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been in ted into the later Christianity. The | notion of time. We must take the experienced
roformed ist Church of the Yollow-hat seot | relation of precedence as fundamental and

employ many rites which are transparently Bon,
sncg lyl the yneorommtic expelling of the death-
demon and the demons of sickness, and much of
their divination-ritual, The unreformed Red-hat
sects practise the old Bon rites to a much greater
extent, including the erection of masats attached
to dogs’ and sheep’s skulls, to ‘bar the door’ to
the earth- and sky-demons.!

4 LEmaismand its sects and rites.—The various

aspects
already been described in previous articles.®
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TIME.—1. Iatroductory.—Temporal character-
istics are among the most fundamental in the
objects of our experience, and therefore cannot
be defined. We must start by admitting that
we can in certain cases judge that one experienced
event is later than another, in the same immediate
way as we can judge that oneseen object is to the
right of another. A example of the immedi-

j %gment in question is when we hear a tune
and judge that of two notes, both of which come
in our specious present, one precedes the other.
Another direct judgment about earlier and later
is made in genuine memory. On these relations
of before and after which we immediately recognize
in certain objects of our experience all farther
knowledge of time is built.

It must be noticed that the relation, as given in
experience, connects what we may call protensive
events, .. events that have some duration, and
not momentary events or moments. We are not
directly aware of events without duration, still
less of moments of empty timne, and therefore are
not directly aware of the relations between such
objects. omen events, moments of time,
and the relations which order them in & series are
all known only after a long process of reflexion,
abstraction, and intellectual oonstruction. This
does not necessarily imply that they do not exist
in nature, still less that they are subjective and
arbitrary ; all that is meant at present is that they
are not the objects of direct awareness. Again we
must notice that the relations of before, after, and
simultaneous with, as given in experience, are not
mutually exclusive. tensive events may very
well overlap, and therefore we must recognize that
the most general relation between them is that of

rtial precedence or oonsequence. Of oourse,
when we become familiar with the conception of
momentary events and see how convenient it is,
we tend to define partial precedence in terms of
them and their relation of total precedence. But
the opposite direction must be followed if we want
to start with the experienced facts and trace the
logical development from them of the scienmtific
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- | comparable to that of defini

= | relations, This
srnrve | philosophers, notably by Samuel Alexander.

define momentary events, moments, and the re-
lation of total precedence in terms of partial pre-
oedence and events of finite duration.

That such & ooures is E.:nible is shown by the
fact that it has recentl followed to a satis-
factory oonclusion by Norbert Wiener in the Trans-
actions of the idge Phi

Cambaidge Philosophioal Society, and
EEA. N’.fWhit.ehead in‘bis Prmcipw?clcqf Natwural
perien

‘We may compare the duration of ex-
Faagible. objocts, and tho relation of Partial pro

e objeots, and the on of re-
eedence wit{'n the partial overlapping of t.wopex-
tended objects in the field of vision. The problem
of defining momentary events, moments, and the

serial relation of before and after in terms of pro-
tensive events and oe is closely

ing material points,
geometrical points, and the relations of before and
after on a straight line in terms of extended objects
and their partial overlapping. The problem for
time is, however, easier than for space, because
in the former we have only to deal with a relation
that generates & one-dimensional series, whilst

from | with the latter the experienced facts foros us to

define a three-dimensional manifold.

2. Time and space.—The anal
andsrwohulong been recognized ; and it will be
to consider at this point just how far it goes

between time

useful
and where it is supposed to break down. Let us
oonsider the likenesses and the all differences.

(a) Likenessss.—(1) Most objects of immediate
experience possess & kind of tude ocalled
exi , and such objects stand in ocertain im-
medistely recognisable relations to other objects
of the same sense experienced with them-
selves. Also the of any one object have
relations of this kind to each other. Similarly the
objects of our experience have another kind of
magnitude called tensity or duration. Such
i).lg'iechlfnvetoo erli:f e same kind tl;ero-

on of partial (or special cases, total) pre-
cedence, and_this relation can be %m-
mediately. Likewise the parts of a single specious
present can be seen to have this relation to each

other.

(2) The relations in each case have tude.
Just as one object in the field of view can be more
to the right of another than a third, so one event
in the field of memory or in the lfooiou present
can precede another event by a longer interval
than some third one.

peoculiar connexion between the kind of m

agni
possessed by the iterms and the kind Eoe-edb
the relstlo]z. It is possible to say that ‘the iny-
terval between two events 4 and B is as as
the duration of some event C, just as it is ble
i (12 s sraigh e 1 o s 4 e Longt
@ same ¢ line e same as the

of some third stio

(4) It is ocommonly believed that, when the
analysis is made into moments and momen
events, all the evemnts in the history of the world
fall into their places in a single series of moments.
8o too it is supposed that, when the analysis is
made into material and geometrical points, all the
points in the world take their places in a single
oy Allaged diferencens—(1) Tt s omimonly held

( oronces. ocomm
that all events have temporal relations tg each
other, but that g:ychioal events have no wal

denied by a small number of

Tl i st Sy o B o
oAy as m| o wil
m’the notlon of one llng-lz time-series,



Without qnutionlnghthe possibility of correlating
ical events wi tions in space, we must
d that this alleged difference is a genuine one.
If in introspeotion we do contemplate our states
of mind in the same sense as in perception we con-
template other objects, it seems clear that our
states of mind show no trace of being extended or
standing in spatial relations, but do have duration
and stand in temporal ones. Alexander would,
however, deny that we can contemplate our states
of mind. this be so, it would of course be quite
poasible that we should fail to become aware of the
spatial ¢l istics of our mental states, even
‘they possess them ; but of course we have
no right to pass from this merely tive position
to the conclusion that they actually do poesess
them. Alexander’s positive reasons are bound up
with a large and complex meta.phrioal theory into
which we cannot here enter. In any case the
present difference is merely an external one, and
would not affect the essential similarity of space
“"%)ﬁ?' uch important t is that ti
( m more im i ime
is said essentially to involvepm:he distinetion
, present, and future as well as that
between before and after. Now nothing in s
obviously corresponds to these distinotions in time.
(3) Closely connected with this alleged difference
are & number of rather vagune statements often
made—e.g., that parts of space co-exist, but that
enl{h the present 1;::3;\3 _eﬁxlsts. bebw
ese two su ifferences een Space
and time ma %e treated ther. They rest
hrgel‘a on 0o ons into which it is very natural
to fall. The distinotion between past, present,
and fature is not one which, like that between
before and after, lies wholly in the experienced
objects, but is one that rests on the relations
mind 5 whish. they. are sxpotionced.. To begin
m in whiol are en ]
with, the distinotl’gn between present and not-
present at any rate may be usefully compared
with that between here and elsewhere in space.
Here means near my body; elsewhere means
distant from my body. If we want an analogy to
the distinction between past and fature, we can
find one in the distinction between thini- before
and things behind our body. It is true, however,
that this analogy is inoomplete, and that for an
important reason, though one extraneous to the
nature of time. The reason is that our practical
and eognitive relations towards the future are
different from those towards the past. We know
a part of the past at any rate directly by memory,
but we know the future only indi by probable
inference. There is no anulognto is in space;
our knowledge of what is behind our body is of
the same kind and of the same degl‘;ee of certainty
as our knowledge of what is in front of it. Bat
we may imagine that a distinction like that
between past and future would have arisen for
space also, if we had been able to see straight in
front of us but had never been able to turn our
heads or our bodies round.

TIME 830
i

hmwuﬁummm.wmm
actuslly false may be much more likely true on
mthfomdonhnmthth%&;e&&)
with regard to certain classes of events even
never ooour unless preceded by a desire for their oocurrence,
and that such desires are generally followed by the occurrence
oﬁh.oonupondlnmmtc. But the existence of a desire for
= does not inorease probability that = Aas ed. If it
did we might be said to affect the past in exactly the same
sense in which we are sald to affect the future. Thus the
assertion that we can affect the future but not the BB
to come down to this: (a) that propositions about future
can be inferred to be highly probable from s knowledge of the
and p! t, but not sely, b of lack of
tance with the future; and (b) that the general
laws connecting a desire for @ with the ocourrence = always

3. Relation of time to logi
to the very important question of the relation of
time to logic. we say of any event ¢ that it is
present, this proposition will generally be false,
and will be true only at one moment. It seems,
then, as if the truth of the proposition altered
with time. Any other proposition asserting the
occurrence of an event—e.g., Queen Anne is dead
—aeems to be equally at the mercy of time. Then

in there seem to be other propositions that are
totally independent of time—e.g., 2x2=4. These
are sometimes called eternal truths; they always
state relations between universals, and all our a

priori knowledge is of such propositions. Lastly,
g::re l:u‘: opositions which essentially involve
e, bul

to apply to &ltlg time ; e.g., when-
ever it rains and I am out without my umbrella, I
g t wel;;..ndz‘hl;s, on the face of im mm to be
i of propositions as ation to
time: (1) eternal truths, which are independent
of time because they deal with the timeless re-
lations of timeless objects; (2) hypotheticals
asserting temporal relations between classes of
oventol-;:heut :)ont.a.in an c:]saential regerence to
time, nof an; ioular time; (3) proposi-
tions which usartytﬂ:n occurrence of . im
events, and which seem to be true at certain times
and false at all others, though this is not really so.
There are two hto.noﬁoasbout@'hltgle_-otm
;:f:nnoe g)ﬁmo,' and :l; pro ‘Mgtonl about pnrﬁcnﬂ:::enb
essentlally ocontain a ref E:dtha, icular time at which
the event hap This ret: is not always made explicit ;
but, until this has been done, we cannot that the v

mmdoform&.dennimmodﬁon. (b) We have to dis-
tinguish between time at which a ent is made and
the time lnvoludln:l:morodﬂon is judged. When the
hﬁerllm‘::;nde dl:‘thovorbdoxpndonofﬁhc
fudgment, o 2

time in the uonhium“

g
;
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themselves are timelessly true or false.

1t is important to notice that in mwﬁoa there
is always the possibility of any verbal statement
about events, no matter how carefully put, being
sometimes true and sometimes false. e are not
directly aware of moments of time, and so can date
events only by other events. And the persons
who read or hear our verbal expressions may know
only by some description the event which we use
for purposes of dating. Now we can never be
certain theoretically that only one unique event

* | answers to any description however complicated,

and often there is real ambiguity in practice.
Take, 6.9., the amended expression off above:
¢It is raining at the time at which I say “It is

raining.”’ To any reader of this article the
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expression remains ambiguous, becanse he knows
the event that is used for dating only by the very
ambiguous description, ‘ The writer’s statement of
the words ‘It is raining”’—é description which
agplies to dozens of different events. In {;mﬂoe
the difficulty is solved in conversation o fact
the partioniat sonversath °“""uk°‘“°°‘f1.o. Tnto the
e icular conversation ) go e
description and make it p J nnm%nou.
In wrxt‘.ingl,I the difficnlty is solved practi oiby
as the origin of dates some event, such as
the birth of Chruti' whose full description is so
complicated that it is almost oertain that only one
event answers to it. But the theoretical difficulty
remains, and so we are tempted to say that an;
proposition about events is sometimes true an
som
that any verbal ex| on referring to events, no
matter ylxow wefulﬁ;‘;nt., always runs a theo-
retical risk of ambigunity—é.e., it might with equal
px:&ieit.y:::ke o':l‘ ther of anoth it
w e, and another of another on
which is false, propos
We can now apply these general resulta to the
ial case of events being sometimes future, and
en present, and finally The statement ‘s
is present’ is essentially oomg:otn and ambigu-
ous, for, as we loosely say, it is sometimes true
and sometimes f: The first thing, then, is to
fill in the special time involved in the proposition.
We then get ‘¢ is present at ¢,’ where ¢ is some
definite moment fixed by some system of dating
from a well-known and presumably unique event.
What does this statement mean? Assuming that
there are such things as moments, it means ]
is at_the moment ¢ In an analogous way to that in
which an object is at a position in The

statement ‘e isg;ruentutt may be com with
the statement ¢ Mr. uith is present at the meet-
i i is in the place

ing,’ which means that his botlﬁ
where the meeting is held. In all complete state-
ments of the form ‘e is at £’ we must understand
the word ‘is’ as standing for a timeless oopula,
and distin it from the ‘is’ of the t
tense, which is contrasted with ‘was’ and ¢ will
be.” Let us denote the ‘is’ of the present tense bz
‘isnow.” Then the statement ‘e is now present’
an incomplete statement which is interpreted in
use to mean ‘¢ is at (or occupies) the same moment
as my assertion that it is now present’; ‘¢ is now
t'=%e was t’=‘¢ is at a moment earlier
han my assertion that ¢ is now past.’ Similarly,
‘e will resent’=‘¢ is now future’=‘¢c isat a
moment su uent to my statement that ¢ is now
future.” The laws of logic are of course concerned
with the timeless copuls, and they presuppose that
statements containing temses are reduced in the
way suggested above.
4. Paast, and future.—We see, thenm,
that the source of the distinction between
resent, and future, and of the difference here
tween time and space, is that our judgments as
well as the events ju about are in time, whilst
our judgments about t! in space are not in any
obvious sense in u&we. ese three distinctions
correspond to the three possible temporal relations
between our judE?mu and the events which our
judgments are about. These distinctions are im-
rtant, and they have been enshrined in langu:
use they are correlated with important epis-
temological and psychological differences. Some
states of mind are essentially contemporary with
their objects—e.g., the immediate awareness of
visual semse-dats when I open my eyes.! Other

llthmmﬁnmtmhaléhﬁxwumhd
either perceptions or sensations, because the & peroep-
tion is generally su to bea objeot or its state,
of o distant star. Similarly, to call these

s

¥

otimes false. But the proper thing to say is | d

er think of one proposition | to

states are essentially later than their obi'octs—c.y.,
memories. If we exclude the possibility of prophecy,
we may state the important ?iuumol oal
ition that all states of mind which give us an
ediate knowledge of existents are either con-
temporary with, or later than, their objects.
It is important to notice that these statements
are not merely analytic. There isa psychical differ-
enoe between memories and awarenesses of contem-

sense-deta which is open to in tion
!though, of course, there may be inal cases
where the difference falls below the hold of
distinguishability), so that the statement that the

former succeed the latter are contemporary
with their objects is a synthetic proposition.
'We must, moreover, take into account the facts

esori in psychology as the specious present.
In the first place, we must say that, if an object be
known directly by & state of mind which succeeds
it by more than a ocertain short time ¢, which seems
fdﬂé oonstant for & given individual, the
state oounts introspectively as a memory, and the
object is judged to be past. If the period between
the object and the direct awareness of it be not
ter than ¢, the awmnu; &oub:;:& oount for
introspection as a memory, and the o is j
to be present. To nyfythen, that an objeol:;dﬁ
beenfesentand is now past means that (a) it is
(timelessly) the object of an immediate awareness
which succeeds it by less than ¢, and (3) that my
statement ‘It is now ' suooeeds it by more
than ¢, We have still, however, to consider what is
meant by the presentness of & state of mind. This
seems to mean that, if a state of mind be the object
of an act of introspection which suceeeds it by less
than a oertain short period, the state presents a
oertain i chnmtoefrist:o which it does net
present to any later act of introspection.

We can now deal with such statements as that
only the present exists, or that the present is a
mere transition from one infinite non-existent to
another. These p are mere rhetoric rooted
in confusions. It is perfectly true, of co that
the whole history of ge world i; not & oomg:gx o:
co-existing parts (in the sense of parts existing a
the same time), as a table is. But this does not
mean that it is not a whole, or that one part of it
exists any less than a.ng other part. To say that
@ no longer exists, or does not yet exist, simply
means that it cooupies & moment before or
my statement about it. At another moment I
may make another statement of the same verbal
form about «, and, since this no longer stands for
the same proposition, it may no longer be true (i.c.
no longer stand for & true proposition). But this
involves no ¢ in @ itself. That » existaata
certain moment simply means that = oocupies that
moment, and this is timelessly true. Similarly,
the fact that this moment has a certain temporal
relation to any definite assertion that I may make
about @ is timelessly a fact. That it has different
and incompatible poral relations to various
assertions of the same verbal form e by me is
also timelessly true, and is not merely compatible
with but alsoa n oonsequence of &’s exist-
ence at its own moment. An event must continne
to be, if it is to continue to stand in relations; the
battle of Hastings continues to precede the battle
of Waterloo, and therefore both these events must
eternally be at their own respective moments.
That both have ceased to be present merely means
that they precede any assertion that I or my oon-
temporaries can make about them ; that both were
once present merely means that both are contem-
porary with some assertions made about them.

of mind sensations would lead tomlmndanhnvil:s-, owl.na::
the ambiguities of that word and the widely beliet
sensations do not have objects.
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The fallacy which we have to avoid is that of
confusing two different senses of co-existence. In
one sense the parts of any related whole co-exist ;
in another only those events that occupy the same
moment of time co-exist. It is clear that the whole
oourse of history does mot co-exist in the
sense, and it is thought that this prevents it from
co-existing in the first. Yet this is necessarily
false, since it is admitted that events do have and
continue to have temporal relations, and therefore
&ey must form a related whole all of whose parts

ve being.
belief that past, present, and future are essential
characteristics of objects in time in the same wsly
as before and after are, instead of being analysable
into the temgonl relations of states of mind and
their objeota.

When it is once recognized that the whole course
of events is in a certain sense a fofum simul, it
logieal probiomn Hom can Golis farclnowiedis of

em : How can 's foreknow o
men’s al::rt‘:om be compatible with the freedom of
men’s wills? The answer is as follows,. Whether
men’s wills be free or not, every man’s future actions
are as completely determinate ashis ones ; this
is & mere consequenoce of the laws of logie. If inde-
terminism be true, then no amount of knowledge
about events previous to a moment ¢, and about
the general laws of nature or the cular habits
of a man, enable us or even to infer with
certainty what the man’s volition at ¢ actually
is, although it is eeemn.llg perfectly determinate.
T two statements are clearly &ld“ compatible.
Finally, in spite of the fact that cannot infer
the man’s volition at ¢, He may at any and every
moment be di y aware of it in precisely the
same way as we are aware di (and not merely
inferentially) of certain events through memories
which are selves later events. The facts that
at a certain moment ¢ God can have a state of
mind whose immediate object is the volition of &

_man at some later moment &, and that no amount

of knowledge of events before ¢, would enable Him
to infer the volition at 4, are perfectly compatible ;
and they cease to be even paradoxical when we
compare the case of memory and note that there is
no essential difference between past, present, and
fu R;Iityof time.—A hilosoph

s . t many philosophers
have been concerned to deny the r&ﬁty of gime.
Their arguments fall into two groups: (1) those
that depend on the supposed infinity and continuity
of time, and are therefore equally q;lplicable to
space ; and (2) those that depend on t! esn;;posed
peculiatfitie;offt.ime—c. ., 01 ed.i:ltinctiorilo past,

and fature, ore considering the argu-
menpl“:lnin detail, it will be useful to make sog:e
quite general reflexions.

(i) It is & matter of direct inspection that the
immediate objects of some of our states of mind
have temporal characteristica, It is as certain that
one note in a heard melody is after another in the
same specious present and that each has some
duration as that some objects in my field of view
are red or square and to the right or left of each
other. It is then quite certain that some objects
in the world have temporal characteristics, viz. the
i objects of some states of mind. Now
it is also certain that these objects exist at least
as long as I am aware of them, for, in such cases,
I am obviously not aware of mothing. Henoe

ocannot be anything self-contradictory in the | betwee

temporal characteristics found in these objects, for
otherwise we should have to admit the existence of

1 The point can perheps be made clearer by refiecting that a

tune has & pattern in time in exactly the same sense as & wall- | stated

!?thumnlnm
We can, of course, remember much that we oould not Infer.
VOL, XiI.—22

The confusion is increased by the | reall

objeots with incompatible characteristica. Hence
there is no obvious reason why tem%aral character-
istics should not also apply to what is not the
immediate object of any state of mind, It follo
then, that criticism cannot reasonably be direc
against temporal characteristics as such, but onl
mts the descriptions that we give of the tem
teristios of experienced objects, and the con-
clusions that we draw from them or the construc-
tions that we base on them. And argnments that
refer to the infinity and continuity of time are
directed against a oonstruction based on
what we conceive to be the essential characteristics
of the time element whioh is undoubtedly present
in the objects that we experience ; for we are not
directly aware of infinite duration or of the con-
tinaity—in the mathematical sense—of time. If
We sup| that such criticisms are successful, the
conclusion ought not to be either that reality has
no temporal ¢ teristics (for it is quite certain
that at least some parts of it have), or that time,
as an inference or comstruction extending the
temporal characteristics of experienced objects to
others, is unreal (for this goes much too far). The
only justifiable conclusion would be that one
tioular way of describing and extending the
mporal characteristics of experienced objects is
unsatisfactory, and that it behoves us to look for
a better one. This Eoint has not commonly been

guped by philosophers who claimed to disprove
e reality of time.

(ii.) It is thus obviously of importance to be
clear as to what is the particular view of time
that is attacked by special arguments. The
important distinction for us to make is this: it
is possible to hold (@) that there is & series of
moments of time, and that events occupy some
of them but are distinct from them, and have
temporal relations to each other in virtue of those
which subsist between the moments that they
oocupy ; or (b) that there are no such things as
moments distinet from events, but that events
really do have direct temporal relations to each
other ; or (c) that there are no moments, and that
even events only appear to have temporal relations
to each other. If is clearly possible to deny (a)
without denying (4). To do this can lmrdiy be
called denying the reality of time; it should
rather be cdfed denying the absolute theory of
time in favour of the tive theo?. It is only
philosophers who deny both (@) and () and ene;:sort
{c) who can strictly be said to deny the reality
of time, It is quite ible, however, that some
arguments might be equally fatal to (a) and to (d),

It will be well at this t to say what we can about the

oontroversy between absolutists and relstivists. The abeolute
means that temporal relations between events

i, i, aheshy Jomn, i, 5 mo
uphol %,

a good way farther in ﬂupdirectlono! (c); it is also held, with
llmsooddulotm' derstanding and fusion, by many

mghydohﬁ of a philosophical bent. We may say that
the relative theory stands at one remove, and the absolute
theory at two removes, from what we find in the objects of
immediate experience. Here we find, as we have seen, events
t'):hﬂ;lh duration and ""““:bf'm p;r,dsl per ence. The

ve theory replaces these momentary
the relations by those of total
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ble with the whole course of time lasting
0'ana I ‘arranged in order of magnibade, have

and 1, er o e, have
neither & first nor a last term, and yet the interval
between any two of them is fess than unity. Buat
all attempts to prove that time or the series of
events must have an end fail. 8o do attempts to
prove that they cannot have ends. The most
celebrated argument on both sides of this question

is oontained in Kant's first antinom His
ent the endlessness of time, inter-
ted as oharitably as ble, comes to the
statement ere are definite points
in the the point which

we have reached when wo read Kant's ent—
therefore the series mmhnnsdeﬁnit:?mlu
point. Otherwise, Kant says, the series of events
could never have reached definite point which
it admittedly has ] ent is, of
course, a complete non-ssguitur, for it practically
amounts to saying that a series cannot have any
definite term unless it has end points. And this
is sufficiently refuted b oonnderlni that the
number +2 is perfectly dalnita, althongh the series
of numbers with signs has neither a first nor a last

Arguments to prove that time or the
events in time ocannot have a i are
chologioally Lo imagine & irs svent, c & e
psycho y e8a event or a
moment, becauss all the events that we can
remember have been ed by others. Also
there are special difficulties connected with caunsa-
tion in the notion of a first event, which do not
apply to a first moment or to & last event. A
first event is one which no event precedes, though
there may of course be moments that precede a
first event. Now, the omly plausible general
{ropontion about causation seems to be &t, if
he whole universe were completely quiescent for
a finite time, it oould not in to change.! This
means that, if the universe be in the same state
at any two moments tumd and at all moments
between them, it will be in the same state at all
moments later than ¢,. Now, to say that a change
happens at ¢, means that, if the state of the umi-
verse ab ¢, be s, and if it also be &, at any later
moment ‘ﬂ then there is a moment between ¢, and
at which its state is different from s,. It follows
m this definition that to say that a first event
happens at ¢ involves that the universe has been
in the same state for a finite time before £. And
this is contrary to our proposition about causation.
If, then, we accept this proposition as an a priori
truth, there cannot be a first event, though there
might be a first event in certain isolated f&ru of
the universe (e.g., the creation of the world) -
vided that there had never been a first ovengti';l

“‘mmmmmmummmmnm
one.

series of

other parts (e.g., in the mind of God). But, of
oourss, there remains the doubt whether our axiom
about causation be not a mere prejudice mas-
qu as an a priori law.

It m bomednomd that, if there be a
first event, there need not be a first moment of
time, and that, if there be a first moment of tims,
there need not be & first event. Again, if there
be a first moment of time and no first event, either
there might be no moment, except the first, that
was not oocupled by an event, or there might be
a duration unoccupied by events. These con-
ﬁmou follow from the continuity of time,

have often been overlooked by r ilosophers
ignorant of the mathematical theory of continuity.

Leibnis based his main argument against the
absolute theory of time on the fact that, if it
were true, there might be a period, finite or in-
finite, ore any event ed. This farhd
must be definite ; andn}ﬂyet. moments of time
lu.n.ngno intrinsio difference, thers is no reason
why it should be ended or limited by one moment
T than another. If, on the o , WE
avoid this by assuming there is an event at
every moment of time, there is no reasom

both events and moments, for the series
of events will mgii:o. i

This ergument is & sound one against assuming
that there are moments, though it certainly cannot
disprove thaé there may be moments. there
were moments, they would doubtless have intrinsis
differences, though we ocould not discover them ;
we must further ise some ultimate facts,
and one of these might be that the course of events
iémpreooded by such and such & duration of empty

e.

We may saum up our oonclusions as follows.
Arguments to disprove the reality of time from
its infinity and ocontinuity either confine them-
selves to criticizing infinity and continuity as
such or introduce oconsiderations about “:{
Arguments of the first kind would be eq x
fatal to amy infinite or continuons series, an
therefore prove too much, for they would destroy
the series of real numbers. And we now know
that all sach ents do rest on confusions and
on an insufficient analysis of the notions of infinity
and oontinuity. There is therefore no reason why
the series of moments at any rate should not be
either (a) endless or () of i'nﬁnito length. The
second set of arguments can apply only to events
and not to the supposed series of momen
because causation is concerned with events
not with empty time. We saw that, if a oertain

lausible axiom about change be true, there cannot
a first event. This would not, however, prove
that the whole series of events has lasted for an
infinite time, though the present writer knows of
no objection to such a possibility. There is no
more objection to the series of events being end-
less than to any other series being endless—i.e.,
there is none at all. The result is that all danger
of & valid antinomy against time vanishes. (i)
Whether the axiom about change be true or not,
it is equally possible that the series of moments
shall be (a) endless or terminated, and (b) of finite
or of infinite length. (ii.) If the axiom about
change be true, the series of events cannot have
a beginning, but may (a) have an end or not, and
(b) be of finite or of infinite length.

(2) Arguments against the reality of time which
turn on the distinction of resent, and
future may be dealt with shortly. e argament
asserts that the past and the future do not exist,
and that the present is & mere point without
duration. It is then mpﬁoed that what oocupies
no finite duration cannot be real, and this disposes
of the present. An argument of this kind is used
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by Leibniz against absolute time, though it would
presumably spplg to events just as well. It is
pracants o Tatnze ‘are sl lways sqoally ool
present, an ure are ways equally 5
and that these characteristics do not belong to
events as such, but in virtue of the temporal
relations between them and oertain psychical
events.

A somewhat different argument against the
reality of time has been gmduoed by J. M. E.
MeT: ! His argument is that every event is
past, present, and future ; and that the attempt to
avoid the incompatibility of these predicates
saying that the event has been future, is presen
and will be past involves a vicious circle or a vicious
infinite regress. The answer is that, whenever we
consider any definite statement about the pastness,
gzanmeu, or futurity of an event, we can see

there is no ocontradiction. Take a definite
statement by MoTaggart that Queen Anne’s death
is now past and has been present and future.
Suppose we interpret this to mean that Queen
Anne’s death is not the direct object of any aware-
ness (even a memory) which is contemporary with
MeT: 's statement, but that it is contempo-
n.r{" th some states of mind (¢.g., Lord Boling-
broke’s) which precede McT:! ’s statement ;
and that it is later than some thoughts about it

{s.g., William IIL’s), which also precede the state-
ment. Then those three tions seem to be
timelessly true, compatible, and to con-

perfectl
tain all is meant in the assertion by McT rt
that Queen Anne’s death is past and has
present and future.
‘We may oonclude, them, that no satisfac
proof has been offered even that absolute time i

direst temporal relations are unreal.

6. BMeasurement of duration.—It seems to have
the question of a rate-measurer that led
Newton to the theory of absolute time. Newton
considers & number of ic events which are

ly ous, and com their rough
i with ‘absolute e, which flows
uniformly.’ It is an unfortunate way of intro-
ducing absolute time. In the first place, it is of
no practical use to any one. her absolute
time flows uniformly or not, we can only observe
events and must use them, or processes based on
them, as our rate-measurers. Again, the statement
that absolute time flows uniformly is thoroughly
obscure. Time cannot be said to flow, for this
seems to imply that time changes ; and this would
make time consist of a series of events in time.
Nor is it at all clear what Newton meant by uni-
formity in this connexion. Presumably the mean-
ing must be that the moments of time form a series
like the real numbers. What we really want to
know is whether we can find any periodic prooess
such that the time that elapses between oorre-
i in each repetition is the same.
t no essential reference to absolute time is in-
volved here. We must beware of confusing the
two statements : (1) there are definite intervals of
a oertain determinate duration, and this duration
is independent of our methods of measurement;
and (2) there are absolute moments of time, and
the interval bet ween any two of these has a definite
magnitade. The latter implies the former, but
not conversely. The real problem is: Granted
there is & definite interval between pairs of
events, how are we to measure it ?

There is a special difficulty in measuring intervals
of time between events which is not nearly so much
felt in measuring the distance between things
This difficulty is in the temporal a.nalogue to super-
position. @ may carry a rod about with us in

1¢The Unreality of Time,’ Mind, new ser., xvii. [1908) 4567-474.

]

;

space, and we may have fairly good reasoms to
believe that it has not a.lbere’a in length. The
ocorresponding procedure in time-measurement is to
find some process which can be started and stopped
at any moment and can be assumed to have the
same period whenever it is repeated. Such pro-
ocesses may be called isochronous. But, even when
an isochronous process has , it cannot
be used to measure time in the same direct way in
which a rod can be used to measure length. A rod
will not as a rule fit an exact number of times into
what we want to measure ; it is therefore divided
into & number of equal parts. Similarly we want
an isochronous process that can be divided into
equal subdivisions which can be easily recognized ;
i.6.,, we want & process which itself consists of a
number of similar processes which all ocoupy equal
timea. Now, it is not nearly so easy to sure
that a process takes the same time whenever it is
repeated as to be sure that a rod keeps the same
length wherever we use it; and it is much leas en‘:z
to divide a process into parts that occupy eq
times than to divide a rod into parts that have
equal lnnft.hn. The recognizable divisions in a
srooea of change are largely fixed for us, while

ivisions on & rod can be fixed by us with marks
without affecting the rod as a who!

Nevertheless the assumptions that have to be
made, and the iar mixture of observation
and convention is involved, are the same in

rinciple for the measurement of time and of space.
T T e il v on make mmlioe o
i of ime with a certain
amount of acouracy. We believe that these judg-
ments are the more accurate the nearer the objects
to be compared are in time and , and the more
similar the circumstances er which each is
ted. Trusting to these immediate judg-

ments, we ]

lengths of rods and the time taken by proocesses
may when the rods are moved or the processes
e But we believe that the variation always
depends on the fact that change of position in space
or time involves change in the relations of the rod
or the profous t:l piqoang:oingt?, and :lhutmeu
changes of ition in absolute time and space—
if such could be—make no difference. We have
learned by experience what are the most important
factors that determine change of length or of period,
and we can allow for them. It is found that the
periods of recurrent processes are, on the whole,
more largely affected by changes in the surround-
ri::ﬁ:t«hmmthelen of such bodies as steel

Our method of determining an ideal rate-
measurer is somewhat as follows, We begin with
some process which is sensibly isochronous—e.g.,
the swing of & pendulum, or the time taken for a
complete rotation of the earth on its axis. We
can judge of this isochronism with a certain amount
of acouracy by direct comparison in memory, just
48 we can compare le::ﬁths by looking at them.
‘We can go farther than this. Justas we are greatly
helped our comparison of lengths bi putting
the objects to be compared side by side, so we
can use expedients to help our judgments of the
isochronism of processes. If we start two pendu-
lums together and their periods be not exactly the
same, the divergenoe will become more and more
marked the longer they swing. If no divergence
be noted after many swings, we may conclude that
each swing of one takes the same time as the
ocorresponding swing of the other. This does not

rove that the successive swings of either are
1sochronous ; for the period of may be va.ryinﬁ
according to the same law. But, if we also fin

that the period of one of these processes synchron-
izes with the corresponding period of some other
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sensibly isochromous process which is physi
very erent, it bepomes v improbable that
7 which the sacoessive

thet:d:hofuld be u:lhy law otive
i of two such v t prooesses

?fé_)rooiuly the nm:r{my. We are therefore
justified in concluding tentatively that the sucoes-
isochronous

sive periods of these sensibly proocesses
are whnll{ isochronous.
The next step is to state all the laws of natare

which involve time on the assumption that equal
intervals of time are measured by complete i})oﬂm'll
of such We find, e.g., that, if it be
sa that the sucocessive rotations of the earth
on its axis are isochronous, the laws of motion can
be very simply stated and are very nearly verified
b, the mechanical phenomens we can
o e. 8o far we are entirely in the region of
what can be experienced or rendered very probable
from what we experience. But now a conventional
:ilomoil.lt. enters. zv’e lhn.llpmhlt:ly ::ii that, wl:;:
me is measured by an actual physical process
when our laws have been stated i
measured, a oloser investigation shows that there
are slight div ces from the laws which cannot
be acoounted for mere experimental errors.
The last stage in the determination of the equalit
of times now begins. We argue that the stﬁsutei
laws are so simple and so nearly true t the
most reasonable plan is not to keep the same time-
measures and complicate the laws, but to suppose
that the laws are rigidiy true but the time-
measurer qm pex;fo:lt:!y mnr:dhe; i.¢6., that mo;
cessive of this g!’:yli process are no
Erfootlpen isochronous, e therefore erect the
ws into principles, define equality of times by
them, and apply the necessary corrections to our
old time-measurer. There is nothing icularly
arbitrary about this. We believed, to in with,
as the result of direct judgments assisted by the
uss of such expedients as have been described
above, that a ocertain periodic process is isochron-
ous. We admitted, however, that deviations from
i ism so small as to escape the notioe of any
direct method are possible. e then s our
laws in terms of time as measured by this process,
and found them to be simple and very nearly true;
but, if they are to retain their simple form and
become quite true, a small correction must be
made in the assumed isochronism of the process.
This contradicts nothing that we have goduoed
from our experience; for we admitted all along
the possibility of errors too small for direct detec-
tion. The procedure has the least trace of arbi-
trariness if, as is often the case, we can see the
physical cause of the lack of complete isochronism
in our time-measurer and can fully explain this
lack in accordance with the laws which we have
erected into principles. This has happened, e.g.,
with the earth as a time-measurer, where we can
explain its small defeot from isochronism, when
once we have to assume it, by the frictional effect
of the tides acting according to the laws of
mechanics. Even when no physical cause can be
;i.e?lcbed for thal presumed ;f isoct)llu'omsm'l , it

wa, ible to suggest a hypothetical one.
Bat, in{: m this has to be done, our procedure
does become more arbitrary ; and a point muiyl be
reached where & full explanation of all the phen.
omena demands & real ge in the form of the
laws with or without a change in the time-measurer.
This has happened in recent years to the laws
of motion, mainly through investigations on the
movements of small elechicdlti:huﬁod particles
with & velocity comparable to that of light.

7. Theory of Relativity.—The next point to be
oonsidered is the oriterion of beforeness, afterness,
and simultaneity among events which are not the
objects of any one experience, We have seen that

in favourable cases we can immediately judge that
y ;éojr another

ience is

that we experience. Other people can make similar
judgments about events in their experience. But
we oannot dneot‘liy jndﬁ of the temporal relations of
eventswhich wedonot di yexperience. Matters
are on exactly the same footing with spatial re-
lations. I may be immediately aware that one
object in my ficld of view is to the right of another
in the same field, and another man may be able to
make similar judgments about his sonse-
data. But it remains to be seen what is meant by
saying that an ol;jheot whioh 4 experiences is at the
right of one which B experiences ; or again what
is meant by the statement that of two objects
which no one experi MW&; two atoms—one is
to the t.oftgeothu. t is wanted is to be
able to date events in a time-series which is neutral
as between 4’s experience and B'’s, and shall contain
events that do not fail into the direct experience
of any one. In this problem we must carefull
distingunish between two questions which are liable
to be confused : (1) How do we come to understand
the nature of the relations in the neutral time-
series?, (2) How do we know with regard to any
two definite events, ¢, and e, whether ¢, is before
or after or simultaneous with ¢, ?

The answer to the first question is that the re-
lations in the neutral series are regarded as having
the same logical properties as those which we
directly experience, or at any rate as being capable
of definition in terms of the logical properties of
these relations. Possibly a temporal relation as

experienced by 4 has a sensuous particularit;
gs&é’:..t from that i

one event that we ex

by one experi

y B ; just as it is impossible to say whether the
quality of what 4 sees and that of what B sees
are precisely the same when they say that they
reeive the same oolour, and no available test can
etect any discordance between their experiences.
Bat, of course, the sensuous particularity is what
is shed when we consider & meutral time-series,
and only the logical properties of the relations
(e.g., transitivity, asymmetry, eto.) are important.
'f’he distinction between the space and time of
each man’s exﬁorienoe and a neuntral and
time runs lel with the distinction between
the immediate objects of each man’s experience
and neutral (or, as we call them, physical) objests.
However we snﬂpose physical objects to be con-
stituted, and whatever we suppose to be the re-
lation between our minds and them, it must be
assumed that physical objects are in the neutral
space, and that their changes take place in the
neutral time and make themselves known to us by
correlated changes in the immediate objects of our

experience.

t is not m here to oconsider how a
number of people, M, . . . M,
that certain events, dsl, + + « & in their respec-
tige seme-%l data aﬁm correlated wb':)th the s:‘:ne

ical event. Bat it is necessary to notice that

ghe’y!1 will find, first of all in the oase of sound,
that, if their ph{sieo.l laws are to give at all &
simple and complete account of what they may
expect to hear under given circumstanoces, they
must assume that the sounds heard by various
people, and all ocorrelated by them with a single
physical event, are not in general contem,
with each other. The greatest eccuracy an
simplicity is introduced into the laws of sound by
supposing that the hearing of the sounds by the
various people takes place at times dependent on
the poeitions of their bodies in phyn‘ngesp‘oe and
on the spatio-temporal position of the single

hysical event correlated with all these soun

his example brings out three vea important
points. (1) The determination of the temporal
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relations between events in the minds or in the
immediate objects of the minds of different people
can be accomplished only when these events have

been correlated in some definite way with sr:fpooed has

neutral physical events; (2) the temporal relations
then assl:gnyed are such as to make the laws telling

that can be we want to do this com
:ﬂuywl&h&hmpﬂomwhich ve already been made as
wi ther as oonnected

the known facts and an P P
compatible with acouracy. We find that these ends can best
hwwmﬂ:&tdiwn‘anm B's
bearing of # (ss and s being both correlated with the single
®,
Physical event 5 take plaos o8 tmes ¢ +-2 and $4
tively, where ¢ ls the date of 8 in the neutral time-series, and

?mdaba‘r:ﬁn Wm;\ho;hwhen
banppemny space s 's bodies as physical
objects. We must remember that the correlation of several

|
|

As we have seen, sound is the first and most
obvious case where it is necessary to assume
different dates for different members of a group of
sense-data which are all correlated with a single
physical event. The more acourate researches o
science necessitate a similar process for dealing
with the sense-data of sight, and so the notion of &
velocity of light is introdueed. These velocities,
once determined, furnish a criterion of before and
after among Illayuim.l events, and, through them,
for events in different minds.

Let us denote any moment at 4 by the symbol %, and an
evemt which beppens at the point 4 a the moment % by
agr, Lot us use the same notation for events and moments
st B. Then we can sy : An event %er precedes an event Des if
s distarbance leaving A at %tr reaches B not later than Dts
How It is found that we have no reason to belleve that an

events at different there will be pairs of such events of
'hhhnh‘nno;'unon say that one is either before, after,
or or.

To see this, consider the following cass. Let %¢; happen st
A 8t%. A signal which leaves 4 at %) cannot reach B befors
& certain moment %, Again, a signal that reaches 4 st %;
esanot bave lett B dafter a certain moment 3. On our oriterion,
therefore, ®f; Is before any moment that is after Oty and is after
any moment that is before % Bus how are events at B which
bappen between % and ¢, related in time to the event %!
Take an event %s, such that %, is between %t and %, You
eannot say that it is before %¢; ; for a disturbance leaving B at
s woald reach 4 later than %¢;. But you aleo cannot say that
S, is before it; for a disturbance leaving 4 at °t; would reach
Blaser than ¥, (viz. st %) Henee on our criterion we can
nelther say that %, is before % nor thes % is before Y.
, there is an infinite number of eveants at B of the
form O, where @ ls between Oand 2. Thus we cannot cut the

sinoe they are neither before nor after
gz"‘“‘m“‘“’mmd For they are not contem B
each other. Thus one and only one of the class of events

%, can be taken to be contemporary with %, and the rest, so
far aq our criterion goes, must be held to be neither before,

whether & pair
physical space are contemporary

We can, if we like, accept this result, and build
up our physics on the assumption that physical

§

time really is non-connexive; f.e., that, though
all events have tem relations to some events,
none have wmg‘n relations to all events, This
meentlg done very fully and ably b;

A. A. Robb.! Or we may take the more
course of assuming that physical time really is
oonnexive, but that in certain cases all criteris fail
to determine the actual temporal relations which
subsist between events in different places. We
then must simﬂy make a convention (to return to
our example) that one particular event of the class
of events at B, whose temporal relations to %, are
left doubtful by our criteria, is contemporary with
ae,, and that whatever “preoedes this one precedes
%, and whatever follows it follows 2, It is
custom: to sssume that the event at B which
comes midway between 2, and %, is contemporary
with %, ; but it must be noticed that this is a mere
convention, though doubtless the most reasonable
one to make. (On our notation this event wounld
naturally be e;.)

‘We must notice further that, for this convention
to be determinate at all, we must assume that we
know that the time-measurer at B goes at the
same rate as that at 4, and that both go uniformly.
Now, if the time-measurers cannot be moved
about, their synchronism can be determined only by
sending si from one to the other—e.g., light-

i d, even if they can be moved about,
our only test for the continuance of their synchron-
inm, when they ht:;: hhoen mol:ed [ ;ﬁg‘ are 8:

onger in view ther, is by light-signals,
the (;ltrl;or_ hml?’ ;:.heh m wh:ltger _onrmmtsm (_for
chronism ig] are genuine i.e.
g:lolvo cynchry;mism in phydcdgﬁme) depends on
whether the velocity of light relative to the system

f | containing the time-measurers is constant in time

and the same in all directions. And this last point
cannot be determined un¢il the time-measurers in
two places have been synchronized; for it is
obvious that to measure a velocity we need to
know the time in two places. We see, then, that
the {suibility of synchronizing time-measurers
and the uniformity of the velocity of light stand
and fall together, and that neither can be proved
independently of the other. If we allow that the
velocity of light relative to the system is constant
and uniform in all directions, our tests for synchron-
ism and uniformity in our time-measurers are valid ;
if we allow that the criteria ensure physi
chronism, the physical velocity of light (as
istinct from its numierical measure on our con-
vention) will be constant and uniform. But
neither question is or ever will be capable of in-
dependent settlement; and therefore we simply
have to make a convention that the meaning to
be attmh:d “t:h Syﬁl::hromnn in diﬂ‘ereh;tl,) gl&oo:l:s
agreement wi tests based on light-sign
and another convention that distances shall be so
measured that the measure of the velosity of light
relative to the system is independent of time and
of girection. that th ) g
uppose now that the people on & system
determine their spatio-temporal co-ordinates in
this way, and that the people on another
S', moving with uniform translational velocity
relative to S, determine their spatio-temporal co-
ordinates similarly. Let them arrange, as they

can do, that the time-measurers at the origin of

porary | each go at the same rate; and further let them

arrange their units so that the velocity of light as
measured by each from experiments with sources
and mirrors fixed in their own systemn shall have
the same numerical measure. Then (@) it can be
proved that each will find the same numerical
measure for the velocity of light, even though the
sources and mirrors be in uniform motion relative
1 4 Theory of Téme and Spacs.
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to the two systems. (l?l It is possible to find
equations connecting the spatio-temporal oo-
ordinates which the peo&o on S give to any
momentary event which they obsorve with those
which the li:aople on S* give to the same event.
These are the celebrated transformations of the
Theory of Relativity. They are, as we should
expeot, ectly reciprocal, since the relative
motion of S and S is a perfectly mutual phenome-
non. But (¢) they lead to ocertain rather startling
results. (1) Lengths along and at right les to
the direstion of relative motion which are judged
to be equal by the people on one system will be
judged to be unequal by those on the other. The
ratio depends on the relative velocity and on the
value of the velocity of light which 1s common to
t.h‘:i ciwo systems.! g) E::;ta in dig'emt:t pho;o
w are judged to be contemporary by the people
on one will be judged to ocour at di}::ent
times by those on the other tem, and the
difference of time will depend on the distance apart
parallel to the direction of relative motion.

Although the observers on the two systems thus
differ, they cannot criticize each other. Each has

ursued precisely the same plan in setting out his
oo-ordinates and synchronizing his time-measurers.
And it would be quite futile for one to claim that
his results are the ri&t ones beoause his m is
at rest and the other is im motion. For the
relative motion is completely reciprocal, and
neither absolute motion nor any consequence of it
can be observed. Lastly, it is equally futile for
one to say that he is at rest ‘ relative to the ether,’
while the other is in motion ; for we know that no
experiment whatever has been able to demonstrate
motion ‘relative to the ether,’ and this motion
may fairly be dismissed as a fiction. The upshot
of the matter is that there fs nothing to choose
between their respective judgments, and that all
the laws of nature can be stated as truly and will
have precisely the same form, no matter which of
an infinite namber of systems in uniform trans-
lational motion be taken as the basis for spatio-
temporal oco-ordinates. This result, with the
mathematical consequences that flow from it, is
known as the Theory of Relativity. Its philo-
sophical importance is that it enables us to see the
tacit assumptions that are made when we talk of
events at ditferent places beinﬁ:s:ntem ; and
the fact that measurement of distance is entangled
with time, since the distance between two objects
at any time involves a decision as to what is meant
by the same time in two different gla.oes. Though
it no more completely refutes the possibility of
absolute s and time than does any other
argument (for after all it only deals with our
numerioal measures and leaves it open whether one
system of time-measurers is physically uniform and
synchronous and one system of space-measures
tly represents distances in physical space),
yet it helps to render the notions of absolute space
and time still more spectral and remote from all
gesible experience than before. For it enables us
see that there are a certain indeterminatenees
and conventionality even in the measurement of
the distanoce between physical objects and of the
lapse between events ; and that therefore what we
can know is even at a farther remove than we had
thought from the points of absolute space and the
moments of absolute time.

The Theory of Relativity sketched above was
first fully atated by Einstein in his classical paper,
;)? ber das Rala.t{?u’uupﬂnzip ung ge aus demsel-

n en Folgerungen,” which a in
them&r ‘g:dwglectmtat uadplclmwmik
for 1807. This may be called the restricted Theory
of Relativity. It may be briefly characterized as

1 This is the famous Lorents-Fitagerald contraction.

Sonsind oL rimml 4
sophi ciple a num
facts. 'l'ﬁe ph?uooop cal principle is that, sinoe
we can never observe absolute time, space, or
motion, even if there be such things,

phgsiod phenomensa as learned from experiment
and observation must retain the same jorm for
aots of obeervers in uniform motion relative to
each other. This persistence of form (or covari-
ance, as it is technically called) in the differential
oq:ttionl t;:{. explre- thethlawl o:.l nature“d;:
not in im, that the actu s
meunrggn twopoLoenm in nniformtive
motion will be the same.

E.g., an observer moving with his instruments relative to an
electrically body will detect magnetic as well as eleo-
tricﬂforo-‘uw. one who is at rest with his instruments
relative to body will observe only electrical forces. But
the differential equations
observer with each other and with
will those

be precisely the same as
by the other observer with each other and Ms w, 9, 5, and
¢ co-ordinates.

This principle itself, however, would be of
little use, sinoce it does not enable us to say what
connexion exists between the co-ordinates of the
two observers. But, if there be some ghysiesl
magnitude, which is not merely covariant but also
invariant as between different observers in unmi-
form relative motion, the transformations connect-
ing the two sets of co-ordinates can be found.
Now the velosity of light i vacuo is found to fulfil
this condition ; its actual numerical value is found
to be the same by all observers. The mathematical
consequences of this fact lead to Einstein’s set of
equations connecting the =, y, 8, ¢ co-ordinates of
one observer with those of another who is movi
relative to the first. The precise significance o
Einstein’s principle of the ®Constancy of Light
Velocity’ has been indicated above, and shown to
be connected with the way in which we are forced
to lay out & system of co-ordinates and to define
simultaneity between events in different places.

Einstein’s restricted theory has gained many
triumphs, It explains at onoe what is known as
Fresnel’s ing - coefficient for light passing
through matter that moves relative to the observer.
It also accounts for the change of mass with
velocity which is observed when small particles
move with comparable to that of light. The
principle neoessitates slight in the previ-
ously accepted form of some of the laws of nature.
Maxwell’s equations and the equation of continuity
in hydrodynamics do indeed at once and without
modification fulfil the condition of ocovariance.
But the laws of mechanics, as they stand, are not
in aoccord with the principle and need modifications
which only become practically i.mtgomt in dealing
with the motion of h::atbor with velocities com-
ilosophic importance, in con-
nexion with the nature of time, attaches to the
work of Minkowski.



manifold in which space and time are with each
m«,mmmhmmum

The work of philosophical mathematicians since | TPace-time

Minkowski’s death has consisted largely in de-
velolping the notion that the ultimate in the
world are events in space-time, ¢.6. events extended
both in space and in time. The content of a
specious ‘Present forms an example of such data.

pace and time as used in the sciences only emerge
at the end as elaborate mathematical co ctions
built on the immediately perceptible relations
between extended events.

8y!
The best e: ition of this }Point of view is oon- e

tained in A. N. Whitehead’s Principles of Natural
Knowledgs, which begins with a severe criticism

of the concepts of classical physics and prooeeds to
elaborate the notions of s time, and matter
from the crude data of sense and their immediately
given spatio-temporal relations. It seems hardly
ible to doubt that this is the right path for
urther research, but it demands a combination of

ilosophical and mathematical abilities of so

igh an order that few can treed it su y.

exander in his Gifford Lectures at Glasgow has
developed the notion of & time with great full-
ness from the purel phﬁosog::io side, but, at the
time of writing, his ve not appeared in
E:’nt. and it is impossible to give a fair account of

is views from the short synopses which are alone
svailable.

It remains to say a few words about the general-
ised Theory of Relativity. So far we have only
considered observers in wmiforms relative motion
and have laid down a pﬁn:l})le of relativity for
them. Ei has oooupied himself in the last
few years in removing this restriction and thus
bringing gravitation, which fell outside the older
theory, into the scope of the Thoory of Relativity.
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and it gravitation were of transformed a
m“":', e EoViablo changs of axse, the of relativity
assert that the presence of a gravi flold makes no

a

nomm see the bearing of these
tation of the ‘space-time’

G
G W Ymowe oloment. Wow bhe of
(the interval of any :?Nm! thtb a8
P ’wm%g X i
be in order b0 m
these coefliclents will be functions of @, y, 5, ¢ ; they are
by the bty pes, ges. fes, oho.  Any of axes
otevesponds to a change In these g’s and therefore to a change

tational | ¢} o hearest malﬁne to eternity which He
0 * i

It is extremely difficult to render Einstein’s
theory intelligible without mathematics, and the
mathematics needed is somewhat formnidable. It
is hoped, however, that the above slight sketch
mat% ustrate that extreme entanglement of time
with space and with matter which undoubtedly
oocurs in our crude sense-date and is now seen to
persist even in the most refined nlations of
mathematical physics, It may per! az: be added
that Einstein’s generalized theory, as distinct from
the special {)hiloaophic interpretations which may
be put on it, is not a mere idle erculation, but
has u.lrwdﬂ explained the anomalies in the peri-
helion of , and has oorrectly foretold the
amount of deviation in & ray of light due to its

m c:l}lenvy body like the sun.
time,—QOur knozlodge of time as of space owes more

to the labours of mathematicians and ghyucim
than to those of professed philosophers. The nh‘rs
distinction between time and what ch an

between and -what moves in it and is ex-
tended, i:m:el due to the development, first of
meehanics, and ly of elestrodynamics.

To the Greeks we owe much less with to
time than with regard to most matters of philo-
sophis or scientific s]pemlnﬁon. This may perhaps
be ascribed to the late development of dynamics ;
the Greek approach to the problems of time was
mainl hrit:x way of astronomy. Of course, Zeno's
cele) arguments have an important
on change and continuity, and, whatever may
have been the roal intention of their anthor, they
remained the best discussion on these subjects so
closely related to time until the final treatment of
infini md continuity by Dedekind and Cantor
in the r part of the 19th century. Time plays
an important part in the Timeus of Plato; and,
although his treatment cannot be called satisfac-
tory, it has the merit of distinguishing time from
what is in time.

Plato says that God wished the created world to
resemble the intelligible one as far as possible.
Now, it was not possible for it to be eternal, a:ig

0o

rovide was to make ¢ > A

s ia-timae, and it is closely. with.
motions of the heavens; eternity ! rests in unity,
but the image “has a motion, to number.
Before the heavens were created, there were no
days, years, eto.; but, when éod the
heavens, He oreated these d";'fmﬁ' of time a.ls:f
Time.was thus. ith.the heavensa, i
one were to be w.? wouldeghe other
But Plato does not appear to iden time with

tour- | the motion of the heavens, though ﬂ diffienlt to
46 | go0 whathomspoouitto bein iteelf. Aocording to

Plato, past and _8Te, -of tima_
which we wrongly transfer fg, nee ;
strictly *was” and * will be u;l to. be amerted
only of ‘Feners.ﬁon in time, !or ey are motions.

The analogy of the moving image to the eternal
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is that the oreated heavens have been, are, and will
beinall time. This view has something in common
with that of Spinoza, who makes things as they
really are for ratio t‘i:eles, butebl;olda that this
timelessness cannot grasped magination,
which represents it confusedly as duration through
endless time,

Aristotle defines time as ‘ the number of motions
relative to before and after.” Number here ap]
to mean what is numbered. The now is borne
along with the movable as & point may be regarded
as moving and making ug a line. in a sense
there is only one now, tho in another sense
there are many nows. This is obviously a very
unsatisfactory metaphor, and there seems no reason
to think that Aristotle was really clear as to the
distinction between time and motion.

The 8choolmen in the main adopted Aristotle’s
views, though with certain modifications. St.
Thomas Aquinas, in the tract ds Instantibus, dis-
cusses time and change with some fullnees. He
draws a distinction between the time in which

perform their acts and that in which men
and matter operate. The time of angels is dis-
crete, that of men continuous ; the difference arises
from the fact that continuity is essentially con-
nected with matter, while are se
substances. An instant for an angel is the time
oocngied by & single act; it may thus correspond
to a long period In our time. This may be com-
pared with Royoce’s views about the varying lengths
of the specious t in various beings.

In modern philosophy the men who have most
conoerned themselves with time are Leibniz gad

represented

’bnizgxn.edsgnﬁu‘fquhm:m
o tlmelﬁhﬁ'ié etters arke, who
& ute theory. ~HI" Eu'x'xienﬁ
turn mainly on the identity of indiscernibles and
the principle of sufficient reason. Leibniz care-
fully distinguished duration from the relation of
before and after, and he compared duration to the
extension of matter. Laibnizs view is that time
by before, after, and ai :
8 at'ﬂ'l"p’oisxe worlds must be in time,
though, of course, the particular temporal rels-
tions of the actual world are contingent. Tomake
Leibnig’s theory coherent, it would be necessary to
be much clearer than he is as to the relation
between the time-series of each monad and the
time-series of the universe. He attempted to
explain the relation between suocessive states of
the same monad by saying that the earlier ones
have the guality of Lem g desires for the later ones.
As an attempt to replace relations by qualities
this clearly fails, since ‘desire for’ anything is
clearly & ised relation. And as an attempt
to dcrﬂno ore and after it also fails; for it is
clearly a ?nthetio proposition that desire for X
f;ei es X. Then again it seems essential to
bnig’s doctrine of the reflexion by one monad of
the states of another that we should have some
acoount of the tem relations between corre-
sponding states in different monads. The state of
& monad at a given moment in its own time-series
is presumably the reflexion of the contemporary
states of other monads; but we are not told what
is meant by a time-series common to the monads,
nor is it clear that this would be consistent with
Leibniz’s dislike of relations.
The absolute theory of time has never had much
f‘!}x;losophio sn&port ; there can be little doubt that
ibniz had the better of Clarke. Perhaps the
best argaments for absolute time and space are to
be found in Bertrand Russell’s Principles of Mathe-
matics. They do not seem to the present writer to
be conclusive, and their author has latterly taken
& much more relativistic view,

ted | In

notion of time ¢
mporal relations are connected wit
that is nsed in physics. Berkeley an
{;rﬁanhr fail to give any reasonable account of
e distinction that we certainly make between
the bemrord order of our ideas and the temporal
order of the objects which we claim to know b;
them. Itisa merit of Kant to have nuoi
on the importance of this point in his ¢ analogies
of experience,’ though the distinction will certainly
not bear the superstructure which he built on it.
He attempted to prove that the distinction involves
the germa.nonoe of substance (which he seems to
identify with the chemical law of the conservation
of mass) and the law of causation among experi-
enced objects. But his arguments are entirely
inconclusive even to prove that, in order to make
the distinetion, we must believe in these principles ;
much less to prove, what the transcendental method
always tends to confuse with this, that the prin-
ciples are l;tue. - 4 . N
me 8 more, and more importan
parts in in’nt'lp;rhilol:'bphy than in any other.
g}ﬂl:n'tho ABsthetic he tries to prove that it is a form of
the internal semse. This

Hume in
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The modern dovelormcnt of our knowl
about time is dne mainly to two sets Ig:JJeople : (
hilosophioal mathematicians, like ekind |
tor, who have given a satisfactory analysis of
infinity and continuity, and thus finally refated
i on these ; (2) mathematical

g=

is Lorents ;

consequences have been ela
b{h Einstein, Minkowski, Robb, Whitehead, and
others,

It is also n to mention among recent
gﬁﬂosophm Berga‘:n, in ::loae wo:;ks time, nomin-

at any rate, an rtant part. Bergson

hoﬂh qhaty the .&e.ﬁc to ‘;t.’r;;at ﬁﬂ:‘tﬁs singilu to
space is & perverse one philosop! ; it ma
work very wp:il in dealing l:vit.h dead ma{tqr, bat l’t
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shows its falsity in biology, psychology, and philo-
sophy. He atlZo falls?:)\yil o theogathemgtiesl
theory of the continuum as applied to time; he
admits that it is internally consistent, but denies
that it describes what anybody really means by
change and motion. Bergson’s arguments seem to
rest partly on a comparison between change as
& sense-datum (e.g., the liar characteristic of
what we see when we look at the second hand of &
watoh as distinct from the hour hand) and pht{:oo.l
change, and partly on the erroneous view that a
whole of related states cannot be a unless
each of its terms be a change. Again, in some of
his remarks about memory he seems to suppose
that, because a memory-act is a later awareness
of an earlier event, the earlier event and the later
awareness must somehow be contemporary.
Finally, he seems to think that the ordinary view
of time is refuted the faots, of which he is
strongly convinced, that no two total states of
mind at different times can be exactly alike, that
there are not, strictly speaking, distinct elements
which can recur as of different mental states,
and that no amount of knowled%: about earlier
states will enable us to foretell later ones com-

of Time,’ Mind, new ser., xvil. [1908] no.
457 ; H. Plwme wmd Eng. tr., ndt::
fiw..nalaunm emory, . &, do. 1911, (d) M.
mzulnudﬂnrvd —H.
&

B, n0w-
&hs Ma Voﬂdj Loodon, 1914; A. N. White-
band, af Botwral ndcdgq&mbﬁdaﬁlm.

C. D. Broap.
TINNEH.—See Dints,
'ﬁIIPITAKA—H« LITERATURE (Buddhist), vol.
P

TIRUPATI. — Tirupati, vnl% Tripetty (Tel.
Tivapgti, tirs, Skr. &3, ¢ venerable,’ pats, ‘lord’),
a to in Chittoor District, Madras (lat. 13° 38’
N., . 79° 24’ E.), is a famous place of pilgrim-
age, -it;:?d ctr:Ethe Tirnma.la_i or “lgeredéxil.l,
usuall wn uropeans as rupati, in
mﬁt’st to the lower town at its &? Thnvhole
is considered sacred, and up to 1870 had never
been visited by Euro) ark Wilks states
e Aboariisod. and thongh he frequentiy elimbed
and, though he frequently

the adjoining hills, he could never catch even a
distant view of the 1 The belief that much
erime was committed without detection in the holy
town led to the issue of an order by Government
that it should be thrown open to the District
i This at first produced considerable local
ition; but European visits now cause little
on. The sanetity of this hill-range rests on
that it forms part of the sacred moun-

The range has seven principal
each of which is sacred and has a name and {pgend
of its own. On: glfﬂ {.’l:eu t‘known .f:o 2:'
o8 name e

belief M.ei??u torn from Meru by Adi
the primordial

Hi

E-%

ha,
snake, who contended in & trial of
1 Hist. Shetohes of the South of India?, Madras, 1800, §. 246 n.

strength with the wind-god, Vaiyn. Vayu raised
80 t & tempest that the peak was blown away
and fell to in its present position. Near this
peak the great temple stands. Little can be seen
of it, and no European has been allowed to enter
it. It is a building of little architectural beau
or importance, but the cultus of the deity 1s
interesting as an example of the amalgamation of
local non-Aryan beliefs with orthodox worship.
Within a small chamber lighted by lamps is the
idol, a stone image of Visnu, seven feet in height.
It represents the god as Chaturbhuja, ¢ four-armed,’
one of the right hands holdi.nlf the discus (ckakra),
one of the left the conch-shell (sankha), the second
right hand pointing to the earth to draw attention
to the miraculous origin of the holy hill, while the
remaining left hand grasps a lotus. The deit
poesegsea 1008 titles, the most ooénmon of whid!
z\‘red rlni:&sa, ‘dwellingd v‘vrithk ri l?;.l La.kgmlil,’
eas o ity, and Venkatachalapati, the
gintclle of the mprospel":li which has been wdo;l::ed into
Sanskrit from the Tamil ven, ¢white,” kadam,
‘hill slope,” thus showing that the deity was
adopted into Brahmanism from a Dravidian cult.
By visitors from the Deccan and N. India he is
ﬁmemllgvknown as Balaji, which, according to
onier- Williams,! is the name of 3 human incarna-
tion of Vignu or Kyrsna of whom little is known,
save that he was remarkable for many extra-
ordinary qualities, and that he lived in the neigh-
bourhood of the sacred hill. Henoe visitors to the
shrine generally invoke him by the title of Govinda,
‘oow-kee%er.’ one of the names of Kysna. It is
remarkable, however, that, according to common
geliof, the image worshipped was originally one of
iva. The transformation of the Saiva cult to that

Soiencs | of Visnu is traditionally ascribed to the reformer

Raménojacharya (born ¢. A.D. 1017). It is said
that he procured a conch-shell and discus of gold,
which he placed before the image and oloseg the
temple doors. When the shrine was opened next
day, it was found that these emblems of Vignu
wmgruspedinthehmdsoftheimn&e. and there-
fore it was really Vignu. The tangled hair (ja{a),
the oobras carved upon the body, and various o
peculiarities indicate that it was intended to re-
resent Siva, and the priests, who are Dikghita
rabmans, admit that they belong to the Saiva
sect. The god is provided with a consort, Padma-
vatl, said to be the incarnation of a mortal woman,
and the offerings are believed to have been origin-
ally collected to provide for the marriage of the
pair. In an ante-room there is a brass vessel with
8 hn.ngms in it, into which money and jewels
are p. n the other side are two gongs, one
of which, when struck, utters the name Govinda,
the other Nariyana—both titles of the god. Many
glilou persons observe the custom of collecting in
eir homes monthly contributions which are placed
in & money-box and finally offered at the shrine.®
The anthropomorphism of the cult is shown in the
belief that the deity annually announces to vertain
persons that he needs shoes, which they make and
present.? Various rites indicate the non-Aryan
character of the worship. Thus a feast ed
Gangdjdira, ‘ Ganges festival,’ is held in the early
spring, when a figure is made of clay or straw,
before which animals are sacrificed—a custom
%nite opposed to true Vaispava beliefs. Even
rahmans, who will not attend personally, send
victims. When the sacrifices are over, the image
is burned, and much rude merriment follows.
Some votaries carry on their heads a structure
made of bamboo, resembling & car, adorned with
ooloured paper, and supported by iron nails that
1 Brahmaniem and Hindi@isms, London, 1891, p, 2671
$ E. Thurston, Bthnographio Notes in S. India, Madras, 1008,

. 852,
P Thurston, Castes end Trides of 8. India, tv. 8101,





