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It is not easy to think straight about time.  Assumptions about time run deep through all our thoughts.  So when we try to examine those assumptions, for reasons of physics or philosophy, we tend to lose our way.  We struggle to address the issues anew, but our old concepts quickly lead us astray and back to our starting point.


One of our deepest assumptions is that we travel through time.  Life is a journey.  We begin the trip at birth, and stop at death.  Of course, this excursion doesn't require any effort on our part.  We get a free ride, along with the rest of the world, on the back of the moving present.  The present moment moves through time, and takes us with it.  Right now the present moment is progressing through 1997, and in a couple of years it will carry the more fortunate among us into the twenty-first century.


The funny thing about this seemingly obvious assumption is that it plays no role in the scientific description of the world.  Science represents time as a line, along with the three directions of space.  Events are located at certain points on this line.  The Lisbon earthquake is located at 1755.  England wins the World Cup at 1966.  The Blair government, let us suppose, abolishes progressive income tax at 2001.  And that's it.  There isn't any additional moving finger, within the scientific world view, to represent the movement of now along this line.


You might feel that this is bad for science, and good for the moving finger.  Isn't our journey through time just one more feature of reality which science fails to explain?  However, once the scientific picture is on the table, the whole idea of a moving finger starts to look fishy.  After all, how fast is the present supposed to move?  Can it accelerate or slow down?  And don't we now need another line of time, alongside the first, to answer these questions?


Some philosophers claim to be able to make sense of these puzzles.  But a far more attractive strategy is to accept that time doesn't really move, and then explain why it seems to us that it does.  One part of this explanation is easy.  This is explaining why it always seems to us that the current time is now.  The answer is simply that "now" picks out the time you are at, just as "here" picks out the place you are at.  In London "here" refers to London, while in New York it refers to New York.  Similarly, in 1966 "now'' refers to 1966, while in 1997 it refers to 1997.  Clearly this doesn't require the addition of a moving now to the scientific map of the world, any more than your being at different places calls for a moving here.


Still, even if this explains why now seems to exist, it doesn't explain why it seems to move.  The analogy with space highlights the difficulty.  Here is different in different places.  But this doesn't make us feel that space moves, from east to west, say, or north to south, or up to down.  So why do we feel that time moves, if it is just another line akin to the three lines of space, as science claims?


The standard strategy at this point is to look for some asymmetry among the things that happen in time.  Maybe there is some characteristic difference between the "westward" and the "eastward" stages of temporally evolving processes, so to speak, which will explain why we think of the westward stages as "growing into" the eastward stages, rather than vice versa.  Maybe the eastward stages are always more disordered than the westward stages, or maybe they always show traces of them, or something along these lines.  But now another difficulty intrudes.  If we stick to the scientific world view -- which is what made us worried about the passage of time in the first place -- then it is hard to see how there could be any such characteristic arrow in time.  For the basic laws of physics are "temporally reversible", in that they are just as happy with processes viewed from "east" to "west" as "west" to "east".  If you see a film of billard balls banging into each other on a table, and then view that same film run backwards, both versions will conform to the basic laws of motion.  So nothing in these basic laws themselves requires physical processes to display a characteristic orientation in time.


Still, something else may require this, even if the basic laws of motion don't.  For it is uncontentious that many natural processes do display an asymmetry in time.  Imagine a reversed film of something more interesting than billiard balls, like a film of an untidy child's room spontaneously tidying itself up, or of a smoke cloud shooting back into a cigarette.  Here we can tell easily enough that the film must have been turned round.  This isn't because the reversed scenarios violate the basic laws of motion.  A gathering cloud of smoke, or a room of self-tidying toys, would still conform to those basic laws.  Rather these scenarios run counter to an asymmetrical pattern which derives from something extra to the basic laws of motion.  The conundrum, then, is to identify the extra ingredient that ordains the arrow of time. 


This is where Huw Price's Time's Arrow and Archimedes' Point comes in.  Scientists and philosophers have been struggling to identify this extra ingredient for over a hundred years, ever since they noticed that the second law of thermodynamics, the one about "entropy" (disorder) always increasing, is a paradigm case of an asymmetric pattern in time.  Price thinks that nearly all previous attempts to solve the puzzle have been flawed.  In his view, these attempts all make implicit appeal to the intuitive idea that time moves from past to future.  A genuine explanation should make sense when viewed from an "Archimedes' point" outside time itself.  Price argues that existing analyses fail this test, by invoking ideas that are only available from within our intuitive conception of time.  The grip of intuition is tight, says Price, and leads most thinkers round a small argumentative circle.


Price is a philosopher by profession, rather than a physicist, but over the last few years he has been challenging the scientists on their own ground.  He has taken particular issue with Stephen Hawking's views about the beginning and end of the universe, arguing that Hawking also falls into the familiar trap of assuming the temporal facts he ought to be explaining.  There has been some discussion of this complaint in Nature and Scientific American, and a number of physicists have been won over to Price's side.  In Time's Arrow and Archimedes' Point Price is able to show that this disagreement with Hawking is just one fragment of a far more general rethinking of the physical basis of time's arrow.


Overall, the book is a tour de force.  Price addresses some of the most difficult issues in physics and philosophy, and offers highly original solutions.  Yet the book is written in a style which assumes no previous knowledge, and will be accessible to any reader who is prepared to think hard.  Price explains in his preface that this came about almost by accident.  He wanted the book to be accessible to physicists who knew no philosophy, but also to his philosophical colleagues who were ignorant of physics.  The happy result is a book that is available to the many readers who qualify twice over, by knowing no physics and no philosophy.


Price's first target is the standard explanation of why entropy doesn't increase, and smoke clouds don't rush inwards, and rooms don't tidy themselves up (in the real world, that is, rather in than the pretend world of backwards movies).  This standard explanation is that any such processes would require many independent factors to be carefully coordinated.  For a cloud of smoke particles all to rush inwards to the same point, for example, they would each need a precisely tuned position and velocity.  Since nothing in reality ensures this, the particles instead simply spread out into a bigger cloud.  Variants on this story are standardly used to explain other asymmetrical processes.  Price adopts the acronym PI3 ("Principle of Independent Incoming Influences") for the underlying assumption that the relevant details, like the positions and velocities of all the smoke particles, are characteristically uncoordinated.


Price's initial complaint is that this explanation of asymmetry begs the question.  We only find PI3 so natural, he points out, because we normally run explanations from the past to the future.  After all, clouds of smoke particles often do have precisely coordinated positions and velocities.  After a drag on a cigarette, the particles all have just the positions and velocities required for them to have come from that puff.  (This is what allows the basic laws of motion to push the particles back into the cigarette in the pretend world of the reversed film.)  If we think that lack of coordination is the norm, this is because we are privileging the beginnings of asymmetrical processes over their ends.  What we ought to be explaining, however, is why there are asymmetric processes in the first place, rather than simply taking their asymmetry for granted. 


Price's own explanation is that when we look in one direction in time (the one we call the past) we will find large clumpings of ordered energy, which are gradually dissipating in the other direction.  In our corner of the universe, this concentration of energy is the sun, and it is has already been radiating itself away for billions of years.  But the sun itself is simply one by-product of the highly ordered conditions produced by the big bang.  As Price puts it, all the order in the universe has escaped from the same initial bottle.  So the ultimate puzzle, for Price, is why the big bang created such highly ordered conditions in the first place.  This is where Price takes issue with Hawking.  Price does not claim to offer a definite solution himself, but he does succeed in clearing away much confusing undergrowth.


The search for the physical basis of time's arrow occupies the first half of Price's book.  He treads carefully through this intellectual minefield, and will persuade many expert readers to think again about their favourite explanations in an area where the very nature of explanation is at issue. The second half of the book ranges more widely and more speculatively.  Price's targets here are causation and quantum mechanics.  He defends the possibility of causes that go backwards in time, and suggests that such causes can resolve the paradoxes of the quantum world.  This is highly ambitious stuff, and Price's arguments become correspondingly more tentative.  But throughout the book he continues to explore options that other writers have missed.


Causation, if you think about it, is another process that behaves asymmetrically in time.  Normal causes occur before their effects, not after.  So from the point of view of basic physics, causation itself is problematic.  Some philosophers, siding with the symmetry of basic physics, have concluded that causation has no place in an objective account of reality.  (Thus Bertrand Russell:  "The law of causality . . . is a relic of a bygone age, surviving, like the monarchy, only because it is erroneously supposed to do no harm.")  However, the more popular strategy is to treat causation like other processes that are genuinely asymmetric in time, and seek to explain it in terms of something beyond the basic laws of physics.  In particular, PI3, the Principle of Independent Incoming Influences, is often held to be responsible for a number of real differences between cause and effects, such as that causes can be used to manipulate their effects, or that causes leave many later traces of their presence.


Price objects to this kind of analysis, on the grounds that his earlier arguments show PI3 is not a basic principle, by simply a side-effect of large-scale clumpings of energy in the past.  If we abstract away from these macroscopic clumpings, urges Price, and focus instead on the microscopic interactions which underlie all physical processes, then this asymmetry dissolves away.  Still, he continues, we surely want to allow that there are causal interactions in the symmetric microscopic world.  So he ends up concluding that causation points both ways in time at the microscopic level, and that the only reason we humans think of it as always pointing forwards is that we ourselves are large clumpings who radiate energy away in that direction.


Price's next thought is that microscopic backwards causation offers a possible way out of the philosophical maze presented by quantum mechanics.  At the heart of this maze lie the strange correlations between separated events displayed in certain quantum experiments.  Correlations between separated events can normally be explained by some common cause in their joint background, but the quantum associations are strange precisely because their mathematical structure seems to preclude any such common cause explanation.  However, Price urges that we might be able to revive such common causes, if only we allow that they are in turn causally influenced backwards by the later measurements performed in the experiments.


There is a lot going on in these latter sections of this book, and there are a number of points at which Price's readers may wish to get off his argumentative bus.  I myself was not persuaded by his initial argument in favour of backwards causation.  I agree with Price that the normal explanation of causal asymmetry, in terms of PI3, makes causal asymmetry an essentially macroscopic phenomenon, which is absent from individual microscopic interactions.  But I think this shows that causation itself is an essentially macroscopic phenomenon, found only in the world of untidy rooms and cigarette smoke, not that causation goes both ways in the world of interacting sub-atomic particles.  In the end I found it hard to see why Price resists this diagnosis, for once he has stripped away the familiar macroscopic asymmetries, it seems odd to continue counting bare microscopic interactions as causal.


What is more, it is not clear that this way of putting things helps his story about quantum mechanics.  Price's central thought about quantum mechanics is that there is nothing especially puzzling about the strange correlations, if only we fix them with a clear gaze from an Archimedes' point outside time.  But, if that is right, then surely the best way of keeping our gaze clear is to avoid confusing causal terminology altogether, and simply specify the symmetric laws which give rise to the correlations.  Bringing in causation seems only to muddy the issue, since Price then has to explain that many of the normal temporal connotations of causation do not apply.


As to the residual non-causal core of Price's view, I am in two minds.  The trouble is not that Price's account of quantum mechanics is counter-intuitive, though it certainly is that.  Fifty years of failed attempts have made it clear that a successful interpretation of quantum mechanics will be nothing if not weird.  The worry is rather that Price only gives us the shell of an interpretation, rather than a detailed theory itself.  Price is aiming at a theory that will add certain "hidden variables" to the quantities recognized by orthodox quantum theory.  But he does not offer a detailed account of these hidden variables, in the manner, say, of the late David Bohm.  Instead he contents himself with showing that the standard objections to such hidden variable theories depend on dubious assumptions about time.


Whether this thought will succeed in leading us out of the quantum maze remains to be seen.  Only when we have a proper theory before us will be able to judge if it delivers as it promises.  Still, it would be churlish to criticize Price for stopping where he does.  In the course of his book, he makes real progress with the direction of time.  If he leaves us with a new problem at the end, this only testifies to the number of old problems he has resolved along the way.
