Spooky Action at a Distance

I remember, as a young man, watching an astro-physicist named Robert Jastrow on television discussing the enigma of the interaction of matter.  His remarks were deceptively simple, but they had a big impact.  Let me tell you what he said, in essence. 


Imagine two particles of matter separated by nothing but space.  Call one of the particles A and the other B.  Now suppose that A moves.  We know that B will also move.  The reason for this is the familiar force of gravity.  But, how is this possible if A and B have nothing between them.  How is the gravitational force communicated between A and B?   Professor Jastrow was asking us to think how that gravitation could be propagated (mechanically) through a vacuum.  If you or I could move something around, say our furniture, without touching it, we would no doubt be considered magicians.   Gravity, which is intrinsic to all matter, does exactly this.  Yet it is not considered magic.  Isn’t science at least as interesting as some magician levitating an over-aged woman in a bathing suit? 

But wait, things get much more intriguing. 




Albert Einstein, someone who needs no introduction, created a revision of Newtonian mechanics with his Special Theory of Relativity.  The fundamental axiom which he relied upon was the constancy of the speed of light in a vacuum (300,000 km/sec).    Einstein had said that it was physically impossible for any coherent signal, bit of information, piece of matter, or radio signal, etc. to move faster than the speed of light.  The reason is that as things accelerate towards the speed of light, their masses increase without bound.  Therefore, it would require unbounded amounts of energy to accelerate them to the speed of light.  Achieving the speed of light is difficult to contemplate, but going faster would certainly be impossible.  Light photons, by definition, can move at the speed of light, but they have no mass.  Neutrinos can similarly move at the speed of light, but have no mass at rest.  Einstein was adamant in saying that information could not be transmitted in ANY fashion at speeds exceeding the speed of light. 

What this means is that if the moon were to experience a wobble, the earth would feel its effect after a short period of time.  It would not feel the effect instantaneously.  Gravitation is not propagated instantaneously.  Einstein was denying the existence of “action at a distance”.  In fact, he declared that all four fundamental forces – gravitation, electro-magnetism, the weak, and the strong forces – propagate at speeds less than or equal to the speed of light (note: light is electro-magnetically produced).  Action at a distance refers to an effect being felt instantaneously, in addition to being transmitted through a vacuum.  Einstein denied that action at a distance was possible. 
This complicates the puzzle which Jastrow was pointing up to us.  Not only is there nothing in between the two particles A and B, but A’s effect on B occurs with a delay.  The particle B “feels” the movement of A only after a short period of time depending on the distance between the two particles; this despite there being nothing between them to slow things down.  
Despite how it looks though, things were far from settled by Einstein.  The story took a dramatic turn with the advent of quantum physics in the late 1920’s.  
 

   

  

  


Werner Heisenberg, Neils Bohr, Erwin Schrodinger, and Paul Dirac (shown in order above) had put together a spectacularly successful story of the behavior of electrons (matter) and light.  Their theory was generated out of the peculiar outcomes of experiments and theorizing done by Max Planck.  It was totally revolutionary and incredibly precise in its predictions (at least for electrons and light).  Nobel Prize winning physicist Richard Feynman has claimed that there is now no experimental doubt about the validity of quantum theory as applied to electrons and light. 
The problem with this is that experiments using quantum theory have shown quite conclusively that if quantum theory is true, then action at a distance, in at least some form, must be accepted!
Einstein was aware that quantum theory (something he clearly disliked) could be challenged by an experiment which could only validate quantum theory by simultaneously validating action at a distance.  The experiment was devised by Einstein, Poldosky, and Rosen and is called the EPR experiment.  According to the experiment—if quantum theory were true then particles separated by a wide gulf of space would still experience a type of very typical quantum entanglement or correlation.  If the space were made sufficiently wide, such entanglement would imply superluminal speeds in the transmission of information (required for the entanglement) between the two particles.  It would be as Einstein put it, “spooky action at a distance”.  To vouchsafe the correlation – actually joint probability – between the two particles implied by quantum theory, the state of one particle would have to be transmitted to the other particle instantaneously.  If this correlation were altered and could be detected experimentally, then one would have to conclude that quantum rules were not valid, at least at large distances.   Einstein was so sure that action at a distance was impossible (because of his faith in relativity) that he attempted to use this to disprove quantum theory.  
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Years later, experiments such as those of Alan Aspect (left), based on an important theorem by John Bell (right) of CERN, showed conclusively that quantum theory was upheld.  This meant that action at a distance was not only possible, but was necessary.  The experiments showed that reality is in fact built out of one seamless cloth.   How this works is not clear, but very few physicists will disagree with this statement.   It is usually expressed by saying that quantum effects are not local.  And since nearly everything is governed by quantum rules (except perhaps gravity and radiation), this means that everything is connected instantaneously.  



Such considerations make it all the more understandable why that Sir Arthur Eddington, the late English astronomer, once commented that "not only is the universe stranger than we imagine, it is stranger than we can imagine.”
For some recent discussions of this topic see

http://math.ucr.edu/home/baez/physics/Quantum/bells_inequality.html (says the experiments are not definitive…typically the case in science)

http://physicsweb.org/articles/world/11/12/8 (says John Bell’s discovery is one of the greatest discoveries in all of science…a spooky over-statement)

