geo-

of ¢ SpaoeTime Euclid:

to frat it mose , the geoch ¥ of the
oms permissible frama on the traditional rhem'y is
Euclidean, and that of szch of the meny permissible
framea on the apecial Theory of Relativity is also
Euclidean. This amounts to saying that, on both
visws, all atraight world-lines ar¢ Euclidean wiraight
Yints. This implies thar the geometry of rhe one
timelems space of the traditional theory and of the
many timeless spaces of Ihe special Theory of Relatvity
iz Euclidean.
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Now in both theorits we have takea the history of
a particle which rests or moves relatively to the fxed
starz with a uniform rectilinear velocity, as judged by
properly adiusted clocks, to be & sraight world-Tine.
Similarly, on both theories, we have talen the history
of 2 wave of light ¢ be & steaight world-line. But,
even an the traditonal tbanry, it wnnld llave o be

dAmitted that the uni

the history of any sciual p-mn'lc frnm bemgln exactly
straight werld-line, on this definition, if the geo-
chronometry of physical Space-Time be Eucdlidean.
For, hewever far a particle may be from the fized stars.
and from all other bodwes, it is, even on traditionsl
views, subject (o gravitaticnal forces, though thess may
be practically negligible. We have now to add to this
the pewly discovered Fact that light, and afl other forms
of radiant energy, are themsetves affected hy gravita-
tional ficlds. Thua it turns out that, & the geo-
chronometry of physical Space-Time be Eucldean, it
tumst be admittcd that the histey of wo particle or
procest that we could possibly meet with is, in fact, a
struight world-line. Thua both the traditivoal physics
and the Speciel Theory of Relativity arc in the odd
position of holding thst the geo-chronometry of physical
Spare Time iy Enclidean, und that therefore all strmight
world-lines are Euclidean stright lines, and thez
admitting that the histary of no actusl particle or
process is a Euclidean atrmight Line. The universal
force of gravitation thuy appears as 3 hypethesis to
nccount for this univerml divergence. Tt must be
ndmitted that this hardly inapires confidence.

Now the Euclidean hypothesis is anly ont of three
ponibilies; the other two being the hyperbolic snd
the elliptic, as described earlier in this chapter. These
three types of hypothesis agree in the importast respect
that any manifold which has cither of these three
stroctures in Aowalsidal. This moans roughly that the

strupture of auy fniwe region of the manlfold will be
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the same a5 that of any other, oo matter where that
region be situated within the whole. It is oniy on these
three hypotheses that this is true. Obviously then, the
next step would be to suppose that the g, ¥
of physgical Space-Time ig not Euglidean, but Ix, never-
thelzys, homaloidal, We might then suppose that the
histories of actual particles and processes in gravi-
tational fields are sraight world-lines, thoogh these
are not Enclidean, but hyperbolic or elliptic, strmigin
lines, I this view of the structurs of phygical Space-
Time would acrouat for all grarimtional phenomena,
without our having to iotoduce gravimtion ad dsc as
a specigl but universal force, it would obviously be
reagonable to adape it

Now we can deal with gravitational fields oo =such
& hypothesis, so long as we confine ourselves w
tegions of physica! Spece-Time which nee not accupied
by physical events, For here we are concerned with
regions for which the wnalogy tn Laplaces eguation

holds. Thin analogy, as we mw in Past I, in the
vanishing of the Modified Rirmano-Christofiel Tensor
throughout the region. Bob, when we are councerned
with regions occupied by physical events, wo require
an analogy, not to Laplace's, but to Poiston™s equation

where p is the density of the '* Glling " of the region.
Now the analogy to this ia not the vassrding of the
Modified Tensor, but the equating of it o another
tensor, which exprsaea tie " filling " of the region under
discussion. And we musi fomember that, under the
heading of “ occupied regiona ” of phynical Space-Time
we have m izclude not warely cthose which contaln
matter in the oedinary sense of the woed, bot also thoae



SPACE-TIME 4Bs

which contain only raliant enecgy of any kind, since
thiy algo gravitates.
It in wvident thun,thlt if we want muphm gﬂu—
atianal ph by w the spat
nruetu:e of Nature, \!e cacnct do this by ascrlbmg a
ical Space-Time. We must
aswign diferent vl.luu m the Modifed Tensor foc
different regions ; gince gome regions are physically
oecupied and ethers are not, whilst of those which are
physically occupied, some are more deasely Blied than
others, The vanishing of the Uamedifind Tensor, avery-
where and e\rwywhen, would unply ﬂnt physnul Spw&
Time in | d and E of
the Madyfizd Tensor oaly, mry-he:u and mrywhen
vwould imply that physical Space-Time is homalodal,
though not Euclidean; bat, sinee it in crrimin that
neither of these alteroatives is compatible with explain-
ing gravimtional phenomena in tarms of the structure
l‘.{phyull:al bpme-Tune, any such lhmry Hust AMumE &
for ph l Space-Time. The
anly property which i o ull regions of
phrysital Space-Time is that the squar of the spatio-
bempunl aepnnthn of any pair of adjacent events iy a
ien of the differences
between the values of thelr four corresponding co-
otdicates in any frume.
Naw it doss seem to me immensely important that
we should not alur over this iast transition. The
from coe to another view of the structure of
physical Space-Time, s0 Jang as this structure is mumed
stil} 1o be 1 loidal, is of no ‘ b
importance. But the jnmp from 2 bomalidal @ a
non-homaloidal structure ought not to e taken lightly.
It does invelve, 50 far as I can sew, the definite abandon-
ment of & cerain concept of Nuture, which han sa far
beets onivermully hmid. This Ix, mugllly speaklag,
l‘he conotpt of Sp-cs and Time as inert indifferent
iguishable from the ial which
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happens tp occupy them. This view appears in a very
crude form in the Absoiute theories of Space and Time.
Baut it survives, and can be restated, in the Relatdonal
thepries and in the Special Theary of Relutivity, The
cash value of the distinction between physical Space-
Time and its conteats ix that the sum total of physical
tvents bas a certain spatio-temporal structure which ia
the same always and everywhere, and i independent
of qealitative dlfferences between eveats. One region
of Space-Time iy differentiated from another only by
qualitative differences in the filliag of the two rglons.
Now any such view vanishes altogether on the General
Theory of Relativity, 1t has Desn said that the Special
Theory broke down the distinction betwesn Space and
Time, and that the Geperal Theory broks down the
distinction between both and Matter. The Brst part of
the statement seems to ma very loose, sinct the diaune-
tion between spatial and temporal sepambon remaing
for mvery cbaecwer. The Special Theary breakn down,
not the dinimion, hut the isalation of spact and time.
But, in & very real sense, the general theory does break
down the fHssinrion between Space-Tirme and events,
Now 1 do not make this an objection to the General
Theory. All theories are but ways of unifying the
cbazrvable facts under concepts; and any theory that
succeeds in daing this is permissible. I only want the
resder o be quite clexr that there is bers 2 radically
oew way of looking t Nature. [ think it will always
be possible (o unify the pame facts by the more usual
cheme af & homaloida! Space-Time and suitable Gelds
of force. In po far ag this Hix in better with cur
tradiional way of Ilooking st things, this is to be
preferred. Bt 1 should suppose thet its sdvantages
wre caly temporary ; that they will vanish as weo become
more familiar with alttrnative coneepts | and that our
preference for homaloidal Space-Time, pius material and
firids of farce, hay oo greater ulimate significance than
owr preftrence: for baginniog dioner with kerr Jaavrer
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uni! ending it with coffee over taking it ia the opposite

order,

The following additional works may be consulted
with advantage:

A N WorxEman, Prusplc of Nahewd!  Kmowlsdps,
Chape IX o XIII
" " Coneafnt of Naturr, Chaps ¥ to TK.
u n Maifemabcal Coneapir of e Mainal
World {Proc Ray Sec,wol 203}
M " Tkmmqmm
H, ¥onrowan, Rewi nud
H_mesm.mmnm
A 5 Eovmnerom, Bepoet on Ma Helatwnty Thaory of
Gravishan.

. Timer, omd Graviiadsem.
A'A Rows, 4 z‘mafmmsym
1 ARsoiwie Refaons of Timn and Spas.
s.u_munm.sp-u Tume, and Gaity, B, [,
B. Riswiwn, uwmwmara-mn
Grumds

[
DMY Now- Eicfuitan
E H Nzviix, The Fourth Drwearion

* Thu koow Hzponas work spptared wkake the peesent bock war @ b
pross,  Whiighead argmes that Space Time most be homalordal; ard be
dedoces the rmnctatc il of the Genoml Thioly of Belatmty from
& modhbtatin of the tathbons lww of g, wd sl fom opposed
i 1n e wrmetnre of duferent reguss of Spaes- Tone
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Admonurt wolumrs cave sob wmagtoe formee,
Trroat, of frastm oo diverberet wobres

¥oai, Swnd, V1)

The Fhysiological Conditicos of Seosatioos, and the
Duatnlngical Staten of Sensa

AT the end of Chapter VIII we =maid that the Critleal
Sciemific Theory of physical ohjects apd our percagtion
of them left two main problems co hand. Cne was o
clear up the meanings of phyvicul place, shape, 5, dute,

farr, ete., and b eatablish their cash value In teoms
aof those corresponding cheracteristics of oot sensa, on
which they must ultimately be founded. This task [
have performed to the best of my abelity in the last
four chapters. The other probiem was to slucidute the
very oh that physical okjects
and our own bodies © jointly produce in vy the sen=
by which these external bodies appear to us.” Prbably
any zelution of this problem will be found to Gvour
{if not actuslly to require} some partlcular vitw an to
the natore of sensa and their ontological status in the
wniverse, So this book will fitly end with an attemm
w define the mesning sod estimale the tiuth of the
ahove statement.
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Almost every phrage in this gmtement bristles with
ambiguities. (1) The notion of *joint" preduction
will be found to be far from clear, and ity possible
alternative meanings will have to be analysed. (2} We
shall have to raipe the question whethet the conditions
jointly produce sensations, of sensa, of bath.  (3) The
word “production™ & highly ambiguous, even when
we bhave settled what we mean by *“jomr production.”
Tt way mrean & kind of creation out of norhisg, oc &
process of ordinary causation, of a procesy of selection
out of & mass of pre-existing material,

Thest queations are net, of course, independent of
each other. 1t ls pretty certain that any angwer that s
Eiven to cae of them will cut out certain answess 1o the
rest, and will favour certmin other answers to them.
But we must start by treating each question sepazately,
and then Iy to view the results of cur separate digcug-
gicos a3 u whole.

Without prejodics to the conclusions thar we may
resch when we discuss question (3}, we shall Snd it
best to start by saying that procegses in external bodies
and in our own Jointly candition temoeseons, rther than
that they joiotly condition sragr. Oo our view a
seosation is a complex whole, in which an objective
facior the sensum} and 2 subjective cior (the st of
sensing] can be disnoguished. Whether gither of these
can cxixt wpart from the other we do not at preseot
¢ither assert o deny. But this wt least is certain; ali
the senza of whose existence 1 am directly aware are
conglituenty of ey sensations, and all the senga of whose
existence other observers tell me are conmituents of

keir i Hence any that I muy think
1 have that certain physical and phy gical
are ¥ and sufficient to produce ceoaps is prives

Jfadde evidence vhat they are necessary and sufficient 1o
produce sewsafiens. 1t may be that they can oaly pro-
duce seasations by produclog seosa, but this goestion
must be left aside for the peesent  So, to start with,
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we sball @ik about the pmdumon cd' aensahons, and
shall lenve it &n open thiz
the producticn of sensa.

The Notica of Jolot Produetion.—I think that the
wiewr of educated comman-sense is that there am cortain
Eveoty, very d:ﬁnil!ly localised in Time and Space,
"hwh I:nppen in my bmln and are the necessary mod
of each of my
sensebona. 1 seosea praclma]ly uniform sense-object,
it 15 theught that thers is & practically uniform process
in some part of my bramn, which Iasts as ong s t‘ne
sensation, aad is its y and suffi
Some, but oot all, of these brain-svents arr supposed 1o
be due to external physical events, such as the stnlang
of bells, the lighting of matches, ete. Others are
supposed 10 be dut 10 mternal causes. It is held that,
even when a sensation (s due o some external cause,
sneh.ls the striking of a bell, this is never a sufficient

E must be « from the
externil a‘b;eﬂ. ta he sense-organ, and something muat
be d from the gan o the broain.
Otherwise the brai t, which i3 suppased to be the

¥ and suffici d of the of

the sensation, will not happen, and so the sensation
wiil not be produged. I propose first to introduce some
oCaRIATY technical terms for stating the common-sense
wiew; then 1o clear up cemlll amhiguilles in the
notion  of ¥ and aod
than to agk in what sense, u‘any, ﬂlere m mmn o

beliere that cectain dedinitely L £ AT
the y and suffici diti of each of my
lemlinns

@ & e s Progs s
—On the aulmlr)r \uew, the preduction of & sensation
by an ysical event requires she fulfil of
l:]nl.tt'luutn)ﬂ of condition. Let us take the case
of hearing & ¢ortain stroke of & certain bell. (1) The
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bell must be struck, or T shall oot hear any socund
characteristic of it at the time. This may be calied the
originanve condition. (3] Unless theee be alr or some
other matecinl medium between my body and the bell
1 shall hear nothing, even though the bell bs struck.
‘There are pxrellent reasans, some of which have bean
mentloned in Chapter X, for bolding that something
travels with a finite velocity from wherm the bell is,
through the medinm, to my body Thin may be called
an erernasi for my of
sound. (3) We have renson t think that, cvéa dmngh
the onginative mnd the 1

for the occurrenca of a sensation be fulfilled, no senrs
tion will bappen unlss a certain oerve be intact,
leading from the sense.organ to the train. And it ig
geneﬂlly held that the process in the oerve is tans-
missive in character. Thr evidence for this in furly
gocd.  (x) If the nerve e cnt atany pnmt. no sensnuon
of the kind will benoe: 7 Tta integrity
is therefore a ¥ diti {8 [t iz possible to
nate the time when an external samulus acts an & sense-
argan, and 1o get the patient 10 press a buttoo as soon
as he can after gerting the sensation. If this button
stnps 2 clock, and the clock be delicate enough, there
will always be 2 lapee of time between the two events.
This, of course, does nat cnm:luswely prove that Ibere is
any lapse of time the p of the 1
and Lhe occwrence of the sensation, since the observed
lapst might simply be the tme betwe=o haviag the
seagation and premsing the button. We have direct
experimental evidence that a process, which tekey time,
travels alang motor-nerves 10 muscless Sofaras]am
aware, we bave no dircct cxperimental evidence thar
1 procesy which takes time travels up & sensory oerve
Eom the stimulated orgun to the braia. Sdll, it is
rezzonable to soppoxs that thiy iz 0, and It is in fact
always d. Qo this we may Ay
that there is an sntomal franswerive condition Which is
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necessary if 1 am o have bere and now a seruation of
the sound characteristic of this bell,

A tranamigsive condition might be defined ws follows =
luslprbmswiuc‘nu ically woifermo in ok
and is iwewswent. Thiy meapa that it in divisible imto
sucoassive slices which wre qualitatively wery moch
aliks. They differ only in date znd plage, and the
nmintr they are together in date the nearer they are
together in place. And the character of each slior is
the y and sufficd dition of the ch
of the next slice.

{4} Now, at 2 certzin sitage, viz., wheo the process
has reached & certain part of the brain, it is supposcd
that & #raxseany causal relation supervenes, This meany
that thers is a certain brai t, which iz
with the immanent process, and is the necessary and
sufficient condition of an event of an entirety differant
kind, telnnging to a different ' substance " or strand of
mgtory. This event in a pensation, which ix, of course,
an event belongiog to that substance or stmnd of
bigtory which we call the observer's wumd. Even if
the tmosmussive procens in the body should cantiznue
eyond the point at which the sensation oczurs {as it no
doubt dota when the sensatien is followrd by 2 motor-
reaction}), we should say thet the ssnsaticn belooged o
an entirly different series from the leter evests o the
trapsmissive process in the body. I the internal tans-
missive proceas ends up in the brain, we =y thet a
certain slice, whic'h endy iy, is the pradurgeoe comafreon of
continues after l:he sens:uno has beun produced, we
must say that the of the
iz n cenmin lnlnrmuimsllwofﬂus Process

It seemato be commaoly supposed that the glice of
the internal irtnsmizsive proceas which ia the productive

diticn of the ion must be ly thino in time,
i.tay that it cannmt siveich back from the date at which
the nensation beging foc oy appreciable dme.  We shail




CONDITIONS AND STATUS OF SENSA 493

see in the next sub-section that thix belief iz based on
tacit axsumptions, which are far from selfevident and
cannot be proved
[t i held that ali sensations have originativa aod
productive cooditipna, even though the seosation be
*hallucinatory.” If [ "'see stars” this seosation is
presumably dut to a certain brain-tvent, which is its
productive condition. [f this event can be traced to
changes of blood-pressure in my eyes or to something
happening in my liver, these would count as originative
conditiong, Whether il sengatioes have transmissive
conditions is uncertain. It iy ertain that most of them
have, and probebly the differcnce betwesn thoxe which
obviously do, and theee which apparotly do oot is a
difference of degree mather than one of kiod. It is
perfectly obvicus that an ardidery sensatica of Light or
of sound bhas a long train of trenamissive conditions,
both external wod internal. It is &Girly clear thet a
sensation of itching in the finger, or of stymach-ache,
has internal, though not extercal, tangmissive condi-
tionn. Buy if an auditory or visunl experience wem
marted by achlngauiblcnd—pmunmm n part of the
bran immedintely adjacent o l'hlt in Irhlcll dm pro-
ductive litions of puch exp
the transmizsive process would be sa .!lmn. as to be
evancstent.  Still, we nre probably Juauﬂad in saying
ibat the vast i
igsive, and
Wa must next aotiee [n} that some kinds of sznsa-
tiona have andy interoal otiginutive (and thersfore internal
trangmizgive) canditions. These are the sensations con-
nected -mh pur somatic seass-histories, such as feelings
of h-ache, cte, and kinmsthetic sonse-
tioay. ltis a well-known fact that the places of somatie
sensa In their fields are dot nlnys ] ufn gu)de w the
plamof dlelr igi in physicl spuee.
dey 4 certain ible phce in the
wlxlmutwﬁeid ol’t.he moment, and it may go on
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occupying similar places in successive somatic fields.
Thess somatic piaces will be correlated, through past
experience, with certain places in the morement-con-
tinuum, which are opurally occupied by the wvisual
appearsnces of my tooth and physically occupied by
extinin scinntific events which dentists profess to know
about. As a general rule the part of my body which
thus de to & glven ible place in my somatic
fields is the seat of thoae sclentific events which originate
the gomatic sensuz which accupies this sensible place.
E.g., if a feeiing of weothache be located in & certain
sengible place in my somatic field, my dentist wll
xemarally find something wrong wath the particuler woth
‘which I point out te him as occupying l.he physlu.l plwe
ated with this ibl

ever, he will find that nothing rr.lerant is happenmg in
this tooth, but that the originative condstions of my
toothache are Jocared in a part of physical space which
iy correlated with & qule different par of my somatic
field from that in whick the feeling of toothache is
located,

(ﬁ) A HH i m is u'l" 1th B. ean-
cnczg of 2 cermn kind may anér have enermll
inative (apd therefors partly

::nm‘hm:m:. yei experiences of the same general chancmr
may sosetimes b originated Yy purely interoat condi-
tions, This is beut |1Iumhed by gxpenenm of the
visual type. G ly these are orig ! by some
external luminous bady, which gtarts waves that tavel
o the eye and there got up  disturbance which travely
up the optic nerva to the brin. Bot in dreamp we have
perfectly distinct virual experiences, very much like
those of waking 1ife, although our eyes are shut mnd
we may be in a perfecdy durk rgom,  Again, visual
images are rather Lke visual sengap and we can
apprehend them best in the dark and with our ayes shut.
Thus it in evident that the originative conditions for
experiences of the visual type wes' not be external to
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the body in every case, i is worth naticing that here
presumably the internzl originative conditions are ex-
tremely unlike the normal external originative condi-
tigns., The ingida of the body is quite dark; ac rhat,
whatzver be the internal conditions which otiginate the
visual sxpedences of drtams, they wmost be extremely
different from the luminous events which are the origi-
native canditions of nermal visval sensations.

1 think rhat visual ¢xperiences provide the only
parfectly clear case where very similar experiences are
originuted somemes lrom without and sometimes from
within, and where the two kinds of originative condition
ame dy di in cf If we take 2udi
expersences, the facts are much lews certamn. Tt i quite
trur that 1 bave auditory experiences {n dreams, and
that these are very much like those of waking life,
which are originated by events outside my Body. It
is aleo troe that many people can apprehend woditory
images, and that these are a good deal Lke auditory
sensa, So far, the facks about auditory experiences
resemble those meniioned abowe about wisual experi-
ences. But mow we have Lo notice two important
differences: {1) !t 18 much bardor to be sure that the
auditory experiences of dreams are not conginated
externally than to be sure that the visus] experiences
of drepms are oot thys originated. Rooms are dark
and our eyes are shut when we are agleep.  But we
cannot shut our cars, and fow rooms are wholly free
from thoss physical events which would suffice to

igt auditory In & waking man, Itis
tharefore uncrrisin whether the auditory experiences
of dreams be not ariginated externally.

[ii} As I have sad above, our bedies are dark ingide,
Fut., theee are no physical events in them of 1 kand which
would suffice o originate normal visual sensations in &
waking man, But it cannot e said that our bodics wre
silentinside. Adl sorts of processes are gaing on in them,
which would be quite capable of producing, in a mild




406 SCIENTIFIC THOUGHT

farm, vibrations of the kind which strike p wakiog man's
ears when he hears an externally originaped sound.
Moreover, our boaes’ ar: capable of trensmitting sound-
waves just 89 well us air of any other material roedium.
Thuy, even it there be auditory expenences which are
originated internally, it cannot be confidently asserted
that their orlglnmng r.ondmons are differcot in kisd
from thoge of 1 auditary
E.g., " head-naises" m.n)r qml! well be noises of pecfectly
normal origin, which are heard by the suflerer and not
by octhers, simply becauge his hnm is mearer 10 and
better d with their arigi i than
the brain of anyone else can be.  Thus we are reduced
to the l'ppl'!hl:!lilml of audllnly images, as the ane clear
of whose o con-
ditioos are aimagt eammly internal and almost ctrtainly
different in character from thr external onginative con-
dinons of normal auditory senaations. I am indeed
prepared to behere that some of the auditory experiences.
ef dreams and disease probebly do eriginate internally,
and trom eévents which are not like ecdinary sound-
vibrations; but I take this vicw, rather on the groand
of analogy with visual expericaces, than on aceount of
any purely auditory phenemena known to me.

{+) The question might be raised whether there be
any type of seasible experience which 19 afmays origlnated
by external condmiens. [ should not care to assert
anything so sweeping ; but [ think 1r may be sad that
wactual experiences have a faic claim to this posibon.
‘Tactusl experiences are [ar less common in dreams than
ara visual or suditory experiences, Tactual 1mages are
extremely rare.  If they exist at all, 1 certainly do not
apprahend them myself, and 1 bave not met anyone else
who sdmittad deing so. My 1t is quite § ibk
to prove that such * halluci ¥ tactual exp
as there wre, do not originate through actoal conmct
between the skiz and other bodics. For it is certain
that throogheut the whele of our waking and sleeping
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life parts of our skin art in contart with ather bodies.
Again, there must always be cantact bttween varicus
parts of our internal organs ; end between somo of these
and the blood, undigested food, and o om. Thas, T
think it would be wery difficult to show éven thar any
tactual experlence was not arginated by conmect with
external objects, and impossible tu show that such
experiences art ever originuted except by coptact of
Fewe kind, either internal or external.  This is doubtless
why mest of us agres with the Apestle Thomes, who
thought that iwck was the best test for distinguishing
normal érom hallucinatory perceplions.

The theoretical importance of the points which we
have just bean raising will be =ren in a larwer sub-
sastion, where we shall consider how far we ane justified
in holding that certein bram-events are Myfaend con-
ditons of cvery senmbod. Befort ending the present
Sub-section wa must dizcuss one point about originative
aaot transmissive conditions. 1t is faicly obvious wiat
part of the whale process is to be mken a5 the gradwoizoe
condition of 2 sensation. At least it is obvious where
it endls, for it ends where the sensation begins. Exacily
how far back it stretches from this dame is less de-
terminate, and will necd furiber discostion later oo,
But it it much less clear whet stage in the long process,
which ¢nds up with a certan sensation, eught to be
taken as the sryg dition of that i Let
us return for w moment to the example of the striking
bell. We took the stroke of the bell as the originative
condition of the auditory sensation.  But it might fairly
be agked whether we should not have had just as good
rensons for taking en earher or 2 later stage in the totsl
process as the originative cordition, Whenever the
process passes Fom gne substance to another of a
different kind, and changes sharpiy in ch there
ig an outstanding slice of it which might plausibly be
taken a5 the originativecondition. Now one such point
i§ whera and when the transmissive process of sound-
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waves in the wir mnds and the transmissive process of
nervoug digturbanes in the auditory nerve begios. Why
should we not take a terminal slice of the axtemnsl
trangmissive process ag the originative condition of the
sensation? Again, the pmcegs, of which one stage is
the stroke of the bell, does not begin at that sage.
Prohably m man struchk the bell ; 2 contrartion in his
muscles cansed the How ; & nervous current in & motoe-
nerve cauged the cantraction; and so on to infinity.
Why should we not take one of the innumerable siages
which precede the stroke as the origiontive condition
of the sensation ?

Ta these quastiona I answer (1) that we do recognige
the Inxt atege of the exicrnal tmosmissiva process as
jmportant, und do mlrk lt out by the specml name Df

i For the and the p

psychalogist this is t]:m carliest Dummimg pnrt o the
total process which is of special impartance. (a) The
importanca of the stagn which immediately precedes
the external transmissive process arises from itz aemmon
relation t¢ & number of aifaren? oheervers. If there be
a number of vhstrvers hstening to the same bell, there
are a5 many different exvernal md internal traosmissive

fitions, stimuli, and d diti as there
nreo‘nservers But all these different processes drverge
_frow a common centre in Space-Time, and at this ceatre
Is located the phygical event which is taken to be the
common originative condition of all thesa very simtlar
auditory sensations. (3) We mn ser how clogely the
nation of originative conditions is bound up with the
fact of common opticil and other coatres for the corre-
aponding sensa of different cheervers, by noting bow
difficalt it becomes to apply this notion where the senas
of different observers are not corrclated in this way.
For instance, when we see & mirror-image we are
doubtful what we ought to regard a3 the originative
condition of our visusl The
isa partial aptical object, and there is a certain plau
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behind the mirror wkich iz optically occupied from
muny, though not frem all, directions by sensa beleng-
iog to this object. A child or a cat mighe be iaclined
to suppose that this place Is physicaily cccupied by
those events which are the common originative con-
ditions of all the sensations whose sensa together make
up the aptical object.  But the incompleteness of such
optical objects pravents a grown man, even if he be
ignarant of physics, from locating the griginative con-
ditiong of his sensation in the optical place of these.
ohjm We aze lefi with the choice of ovents in the
mlrmr oF events in the reflected physx::l object, ag the

i of such ; and, which-
ever choice we make, we have to admit that the place
which is w:wauj oocupved by ous usunt scoma and the
place which iy physi 3 hy the i
conditions of qur sensannns are widely separared. 1f
we amy that the events in the mirrar are the orignative
condidons of our sensation, we must remember that
they will not origicate similar sensations m ohservers
in off directions, as the normal erginative conditions
of visual sensa do.  1F we say that the events in the
reflecied physical object are the originative conditions
of our ion, We must ber that, unless men-
tion be made of the mirrer as well, we cannat account
«ither for the peculiar optical place or Jor the peculiar
ioversion™ of the i umgeaenu.

&) Dependentiy and Js ir N, > Comditi
—As [ have said, it is mmmuuly buld. that o:rnia
birai wra the y and suffi

of the cccurrence of all our different sensations. We
have 2ow 10 clear up the notion of “ pnacegsary and
sufficlent eondifons,” and to see in what sense, if any,
it is true that brain-svents are the neccesary and
sufficient conditions of afl our sansstions. A number
of conditions & & wnd ¢ are said to be severally
necessary and jointly sulBicicat to produce an event 1,
if (1) whenever they are all present r happens, and (a)
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whenever they are oot all present & dees not happen.
Itis obylousiy mueh easier to be sure that o, 3, and cane
severally necessary than that they are jointly suffcient
te produce 5. If we can omit In tum &, 4 and o and
find that # doex aot bappen, we cati be surt that each of
these ceaditlons is necessary. But it is far from safe
to assume that, because sdr has always been followed
in our experi By 4, therefore these diti are
jointdy sofficient to produce * It is never really
puasible to get ak i complete isolation from the rest
of the world, and there may have been some fourth
factor o, which was, in fact, present in all the cases that
fell uader our notice and way necegsary for the pro-
duction of +»  Statementy that such and such conditions
are joinfy sufficient to produre a certain regult should
therefore always be viewed with suspicion.

If ad¢ be sufficient to produce =, it follows that no
other fagtor [unless it be simply a constituent of one of
the fctors @, &, or ¢, or & combination of them, such as
), can ateletly be nectssary te produce x.  Fuor to say
that ady iy sufficeent 1o produce r, 15 to say that tokmeier
ak happens x follaws. Hence both abed’ and sded will
be foliowed by x, whatever & may be.*  And if r fllows
n the sbsance of 4, a it does in the case aded, d cannot
be necesgary for the occurrence of = 1f then & certain
braic-event e really mfaent to prodoce a certain
gensation (say that of the sound characreristic. of &
certain bell}, the existence of the bell and the air, and
the occurrence of a stroke on the bell, and 50 on, cannot
be strictly y to prodoce this i Vet we
should commenly say that the sinking of the bell, and
the other conditions which we have soomerated, are
necessary, if that particular noise is o be sensed at
that particular time. Our ground for thix statement is
that we believe that no such sensation would have
happened then, if no bell had existed, and if it had not
been struck shortly befare,

* Heze 2" mmply wands dor ™ the nbewmcn of &
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Itin clear from this that we use the woed ' neceagary ™
in two dificrent senses, In one of them, nothing can
be aecessary 10 produce an event unlegs It be contained
in the smallest set of conditions which will jeiatly
suffice to product the evem. 1n the other, many I‘lmrs
which are not d in the diest set of condi
which wili jointly suffice to produce an event are yet
said to be necessary for its prodmsmn. We must, u:

fagt, d oy tently and, depend
necoesary conditions. If & eertaln brain-event be really
to praduce the ion of the sound of a

certain ball, then the atriking of the bell, the disturbapce
of the air, and 30 oh, are only dependontly necessary
to the production of this sensation. That is, thry are
W prod the only In so far as
theym neomary o pmdu:e the whole, or some part
of, thar brain-event which is sufficient 10 produce the
sensation, We may say in general that o is a depend-
ently necessary condition of the event & if 4 be necessary
to ptmdnc: the wbnln, or some part of the wndmans
which ere indep ¥ und joiotly
o produce 1.

Now & very important gotstion at onge wrises
Can a certain event o be fotk dependently and independ-
ently necessary to produce x? T thiok that this would
cammenly be denied: but we shall see in a moment
that it an only be denied on the bugis of certzin

about, i which have wery liple

pll\x&lhxllly whea they are explictly sated. Wihat
Il\ould |t man to say that x 15 both dependantly and
¥ to p 7 It would mean

that o 8 and ¢ (say) m all geeded to preduce x, and
that they are all that is needed, but that o plays two
parts. [t prociuncer § (say).  And it co-géereder with 4 and
ctaproduce ».  Suppomng it to be ble that a should
play both parts, and supposing it to be certafn that g is
depencdexnsiy necessary, then it would aiwnys be impossible
to know that o is 0ot also wdegesdmidy necessary o
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praduce #. For, i a« be dependently necessary to
praduce 5, there i3 some factor & In the necessary and
sufficient conditions of x, which cannot occur unless o
has preceded. Since 3 never does occur without a
preceding, we cannot possibly know whether # does not
aned the co-operstion of olo order to produce ¥, unless
we havn unmz positive resson far balding that a

¥ dion of &n event cannot
also be an ind dentl ditlon of it.

Let ua apply this xbstract Ioglul argument to the
Loncrete cage of the auditory sensation of the nojse of 2
ell. I the brain-event which produces this sensation
could not occor unless the ball had rung a lirtle eadier,
we cannot be sure that the bmin-event is by imelfl &

uffec ition of thix ign, unless we are sure
that a depeadentl ¥ dition cowwes also be
an ind dent! dition of the same event.
T the brain-event never happens without the hell-srent
precading, we cannot possibly kmow that the brain-
event, wathout the co-operstion of the bell-event, would
auffice to produce the auditory scnsation, unless we
have gome a g ground for this belief. For the only
conclutive empériand ground foc such a belief would be
to get the beain-event without the bell-event, and In

Bind that the jon still followed. Bur, er A
w unnot 2t Juﬂ this kind of brain-event without n
11 g, and th this empirical argu-

mmlmnotbeused Caonversely, of course, we cannot
be sare that the bellevant i independently as weil
¥y for the production of the

msal.inn.
Now, is therm any a privre argument egminst the
pomblllty of a corhin ocmdlhml a being st once
dently aod ind ck ¥ to prod a
ermin event 57 1 knwofmrandmlyonewnym
-hnd:snnhnpmbunywuldherdu‘nd TF it be held
that il the ind o il of an
event must be wuumpouty with ea:ll other, it will
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follow that the same factor cannot be both independenity
and depend.end.y necessary b produce a ceriain event.
For the d dentiy ¥ dition will pueeda
that one of the independ

whnc.ll it pmduczs- Cnnsequently it could mtml.f be
an ion, if these have all
1o be simultanegus swith euh ather.

But ] canpnot accept the premise of this azgument,
{1} It does nut 3eem to me to have the slightest trace
of gellevidence. 1 think there is something to be said
for the proposition that cause and effect must be
continuous with each other in time, and tha the
complele cause must itself be a continuous procegs in
time. This, however, is quite compatible with o and
s being successive, and yet hoth of them being inde-

¥ ions of . ppooe that the
eudof.hx' I with the begi g of £, and
that the end of ¢ is separaced h)rallpsu of time from the
beginning of §. Then the priaciple of the temporal
cantinuity of causation would ooly showr that the com-
plete muse of x consists, o/ werefy of a and 3, but also
of some prooess which bridges the gap between the
twa. 1t bas no tendency t show that & is the complete
cause of £, and that a i5 oniy dependently necessary,

{3) Apart from tha Iy:k uf seli-evidence in the
principle that all the indeg Y
of an event must be uamnlllnmn. there is a serious
positive objection to it We have seen that no two
A¥EOtS art radrimnielfy simultancous, onless they also
have nc spatial separation.  Events which are separated
in the timeless space of ont permissible frame, and
are simultageous with respect to that Eame, will be
trmporally separated with respect to wny other frame
which moves in the tméless apace of the Srst, Thus
the ptinciple would presumably have to be yated in
the much milder form that the Independently neccamry
conditions of an event must not be dwrmroaly sepamted
im time, fe, that there in at least one permissihle frame
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‘with cexpect to which they are all simulaneous. But,
when it thus luses its original sweet simplicity, it seems
to lose wny trace of seli-evidence which it may have
had before.
3) Luﬂy, it seems to me almest certain that the
ditions of many jona could
not be momentary, and, therefore, must include non-
simultansous factors. 1 do not mertly mean by this
that “ ¥ " conditions are cot exi facts and
can only be d.eﬁned by Extensive Abstraction. I mean
that, if youa tried to apply Extensive Abstracticn to the
conditions of many stusations you would find that these
do not &t to a ser of
ms. it i prauiully cemm, ¢.\g ' t.hm. the eau.ernn‘l
of

al I.lgllt aml mnd are gerzodir, and it is reasonable to
pp that the subssq internal p in nerves
aod Bran are penedic too.  There ix a4 very acturate
correlation between the eoluur or pm:h of the sensum and
the period of the and
events. Now it is lmpnaslhlc that the characreristic
periodicity of red light, or ol a cartein note on the piang,
should be carried by a purciy memmiary brain-event.
Presumably the brain-event, which s the productive
condition of even the shortest senxation of red, must last,
at least as long as ong complete vibration of red Hght.
Or, if we prefer to express ourselves more guardedly,
W sk, at laast, hold that the productive conditions of
the shortest passible sensnuons of {sa¥] red and blue
must detk have ch finite durations, and that
these durations must have to sach ather the same s
a3 the periods of 2 tumplew vibration of red light, and
a complets vibration of blue hight, If the productive
conditions have durationa, they must hawe non-simul.
Taneous parts. And, if the whnlu finita event be the
Ieast that is suffe to p 1he Gom, all its
succesxive parts must he mdcpmdmitly Nectisary ©
produce the sensation.  if, fuziber, the event in guestion
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be transmigsive in character (ify af., it be the passage of
some kind of distarbance through u fipite tma of bain
and num} the eaclier parts of it will also be

di of the i sinot the later
parts ‘tl“ net happen unlexs the esrlier ones happen and
produce them.

The gpshot of this discussion seems w0 be that we
caunat prove by any dirce ampmral argument that auy
condition which is dep 1o
& fensstion i3 not alsn an |udependemly nmry
condition of it And we cannot prove s priord thar
d dent cannot alsn be inde-
pendcmly necesaary, nup: from a premise which in
not self—n:dmt, :sudn:ry unu:mm meaning w.‘nen 1he

latreity of 1 ] dered, and is
almost oerhmly falsc as applisd to the produﬂl\re o
ditionis of some of our most important sensations. It
follovs that it is ragh In the extreme to expect to be
able, even in theory, to isolate a3 momentary event at
a definite place 1n the brain, and to say : © This ia the
ry and suifi dition of such and such a
sensation."  We cannot be absolutely cenmn that even
such temote dep as the
stroke of the bell are nnl also md.epemiently Decossary
conditions of our sensation of the secund which is
chamcterigtic of thn bell. And we can feel fairly
confident that A Jenst the later stages of the internal
pa ions of & Sor. are independ

ently ws well wa ¥
of its oocurmenes, To put it nhunly The productive
ditions of a lon altoet Inly include the
lates sages of its internal transmissdve conditions; and,
for all thlt we can l‘.eﬂ.nnly know, they mlghl, lm:ludu
the ive and the origi
an independently neceasary fartors.
T think {1 is pnss:hle o produce = mort or leas
faugible dmdenct i which rend.erl it

Mﬂcthuthe Al ‘, ¥ of
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some at leaxt of ouor scnsations do not extend sa Gr
back as the 1 issive or the origi
conditions.  But it it only an argument from asalogy,
and, as we shall see, the analogy is noce tco good.
The argument woukd run ax follows: Although the
particular sensation s would not have mrisen when it
did, unless certain ] orgi and
conditions had been folfilled, theze are senxible experi-
ences s, very much like s which bappen [er., In
dreams} when thm is good reason to belinve that no
wach ar are
aperating. If so0, isternal conditions are “sufficient w
produre &, And lhemlogybetween:’and 3 muy
suggest that pucely i
to produce 5, though these cannot, in fll.‘l, arise unltsa
certain external nondltmns be Arst folfilled. ]f this
be 20, the diti are ony dep

for the production of 5. To tka awmrm
example, Althocgh 1 should not have seased a certain
flash at & ctrisin moment unkss someone had sruck
a match very shortly before in my nelghbaurhood, yet
T do have visual experiences very much like this sensa-
tion in dreams. The latter must have been produced
by purely ]nmn-] nondmms Hence purely izteroal

diti are d i

F P ooy
much like this particul i Therefare protably
the swificient conditlms of df visual oxperiences are
interpal ; and the which

for tha prduction of many such sensations, are m{r
dependently necessary. That i the striking of the
maich is necessary owl for producing the inmml]
which is the suffici dition for the
of the flash ; itis not also necessary as a coodition which
co-apecates with the Jater stages of this process.
1t is evident that such ap atgument could mever
extablish more thln . punba‘bilﬁy t.'hn extemal evenis
are pot i of thoze
smsatinns 1o which thuy are depandendy netrAry,
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‘The gt of the in any particular case

will depend on two factors, ¥iz.: (1) the degres of xnalogy
between the experiences ¥, which are alleged to be
ctigineted wholly from within the body, and the
sensations », which are externatly originated ; and {3}
the degree of certainty with which ;t can be ayserted
that the exp £ art origl gether inter-
nally, When the expericooes 1 are apprehensions of so-
called ' mental " images 1 should not desm the analogy
strang coongh to bear kny great weight of arguinmmt.
For, altthough vimal and audilory images are a good
deal like vinutl and auditory seosa respectively, yet
there are such marked differences betwetn them that
we bardly ever mistake one for the other in novmal
waldng Lfe. 1 shoul be inclined to say that anly the
experiences of drtams, and othet lorms of hallucination,
bear enough hikeness o auditory and visoal sensations
to support &0 argument such as [ have vutlined above.
Now, in the last sub-gection we saw that it is by oo
mepns ctrtain that auditory experiences {other than
images} art ever otiginated save by external physical
evenis o by internal ewrn.s of precisely the same
h . I is theref ful whether there be
wny facts about auditory experiences which the presont
argument could use zn premises.  With tactual ex-
periances, 45 we saw, the position is still 1ess fi bl
In fart, it is only with visunl experiznces that there is
really gnod evidenos that something wvery muoch like
nocmal seosations can be origineted by events which
are whelly interoal and are quite unlils the externel
anginative conditions of the normal sensations. Thua
we can argue with a fairly high degree of probability
that the sufficient conditions of visual sensations are
internal, lnd that the exteroal origlnatve and trans-
‘mizsive rre puly d ¥ ; but,
for nuditery and tactual jong, a similar
Ieads to only a weak probability.

it must be remembered, on the other hand, that it
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in equally impossible to prove {what the naiver Realisty
wonld like to believe) that the external originative con-
dmonx of! cut sensations sz mdependmﬂy an well an

di for the of

these senaathn: '.l'hu.s. 5o faras I can asv, ampicical
{acts and # gricrs principles about cansation justify little
moce than complete agoosticiam on this scbject. There
is, therefore, an l'lmoatopen ﬁuld ]'nr diffrrent h;pod:uu,
tach mry]ng the ind

backwarda in Time and Spucn hy d.lﬂ'uum. AmOUNLY,
Each will laad o v snmcwhl&d.{ﬂ':mn them'yuln
what in involved in the 1 i
chjects and events, and the I:ypodluls which Jeads to
the theory of perception which best unifiss all the
knerwn fcts i the ona to be praferred.

Within the body I know of 0o means of peiting even
prebable Hmits to the distance barkvnrd.s in Spnee lnﬂ
Time te which the iad d
of & sensaticn may stretch. [t ml;r be lhn the events
iz the breio are sufficient, and that the process In the
senAOTY necve i3 merdly transmissive. On the other
band, it Is squally likely, so far ax 1 can see, that the
process in the nerve i an md.epemiently NECESSATY, &S
well as a e for the
the sensation, The farmer alternluu appears to be

ingly tak=n by phy and on
their authority, by the general pu'hhc. But this con.
viction rests on no stronger bagis than » fulore In draw
certain distinctions among '+ ditions,” wnd
a simmple faith in pantain dogmas n‘bcm causation which
will ot bear the light of common day.

1 wI.'II end this sub-swﬂnn by considering a ratber
which tries o raise
doubes about thz umenee . of external objects and events,
on the ground of physiological theories abour the
conditicns of aur sensations. 1 will cell this position
Piyriciagrcal Son The would run some-
what pa follows, "My oaly gmnd&n' imlinving in
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the exi: af 1 physical objects is the occur-

tence of cartain sensatigna which [ ascribe to them. But
ym'ingy proves thar smu of my body are sgforem:
ofall my Hence 1 have ne right

to contlude from the occorrence of sensationa ta the
existence of external physical objects and processcs, as
their originative conditions.” Te this we may anpwer :
{1] That, even if internal processes be sufficient condi-
tions of our sensations, we do oot kow and have no
reason o believe, that these internal processes woukl
take place unless certain external events were happening
and afecting our bodies. Thus we may sull argue to
the mmoe of such external objects, as, at feast, the
fepente ¥ ditl of many of our sengs-
uong, B ", the bl b many of the
senga which | sense snd thoge which aze sensed by
ather obgervery, the iact that visusl senma from different
ohservers’ senge-higtories ase in the same oprical place,
and the somewhat similir fcts about auditory scnsa,
suggest atrongiy that there 18 often 2 cemote external
physical e\rem, \vhu:h is located in this place, and ix
a Y ition of all these
correlated sensations. (z) We have seen that it is im-
possible 10 be sure that these dependently necessary
exteroal conditions are nat aleo independently necessary.
1t iz, therefore, quite uncertain whether internal pro-
cesges are ufficient conditions of all my sensations, 1
this be hield st all, it can only vehdly be beld ws a
pmhﬂhihty tased co certain partial wnelogies {3} [t
is porhaps worth while to point out that Physislogical
Supt.mm CARNOL consistently stop at the sage of
d g the of sxfernsd physical objects. I
such ugulnems be valid at ali, they must fipaily be
applied to one's own body and ity supposed internel
structore.  All that anyene knows about the physiclogy
ami mlema.l anatomy of his own body he has learnt by
g and i ether i bodien.  Now,

for each ahaerver, these are ulw'pl;r exronl physical
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abjects, of whoss existence and inner grocture he lrarns
by sensations ofnight and touch. If then hu i% foreed
e wholly sceptical about l ,' e oh_per.t.s lle
pught, if he wants to be i spually
abonat all statements which imply thc existence of & per-
rantst Inner structore snd nna'ble sates of his awn
bedy. The contlusion of Physiclog blows
up lt.u awn pr!mm and the only r.onmsunt result is
about ai¥ physical chjects and pro-

muns, mclmi.mg those with which physmlogy pmm
todeal.  Phyniologists with a tend b
speculation are liable tn combine vac Reahsm about
the purtly hypotbetical states of their braing with Sub-
jective Idealizm about all other physuml objects, includ-
ing those which they have had to study in ocder o karn
about their own brams. To parady Mr Gibbon's re-
wiark about the Jews: “ In contradiction o every known
principle of fhe human mind this singular people seems
te have ¥icided a stronger and more ready assent to"
the hypolhttcal entities of their science ‘“than W the
evidence of their own senses ™

) G wnd Condeieomr —La the Tast
aub-section I brought forward certaio abstract Jogical
conziderations to show that it is impmlhle %] Irell how
far the series of i of
a sensatian must be camied in Space and Time. Bnt,
quite apart from these iderati it iy
certain that no pvent in the brain isa mpft.nnb' suiicsant

ditign far the of any i Every
event depends on twe kinds of wndluuns. which
we may call and g two
yseful names from Mr W, E. ]ohm. We ame
alwnys very lisble to natice the ocourrent and to
ignore the continusnt conditioes, and then to think
that the former are sufficient o produce the event
[t would commonly be said that the siroke of & bell is
a y and suffici dition of the
of certnin vibrations in the Li di Bo it
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i, #rowsded that there i= a materin) mediym in conmet with
the bell, and that it is capable of being set in vibration
by a disturbance of this particylur pacipd. It is ewident
that the latier condition is as necessary for the setting
up of vibrations as the former.  But the striling of the
bell 13 2 short cutatanding event in that tong and fairly
unifprm steand of history which is the bell ; whilst the
medium and its structure existed before the bell was
struck, and will exist with very litde change for long
afierwards, Morsover, in our expecience, bells are much
more ofien than not surfounded with such a medium.
The medium 5 thut such an unexciting and such x
usual piece of physical history that we hardly think it
worth mentioniog. Now I should call the striking of
t.hzbe:llan fitim, and the exi of a

of suitable structure & confiapan
e, of the satting up of the vibrmations. Both are
pecessary, and neither by itself 13 gufficent. Together
they are sufficient. 'We can, if we like, cali the striking
of the bell the secessary and seficient ocemrrens comdutaon of
the vibrations, lwt we must on no account call n the
¥ and ditlon without
1 do oot pretend that an absolutely hard and fast
line can be drawm and
! An fiticn is a short owm-
standing alice in some loag sirend of physicsl history,
which is faicly uniform up to this slice and again shows
umformity, often of the same kind as before, after the
slice. A continuant condition 18 & long and practically
uniform strand, which streiches aut with little varia-
tion hefore, ducing, and afier the oocwrent condution.
Obwiously terms like * short,” *‘outstanding,” * uni-
form," etc, are relative. Bal, for om: purposs, all
that we need to notice {& that seoie of the conditions
of an event are always of the contir.uunt type, and that
the more a conditien 15 of the type Lhe more
Likely it is to be overlooked.
Let us now apply these general consideravions 1o
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the ¥ and suificé ditions of our
When s siimylus, which lly prod lou'uln
kind of n, acts on &

y such as

eye ar tar, oo sensation will be pmduued usless t.‘ne
serve be intact and the general struciure of the brain
be net disintegrated beyond & oertain very small degree.
Again, the structure of the sense-orgun, seasory oerve,
and brain muy (30 far &9 we know} be intact, and yet
na senzation will be produced if the man be dead. [f
bhe be alive, but rslesp or in & swoon or under the
influence of 2 drug, the stimilus may aizo fil 1o produce
» sengation in his mind. Again, there are auch pheno-
mena &5 ‘‘paychic" blindness, desfnesy, wc., which
happen spontanecusly in hysterin, and n be induced
artificially by hypnogiy, Hare there is no reason whataver
10 suppose that there is any defect in the strucure of
BEnge-OrgAns, nerves, or brin—indeed there ig evidence
0 the contrary—and yet the external stimulus is not
fc by any lated iet 1n the i
mind of the patient. Lastly, we have seen in an earller
chapter that similar external snmuli wll often produen
in different ohgervers sensationg whoee sensa art pardy
different in guality, and that these differences can be

daed with diife in the past higwries of the
olmervers.

It is evideat then that one general continusot cos-
ditlon for the productlan of sensatigns is that the senge-
organ and the secve which are specially concarned,
and at least a considerable part of the brain, ghall be
structurnlly intact. Given this sondition, it is elsa
necensary that the body shall ba "alive.” This is
probably & digtingt condibon from the one just mea-
tioned.  Although the structure of the brain and cervous
systtm doas not rémain intact for very long sfier the
death of the body !.t would be rash to say that i dig-

ararely after death. Motoe
nerves can :.enamly be kept alive for some considerable
time after the death of the body. [ shoald supposs that




CONDITIONS AND STATUS OF SENSA 513

“being alive"” invoives at least the muintenanca of a
certain maving squilibrium among hodily changes. We
might therefore call it the gewers! somatic scmrrem? com-
ditiom of gengationg, [ suppose that *'being aweke™
or ' being conscious " invalves at Teast a certain moving
equilibrium among processes in the brain.  This might
therefare be cailed Uhe prucral ceresdral scrurvent coxdifeon
of sensations,  Since a man can be alive without being
awake, though be cannot be awake without being alive,
there is 2 partial dependence and partial independenca
berween these two sets of conditions.

The dadify conditions on which psychic blindness or
deafizess depend, il auch thero be, art quite unknown to
us.  ft seems to me theorefically possible that the

ditions of such pt ure whally psychic, and
have no bodily correlates at all. Whatever view we
may take on this point, we cin at least say that they
are i ued not simply gewerwd conditlons, such as we
have so far been describing. A patient is not, 19 2 rule,
paychically blind to a1l lights or psychically deaf to all
noises.  Maost usually he 15 Blind or deaf only to those
which bave some special asgociation for im, or to thoss
about which suitable suggestions have been made to
bim by himself or by others. We may rasonably
suppose that psychic blindness or deafness, f 1t have a
badily correlate at ail, depends oo certain duasimerion:
between the particular nervous process which would
noemally give rise to the sensation, and the rest of the
beain.  Thug the condition that we shall wof be psychi-
cally blind or deaf when a certain stimulus acts on us
may be cafled & sprand cenmectror wmdvlien Tor the ocour-
rence of the senzatiom. s it is 2 condison which
usually holds, unleas these be specul causes fo disturb
it, it should p ke d as rather
than oucnr:ent. I-nsu_r, when the guality of the sensum
partiy d i5 on the past exp of the observer,
wemnysny(‘ ing & useful expression from Mr
Ruasell) that the ion hey snesons amd By
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using this phrase 1 do not imply either the acceptance
oc the rey of that peculiar kind of ion which
Mr Russeil calls ** mnemic cavsation.”} Onthe ocdloary
wview that past experiences leave traces which persist
and that it ix thees which condition our present sansa-
tions, [ sug that Jitions would be partly
continuant avd partly omurrent,. The trace, having
hecome part of the permanent structure of the nervous
system, woukd be a continuant condition. The con-
aexigns between this trace and other parts of the bmin,
which have been formed by association, will alsa be

i i d But the i
of this particular trzee, when 2 ceriin part of the brain
15 excited by some external stmulus, is & special
occusrent condition.

Allthe conditions which 1 have just been cnomeratiog
must be fulflled if a certain stumulus is to be followed
by a charactonstic sensation at a given moment. The
musmic conditions may, in a sense, be calied " lesx
neceygary than the others, smr.e {a} there are probably
some in whase ion they play litde
if any past; and {2) even ifth:y be nEcessary to produce
a tertaln sAnmtion at 3 cirtein moment, it is prokmble
that o rether gimilar sensation would be produced with-
out them, provided that all the other conditions were
fulfilled. ©On the other bund, if any of the other con-
ditions be not fulfilled, no sensation st ail will be
produced in the canscious mind ¥ of the observer.

The gquestion can now be caised as to which of these
conditions are mly depend!m.l)f necessury, smi which
age 2lsa i ¥, for the p of
a sEnsation. 'l'he stroctural integrity of a special nerve,

* 1 e the cxposma *f conscscns mand " here, boomer 1 thuok thet 2 2
thearucally prawdis e Wstucm may e praduced o conesiow with &
exrtain hewn and mereom pratem, which dn oot furm prts of ihal mod =inch

ly cmniesis Uself throwgh os eguomm och sendstoes [ they
enal wl all) mughl sot form pura of aaylbiog that desecrs 16 be called 0
il o sguan, Oy mopht Grm parsof & wad which Mo o oeter
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agd its 'being alive,” are pregumably dependently
necessary conditions ; singe, woleqs they be fulfilled, no
disturbance will be produced in the brain. Whather
they be or be not alsa indepeadently necessary it seams
impasxihle to tell, for the reasans given in the last sub-
section. But 1 should suppose that, on sny vies, the
substantial structural integnty of the brain us 2 whele,
iz addition to that of the particular part that i jmme-
duahe].y connected with a spemal BEM3OTY OErve, is an
for the p
of & unmmn. In addlunn to this, I should suppose
that the gensral balance of cerebral processes, which is
invalved 1o the statement that the observer 15 * awzke,"

is an ind i The special
connective cand:uous, vlm:h lre neaded for the nbsenpe
of psychic blind or deal are a1z § dently
TECESgArY. And, 1f\!:|e ion hag i

these are ind Iy ¥ for the production of

Jest vhes senzation, though a sensation a good deal Jike
it might be produced n» Lneic absence,

We see now how loase 1t ia (o 1alk of & cerlain brain-
evant, very deﬁmtdy locatised in time and plape, a3
the suffi ion for the cfa
Apart altogether from the fact, eheited in the last sub-
section, that we do not know how many of the dependently

¥ di are alsa mdep 13
we see that such asstrtions igooce many conditions,
some and some i , which are inde-
pendendy necessar;r. At t‘ne utmost we can <all a2
certyin beai t, fairly 1y localised in Time and
Spece, the nmsary nnd suﬁclenl ,pa:m’ RONIRESIG

of a Tn addition to this,
tvery sensation geeds at least the fellowing oondxuou‘
{Z) the genesal cerebral condition of
integrity of t.'he bram asa whole (z'_l the general pecur-
rent b of ¢ y and (1) a
apecial ={ i dit it provent
paychic blind deafo em. M many
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asnsations roquire further (4) moemic conditions, which
are partly ccourrest and pertly coatinuant ; (5) and all
sensations réquire, ax et jeast dependmtly necesary
conditions, that the body as a whole, and especially the
stusory nerve, shall be atr dly intact (a i
condition], and that the body ahall be *'alive " (& geoeral
pccurrent condidon). Beside all these, there may well
be gwredy paychic condivions, baving no bodily correlates,
which must alsa be fulfilled if senzations are to anse in the
mind. Iam going to assume, for the sake of simplicity,
1 thiz book that there is such a complete parallelism
between mind and body that it is enough to mention
bodily conditions, because every paychic conditica has
its badity correiate. Tam very far from believing that
this is #wr, and am not even sure that it has any very
define sesawmg which would survive analysis; so ]
assume it here simply as an excuse for avoiding
additional complications which are hardly relevant to
QU present pUrpose.

Hoasstiotn, Bozss nad Acts of Banslug. —For reasons
given at 1he beginning of thig chapter we have so far
spoken of physiclogical and physiwcal ennditions as pro-
doging sexsations. We have now to ask whether this
inwolves the production of senss, or of acts of sensing,
oc of both.  Belore we tan hope to answer this, we must
try to clear up the notion of a sensation a littds more
fully than we have yet had occasion te do.

(&) The General Process of Sensrngr-—A zensation, on
our view, it 2 compiex i which an objective Getor (the
sensum) and & subjeclive factor (the act of sessing) can
be distinguished. Whether elther of thess can exist
without the other is & matter which has s¢ far been leht
n decest obseonity. It iz obviously fapially possible,
and indeed quite plavsible, that there might be unsensed
sensa. It is very much herler to believe that there
could be acts of gensing which did not scase anything,
because an mct of pensing would seem o invalre 2
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apecial miation between a mosum {which is thereby
senped} and something elae. Let us hegm hy nahng
whether every differant a

act of sensing.

It peems clear to mve that we distingnish different
sensations by means of the different seoaa which are
their objects.  1f two sensa be wo different Gelds of the
same scnse-histoty we should say that the ohseover had
two differeot sensations.  [F two senza were in the same
field, and mmplemly m'erhpped In tioe, we should say
that the ok lded the two
KENSL ware sepnnted spatlllly ia the ﬁeld. by & back-
ground which differed quatitatively from both of them.
1 thisk it would be reasonable o say that senss in
successive fields are seosed by different acts, which ace
themselves suceessive.  But I s2e no reason to postulate
different acts of senslag for diferent sensa in the same
fieid. When we remember that senza do not exist in
isolation, but are simply cutstanding features in semge-
fizlds, any such view seems far from plausible It
seems more reasontble to suppase that the same act
of lens\ng grasps & whole sense-field, We can then

ish as many igng ag there are outsmnding:
sensa in the field; but there seems no need whatever to
azsume 2 specizl act of sensing for each of these sensa.
To say: "1 bave two contemporary sensations, ore of
x and the other of »," would seem to mean simply: <[
ernge a field £, in which x and 3 are two outstanding
pary, which may gverlap in time but are separated in

apace.” Thus, although every Jves an
agt of senslng, n. dnu smt follow thut the production of
every tha production of a special act
of senning.

5o far, we Imve hoen considering senm, which are in
the samn specinl feld, o, in some one misual field.
But my general sense-history consists of & number of
parallel special sense-histories, ¢4, visual, tactual,
aditory, etc. My general sense-history goes os
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throughout the whole of my waking life st gy mte,
though there may be gaps in any one of my special
sense-histories, Now 1 do not ses any ressan to
suppose tht there are a3 many mntemporry acts of
sensing an theze arm contemporary special smse-fields.
The warivus special fGeldy are joined up with each other
by senaible temporal relations to give » geneml senee-
field. 1f I am awame at goce of a visuzl and a tactual
fietd, I som no more ground for postulsting two acts of
menaing, one wisual and the other tactual, than for
postulating two acts of sensing for grasping 1 red patch
end a blue pateh In the same visual field. [ would
rather say that there in a singls gencral act of sensing,
which bappens to be supplied with both & viswal and a
tactual field for its ehiects.  Certalnly a tactual sensation
is very different from a visual sensaticn. But so, too,
is & senzation of a round red patch from a asmgation of
a square blue patch. The difference in the objects
seems to be enough to account for the difference betwesn
the sensations in both casas, and it is neediessly mult-
plying cotides to postulate diferent acts of sensing as
well, ualess there be some special positive reason for
doing 0.

T am therefore inclined to think that at any moment
in vur lives, while we aze awake at any rate, there is
a general act of sensing: and that these successive
general aets join up to give a single general process of
sensing, ferming the subjective correlate to our general
sense-histery which is ils object. Some slices of this
general object conslst of more, and some of ﬂewex,
special fields. Conseq y, we have
more, and sometimes fewer, kinds of sensatlons
Again, anc ficld of sooie special stose-history may be
more diﬁemlmed into outstanding sensa than another
L y, we have i more, and
fewer, sensa:ions of the same kind, But, if [ am right,
this makex ne difference to the sumber of cur acts of
sensing. I donot deny for a moment that there may
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be, from time to time, special mental acts directed on
o special pensa.  Sommetimes ono sensum particylarly
interegts me, sither becauge of its intrinsic chamacter or
because of ity amociations. If so, I may specially
attend to it. In so far as this iovolves morm thn
merely adjusting my body, 5o that I senze a new feld
in whoms centre thart is @ larger and more distinet
sontum corvelated with the eld one that Srst attracted
my attention, it no doubt involves the dirtcting of »
specicl mentai act on to a certain sensum. Bt specially
to attend tn & sensum 8 something more than meraly
to sense it, wnd therefore the fact just ad d 15 quite
tonsistent with our tarller statemnent that there is oo
need to assume a distinet acet of sensiog for exch distinet
senzation.

(8} Comdimons of Semsng and Comdurons of Sewsa.—
Let us now apply some of the conclusions which we
reached 1n the last section about the various conditions
which are ¥ for the d of
We have ust scen that not cvery special seosstign
invalves a speciul art of sonaing, though évery sensation
does involve aw act of seosing.  In the last section we
distinguished between the special occurrent conditions
of a sensation and ceriin equally and indeperdently

'y general di some and some
ncm:mulnl Now it seem3 to me probable that the
gental process of sensing |s hept up hy the continuant
and general which are
involved in being ““awske" and conscicos. And it
#eems po me that the function of the specisl occurrent
condivony is, pot to produce acts of sensing, but o
produce outstanding sensz in ur special sense-histories,
and thus 10 supply the general process of senmng with
various objects. If the specin! occurrent conditions be
Ealfilled without the generai cerebral conditions, it is
concejvable thac sense may still be produced, but it is
certaia that they will not be sensed. And we kmow,
from such farts as paychic blindness and denfness,
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that, even when both setx of conditioas are folflled, no
sensom will be consciously sensed 'by the ohaunm-
unleas cartain specisl i
be also fulfiiled. In such cases it seems sall moe
likgly thut pensa way be produced without being
sented. But these abstract possibilitles of the peo-
duction of unsensed senza canhot be properly estimated
uctll we bave cleared up the notion of ' production,”
whizh we shali tey to do ia the next section.

Now it might be said: ““If you think it pessible
that the speciml occurrent conditiony might produce
unsensed sensa in the absence of the general cevebral
mndmms, do you think that the geaernl cerebral con-
ditions might produce 2 general process of sensing,
with nothing to sense, in the absence of special
sccurtent canditiona T ‘To this [ answer : {o) Probably
not ; because [ find it difficult to knaw what, if anythung,
wDu]d b meant ‘ny & process of sensing with no objects

to scost, and am tf doubtful whether anything
of the kind be posaible atall. 1 do not ﬁ:el any similar
Iufficulty about the possi of d wensa. Aond

() tn any case dne guestion cannot be tested émpiricatly,
for the following reason.  The cerebral conditions which
keap up the general process of sensing ave themselrrs
dependent oo more general momatic conditions,  We
capnot be mnscmus wuulout belng alive; though, if
there be ever sleep or }
anmythesio r.hmugh dmg: or disease or accident, we
may sometimes be alive without heing conscraus.
‘Thus, wh the ‘bral diki for sensing are
fulfilled, there i3 a rough balance of physiological
n the body as 2 whole. These somatic
canditions supply the general process of sanging with
a continual stries of internal sensa as objects. Thus,
in practice, the general process of senaing never cauld
Tagk ®t least a somadc sense-fiekd to zense, for the
d dentl itiony of the former are the
gmntlve :m\dluons of the latter. Once the generat
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process of sexving i sturted wnd supplicd with & sometic
sense-history to seose, external sEmuli acting on the
organs wiil supply the procms with sense-ficlds of other
kinds, such as the visual and the apditory. The one
proceas of sensing, which i3 permasentdy provided
with a somatic sense-history for the reasons given
above, grasps the other kinds of sense-field 1n its stride,
ag they are supplied to it from time 10 time by special
accurrent canditions.

Here we might pechapys leave tha matter; hut there
is a further speculation on this subject which it seema
worth while to meation. I de not wish to stake too
much on it, but it dots stem o me to be hopeful, and
wbt without plansibility. My suggestion is as follows:
‘We bave never attempted, 20 far, to analyse what is
meant by an act of sensing. 'We have assumed that,
when a sensurm is 3enged, it stands in some special
relation to something else, and that it would not swand
in precisely this relation to this something i it were
net being sensed. But we have never attempted to
state what this something is, ner ta descnbe the relation.
Now one resolt, which seems relevant for the present
purpose, did emerge from our discussions in Chapter
VIl on the question whether sensa are in any way
mental. We saw there that the need of distinguizhing
belween the Lensum and ibe act of sensing was most
obvious in the case of visual and avditory scnsations,
and that it was least evident for bodily sensations. In
fact, we suggested that 1t was poasible that bedily
‘' gensationz™ are net true setafaws at All, but are of
the nature of presentations. This would mean that
they are unitary experiences, in which there really i=
no pogsibility of distinguishing act and object. We
bave wlso just soan that, even if the distinction between
act und ohject iy to be drawa for bodily *° sensations,™
the genentl ctrebral conditipns of the process of snslng
Cannt, in fact, arige apart jrom those genersl somatie
conditions which supply this process with somane sense
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as objects. 1f we combine the latter result with the
suggestion ibat bodily ''secsations™ are really not
d.t.mngulshahle into act of sq:slng and sensum, we
reach the + The general
cerabral and the geneml somatic conditions co-Operate
o gIvE 2 continuous series of unitary bodily feelings,
in which no distinction between act of seming and
sensum can be drawn.  This constitutes vhe semanc
sense-history ; and it is broken during lite only, if at
all, in dresmless sleep and ctber states of complete
ungonggicusness, Granted that thege general condi-
fiong wre in pperation, suitable stimuli on the gpecial
prgans of sense cuuse special sensa, visual, auditory,
etc., to unite with the sgmatic senge-histocy and thos
10 form the generul sense hiztary. Now [ suggest, very,
tentatively, that *getting scosed” may just mean
“coming into such relations with the somatic sense-
higtory ag to form with it a geneml seos-history.” On
thiz view a gensation of & red patch would bt a med
sensum, 5o related to a seseasrc feld chat they Jorin
wogether & grmeral field in a centain sense-higtary. A

v auditary ion would consist of a
noise-sengum, reluted in the seme kind of way to the
same somatic fitld. The somatic field itsel{ would
consist of feelings or presentations, wlueh are not
objects of acts of bt are ble mental
sates. It will thus form the sub]mh‘e factor in all
true yengations. If we ask: ' What is the relation
which a special sécshum must have to 2 somabe fcld
it order @ be sansed?" the anzwer seems to be that
tha sensom must stand in the reladon of senaible aitaul-
ety to some part of the somatlc Scld, i.s., that the
two must fall ioto a single Specious Present.  For this
ix cettainly the only Enown relation whick bindds various
special sense-fields together into a single general sense-
field. OF course, it may well be that zomething fucther
than this iy neadsd, but at any rate this seema to be the
most ooticeable famture in the relation, I chis sug-
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geation be right, what we have formerly called the
* general process of sensing ” is just the somatic sense.
bistory, and what we have called " getting sensed by
the general process of sensing ™ is just comung iato the
relation of sensible simultaneity with some part of the
somutic seanse-histary.

Wiat in meant by the ~ Productien ® of Eansa.—We
have agreod du.t. in some munmugul the word, stnza
are "' prod The jon of n jon <on-
Sigts in supplying the gunural process of seasng with
4 certhin $Ensum mt a certain time &5 an object. And,
if the suggestion made at the end of the last section be
accepted, this meins ousing a cenain sensum to be
gonsibly simultanesus with @ cectain part of the somatic
geose-history. Even so, the notion of " production ™
remaing highly ambigacus, and we must soart by rlear-
ing up ity vanous possible meanings.

{a) Selecirom and G, .—Dir Joh i% TEf
to hive described his one meenng with Mr David
Hume ia the following terms: ** On the sole occasion,
Sir, on which 1 anteced into the intimacy of n familiar

with that ious Scaptic, & contribu-

tian to the mutial conviviality was (o predeer a drawing,
30 unutterably gross in its conceplion a5 to merit a
murmur of disapprobation even within the walls of a
brothel |™ Now Dr Johnson's statement leaves us in
doubt s to exactly what happened at this memorable
meeting, aznd the donbe is due w a characterigtic ambig-
wity iz the word " prodoce.” Did Mr Huma sefrer for
Dr Johnson’s inspection one of » number of obyection-
able pictures which (like too many of his countsyzen?
he was carrying in his pocket? Or did he'take 2 pencil
and pollute a previcusly virginal sheet of paper by
soch a pictore upon it 'We may compars

Dr Johnson ta tlm genaml process of sensing, Mr Hume
to the prod of a i and the
piture m the sensuin fbaelf. And we may rase the
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spedal ocurrent conditions nimply pick out & certain
sensum from & mess of giredy exinting sensa, azd coe-
nect it up with the gemersl process of sensing; or
whether they heve o geoerntr the sensum which is
snged. OF course, it may well be that senza are
aubject to both kinds of prodection. Even if the pro-
durticn of a sensatlon caly zeeds the selection of 2
certain sensum from s mass of Ueeady existing senw,
it is hardly likely that these sensa have existed for ever.
lfdwrhlvu not, they mast &t some time have been
G Iy, if the production of a i
inwnlves the ganmuun of ita sensym, it doen not follow
that thig iy s d the No
mmhnn will be pcudlwﬂi unlesg the pengum which iz
] with & general pro-
o= of s:numg, and i i5 oM olrvigny thet a senstum
could not be generated without fprs farte bacoming con-
nected with a general process of seoning.

We may say then, io gentzal, that produciion must
be differentiated iate sdchon and percration.  Now
selection may be sither poasirte or wgatize. We may
select a cxed from & masa of other cards, efther by
picking it up and leaving the rest on the table, or by
leaving it on the mbls and sweeping all the othess on
to the finor. I should eall the firgt process posstive, and
the second migmsor, seloction. In genaral, to select =
from a group r implies the following facts: (1) Al the
members of g origizally stavd {n lilke istoos ta the
seloctor 5. (2) A particular sember, &, of tha group
£ 19 made to stand in a different relatlon from all the
reat to 2. This result can be resched either by ieaving
the rest of the group in their old relations 1o 5 and
changing the relation of x, or by leaving r in iz old
relation to s, and changicg the relstions of zlf the other
members of the group to 5. The former is pogitive and
the Intter is negative selection.

Both forms of selection imply that a mass of sensa
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alrtady exicts for us to select from. It will fiest be
NECETSACY to 3bt What precisely this means. A stosum,
which I gense, is an event with a certain short durstion.
TET pay that o existed before 1 begaa to sznse it, and
that of will exisgt after [ cease to sense it, [ cannot
literally memn that precisely and numerically the seme
event as that which I sensed exists before and after my
sensing of it. What [ must mean is char this sensum,
which I snoes, in a short slice of u longer strund which
fretches cur before the beginning and after the end of
my sensum. This strand must be qualitatively alike
inall its seetions if it is te be true, oven io a Pickwickian
manner, that my ssosum **exigted before and after 1
sensed it™ The strand, as a whols, is 2ot contained
in my sense-history; but I can undeestand what i
meant by such a strand, since there are plenty of senge-
. ob)oct-s which a#¢ conlainzd in my sense-hestory, Thp
iolagical and other conditions must be supposed 10
plck cut a short slice of such a strand, and to connect
it up wth my geseral process of sensing, 30 that it
becomes one of my sensa So the selective theory
would zeem to imply that a4 sensa are short slices of
longer and practicaily uniform strands, even when these
strands are net, a8 wholes, sensed by us, and therefare
Ace 1ot senbe-objects la our histarics.

On such a view I take it that the selective procoss
would have two different parts to play. (1) 1t would
select one or mors out of a much larget nember of such
strands; anad (2} out of each sclected strand it would
further choose the particular alice, long or short, which
i3 to be conoected with my general procass of sensing.
Suppose, £, that & certaln source were to send quta
Hash of red light and a Aash of ultra-viglet light. On
the present view these would both be sense-ghbjects.
The fecmes would, consist of & successive serizs of very
similar zed sensa.  The latter would cansist of & succes-
sive series of sensa with a different sensible quality
from the former, The siructure of our eyes, or optic
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nerves, or braing, would completely prevent us from
sensing any par, of the laner senge-object.  This would
be an axample of negative selection, Again, we should
not be able to sengs more than a shont shee of the
former senwe-chject. The position of my Body and the
rolevant ¢vents 1o my brain end nervous gystem pre-
sumably select this particelar short alice gut of the
wholz red sense-obyect to be a sensum in my history.

Now, of course, there iz oo doubt that our bodies do
act selectively. [f we tum in one direction, we zuo-
waticatly cut out the appearances of objects in many
other directions.  Agamn, it is presumably the structure
of our bodiex which determines the comparatively small
range of ethereal vibrations to which senzavons af
colour correspond, and so en.  Butr the guestion 19:
o qur bodies select sewes, and are they ondy selective 1o
their acton? Or are they also generative? L take it
that the ordnary view of edurated common-gense 13
thet they do not gelect semra, and that they do gessrase
sensa. The ordinary view would ba that qur special
sensc-orgens and sensory nerves salect wibrations of
certain 1 e, and d dis-
tucbances to the braln ; magnetc v:hrllmns. Ilght-
waves of too high or too low frequency, and s en, are
autormatically cut out, and Ril to disturk the bran.
The stlecron, so far, is made out of a number of
Mpicad wnbrativns, not out of a number of different senee-
obprcts.  Again, 1t I3 commonly supposed that if, and
only 1f, a disturbance reaches the brain, a scnfum s
Frmeroied.

Now I do not think that thers 15 any durect way
of purtely ive and
thearies, ‘A that we can do at present is 10 paint out
the main menits and defects of theories of the selectne
type. On the face of it their chief merit 15 that they
make the ontological staug af sensa in the world eesier
to und d than do o With the
latter there is a sh.nrp distinction between acientific
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objects and events, on the ope basd, and the arnsa,
which, under certain peculiar ciccumstances, they
genenate, tn the other.  The very potien of genesation
is not easy to understand, whilse that of zelection 1s
fairly inmiligible. And the staus of sensa, when
gonermted, in a world which consists almast whelly of
scientific events and objectn, is certainly most peculiar.
Finally, we are dicectly ncquainted with many scnss,
and therefore do know rhas there are such things and
wihar Femd of things they are. Now the natural com-
plement of a seleetive theory of the production of sensa
is n theory that physical events and objects are com-
posed of sensa, some few of which are sented and the
great majority of which are d. 1t might reason-
ably be said that the hypothetical entitses of such a
theory are kess hypethetical than those of the gentrlive
theory, which makes physical events and objeots to
differ in ke from senza and senseobjeciz. On the
view of physical vhjects and events which cormesponds
1o the stlective theory of the prodn:mn of sensa, all
that we need to 1 d sensa and d
sense-ohiects. That 15, we vily need t0 assume more
entities of the zame kind as we meet with in our sense-
histories.

Thus we may fairly say that, o & purely selecuve
theory can be made to work, and «f it can be accompanied
by 2 satisfactory theory of physical objects as compoged
wholly of sensa, it will have the double ment of avpiding
the difficult notion of generation and of giving sensz
2 less ambigoous status o the universe than any
groarative theory is likely to do. 1 will now paint cut
carmin dificulties in thearies of the selective type, and
in the view of the nature and glaius of sens which

Ky ies such theork

(|J l: is d:mn:ult o wnrk a purely sthective theory
without p 'Y oumber of
unsensed sensa. T am not now alluding to the sensa
which have to be put in places where there are no
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oboervarg. Afier all, omy theory has to put seseetding
(&g light-wuves, ctc.) inte such places wnd Hmes; so
thet the seloctive theory is here no worse off than the
groerative theory.  For similar reasons 1 de oot make
it an ohjection that thezse will have to be many kinds of
setise (e, magnetic, ullra-violet, aod 5o on) which ne
one ever sentes,  What I am thinking of iz the following
fact. At a place, where the physicist would say that
a singie physical process is going om, It 15 possible
for all sarts of qualitatively different sensa to be sensed
by purting in different observers or by altenng the
internal states of & single observer, If physiological
processes be purely selecuve, we shall have to postu

a3 many different kinds of sensa co-existing at n given
place and time ag any cbserver, however abnormal hiy
bodily condition, can sense I put there at rhay nme,
[ say coexirsing, slthough we canngt lieerully have the
same observer in two diferent states at once, ar two
different observers in the same place at cnce.  For we
do find charactenstic changes in the sensa which ane
metised from o place wheeroer we suitably alter the
internal state of the observer therr or introduce a
suitably abnormal observer into his place.  [f you hold
that the internal states of the obseevers’ bodws are
cavsally independent of the sensa which they sense,
and that they act merely selectively, you must Juad
in d with the arg of Chapter XI, that
sensa Ade all those which the various observers sense
comexmas, althopugh the sensa which are avwadly rewsed
are successiva. (£ pp. 432 to 4a9.)

1 will take one very simple cxemple to illustrate my
meanitg. An obscrver stands in a certain place and
stases & oertain sense-object.  He pushes bis eye aside
with his finger, and beging to senze two similar seose-
akjects which are il This h
whenever he chooses to push hls eye asile,  If bodily
condibpns be purely selective, there must have been
two separate and gimilar senpe-objects sl the time,
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one of which remuing unsensed except when he pushes
his eye agide. 1 find thig very dificult to swallow ; and
a supporter of & purely selective theory will have 10
swallow a large number of squally unpalatable doses.
If the senss which an pbnormal ohserver, or a normal
obprver in a temporacily abnocmal state, senses from a
ctrtain plact wait alse/arely wnbke those which normal
oheatrvery sénse from that place, 3 purely selecuve
theory would be more plausible. The diffculty is that
the abnoroal fensa art » groat deal ke the normal
oned, wnd yet distincily different. It is very diffical,
under these conditions, to reist the copvictian that
both the abnormal aod the normal senss wre gereratnd
by twe sets of conditions, one common ta both, and
one varping from obstrver to obmerver. The Jormer
accounts for the lLieness, and the latter for the
difference, between the sensa.

The anly purely selective theories that 1 know of are
M. Bergson's in Mester exd Memery and Prof Alexander's
in Space, Tame, and ey, M. Bergson holrls. 50 far
ag | can und, 1, that physiolog are
purely selective, and that the selsction is negunve.
Cur minds would normally be in simidar cognitive
relanons to every event in Nature, and the whole
function of cur bodies i perception and memory is 1o
shwd et the vast majorty of these events fram our
cognisance.  Lnfortunately, M. Bergsen does not
condescend to enter 1nlc detail, and the only possihis
way to decide for ar against selective theories is to
work them out in detail and to see wherher they
can be madn to fit the known facts. Prof. Alexander
is not oper to thi= ohjection.  He hna made the most
herow clorts to werk out & porely stlective theory, and
he wccompanies it with a definite and extzemely interest-
ing view ag to the nature of sensa and their status n the
wniverse. He takes physical objects to be forr-dimen-
aonat smands af higtory ; and here he iz undoubrediy
right. He then =enan 1o be  sections ¥ scross
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such strands. Senan are thus ' caotained in " physical
chiects, ns the various sections which could be got by
slicing sn ardinary cylinder io varivus directions are
“tonteived in " the cylisder. The pomton of the
observer’s body selects the particular physical objects,
and the particular sections of each of these, which his
mind can ' contemplate " there and then. The function
of the physiological processes in brain and aervous
sratem is to keep up that process of "en;aymm.“
whick is the of such Such &
theory has many advantages, if it could be made to
work. [t acconds with commaon-sense in making s=nsa

i ¥ P an comp with
ohjects. And yet it makes @il senmm, whether senasd
or not, exist as “partn” of physicl chjects, in a
perfactly definite and intelligible way. They exist io
physical objects, as the various possdble sections of a geo-
metrical sofid Ggure exiat in it. Some are momentary,
and may be compared to the varous <ircular sections
of & cylinder, if we compare the ams of ap ordinary

Jinder to the ti irection of n strand of physical
higtory, Others consist of a set of momentary events
of various dates, all falling within a certain short
duration ; these might be compared to oblique sections
of an ordinary cylinder.

Unfottunately, it seema very difficult to uphold such
a theory in fce of alt the facts.  If we never dreamed,
and if wa elways saw abjecis throogh a perfectly homo-
geneous medium, without mirrors, lenser, etc., and
if peopls wnd things never moved about, it would
be more plausible. I cannot, of course, artempt any
adeguate critwcism of it here, but 1 will raise ome poine:
When T see an image of & piz in a mirror, of what
physical object precisely are my visual sensa sectiona?
I they be sections of the pin's history, why are they
optically presenot at & place quite remecte fFom thet
which is cccupied by the pin?  And how can the inage-
senga and those which [ sense when 1 lcok dirctly
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at the pin be soctions of the same stand of physical
history ? M the image-senss be not sections of the
history of the pin, are they scctons of some strand of
physical histery which 18 located at their optical place?
Surely net: for it is well known that no relevant
physical process 13 going on thert. Am they then
eections of some atrand of physical history Incated at
the surface of the mirror? Il 20, why is their optical
place at some distance dekewa’ the surface of the mirror
instead of upon it7 Prof. Alexander has tried tus
hardest to deal with auch difficylties, and in the course
of his discussion much of value has emerged ; but he
has provided no segwer which J can fully understand

of acctpt.
[aJ If, in face of dufficultics of this kind, we add the
trace of g1 o & purely selecti

the latter at onoe lasea many of i ndunmgen I mll
take Mz Russell's theory, st expounded in his Loweed
Lertures and his Arafrsis of Mind, a8 an cxample of a
predominantly selective theory with a small trace of
genermtion in it. He vegards a physical object as a
group of connected sensa, with members in all parts
of physical Space-Time. The vast majority of these
are ungensed.  [f the body of a living cbserver be ata
certain place at & certain time, he will senge gna sensum
from each such group, and one only; thoogh be wili,
of course, be sensing sensa from many differtot groups
ar once. So far the theory is purely selective. But I
understand Mr Russell 1o hold that those sensa, belong-
ing tom given physical object, which occupy regions
of physical Space-T:mec where these is no living
organised body, arc systematically different in qu:ln:y
from sensa of the same group which occupy regions
of Space-Time where such & body is presect. Thig
wiuld geem 1o suggeﬂ that the ohserver's body and
its internal as well ag mel s
in their lcl:lnn. and tllll they at least llmdlfy quali-
matively those sensa of any group which are in their
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neighbourhood, Mr Russell seema gecorally to regmnd
organised bodies ax analogeus to distorting media, like
coloured glass. T take it that Mr Russells theory, in
its present form, in admittedly transftionsl; it iz only
a firgt step In the direction which he wizhes to follow.
This makes It a very delightful ** Aunt Sally™ for ths
numerous philosophers who are more anvigus to score
neat verbal hits then to help in usravelling the com-
plexities of Nature. 1 propose to state some of the main
difficulties which atrlke me in the theory, a3 presented ;
without imagiing for & moment that they are fazml
rbiections to this type of theery, or that Mr Russell is
not quite a8 well aware of them as [ am.

{i) A purely selective theory, if it conld be worked
aut, would have wo ad.vuugu ane unmlugk:nl and
the other epi The i
is that senas would be given a definite and inteliigible
status, as, in gome sense, “ parts” of physical objects ;

y in of the type, it is hard
o see how they exist side by side with the physial
events aod objects which generate them. The cpiste-
mological advantage iz that the hypothetical eatities,
which every theory needs in order o Sl the gups
belween our sensatipns, are here af tho same kind as
the pen=z whikh we sense.  'We are therefore oaly
postulating maore entities of a kind which we already
enaw to exigt.

Naw it dees seem to me that a theory like Rugsell’s,
however succeasful it might be ca the ontological mide,
sacrifices most af the epistemalogital sdvantages of
purtly stlective theory. If our brains snd nervous
systems be a kind of "' mediom,” they art media from
which even the * Free Man " canopt get free. And it
Is admiited that they "'colour” to an unkmown exient
all the sensa with which we can passbly become
acquuinted. 'We therefors do not reslly kmaw that
Bensh can exist ar all spart from beainn aod necvous
sygemy, Ard, sven if we decide 10 pestulate senss of
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sewe kind in places and times where (here are no bramns
and RErvous systems, we cannot bave the shightest idea
what intrinsic ssnaible qualities such sensa will have.
We renlly koow just as much and just as littie about
them as we do about the hypothetical scientific events
and objects of the Critical Scientific Theory. To call
them omsr, under these circumstances, seems rather
migleading ; for it iy liahle to disguise the purely hypo-
thetical character of these events, and to suggest that
we know & goed deal sbout thewr intriogic guallties.
Reaily we know nothing about the events which happen
at intermedinee times and places between the opening
of a shutter and our gensing of & fash, except that they
obey Maxweil's Equations.

(i} 1n Chaptern IX and X 1 posnted out thay per-
ceptua] physical objacts arm comgporsa, made up of various
correlated constituent objects, optical, tactoal, ete  Now,
Mr Russell's theary geems to have boon built up wholly
by idering the spivcal
physical objects. [t is u theory of complere d}mf dj\m&,
and, so far, of nothing else. It cannot even be sald
that he has yet dealt with parsiad spescal olpects, like
mitror-images, or with the :ull worge complications
of h ing medi. When Mr
Ruseell tells us that he can mlly deal with Nature
by ding it i3 a di | spatial whole, 10
which all sensa have their places, and by regarding
physical ohjects as groups of senaa which form three-
dirmensional spatlal wholes, 1 cannct help suspecting
that he 1s thinking only of visual sensa and of complere
optical objects. At least, { can undersisod more or
Iest what he means, on this interpretation, but not at
all if he expecty to work all kindg of sensa and ull the
various T of percepinal physical objects inta
such a schems.

{ifiy Closaly coonected with this is the Gt thac
Mr Russeil has oor yet treated the observer's body
in terms of his gentral theory of physical objects. The
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body is a physical ohject; and, regurded as & per-
cepioal object, it has all the componants which an
arlinary piece of muner has, tgeiher with a special
campoaent, viz,, the sgomatic history. 1 Mr Russeil's
genemml theary be right, my body must consist of a
#¢t of correlated groups, each composed of correlated
scnta of w certain kiod ; and it must be this composite
s¢t which selects and ' colours " the scosa of the other
pbysical groups which we secae. 1 am sot sure thar
‘hia thoory doea oot at pressnt ows some of ite plausibility
to the fact that, whils we read hin exposition, we think
ol cur own bodics {and perhaps of other media, like
murrors and colournd glass) as physical objects in the
non-Russellian sense, and of all other pieces of matter
as physical objects in the Russellinn sense,

(v} [t might, perhaps, be objemd ﬂut Rusuc'll‘
theory makes sensa too and
whilst it makes physical objects too ghoat.!y. Certainly
Alpzander's theory ig, in this respect, mare in accord-
unce with comman-senge. But I am not inclined to
attach mugh weight o this olyection myself, Afier
all, on Russell's theary, unsensed sensa do not as o
role exigt in ianlation Thzym mmbers of physical
groups, by q ity and
regular rules of spnl.ln-tzmpuml correlation.  And the
alleged subsmntislity of physicil objects, as compared
with scnaa, may well st on nothing but our special
practical interest In those groups of smmea which happen
to be pretty stable, and cur practical ignoriog of isalated
stosa, or of aboormal and less permantent groups, such
na miror-images.

The upshoc of the discussion seems te be that selective
theorita wre at present rather in bt position of demg-
cratic government. There i3 mo panire Angument for
them ; the caly arguments for them are the objectiong
agims! their alternatives. And the analogy may be
mneﬁ Farther, in 80 far a3 there are serious pogitive
i to all selective theories that hawn yet been
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suggested. I, to avoid these, we introduce a certain
amount of geaeration, we - may heep magy of the onte-

jcal of but we lose
most of their epuwmolugnul beneifits a:u:l we introduce
the new and difficult conception of generation,

(&} Causesiow axd Creation.—It remaing o consider
the form of production which we have called geaerstio,
This is ityelf an ambiguous teem ; and genemation must
be distinguished into amuaien and mestios, We ghall
see thar the distinction between creative and causal
theorins dows not rest on an absolute diffetence of kind ;
=dll it is impartant, asd it must be firmly grasped
befare we can criticise generative theoties of the pm-
duction of senaa.

When [ say thatthe fiction of bwo bosdies * genarstes™
heat, 1 am uking * geaeration™ in the causal, end not
in the creative, sense of the word. 1 mean that =
vertein process o two pre-existing bodies (rg., the
rubbing together of a drill and & piece of iron) ix
followed by & change of quality {or ruiher, by a change
of intensity in an already existing quality) in beth of
them. All ordinary generation is of this type. It pre-
suppases cne or mare zlmady existing subsances, a5
rantinuant conditions, and it Asserts that one gpeuﬁ
kind of change in their qualities or is
according to & genenl rule, by ancther specific kind
of change in their qualitics or relations. Craasian, on
the other hand, would mean thlt cErtRin oa-.umnt

! in a pr or
are followsd by the :pﬂngung into existence of & mew
supstamce of some specific kind. The diference may be
stated shortly, in terms of ocvumment and continuant

Jiti Both ion and ian involve these
two kinds of condiion. In ordinary oansatipn, the
avent which is determined ‘ny lhem Faws qc wrté one
or other of the and b a
part of far Bbistocy. In creation, the event which is
determined does not join up with any of its continunnt
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conditions to form a further stage in their bistory; It
either remainx isolated or is the beginnizg of am
altogether oew stand of .

Now, In real lifm, there are oo examples of pune
creation. However isolated an event may be when it
is generated, it han some place and date in Nature, and
thus joios up with and costinues the history of Nature
a; o whele, if not the history of aome particular pre
seirting o¥fecdt in Nature.  Mortover, if It be determined
by events lo pre-existing substances, its place, date,
and specific qualities will be fixed by those of s
deternuning conditions. S0 it is, at leasr, joined on
by csnial connexions o one oF more special pre-existing
parts of Naturs; altbough it lacks that qualitsive
similatity and spatial continuity with any of these parts,
which would be needed before we could say that it
Acluallyjoms up with and rontisues the history of some

E subx Thus, we may apeak
Dd' one g!nermve process a3 being " more of the creative
type,” and of another ax being “ more of the causal
type"| but we can hardly speak of any process as
"purely creative.” In proparfion as a grnemtve
process is more of the creative type, it in less intelhgible
to us, and one diffculty sbout gencrative theories of
the production of sensm is that, st Azt sight et any
rate, the geosrmtion of sensa by physical and physio-
logial processes seems o be predominantly of the
crestive type.  Lét us sce bow far this is troe.

If processes in our own bodws be sofficient con-
ditdons for geoefating sensa, it cantot be said, as =
rule, that the senaa which they gencrate juin up with
and continue the histery of the conditicns which
generate them. 1T a chaspge in my optic nezve or my
brain generates & red sensum, there Is no abvicus way
in which this sensum can be said te join up with and
continue the history of my brain or optic nerve, If
sensa and sense-objects differ in kind from scientific
events and objects, it is clear that there cannot he
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much fiteral continuity of quality or position betwmen
4 seosum and its generative condifions. The only con-
tinuity is temporal and caosal. Even if we suppose
that physical objects, including our brains and netves,
are groups of sensa, some of which are sensed and
most of which are not, there is still very little con-
tinuity between most of our special sensa and their
somati; conditions. For, on such a view, my body is
presumably = large group of somatic =enss, out of
wluch [ sense a certain amall nulzﬂlan wluc.'h ﬁnrms my
history. The p
which generate pther sensa would therefore be same-
where in this mess of samatic senss.  Now, visusl and
auditory gensa ere not in the least hike somatic senes ;
they @il mto difl spacial aenge histodes, and oot
into the somatic sensc-history. Hence, even f our
brains and nervous systems be simply groups of somatic
senga, it eanngt be sud that the wisunl wnd auditory
sansa, of which they are the continuant generative con-
ditions, join up with them and contizue their history
sn any pluin and straightforward way. [(Of course, these
remarks do not apply to the generation of somatic sensa
themselves ; for they do join up with the somatic sense-
history, and the latter simply iz a selection cut of that
whole mass of somatic sensa which woukd consumue
my body on the hypothesis under discussion.) Thus
we may say that, on no view of the nature of phy=ical
events and objects, can wisual and auditory scnsa be
saxl o join up with and continge the history of their
generative cooditons, if the latter be processés in our
brains and aervous syamm.u. Thnn, if such sensa be
d at adl by physiol it must be
admiticd that the gmmtmn is mather of the creative
than of the causal type.

On the other band, we must not exaggerate the
isplation of visual and awditory seng. (1] All those
that we TEnse are at any mte events in our gesemyd sense-
history, and are thoy relsted at Jeast by sevsible




534 SCIENTIFIC THOUGHT

temparal relations to pants of our somatic sense-history.
{2) Again, it is very care for a visual zensum to occur
apart from other visual sensa.  This does happen indeed
if we senst a single Aash on a dark night  But wsmally
a vizual sensum it an outstandisg par of 4 much larger
vismal field, and this visual field is itself a slice of &
visunl senge-history, which stretehes out beform and
after it. Se, in the vast majority of cases, visual sensa
when they occur, do join 4p with & special pre-existing
continuant, wiz., the observers visual sense-history.
This 18 Jese frequently true of auditory senss, though it
18 often ot of them too. (3] Often & vismal sensum
dott not merely continue the visual sense-history in
general, but continues the history of some particular
sense-object within it,  Thiz is true of moat of the out-
standing senst iR our vigusl Seids, if we Jook steadily
in any one direction. ({4} Even when a sensum 13 a
quite isolated event in wmy general sense-history, and
rot part of any seose-gbject in one of my special sense—
historjes (&g, when it is a singie fAlash sepsed on a dark
night), it may have specially closs correlations with sensa
in the higswories of other ohservers. it may be a member
of & group of very similar sensa, which voastitutes
a complete or partal opticsl object and has mombers
in various obscrvers’ histories. And the sepsum in
anather ohuerver's history, which is thus correlaved with
an isolated sensum in mine, may not itself be isolated,
It may be 3 slice of a long sense-olpect.  For instance,
another man may be guzing at a hghted candle, and
betwean it and my body there may be an opaque object
with a shuteer. I this sheter be suddenly opened and
immediately afterwards closed again, I shall sense an
isolated visual zensum. But it will be correlated with
a wery similar sensum in the other nean's history, and
this gther sensum wili bt a short glice of a long sense-
ohiect. Se that, indirtcly, my isolaed sensom wil}
be correlated with a certain special sense-ohject, although
this zense-object is not in »r history.
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Tous itls far from being troe in genersl that zenza
are pecfecily isolated ooccurrents, and that they do not
Join up with the history of pre-existing conbinuants.
What we must say is that semeaser they seem ta be
extremely isolated ; that af#es their connexioa with pre-
exigting continuanty ig rather remote 2nd indirect ; and
that apparactly they mmer Join up with the history of
that partieular continuant (viz, the brain) whll:h 15 the
seat of thew moat i fiate specal
‘l‘hue facts shmr rhut lhz generation of senza hy
physical and i muyst be
ably different from the cuusation of & change in one
physical abject by a change in ancther. But they do
nat suggest that ﬂm genemtion of sensa, i it take plam
at all, iz a perfe ible process of

5] Pi}sw Causaton and Caxsanon o Semng—We
have seen that there is no radical distinction betwarn
causation and creation, but that the generanion of
phiysicat events is more of the musal type, and that of
sensa mare of the creative type. We ought therefors
¢ be able to give a defimition of generation, which shall
cover both cages, and then to point out what die-
tinguishes the generation of sensa from thet of physical
events.

In order ta do this, we mustenter a little more deeply
iato the nature of events, An event is 2 puﬂ.icullr
existent, and thernire the genemation af any ovent is
th!ﬂ ion of & naw T tent. By this

1 smply mean that precistly wod numercally the same
evant canoot posdibly recur, although, of course, quali-
tatively similar events can oocur at many diferent times
znd places. Nen, we st dmlngu:sh between dr-

12 iy dafinite shade
of red s d i but in oot perticul The differ-
ence | d i and teularity will

beat bo setn by an example. Lt us take (1) redness
in geotral, (2) a periectly definite ghade of red, and
{3} a certain sensum which bas chix abade of red. The
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relation af {3) to (1) i quite differeat from that of (2)
to (t), though this is often disguised by the smtement
that (2} an ey of (1) and (1) 8 a0 derfawer of (2).
The differeoct |s that the senaum cannot mcur, though
other sensa of exactly the same shade may octur 2t
nther times and places.  On the other hand, the definite
shade of red i€ still & woiversal; wince any number
of sensa may have precisely this shade of red. it is
therefore bast to say that the definite shade of md is
a dowwest detevoeenate wwder 1R deteroawable of redwss (o
adopt Mr W. E. Johnzon's phrassology), and that the
senzum is o particadar mstance of this detrminate. The
analogits and diffecences between being a determinan:
und.er & determinable, and bumg an ingtance of & de-
are the followlag: {17 Dy inaples bave

4 plumlity of d i nnd d have a
plurality of instances. But {1} the number of determi-
nates under  given determinable is a necessary conse-
quence of the nature of the dearmineble, whilst the
aumber of instances of & given detarmingts in purtly
contingene. It ix of the nature of rednegs that therm
should be qust fuch and such shadas of red, but the
number of instances of any shade of red depends on the
make-up of the existent world. And [3) the instances
ol d i are always particul whilst, the de-

il under d inables are always univeraals.

Now an event is fully described sr., 18 macked off
from all ether eveats, if we koow {t) its place and duts
in some Space-Time: {2) Its extenaion and dumtion ;
and {3} the determinates of which it is sn insance.
For example, & cestain visual sensumn is completely
described if we know where and when it ocours in
an cbaerver's sense-history, what shapa it hes, hewr
long it lasts, and what precise shade of what precise
colour it has. Thus, the cecarrence of any tvent can-
sista in the “ occupation” of a cermain definite region
of some Space-Time by coe of moce determinates uwnder
one or mare determinables. Now the oature of the
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"' filling " of one or more regions may £x, accerding to
generzl ryles, the natyre of the * filling™ of a certain
nther region. if sn, we suy that the evants which con-
sist in the former reginns baing ** Elled ™ with such and
such determiontes gmerats the event which conmists
in the latter region being ' Glled " with soch and much
other dettzminates.

We can now give s definition of gmeratos In
general. The widest form of cansal law would scemr
1 be of the fellowing kind : If any determinkte ¢ of the
determinable C inheres in a region r of the Space-Time
S, then a certain conelated determinate ¥ of & cerain
correlated deterenizable T inheres in A certaln correlated
regian p of a ctrmin corrolaed Spacetime I (OF
course, the antecedent may involve mort than one
determinable, acd wore than ont regich ; but there Is
no netd to complicete matiers further for our present
purpose. J

Now T take it that ocdinary physical causaticn iz
distingaished by a very gnat simplificaton of this
most general type of law. (1} All the events undar
tonsideration are in the same Space-Time {viz., physical
Space-Tize) so that S=%.  This is true, in spits of the
fact that physitel Space-Tise can be split up in many
diffe ways into 4 und timelesy spaces. (2}
Very often in phiysicl cavmstion we have only w deal
with a single determinable, £.f., physical motion,  This
would be trun if, ¢ g., e wore comsidering how the motioa
uf ont billiard-hall generates that of ancther, In such
casts C=T. (3) The ceterminabiee wre genecally such
that theiz diterminates man be fined by giving w particulac
nnmerical valoe to some gquantimtive varinile. 1f 30,
¢ und ¥ will ba connectad iy & matbermationl formula,
such 48 ym¢ ). Lastly (4}, sincs we are dealing bere
with & singie Spars Tioe, we may be able to assign
& slngle systtm of co-ordinates to the whole of it The
negloas r and p will then bave co-ordinates in the sume
frame, and the correlation betwesn them will be expres-
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xible in an equation or set of tquations of the form
= i

Now the pecalinrity of the causation of stusa may be
that these special sinplifying conditions are not fulfilled
bere. Take, ¢2., the production of @ red stosum by
processes in the optic nerve and brun, suppesing that
thess are sufficy diti {2) The brain-
eveats conwat in the filling of a certain region of physical
Space-Time with certain physical determinates. The
sEngum congists of the g of & region in the ohserver's
vigual Space-Time with 2 determinate shade of red,
Thus two different Space-Times are invelved, (1) In
consequence of this, the corrglabon between roand 5
will be of & much more complicated type than it would
e if ¥ nod p were just twa regions in the same Space-
Time (3) We are here concerned with two quite different
determinables, viz, physical motion [say) and redness
Thus we cannot put C=1'. (4] The dewrminates under
rednegs, 1.s., the definitn shades of red, canngt be ex-
pressed simply by different values of the same numencal
variable, since they differ qualitatively Thuy we cannat
put =g (s} where this is wo ordinary slgebraic equa-
ton or sct of eqoations.

Al this plication is doubtl bl but
1t doeg not really render the causation of seosa different
in femd from the causation of one physical event by
another. The acentist hax simply banished nearly oll
gwairtziivs difarcocens from his world, and bas contented
himsolf with the residoum. But the whole mass of
senaible apptarances, from the mest impressive ta the
most trivial, and from the mpst noomal to the most
vutlandish, forms part of the i content of the existent
world, We bave no right then to feel surpcised if the
strutture and laws af the existent world as a whole fil
to show that aweet simplicity which distiogulshes the
particular part of 1t (o which natural gcientisty have
confined themaclven. Sciemoe hax been able to make
the great strides which it has made by deliberstely
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ignoring oge side of reality. The and has justified the
means, for the world is 50 complex that it cn only be
understood fit by bit  Morcover, the success of this
sbstraction does show that feality ms a whole has leas
unity than certain departments of it.  The physical part
of reality and the sens:ble part do notindeed form water-
dght compartments, but it does seem as o therm were
«charactarigtic forms of unity in sach which do nat streceh
across from oae to the other. From the philesophic
poiot of view, the procedure of natural science has mther
mmeembled that of thoye diplomatic Conferences which
huve done 50 much to brighten European life since the
Alliey inpug d the New | dem in 1008, The
mast edifying unity has been secured on cach occasion
by tuming a blind aye ta al] the leag convenient facts,
and referring them to 2 future Couference for further

lnp phy, asin ics, facesde not
cease 10 be real by being 1gnored ; snd the philosopher
becomes the residuary legatee of ell thase aspects of
reality which the physicist (quite nghtly, for his awn
purpose] has decided to leave qut of account. The
malog'y only breaks down when we r.outrast the relative
success of the igts and of the p m their
regpective feldg,

The difficulty which we feel about the oneolagical
statis of sensa may be put as follows: We feal that
anything which can successfully claicm to be ¥ real,™
raust be someodkeor and someovdew.  And we are 30
muoch sccustamed o physical Space-Time, and to the
way In which physicsl events snd objects occupy regions
in it, that we think that an event cannot be *real”
uniess it occuples some region of physical Space-Time
in the way in which 2 physical =vent does so. Now,
it seems clear that either {1} sensible determinaten {guch
as sotne particular shade of red) de not inhare in egions
of physical Space-Time, but in regions of some other
Space-Time ; or (2) that, il they dp inkere in regions
of physical Space-Time, they must inhere in the latrer
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in yome different way from that in which physical deter-
minates {llke physical motlon)do 0, Bither therw ls one
sense of **inhereace™ and many different Space-Times,
or there is one Space-Time and many differemt senses
of “inl " On either ai iva the workd as a
whelp iy less simpls than we shoald like to beliove ;
nod, if we have come o think that thers ia caly oan
possible Space-Time amd only one possible kind of
inherence, we shali be inclinad to supposs that sanm

are npwhare and npwhen, and therefart e mere fictioos.
Sinee thig uplmn]yeumnrymﬁﬁ,unlmﬂwwhnle
way of treating whith is developed

I.nthj:honkbewmng.mmusmptnnanfthatwo
alternatives just mentiowed.

Now, it scemns o me that thess twn nliernatives am
not i lusive, but are ¥. Wo
have long agn dmppcd the notion that Spane-Time is
& kind of empty wmhnuse, mﬂ: nrlnus u.'l.hrs veady

b rtcrive different oa-
Mni:nlmh]kulfﬂuswmm Onrvlcwwthltn
Space-Time is a ch istle: form of relatiooal unity

which pervades a whole =2t of entities, asd biods them
bguherlnwapecnunklndo!mple:whple whose
L] d up {n the geo-ch

metry of the Space-Time in questlon. When we say
that a determinate *‘inberes in a certain region of &
certain Space-Time,” we only mean that an lnstacce
of it eoters iate certain relations with other lastances
of the same and of otber determinates, and that the
relntions which it has o them are of the same type
ay those which they have @ each other. [ think
that my view of the structums of Nature asn o whole,
with its peculiar mixture of ooity and disooity, can be
more clearly explained by a familiar analogy than by
a groat deal of formal exposition,

Let us compare a Space-Time o a family of
brothers and simery. Then, coming o cosupy a region
of this Space-Time will be like being born inko this
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Eamily. Let us take soch a family, and suppose that all
ita are of the ;ame | and wite,
This fundassental Gamily F, ahall be taken as analogous
to the physical warld, and the simple relation of brother
or sister withia it shall be analogous te the structure of
physical Space-Time. Now we can suppase that some
of the members of F, have children, and that others do
oot. ‘Those who do may be compared to orgunised
bodies, and those who do not to uborganised bodies.
Tam going 1o take the children as analogous to stnsa.
Now cooxider the fmiliea of two members of F,. Let
these two mombers be A wod B, and let us il their
families sespectively F, wod Fo. Then we notce the
foliowing fucts: (1) Each of thest fambes forms a
group analagons to F,. This corresponds to tha ot
that the sen= of each individual (provided they e of
the same sort) form a spatic-trmporal whole. (1) F.
and F, do not together form one family, in the sense
defined. This corresponds to the fact thar the s=nse-
istocits of different observers form  different Space-
Times. {2} Neither ¥, nor F, forms with F, n single
family, in the senee dafined.  Thus correspands to the Fact
that senza wre not literally in physical Space-Time, and
that physical tvents am nat liermlly in eny sensible
Space-Time. (q,) [n spite of this, there arm relanons
b of F, and t of Fa, viz., the
relatlon of cousinship. Similerdy, there are relutions
between members of F, or F, aod those of F, iz,
the relations of chiid-and-parent or of nephew-and.
uncle.  Thus, although the whole set of individuals

of the two g does not i ane family,
in t‘ne sense of one set of brothers and sigters, yet 1t does
n oot of i terms, which may be

called o *family" in a wider senze. In precigely the
same way, I take jt, the physical world and the warious

Risor m oue i lated whole, although
the relations which stretch acrogs from one seosc-
Bistory to ancther or fmm 4 sense-hismey to the physical
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wrhim more camplex then these which Interconnect
ical events or i stnsa izt the same sense.
huslnqr {5} Lastly, we might Suppos that some of
bess of F, had 1ed twice in and
lm'l thus had two families. Or, again, some of them
might have embraced M and & plurality of
contemporiry wives. 'We should thus get a peculiar
relation, viz., that of half brother, to which thert is
nothing exactly analogous in the family F,. The whele
family of M, the Mormon mesmber of F,, would split op
into two or twore familles. The relation between a
member of one of these families and a member of ancther
of them would be more intimate ihan that of cousinship
and less ntimate than t(bhat of complete brotherhood.
This iy analogous to the fact that the genera! senze-
hlsmry of an ohserver splits up mto a m.mlber ofspu:a:l
such that do,
and sensikle gpatial relationg do not, stretch acrass from
one ta the gther,

Now, if we had taken the orizinal family F, ag
fundamental, and had *‘placed” il the members of
the second generation by stating their various relations,
such ag child, nephew, etc., to various members of F,,
this would be analogous to taking physical Space-Time
as fundamental end saying that sengible determinates
of different kinda inhero in differont ways 1o regions
of this one SpaceTime. If, an the other band, we
take the notion of milies, in the strict sense; &5 funda-
mental, this will e analogous to saying that there is
a plurahty of different, though corrtlated, Space-Times,
and that scosible determinates iohere in their own
Space-Times iz the same way as physical determinates
izhere in physical Space-Time. It is obvious that
these are only two differsnt ways of treating the game
sat of i | facts. Logically the two method:
are equivalent to each other.

[ buve taken this alementary example 1o illustrate in
roogh outlivt bow we cin combioe sensa and physical
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events into ont universe, in spite of thelr many imponant
differences. The exact detafls of thix must be left w0

the symbolic logician ; but the ities which ange
even in the simple le of Luuily relationships will
show the reader thar the compllcation of Nature g a
whale is ble with the ulti

ity elements being compacatively few and simple, The
mislake is to ity to force Nature ar & hafe into the
mould which fits one impectant perd of it; and then to
suppost that, because this attempt breaks down, Nature
a3 a whole has no structure at all, but falls inte com-
pletely isolzted and incoberent [ragments. Tllm are,
1 believe, two diff levels of “simplicity,”
between them there 15 & region of ' complexigy. "
There is the lower kund of simplicity, which we find
when we 150late one fragment of Nature Trom the rest,
and ignore all the awkward facls that refuse to fit into
the scheme which applies to this fragment. ‘There is,
ar there well may be a ]nghcr klnd of simplicity, whese
we have of Nature
as a whole, and h.lve seen how the structure of spacal
regions of Natyre 13 just a special case of these funda-
mental relations. But, in order to pass from the lower
m the higher kind of simplicity, we must

an intermediate stage of coofutien and compiexity,
m which we confront the lower simplicity with all the
awkward facts which it has ignored.  This is & task
m which we can all help, If we kexp our heads clear
and refuse to be put offl with cheap and easy =xplana-
tions. The final stage, that of fiadiag the simple plan
oo which all this complexity is constructed, cun only
be accomplished by men who combine the nsight of
geniuz with technical mathematical ability of the highest
order. To this combimation of gifta few of us can lay
claizt, and the present writer is ceraioly not ore of
thoze who can. In our dsy ooe men, Einstein, has
shown wiat such & combinanen can sccomplish within
the regien of physics. W abill await the man whe
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will show us in detail how the workd of physies and the
workd of sensible appesrance are united iota the ane
whole of Nature, The utmost that we can claim to have
done here is to have stated some of the facts which he
wall need to takie into account and to unify.

The following additional works may be consulted
with advantage :

A N Wumtenean, TAr Privaple of Narwral Knowledr:, Pacte
1T snd 1V

The Priwesgie af Relatwaty, Chapa 17 and
35

H & W Ru45KLL, CPwr Swewdednl of die Extermal [$irdd,
Lects It] aned IV

i Analynt of Mok Lo ¥ and ¥I1

5 ALEXAMDER, Spur, Tiwe, and Sty B 111

F BRROSCM, Afaiier znd Memory

i B Mognn, Phelpiopbaial 5tader,

G F S10UT, Mind, Vol XXKI. No 24
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