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A>303/10 "Time" 

ousan Wil^son 

There are soiue pliilc-sophical problems which look more l i k e l y 

t o be solved by s c i e n t i s t s than by philosophers, ."Jhen one asks 

questions l i k e "Is the :i.ind d i s t i n c t frô î  the body?" or "!'Jhat 

i s time ?" one natizrally expects that the things that s c i e n t i s t s 

find out v d l l be, at l e a s t , relevant t o these questions that 

philosophers are interested i n . 

However, i t i s n ' t always easy t o knô Af exactly what i s the 

relat ion between the kinds of things s c i e n t i s t s f ind out and the 

kind of things philosophers are interested i n ; part icular ly in 

the case of a subject l i k e "Time" where the kinds of things that 

physic ists do seem very remote, both from common sense and from 

the ordinary run of philosophy. So what we're going t o do today 

i s t r y and explore t h i s . Here to discuss t h i s question v/ith me 

I have Dr, Dennis Sciama, Astro-physicist from th3 University of 

Oxford, and Professor Bernard i'filliams, a philosopher from the 

Ilniversity of Cambridge. 

Oould you perhaps t e l l us f i r s t what do you think i s the 

re la t ion between physics and philosophy ? Do you think these 

two a c t i v i t i e s have anything at a l l i n comLaon, or do you think 

they ' re completely d i f f e r e n t . ,̂ 

Professor 'nVilliams : 

Well I cer ta in ly think there i s soaething in coioruon. 

Granted the always important point that philosophers don't 

advance theories t hat are going t o be checked by experiment -

that i s a very iriiportant point. But s t i l l the d is t inct ion between 

the two things, I think, has been ver;̂ ^ exagerrated in a lot o f 

recent philosophy, I think part icular ly because sorre recent 

philosophers have made a very simple d is t inct ion between concepts 



or ideas cn the cne hand from notions we used to think about the 

world - these are supposed to be the business of philosophy, and 

fact on the other and i t ' s supposed t o be the business of s c i e n t i s t s 

t o think about f a c t s ; therefore a lo t of us think about the notions 

and a lot of the s c i e n t i s t s find out the f a c t s and t h i s i s mostly 

you know, complete divisiun of labour. 

And t h i s r e a l l y does seem t o me to be quite a r t i f i c i a l and 

for more than one reason the rea l ly : one i s the concepts or notions 

we used tc describe the world are a c t u a l l y affected by the facts 

that we discover. For another s c i e n t i s t s don't jus t quote 'discover 

f a c t s ' t h ^ forni new ccncepts f o r describing the world which and the 

greatest s c i e n t i f i c advances have consisted of forcing nevj concepts 

to descn.be the world - t h i s i s true of Newton, i t was true of 

Einstein - j a r t i c o l a r l y in t h i s matter of t ime. And I think, in 

f q c t , some of the things that used to be done by people called 

philosophers are nô v, in f a c t , done by people called physic is ts 

who are thinking about the r ight , the best c:.ncept, of describing 

what they've discovered. 

So t h a t ' s a way, it seems to me, in which (as it ?;ere) science 

a f fec ts philosophy. 

I think there are also ways in which philosLiphy a f fects science 

and t h a t ' s , to son̂ o extent , our business today more d i r e c t l y because 

it soems tw lue the question of interpretation s c i e n t i s t s give of t h e i r 

f a c t s - I mean they discover certain th ings , they have to have theor ies 

and certain consequences. The question a r i s e s How consistently, with 

co&Mon sense and ordinary (as f a r as possible m t h corimion sense) and 

orinary l o g i c a l notions can we interpret those d iscover ies . And I 'd 

think I 'd l i k e to s t a r t r e a l l y by asking Dennis Sciama 7;hether ho 

thinks that soije cf tiie reajilts that modem asto-physics and modem 

r e l a t i v i t y theories coije up with, am't too f lagrant ly in defiance 

of urdinaty notions, or oidirery l o g i c a l cenceptions that peoDle 

have of time. And I aippose the famous clock paradox, for instance, 
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might be one example of t h i s . 

Professor Sciama : 

Well I 'd l ike to say at the outset that I don't set much store 

by common sense unless you make :ue change rry vievj to^.vards the end 

of t h i s programiaei 

To take the exaii^^le you mentioned - the clock mradox - just to 

r e c a l l very b r i e f l y vhat t h i s i s : i t s ta tes that according t o 

Einste in ' s r e l a t i v i t y , and we now believe t h i s t o be completely 

confirmed by observation: i f a man gets into a spaceship and goes 

far out into the Universe a t high speed and then returns, he w i l l 

age jmich Il^ss than some-ne who stays at home, and i f one wants t o 

put t i i is difference i n dramatic tenns, ^ne could choose the duration 

of his f l i g h t and his speed in such a way that the eai^th's age i s , 

say, a thousand years and the mn in the spaceship may be only ageing 

a fevj days. 

Now modem physic is ts are quite used to t h i s part icular r e s u l t 

of r e l a t i v i t y , Coâ aon sense vjould, perhaps, object t o tlie fkct that 

the two durations of the jcumey are different according to irfaether 

you stay on the earth >-r go out in the spaceship. But that^s fcr you 

to say, ' 

Professor Williams ; 

1 don't think anyone i s goirg to v/ant - nobody with any sense 

anyv/ay - i s going to v/ant to defend ĉomin̂ n sense' in that sort of 

respect. That i s i f v;o j u s t have a general expectation - roughly 

that i f you coaie back in a rocket you've got to be as old as people 

you know you l e f t behind. I'hat r e a l l y i s a factual expectation, 

for philosophy to t r y and dispute about that - a priori 
would seem to me t o be a t e r r i b l y dog.aatic mistake, I think the 

question i s Can we are there 3.-;.;e issues of pr inc ip le , things 

about the actual l o g i c a l structures of time in which i t ' s going 



t o be f a i r of philosophy to i n s i s t upon them. For i n s t a n c e , 

suppose 3o.qecne were to ask while t h e astronaut was on his way 

"'/vhat v;as t h e astronaut doing at t h e p r e c i s e m...mcnt t h a t I was 

shaving t h i s m^.ming" - does the paradox e n t a i l t h a t t h e r e i s n ' t going 

to be an answer to that question ? 

Professor Sciana : 

I t dues - Yes, In f a c t , according to S i n s t e i n ' s r e l a t i v i t y 

which we a l l accept now, ^ne has l o s t the concept of absolute 

siiiiultaneity - by that I mean i f y c u take tvjo points which are 

separated in space and take an event ccuivring a t each point, and 

then ask "Aro they siiuultaneous or not - t h e s e events?" the 

answer i s I t depends on the observer vjhc i s t i^' ing t o decide t h i s 

question; two observers moving r e l a t i v e t o one ether T,'ji 11 

ans;ver t h a t question i n e f f e c t d i f f e r e n t l y - that i s i f the ^no 

observer, the events are siimiLtanev.us; f o r an observer moving 

r e l a t i v e to him they v a i l not be simultaneous. There i s no 

absolute sense in which those two events arc simply simultane.TiS 

as they would tevo boen thought t o be by Nev<rton, Sc that concept 

has a l s o gone in r e l a t i v i t y . But presumably ycu wê uld s a y t h a t 

philosophers can accept that s i t u a t i o n . 

Professor vi/illiaiBa : 

thll 1 think there again - Yes, And I think vrhat t h i s i l l u s t r a t e s 

i s the very, v e i y i n t e r e s t i n g point about how ..ne goes on eroding 

parts of the common sense Conception of t ime, or t h e everyday, 

uninforjiEd conception of time u n t i l -ne got t̂  a pcant a t which 

as i t v/ere, tha philosopher s t a r t s 'digging his heels i n ' on 

l o g i c a l ^r conceptual gr.-unds. Of coU^se what v/orrios philosophers 

in p a r t i c u l a r i s viiether h e ' s j u s t d i g g i n g h i s heels i n , not because 

we've got to soiji: absolute point of p r i n c i p l e because he's now got to 

so.iiething liiich i s , as i t were, even j u s t harder t o s-c/allow than viiat 

we've ted a l r e a d y . 



we've hed already. 

3o we've got two sorts of things v/hich, a t least I'ra prepared 

t o swallow, and I 'd be j o l l y s i l l y i f I wasn't , i f I wasn't 

prepared to : nausly one about the expectation that ruughly everybody 

i s going t o I'̂ ok equolly old, wherever they've been - putting i t 

very crudely, i s to be waived so als^ the idea •. f absolute 

simultaneity. I wonder if v/e get rearer seciething that people 

f e e l uneasily as n r e a l l question of principle /̂hen we get to 

the ncticn ^f time going i n -no d irect ion, 'What would be a 

contemporary, physical view about the notion of ti:iie going in 

one direct ion ? - ' 

Professor Sciama : 

Well i f you giean by that the question (jf the i r r e v e r s i b i l i t y 

of time, I think a modem physic is t , or even a physicist in I9OO 

v/ould have s^.td that although probably human beings v?-.rk in the 

way they do depend ai time being i r r e v e r s i b l e in L:.ur uwn l o c a l i t y , 

i t i s not i n t r i n s i c and inherrent t o the concept of time that there 

be t h i s i r r e v e r s i b i l i t y because a physicist can w e l l contoaplate, and 

often does for varî -̂us purposes. Let us take a simple ê -̂mple : 

a box which c-ntains radiati^-n and atoms and Ddiich i s reached what 

we c a l l thermo-dynamic equilibrium - that i s processes are occurring 

j u s t as often i n _ne direct ion as in the otherdLrectiun and i s a 

complete overa l l balance. Now tiioe i s s t i l l a peramator that 

phys ic is ts would use in the description of that ^stem, but there 

would bo no i r r e v e r s i b l e phenoiiiona. For every procoss that v/ent 

^ne way in time, there'd be 0 balancing process so îiewhere e lse in 

the box going tho other v/ay in tiriie and thore'd be -s n^Cix^y of v-ne 

as the ^..ther, There'd be no way of t e l l i n g v/hich v/ay time was going 

by looking a t the box a t one instant and then vjhat v/e would c a l l 

a uuch lat^r instant . You couldn't by just studying the behaviour 

in that box at those two instances, t e l l which was the e a r l i e r 



which ms the l a t e r . There woijld ho a cuncept call:.d "Tiou" w^iild 

s t i l l be needed in order t.j describe the bohavlour of the system 

but i t Would not bo a ooncept that would lead to there being an 

arrov/ attached to 

Professor -jjlljafiis : 

Ni.i>; I don't understand why you c a l l the concept that you're 

describing system "Time". I mean i f time applies t o the system, 

does i t not mean that some things are a f t e r othor th ings . 

Pnjfessor Sciama : 

.'Jell you don't need to say which v/as e a r l i e r and v/hich was 

l a t e r in every i n t r i n s i c sense, in tonL\s of the behaviour in the 

box. You needn't c a l l i t "Time" you can use any v/-rd you l i k e . 

The important point f o r the physicist i s what the iuathematioal 

aspects -.f t h i s pera:aator are. 

Professor ^ l l i a m s : 

But you can use any wc.rd you l i k e , obviously because, for 

instance -various naticns use any vjord they have. The question i s 

not the words you use but whether i t i s time. One Lf tlie things 

that a philosopher surely can r ight ly ask here i s : To what extent 

does a peraiiiator have to be related t o e i t h e r our expcrlenco of 

the •£ ssago of titiB, or certain e s s e n t i a l s tructural p o s s i b i l i t i e s 

of t ime, as might be included in the xAniqueness of i t s direct ion -

MIGHT bo included in order to c a l l Time the peramator in 

question Sorry 

Susan ii'/ilson : 

Can I sort of just ask you another question which 

may perhaps c l e a r t h i s up and that i s , you say v̂ e do need a 

fourth peramator - v/hat's yoiir motivation for saying v/o need a 

fourth poraiiiat^r at a l l ? 



Pn^fessor Sciama : 

Well the mutivaticn i s that we cannct adequately characterise 

the system without using i t because i f at a di f ferent time there 

were also a c o l l i s i o n at that place, v;e would need a peramator, 

or i f we there were two nearby points and we wanted to ask re la t ive 

to a part icular observer whether his c o l l i s i o n s occurred at the same 

time or not, we need a peraimt^.r t o specify that because a system 

i s physical ly di f ferent i f the c o l l i s i o n s at nearby points occur 

at the same time or at dif ferent times f o r that observer. 

But what I think whore Bernard begs % question I f e e l i s he 

says ;/e teve to decide that whatever word we use, whether i t r e a l l y 

i s t ime, as though they were given a notion of time before we started 

vjhich v/as i d e n t i f i a b l e and then we v;ould ask of any part icular case 

whether the use of the word ' T i ^ ' in that case correspinded -^eally 

to time, And t h i s is what I des ire . 

Prefessor vi'illiams : 

No but >.ur situation just i s t h i s sural^^ : that i t ' s absolutely 

cha met e r i s t i c philosophical s i tuation i t seems t.- me which i s that 

i f you start vri-th tho entire sot of opinions about time which, as 

i t v/ere, an ordinary man in the street has, thon c l e a r l y some c f 

these are just c^-nxusod and fa lse and can be discounted, as can 

be seen i n the o-urse of s c i e n t i f i c invest igat ion. I f you say 

that t h e r e ' s absolutely notiiing to be taken over from t h i s into 

the concept of t ime, we can c a l l anything v/e l i k e time, then t h i s 

i s '-bviously an absurd situatii^-n because we j u s t now, as i t vjere, 

have a verbal .msunderstanding. I t might t u m u t , for instance, 

that what we've now label led vdth the word 'time' was just a certain 

dimension wf space, I mean, for instance, the follo^;/ing r e a l l y dees 

seem to be a plausible sioggestion; that i f two ' th ings ' (and t h a t ' s 

a l l I'lii going te c a l l them)f^r the moiu'̂ n̂t) but l i g h t f - r instance. 



c o l l i s i o n s of p a r t i c l o s , are to bo individuatod, separated from one 

another by the uso uf a perajiiatur called Tiine, than i t ' s got t o bo 

by saying that one J! them was befora ths other, 

Susan i'filson : 

iĵ ell I think you've got sanething spec ia l about t h i s 

havn't you 

Professor Sciama : 

7fell t h e r e ' s sometluns e l s e te say about the question of l&efore 

and a f t e r indeed but vjell i t doesn't r e a l l y re late t^ t h i s part icular 

point thnt we're discussing but I 'd l i k e t o menti-n i t i f i t doesn't 

c^nfiise the que s t i on too lisjch. This i s a question which even physic ists 

are v/orriod whether they've g..ne too farj Sut I vjculd l i k e at least 

for the pijrposes of this discussion to take a position ^f defending 

what I'm now ab-ut to say, to t r y and mako a case that we can s t r i p 

our ordire ry notion uf time, of rather more elements that one would 

normally suspect was possible, and s t i l l have enough l e f t to H^YG a 

usable cuncept i n physics in a l l that i s needed perhaps, 

••fcat I have in mind i s a s i tuat ion which ar ises in certain 

Solutions of tho equati-ns Einstein uses in general r e l a t i v i t y , 

which i s d i f ferent fro.n the special r e l a t i v i t y we've talked about 

in connection with the Clock paradcac - the general i ty of i t concerns 

gravi tat ional phenomena in part icular and a magician cal led 

discovered tliat one c^uld have a curious universe c-nfcrraing t o 

Einste in ' s theory but in a state of rotation which had the remarkable 

property he discovered t h a t there were closed t ime-l ike l i n e s in 

t h i s tmiverss, ^hat that means in m r̂e ordinary language i s you cuuld 

got in a spaceship and t r a v e l out l i k e the fresh-faced astronaut, 

except you woiildn't ĉ :t.e back to the start ing point siraply y unger 

than the people XAI- stayed at hoi^e, but you could, i f you chose your 

j . u m e y correct ly , yoU c-uld actual ly t r a v e l round in a l ino that 

v/as closed in tiia:; as v/ell as space - and that I moan you W'.ixld 



t r a v e l f i r s t into y^ur past, ard then end up at tho m-fcent you 

began - net -nly a t the space point you began, but at the sanB 

time t h a t you began, 

Susan ".'Jilson : 

S. that instead of time spreading out in a l i n e , j u s t spreading 

out l ike t h a t , i t goes in a c i r c l e . 

Professor bciama : 

That 's r ight - Yes, 

Susan ••/ils^n : 

So you c - u l l co..:ije back t - the point where you started from 

in tifiB. 

Professor ociama : 

In tia© - t h a t ' s r i g h t . Now laany physic is ts f e e l that t h i s i s 

unacceptable un coiuinon sense grounds, or even on consistency grounds 

because they worry about the problems that i f you can t r a v e l into 

yuur past , could you then not d- things v/hich wore incompatible with 

the present s i tuat ion. 

Professor 71/illiams ; 

I t not causal inaccessible i s i t - the time when you are , as 

i t wore ' in your ovm p a s t ' . Are the places where you, as I'm playing 

t h i s game for the moment f i r s t had your past causally accessible from 

where y..u then are ? 

Susan /Vilson : 

Yes I think we'd bet ter close up a b i t , '̂vliat have we los t by 

saying that tilings go round in a c i r c l e ? 

Professor Sciama : 

•."/ell we've l o s t the idea that the before/after re lat ions goes on 

in the ordinary way that we normally think. In ether words, according 



to th is view two events are such that LUC i s before t.!'io other and 

a f t e r the ^ther according t^ which v;ay round you ĝ : al-ng t h i s 

c i r c l e . 

Susan 'jvilson : 

And this i s the serious l : t you think 

Professor '•Jilliaras : 

Well I 'd l i k e i t ' s the serious l o t , I 'd say that as i t ' s so 

f a r baen prc^sented to us that i t ' s deiCv-nstrably sel f-contradictory 

and Dennis w i l l teve t.^ t e l l me why i t i s n ' t . I t ' s sel f-contradictory 

for the following reasons: to say that I get back tc the same time 

i s the claim, i f i t means what i t purpoi-bs t o mean at the time >ne's 

gom the c i r c l e which i s that the events , -.7hich consisted of my startin; 

i s the same event as the event t h a t consisted of arr iv ing . 

Now I figure in that event - and i t ' s oNS event, ONE happening, 

t h a t ' s the point about i t being tho sa.ne time ^.K. Now the f i r s t 

time I'm at tb^t cvo i t or I havn't been in a spaceship, the second 

time I'm a t i t I have been in a spacestdp, se there i s one event 

which c - n a i ^ s of me boiih having been and not having been in a 

spaceship, and that i s the contradict i -n. 

I t requires :ne t o have contrary properties at the saiiie time 

and t o have contrary pr-pcrt ies at the sanK time la a def in i t ion 

of vjhat i t i s to bo a contradiction. 

Professor Sciayĵ a : 

Well t h a t ' s true but another point i s there may be a physical 

cbjoction to t h i s phenomena rather than a l o g i c a l ono. I t cuuld 

be that in a universe that had that property, i t wouldn't be 

possible for human beings to e x i s t with t h e i r memorios and 

sensation of free w i l l 



Profossor Willia>iis : 

HvAv do y..u ans .̂ver l u g i a a l objections 

Professwr Sciari^ : 

I want to just say there's a p o s a b l e physical objection t h a t 

the actual universe couldn't be one of those, perhapsi 

Professor Williams : 

vJe have a stronger objection than that: no Universe could 

bo l i k e that at a l l 

Professor Sciama : 

This i s tho part I d^n't quite see becaiigo you could certa in ly 

exhibit such a SL.lution, i t doesn 't have people in because people 

i s too complicated t o put in a solution of L inste in ' s equation 

Profess,.r Williams : 

The point i s w e l l we can general ise about people: the point 

i s that the soluti.,n we're imking as dog-^igtic a claim as :.dght be 

made in the opposite d i rect ion, O.K^ for the sake of the argument 

but the philosophical argument w i l l go Hke t h i s : No solution v/hich 

formerly had t h i s loop-l ike property could b? interpreted as the 

property of t ime, as being an exemplification cf time, and the 

argument i s quite simply the fol loinng: that i f the motion of a 

contradiction i s the notion of a.'Lcething having contrary properties 

at tho sar^ t ime, NL.T; i f there i s ONE time O.K. -vhich fugures both 

at tho s tar t and the <3nd OF th i s loop, there :iust be contrary things 

that are true of i t and things in i t , mmoly the propeiy that thoy 

havn't yet been on the loop, and the property that they l^ve been on 

the loop, and those two properties are centrary t o one another and 

nothing can have i t at the same time. But i f the loop v/as a 

loop, then anything that went round the loop and came 'back' to 

the same instant would havo to s a t i s f y that condition, therefore 

it's l o g i c a l l y impossible, 



Maybe a future generation went, but I do, 

Susan 7'd.lsou : 

Piight, now we've got you to accept the law of non-contradiction 

now how d- yuu get out of the fact that according to the loop theory 

you Would have t-: v io la te i t a l l the tirae 

Pr:--fessor Sciam ; 

Siiapy because I think Bernard's language i s a l,anguago t h a t ' s 

appropriate to the ^ d i m r y concept of the way the time ax is works but 

Would not be appropriate with a closed loop, V/hat v/ould be t h s 

situation here i s that i f you took a short stretch of the loop, 

then the concept of before and a f t e r would be completely w e l l 

defined ovor that short s t r e t c h , but i t ' s j u s t globally the 

topologists would simply say that t h i s ccncopt i s no-t a global 

•-ne, i t ' s •jnly a l o c a l one. The before/after concept breaks down 

global ly but i t i s a concept that works a l r i g h t f o r short s tretches . 

Professor Jilliams : 

But does anything keep going round t h i s loop ? Does i t go 

round t h i s loop moro' than once ? 

Professor Scia;aa : 

No 

Susan 'iilS'-n : 

Can I ask you two questions about that : the f i r s t one i s 

Do you accept the law -f non-contradiction ? 

Professor 'ijilllamo' : 

I do 

Susan j'Jilson : 

You do naturally r ight 

Professor' tfilliaias : 



Professor v<illinras : 

I t gcos r-und i t .nee 

Professor Scia'Pa : " 

I don't think t h a t ' s a language t h a t ' s appropriate because 

i f yuu said i t wont r-und several t i .aes, that would be implying a 

dist inct ion between being at one part icular event on more than one 

occasion which i s - supposing there wae some concept of ti.::ie over 

and above the i n t r i n s i c concept of ti:jio i f t h i s solution i s r ight 

in the equation, iind that would not be true so ycu simply have 

that loop given and t h e r e ' s no question that y^u go round that 

loop 35 times; the loop i s simply given. 

Professor >/illiams ; 

N.- I t::ko that point 

Susan valson : 

Are you saying there i s n ' t a language avai lable tt; t a l k abc-'Ut 

the loop thing, cr i s i t that we're using your '-ne. There i s a 

language avai lable we're just using the wrong one 

Prwfessor Sciama ; 

YLu 're using the wrong ono 

Sus3n Wilson : 

I think thi question ycu want to ask i s ; you've stripped away 

So much fro.: the concept of tims that we're neither of us sure what 

v/e've got l e f t . 

Professor Sc is i^ : 

";fell I can ansv-jer that - certa inly the physicist r o ^ r d s i t as 

h i s task tu abstract from appeirances, te obtain tho fundamental 

structure of tiioe and i t r-̂ ay bo that froiii h i s peint of viev; there 

i s n ' t uiuch l e f t of wliat WG norioplly think of time, what i s l a f t i s 



that the space time Jianifcld m s t be described geciaGtrically 

in a ivay that .̂x̂ kes i t c l e a r that time i s dif ferent from space -

t h a t ' s what Sinstein did in h i s general theory of r e l a t i v i t y . 

T'̂ Jhy wc ch..ose tu c a l l the extra dimension which i s geometrically 

dif ferent 'timo' i s because I suppose i t has s u f f i c i e n t l y recognisable 

properties compared vjith our ordinary notion of time, and that i t seems 

useful to keep the same word - i f only because l e t ' s say physical ly 

shaking because over a short stretch of that t ime-l ike loop, the 

before/after re lat ion does hold, 

For instance in the Girder Universe i t would a c t u a l l y take 

Something l i k e ten thousand mil l ion years to go a l l the Yia-y round, so 

in a given l i fe t ime for instance the before/after concept w^uld vjork 

perfect ly reasonably - so there doesn't seem much point in just cheesing 

a dif ferent viord for the more general concept. 

Professor ^'villiams : 

4ell I think the point i s that I think we liiight manage to agree, 

as i t were about t h i s , i s i t i s n ' t we're certainly not dealingvery 

often in philosophical problems, we're not real ly dealing he^e m t h just 

the quiStiqn of a word - i t was j u s t a question of whether we chose to 

c a l l i t 'tiiTte' or not, i t v/ouldn't matter. The point i s there are 

certain features of -̂ur experience which we c a l l and regaid as the 

temperal features #i ich seems to be s tructura l ly related t o that 

experience - experience of before and a f t e r ; above a l l the experience 

of the passage of time in certain d irect ions . And I suppose we could 

agree that tho philoS'-.phical problems here are g^ing tc locate 

themselves in relat ions between that ordinary cxpeiience, in the 

s t r u c t u m l features of that ordinary experience, and the p h y s i c i s t ' s 

models that you've been talking about. In part icular i n our ordinary 

thought we certa in ly regard before and a f ter as t r a n s i t i v e ; that i t ' s 

forming one series and that i f -ne thing i s before another, another 

i s before t h a t , then that f i r s t thing laust bo before the l a s t one we 
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mentioned. But t h a t ' s net going t-- ho t r u e , for instance:^ un.tho 

closed t ime-like loops and therefore I think where philoSLphical 

investigation i s going to be needed here isabout the relation between 

these topological and geometrical properties and our ordimry experience 

at the time, iind I think xjnless something can be said abeixt t h a t , 

there w i l l remain a doubt, a darkness, ever the question of whether 

those purely topological re lat ions are to be regarded as time, 

Susan Wilson ; 

So I think what we've seen here i s that i t ' s impossible t o 

Completely separate out philosophical problems from i;:]perial, 

s c i e n t i f i c , ones. And that the idea that these two a c t i v i t i e s are 

quite separate from the each other i s quite wrong, 

Dennis Sciama, Bernard \dlliams - thankyou very much. 
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