
  [image: cover]


  


  
    ‘Read Gribbin’s new book . . . I enjoyed Schrödinger’s Kittens enormously, and found it very stimulating. Unlike many sequels, it is better than
    the original, and should appeal to anyone who has even the faintest interest in quantum theory’

  


  New Scientist


  ‘This book will appeal to all those who have attempted to understand the quantum universe but gave up. Gribbin’s light and engaging style allows the quantum
  universe to remain delightfully absurd’


  The Times


  ‘In the true quantum realm, Gribbin remains the premier expositor of the latest developments’


  Booklist


  ‘An exciting, lucid and mind-stretching tour of the puzzles and paradoxes of quantum physics . . . a gifted popularizer, Gribbin uses thought-experiments and diagrams to
  make difficult ideas accessible’


  Publishers Weekly


  ‘An irresistible read and the author is to be congratulated on making accessible to the lay person such a clear explanation of inherently difficult, but important,
  concepts’


  Irish Times


  ‘Gribbin . . . likes to surprise and excite his audience. This gives his writing a delightful vitality, and graphic imagery that makes difficult ideas accessible. The
  whole parable of “Schrödinger’s Kittens” is brilliant’


  Independent on Sunday
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  When I wrote my historical account of the development of quantum theory, published just ten years ago, I never imagined that I would return to the theme of quantum mysteries in
  another book. In writing In Search of Schrödinger’s Cat I set out to show just how strange and mysterious the subatomic world of quantum physics is, and the impeccable logic,
  driven by bizarre experimental results leading to non-commonsensical theories that were in turn confirmed by further experiments, that had forced physicists to take such bizarre notions seriously.
  The bottom line, as of the mid-1980s, was that for all its strangeness quantum theory works – it is the theory that underpins our understanding of the behaviour of lasers, computer chips, the
  DNA molecule, and much more besides. The old ideas, so-called ‘classical’ physics, simply cannot explain such phenomena. What mattered, I stressed in In Search of
  Schrödinger’s Cat, was not that the quantum theory was hard to understand, but that, indeed, it worked. The fact that, in the words of Richard Feynman, ‘nobody
  understands quantum theory’ meant that I could conclude my earlier book with the unashamed statement that ‘I am happy to leave you with loose ends, tantalizing hints, and the prospect
  of more stories yet to be told.’


  But while I was happy to leave the loose ends dangling, many physicists were not content to rest on their laurels. Not happy with a theory that could not be understood, even if it did work, they
  have tried strenuously, since I last took stock of the situation in 1984, to solve the quantum mysteries. Along the way, they have made some of the mysteries look even more mysterious and have
  uncovered new aspects of the strangeness of the quantum world. They have developed explanations of the quantum mysteries that seem to an outside observer to be increasingly bizarre counsels of
  despair. But they have also, within the past few years, come up with an explanation of the quantum mysteries that just might, after more than sixty years of trying, provide a genuine insight into
  what is going on – an understanding intelligible not just to the cognoscenti but to anyone interested in the nature of reality.


  This new understanding rests not only upon the appropriate interpretation of quantum theory, but also upon the explanation of the behaviour of light within the framework of Albert
  Einstein’s theory of relativity. In this book, I bring both stories up to date, and show that the best explanation of the way the Universe works, the resolution of all the quantum mysteries,
  requires bringing together quantum ideas and those of relativity theory.


  You will not find much of the historical background of the development of quantum theory here; I have covered that ground already. I start with quantum theory as an established success, and
  discuss some new puzzles and some new ways of looking at old puzzles, before explaining how those puzzles can be solved. You will find here everything you need to know to understand what the
  quantum debate is all about, whether or not you have read anything on the subject (let alone my own books) already; you will read about such seemingly paradoxical phenomena as photons (particles of
  light) that can be in two places at the same time, atoms that go two ways at once, how time stands still for a particle moving at light speed, and a serious suggestion that quantum theory may offer
  a way to achieve Star Trek-style teleportation.


  To set the scene, though, I begin more or less where In Search of Schrödinger’s Cat left off, with the famous cat herself, and John Bell’s proof that if quantum entities
  are once part of a single system they remain linked, somehow aware of each other, even when they are far apart. Einstein called this ‘spooky action at a distance’; it is more
  respectably described as ‘non-locality’. The concepts may be new to you, or you may think that they are familiar. The ‘paradox’ of Schrödinger’s cat, alive and
  dead at the same time, has become almost a cliché over the past ten years. But wait. Even if you think you know what it is all about, be prepared to think again. You ain’t seen
  nothing yet. I have bigger and better paradoxes, backed up by impeccable experimental tests, with which to amaze you. But they all boil down to one thing. How can an electron, for
  example, go both ways at once through an experiment with two holes? How does it ‘know’ the structure of the entire experiment at one moment in time?


  The total strangeness of the quantum world, the problem we have to solve, can be most clearly understood by looking at the adventures of the twin offspring of our original cat, the kittens of my
  title. We then have to reconsider just what it is we know about the nature of light itself, the phenomenon that is a key ingredient of both quantum theory and relativity theory. And then I
  will be in a position to point you towards the new ideas that explain the nature of reality and solve the quantum mysteries – all of the quantum mysteries. For the first time since
  quantum theory emerged in the middle of the 1920s, it is possible to say with some confidence what quantum theory means. And if that isn’t a good enough reason for writing this book, I
  don’t know what is!


  


  John Gribbin


  April 1994





  
    All these fifty years of conscious brooding have brought me no nearer to the answer to the question ‘What are light quanta?’ Nowadays every Tom, Dick and Harry
    thinks he knows it, but he is mistaken.

  


  


  ALBERT EINSTEIN


  Letter to M. Besso, 1951


  No physical world exists behind the apparent elementary sense impressions subjected to the reflection of the mind.


  


  GEORGE BERKELEY


  Treatise Concerning the Principles of Human Knowledge, 1710


  There are nine and sixty ways of constructing tribal lays,


  And every single one of them is right!


  


  RUDYARD KIPLING


  In the Neolithic Age, 1895
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