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Causation and the Direction of Time
1 Introduction Everyone agrees that most causes precede their effects. Not everyone agrees that they all do so. Despite the work of Robin Le Poidevin and others, some people still think that causes can be simultaneous with their effects. Some people are persuaded of this by various apparent examples of simultaneous causation. There is the ball that apparently causes a simultaneous depression in the cushion it is resting on; the rigidly-coupled train, the acceleration of whose front engine causes the rear of the train to accelerate simultaneously; and the charged particle which affects the electrostatic field at the very same point in spacetime. All these examples can in fact be explained away by those who think that causes always do precede their effects. But then we need some good independent reason to think that, and that is what I am going to talk about—leaving the refutation of these and other counter-examples as something we might then argue about in the discussion.
But even if we agree, for the sake of argument, that all causes do in fact precede their effects, we still need to know why? Is it a coincidence, is it a law of nature, or is it a necessary truth? I think it’s a necessary truth, a consequence of two facts about causation: (a) that causation has a direction which determines the direction of time; and (b) that causation cannot go round in a loop, so that nothing can affect something which affects something which ... etc. affects whatever we started with.
These two theses, that the direction of time is determined by that of causation, and that there are no causal loops, were advanced and argued for by Hans Reichenbach in his classic book The Philosophy of Space and Time, published in 1928. But there are two defects with Reichenbach’s presentation of these theses. One is that he gives no sufficient reason for thesis (a); and the other is that he takes (b) to be, not a necessary truth, but a contingent if profound truth about causation. I think we can do better than that. First, we can derive (a) from the causal mechanism by which we perceive the temporal order of events. And second, we can prove (b) and thereby show that causal loops, and the phenomena that entail them (closed time, backward time-travel and backward causation of all kinds) are all impossible. That’s what I want to show in this talk
Now I argued for both these claims in Reak Time, a book I wrote ten years ago. The reason I’m returning to them now is not just idleness, but because since then my arguments, besides being widely ignored, have also been attacked. And although I—naturally—don’t think the attacks succeed, I do think my arguments could be better put, and indeed developed further. And that’s what I now want to try and do; and although, in order to keep my discussion self-contained, I shan’t refer to my attackers, I shall in fact try to meet their objections.
2 Causal and temporal order Let us start by considering our perception of temporal order, and especially that of our own experiences. A.A.Robb remarked in his book A Theory of Space and Time, published in 1914 that ‘of any two elements of time of which I am directly conscious one is after the other’. But, as he did not remark, that fact is also something of which I am conscious. Indeed all our conscious states, whatever their content, come in a temporal order of which we are also conscious. And even if, like Reichenbach, we decline to follow Kant in inferring from this fact that time is a purely subjective ‘form of inner sense’, the fact itself is so clearly fundamental that any theory of time must account for it somehow.
How can a causal theory of the direction of time—CT for short—account for it? If my experiences not only have a temporal order but tell me what it is, we cannot do what Robb did and just define temporal order as causal order. We must say why the order we perceive our experiences to have coincides with the order fixed by causation. And conversely, we must explain why, as Larry Sklar said in his article on ‘What might be right about the causal theory of time’, any causal path can ‘be traversed by a local “consciousness” who directly and immediately, as a primitive content of his experience, can tell which events in his consciousness, and hence which spacetime locations along the worldline of his history, are “near” one another’.
The link between causation and the temporal order we perceive our experiences to have could prima facie be forged in either of two ways. First, causal order might itself depend on a temporal order fixed by consciousness: e.g. by our awareness of the temporal succession of our present conscious states. But this will not do for CT, for then causal order would depend on temporal order, not vice versa.
The other possibility is that our perceptions of temporal order have a causal mechanism which makes the perceived temporal order of our experiences coincide with their causal order. This is the link which CT needs and which I argued for in Real Time. But as I argued there, this link is not merely consistent with CT: it entails it. It makes causal order entail temporal order, not merely in our experiences, but in everything. And this is the germ of truth in Kant’s idea that time is the form of inner sense: temporal order is indeed derivable from the self-intimating temporal order of a hypothetical individual’s experiences. But my derivation does not support Kant’s idealism. For, as we shall see, the self-intimating temporal order of these experiences is entailed in turn by their objective causal order.
In what follows I shall derive CT by looking first at how we perceive the temporal order, not of our own experiences, but of external events. We do this all the time, not only when we see (e.g.) a match light after it’s struck, but whenever we perceive motion, or change of any other kind. To see a second hand move clockwise, for example, is to see that it passes ‘1’ before it passes ‘2’, and so on: to see it move anti-clockwise would be to see (inter alia) that those events had the opposite temporal order. And similarly with the perception by any of our senses of changing colours, temperatures, pressures, sounds, tastes, and so on. We are continually perceiving instances of temporal order in the world around us, as well as in our own experiences; and the causal mechanism of these perceptions is, I shall argue, what makes causal order always entail temporal order.
But before showing how this follows, I must make three preliminary points. The first is terminological. In Real Time, I followed Davidson in taking causal and temporal relations to hold primarily between events, understood as particulars, corresponding to singular terms: as in ‘the short circuit caused/preceded the fire’. I now take them to hold primarily between facts, corresponding to true sentences, and therefore to be rightly reported by connectives: as in ‘there was a fire because/after there was a short circuit’. But since very little in what follows turns on whether causal and temporal relata are particulars or facts, I shall follow the custom call them all ‘events’; but without thereby committing myself to any particular account of them except where I say so.
My second point is also partly terminological. In what follows, I shall not limit perception to veridical perception, nor will I equate our perceptions with the beliefs they normally, but not always, cause. In other words, ‘X perceives/sees that p’ will here entail neither ‘p’ nor even ‘X believes that p’. I shall take it for example that we can see that something happens on the sun just after a clock strikes one, even though we know (because we know that sunlight takes eight minutes to reach us) that it actually happens earlier.
My third point is more substantial. Veridical or not, believed or not, our perceptions of the temporal order of events are of wholly objective tenseless temporal relations. In particular, they do not depend on our perceiving external events to be temporally related to ourselves. Given the recent fashion for ‘subjectivity’ induced by the work of Thomas Nagel and others, it is important to emphasise that our own temporal location never infects the content of our perceptions of external temporal order. For example, my seeing that one celestial event precedes another neither depends on nor includes my seeing either event as present. Nor as past, come to that: for while I believe the celestial events I am now seeing are past, they no more look past than they look present. (How would an event look if it did look past, or present?) The fact that I don’t see events until after they occur is not something I see: I see temporal relations between events, but not between them and my perceptions of them. In short, although our perceptions of the temporal order of events may be false, or not believed, there is nothing tensed or in any other way subjective about their contents.
So much for preliminaries: now for the argument. Suppose I see that one event, e, precedes another, f. My seeing this is itself an event, which I shall call S(e<f), where ‘S(p)’ represents a perception that p and ‘<’ means ‘precedes’. But what is S(e<f)’s structure: how do I see that e precedes f? Obviously by seeing e, seeing f, and seeing e first: events which—again waiving the distinction between facts and particulars—we may call respectively Se, Sf and (Se<Sf). But there must be more to S(e<f) than this. For suppose that by the time I see f I have completely forgotten having seen e: i.e. suppose Se leaves no kind of memory trace to affect Sf, and in particular to enable it to complete the perception S(e<f). Then S(e<f) could not occur: for I cannot perceive anything about two items if they are at no time connected in my mind.
In other words, for me to see e precede f, my seeing of e must somehow affect my seeing of f: i.e.
(1) S(e<f)  |=  (SeSf),
where ‘|=’ means ‘entails’ and ‘’ means ‘affects (or causes)’.
Similarly, for me to see e and f temporally reversed, my perceptions of e and f would have to be causally reversed: S(f<e) |= (SfSe). In short, the causal order of my perceptions of e and f fixes the temporal order I thereby see e and f to have. So if C is the conjunction of the other conditions required for Se and Sf to constitute a perception of the temporal order of e and f, then
(2) C&(SeSf)  |=  S(e<f).
But this then fixes the temporal order of Se and Sf. For it is an obviously analytic truth that the temporal order of my perceptions of events must coincide with the temporal order I thereby perceive those events to have. Thus in particular, for me to see that e precedes f by seeing e and seeing f, I must see e before I see f: i.e.
(3) C  |=  S(e<f)(Se<Sf).
Hence, from (2) and (3), we get
(4) C&(SeSf)  |=  (Se<Sf).
The causal order of Se and Sf will of course normally not fix the temporal order of e and f. For as I’ve remarked, perceptions in general, and perceptions of temporal order in particular, need not be veridical. In celestial cases especially, when events can occur at long and very varied intervals before we see them, we can easily see that e precedes f even when we know that in fact it succeeds it. But that can’t happen when e and f have the same temporal order as Se and Sf because they are the very same events: i.e. when what our experiences intimate to us is their own temporal order. In that case the causal order of our perceptions of events does entail the temporal order we thereby perceive those events to have. And this is why the fact I cited earlier—our awareness of the temporal order of our own experiences—does not in fact provide an independent criterion of temporal order that could in principle conflict with CT.
So far so good, but apparently not yet far enough. For so far causal order seems to entail temporal order for a pair of events only if they are perceptions of events of whose temporal order that pair thereby also constitutes a perception: let us call this complicated property of pairs of events PT. But in fact any causally ordered pair of events can be conceived to be PT. For consider what, besides their causal and temporal order, gives the pair {Se,Sf} the property PT: what, in other words, must the condition C include? It needn’t include Se and Sf having any intrinsic properties peculiar to perceptions. Some perceptions may need specific intrinsic properties (e.g. the visual sensations involved in seeing colours), but perceptions of temporal order don’t. Temporal order can obviously be perceived equally well by any of our senses, and by beings whose senses are quite different from ours. Indeed events of any intrinsic kind can be parts of such perceptions, provided only that causation incorporates them in a network of events so causally interrelated as to constitute the workings of a perceptual system. And what makes something a perceptual system is not any particular ordering, or special intrinsic properties, of the events within it, but its causal rôle in forming the beliefs and hence the actions of some agent.
We can therefore without contradiction envisage any two events g and h such that g affects or causes h, i.e. such that
(6) gh,
keeping their actual causal and temporal orders while being so related to other events that the pair {g,h} has the property PT: i.e. while being such that, for some e and f, g=Se, h=Sf, and condition C holds. (This, in the special case where g=e and h=f, is what justifies Sklar’s claim that any causal path could be traversed by a consciousness which can tell that some of its own conscious states are near each other in time.) But then (4) entails that in these circumstances
g<h,
i.e. g precedes h. But since gh and g<h are ex hypothesi the actual causal and temporal orders of these events, g must precede h in any case, whether {g,h} has the property PT or not. So causal order does always entail temporal order, just as Robb and Reichenbach say it does.
3 The impossibility of causal loops The fact that all causes must precede their effects does not, as Reichenbach recognised, show immediately that they cannot also succeed them. For suppose there were causal loops, i.e. events e, f, ... such that
(7) ef ... e.
The transitive temporal order entailed by the causal order of these events would then make e both earlier and later than f. This would enable several phenomena that many philosophers take to be possible, even though no one really believes they actually occur. In particular, it would enable backward causation, which is not ruled out simply by causes having to precede their effects, since that merely makes local reversals of causal order entail local reversals of temporal order (as in backward time-travel).
To rule out backward causation, therefore, we must also rule out causal loops. Reichenbach himself, as I’ve remarked, denied that we can rule them out a priori. But I think we can, as I now propose to show.
Before doing so, however, I want to register and reject two common objections to any such argument. The first (which I take to be Reichenbach’s) is the positivist thesis that nothing outside logic and mathematics can be ruled out a priori. But then the argument that follows will itself, if sound, refutes that thesis. Without an independent refutation of the argument, the objection simply begs the present question.
The second objection occurs in a famous paper by Gödel, in which he infers that backward time travel is possible because some solutions of the equations of general relativity allow it. But this assumes that anything which is ‘physically possible’ (i.e. compatible with physics) is really possible: i.e. that only physics can limit metaphysical possibility. And that’s nonsense. For example, the physics of a simple pendulum only constrains its period of oscillation to be proportional to the square root of its length, an equation which has negative solutions. But this doesn’t entail that, unless some other physics rules it out, a pendulum could oscillate in literally less than no time! We need no a posteriori physics to rule that out. We can rule it out a priori, because it makes no sense. And nor, though less obviously, do causal loops.
The following proof that causal loops are impossible assumes that an effect must have a greater chance (i.e. objective physical probability) than in the circumstances it would have if its cause did not occur. Let us call this assumption CE. CE has been disputed by Wesley Salmon and others but it too can be derived a priori from the connotations of causation, and in particular from the fact that when an effect is an end, its causes are ipso facto means to it. One could therefore reject the assumption and hence the proof by rejecting this connotation; but that weakening of the concept of backward causation would destroy the whole point of it. Why, for example, do something now to affect the past if not as a means to some past end?.
Now for the proof, which is a reductio. Suppose therefore that there is a causal loop: i.e. that some pair of events e and f satisfy (7) above. What kind of events they are doesn’t matter, and nor does the size of the loop. It can even include the whole history of the universe: so that proving no such loop exists will also disprove the hypothesis that time itself is closed. But we can still let the causal order in f ... e define a temporal order relative to which the causation in ef is backward, and thus present the argument in terms of backward causation.
The next step is to imagine replicas of the causal situation in which e and f occur: call them ef-replicas. (In the closed time case ef-replicas are other similarly cyclical universes.) But what these replicas are depends on whether e and f are facts or particulars, so at this point we must again distinguish those two possibilities.
Suppose first that e and f are particulars. Then their causal relations will depend on their having intrinsic properties E and F that make them instantiate laws which in their circumstances (of some kind K) give F-events a greater chance of occurring with E-events than without. Thus, for example, if e is a short-circuit and f the fire it causes, E would be a high temperature, F ignition and K a mixture of oxygen and inflammable material. Then an ef-replica is another K situation in which an F-event’s chances of occurring with and without an E-event are the same as f’s chances of occurring with and without e.
If e and f are causally and thus temporally ordered facts, then whatever their structure in terms of the presence or absence of events and other material particulars, they are existential facts about times or, more generally, spacetime regions. That is, they entail the existence if not the identity of the regions they occur in, regions whose temporal order is entailed by the causal order of the events occurring there. (For example ‘there was a fire because there was a short circuit’ entails ‘the time at which there was a short circuit preceded the time at which there was a fire’.) Thus the laws that give f a greater chance with e than without it may again be taken to relate properties E and F of particulars: namely, of spacetime regions in which the condition K obtains. For present purposes, therefore, we may think of the facts e and f as particular events: namely, as particular E and F regions of spacetime (cf. Quine (1985), p.168). Then an ef-replica is another K region of spacetime in which some sub-region has the same chances of being F with and without a later E sub-region as f has of occurring with and without e.
Since therefore we can make similar sense of ef-replicas whether e and f are particulars or facts, we may after all continue to waive that question. We may also waive the distinction between events and non-events, and call the occurrence of an E-event in any ef-replica an e event, or just an e, and its non-occurrence a ~e event, or a ~e; and similarly for fs and ~fs.
Now imagine many ef-replicas, k of them with es, and k with ~es. Suppose that m fs occur in the e replicas, and n in the ~e replicas. Then since CE makes f’s chance greater with e than without it, the laws of large numbers require the chance of m/k exceeding n/k, and hence of m exceeding n, to tend to 1 as k∞. In short, for e to affect f, m’s chance of exceeding n  must 1 as k∞. But it needn’t, as I shall now show by describing possible ef-replicas in which it doesn’t.
First, however, I must show that my replicas don’t beg the question: in particular, that they could occur in circumstances of the relevant kind K. What then are those circumstances? They are those needed by CE, which says that an effect’s chance must be greater than it would have been in the circumstances if its cause had not occurred. CE needs this qualification to cope with cases where another cause, which would occur if e didn’t, would make f’s chance as great or greater than e does. The circumstances that CE must take to be the same whether or not e occurs must therefore include the absence of such alternative causes. There is more to it than that, of course, and the extra is both complex and controversial, but fortunately the controversy doesn’t affect the present argument. For whatever else these circumstances must include, they needn’t include f’s effects. For it is causes that raise the chances of their effects, not vice versa. f’s chances with and without e don’t depend at all on f’s effects, only on its other actual and possible causes. And even if f affects e via the causal chain f ... e (which it needn’t, since ‘’ need not be a transitive relation), what makes f’s chance depend on e is that e affects f, not that f affects e.
More generally, the causal relation gh (6) between any two events g and h must be logically independent of g’s causes and of h’s effects: for otherwise causation would not be a binary relation. So we can without contradiction envisage any g and h  continuing to satisfy (6) while g’s causes or h’s effects are varied from what they actually are. In particular, therefore, no consistent suppositions about the causes of es and the effects of fs in ef-replicas can create a contradiction in the assumption that ef which is not already there. And those are all the suppositions we shall need.
First, then, let us suppose that every ef-replica contains a causal chain (like f ... e) between its f or ~f event and its e or ~e event, simply in order to make the latter later than the former. Secondly, suppose that each such chain contains some j or ~j event such that fs always cause js and ~fs always cause ~js: i.e. suppose a j’s chance is 1 with an f  and 0 without. Thirdly, suppose that in some chains (call them A chains) js always cause es and ~js always cause ~es, while in the others (B chains) it’s the other way round: js always cause ~es and ~js always cause es. Finally, suppose that half of the chains contain fs—call them f-chains—and half ~fs, and that half of the f-chains and half of the ~f-chains are A, and half B.
(In Mellor (1981), ch. 10, following Dummett (1964), I made these js and ~js veridical perceptions of fs and ~fs, and made half of the perceivers cause an e if they saw an f and a ~e if they saw a ~f, and half do the opposite. This makes the thought-experiment easier to visualise, but it also makes the argument appear to depend on assumptions about perception and action—e.g. about perceptual evidence, or free will—which it doesn’t.)
All these suppositions are compatible with (7). For example, the causation in f ... e and its replicas need not be transitive, but it cannot be intransitive (since causation, like time, is dense): so nothing in (7) can prevent fs and ~fs affecting es and ~es indirectly via js and ~js in the way supposed. Nor, since these suppositions only concern the effects of fs and the causes of es, can they be excluded by es affecting fs. For as we’ve noted, if an e can affect an earlier f at all, it must be able to do so however it is caused and whatever the f it causes affects.
But that, as we can now see, it cannot do. For consider the f-chains, and suppose there are k of them (and that k is even). Half of them—the A f-chains—produce es, the others ~es. The same goes for the k ~f-chains. But this means that half of the k es, and half of the k ~es, are preceded by fs: which entails that that m, the number of fs occurring in the k replicas with es, is k/2; and so is n, the number of fs occurring in the k replicas with ~es. For all k, therefore, m=n. So in these ef-replicas, the chance of m exceeding n, far from 1 as k∞, is 0, for all k. But then f’s chance in K cannot in fact be greater with e than it would be without it. So e cannot affect f after all.
How might this argument be resisted? In particular, which of its assumptions might we reject? Well, we could in fact reject most of them, but that won’t help the cause of causal loops, since the ones we could reject are as inessential as they are innocuous, and were made only for simplicity. The argument will for example obviously work just as well for any other proportions of fs and ~fs and of A chains and B chains. Nor does it depend on the determinism of the causal links between fs and js and between js and es. All that matters is that the chain of necessarily not-intransitive causal relations f ... e enables the chances of es and ~es in ef-replicas to depend on whether they contain fs or ~fs. That is what prevents the chances of fs in those replicas having to be greater with es than without them, as ef requires.
The only way to save ef from this argument is to deny the assumed causal chain f ... e. But that just breaks the causal loop ef ... e somewhere else. So the argument does, as promised, show a priori that there can be no such loops, and hence no backward causation, no backward time travel and no closed time. What Reichenbach rightly took to be the fundamental fact about causation on which the linear structure of time depends is not after all the mere contingency he thought it was.
