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only possible to make minor technical improvements. In fact we 
need a new idea for making a truly important improvement, so I 
think that now it's enough for me. 

What do you think that Einstein would have made of the result of your 
experiment had he been alive? 

Oh, of course I cannot answer this question, but what I am sure 
of is that Einstein would certainly have had something very 
clever to say about it. 

He usually did, yes! 

John Bell 

John Bell is a theoretical physicist at the Centre Europeen 
pour la Recherche Nucleaire (CERN) near Geneva. His key 
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experimental tests of the conceptual foundations of quan­
tum mechanics by Aspect and others. Bell's theorem was 
described by Berkeley particle physicist Henry Stapp as 'the 
most profound discovery of science'. P 

Your famous result that we all know as 'Bell's inequality' can 
obviously only be properly discussed by using mathematics. But could 
you explain briefly in ordinary language what it is about? 

It comes from an analysis of the consequences of the idea that 
there should be no action at a distance, under certain conditions 
that Einstein, Podolsky and Rosen focussed attention on in 1935 
- conditions which lead to some very strange correlations as 
predicted by quantum mechanics. 

By no action at a distance you mean no faster-than-light signalling? 

Yes. Strictly speaking no faster-than-light signalling. In a less 
rigid sense no action at a distance simply means that there are no 
hidden connections between things. 

The Nobel prize winning physicist Brian Josephson once described 
Bell's inequality as the most important recent advance in physics. 
How do you respond to that? 

Well, I would say that's probably a little bit exaggerated. But if 
you're primarily concerned with the philosophy of physics, I can 
see his point. 
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Now, recently, it has actually been possible to put the inequality to 
the test rather well. One of the best experiments has been performed 
by Alain Aspect in Paris. What do you think of the results of this 
experiment? What do you think they tell us about the nature of the 
physical world? 

J Well, to begin with, one must say that the results were expected, 
in that they agreed with the predictions of quantum mechanics. 
After all, quantum mechanics is an extremely successful branch 
of science, and it was difficult to believe that it could be wrong. 
Nevertheless it was thought worth while, and I thought it worth 
while, to do this very particular experiment, which isolates what 
is one of the most peculiar features of quantum mechanics. 
Previously we were just relying in a way on circumstantial 
evidence. Quantum mechanics had never been wrong. And now 
we know that it will not be wrong even in these very tricky 
conditions. 

Of course one person who was somewhat disbelieving was Einstein, 
and he made the famous remark that God does not play dice with 
the universe. Would you say that after this experiment, and after 
your work, you're convinced that God does indeed play dice with the 
universe? 

No, no, by no means. But I would also like to qualify a little bit 
this 'God does not play dice' business. This is something which 
is often quoted, and which Einstein did say rather early in his 
career, but afterwards he was more concerned with other aspects 
of quantum mechanics than with the question of indeterminism. 
And indeed, Aspect's particular experiment tests rather those 

J* other aspects, specifically the question of no action at a distance. 

You don't think it tells us anything about the determinism or indeter­

minism or the physical world? 

To say it tells you nothing, that would be going too far. I think 
that it is very difficult to say that any one experiment tells you 
about any isolated concept. I think that it's a whole world view 
which is tested by an experiment, and if the experiment does not 
verify that world view, it is not so easy to identify just which part 
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is suspect and has to be revised. Certainly the experiment says 
that Einstein's world view is not tenable. 

Yes, I was going to ask whether it is still possible to maintain, in the 
light of experimental experience, the idea of a deterministic universe ? 

You know, one of the ways of understanding this business is to 
say that the world is super-deterministic. That not only is inani­
mate nature deterministic, but we, the experimenters who 
imagine we can choose to do one experiment rather than another, 
are also determined. If so, the difficulty which this experimental 
result creates disappears. 

Free will is an illusion - that gets us out of the crisis, does it? 

That's correct. In the analysis it is assumed that free will is 
genuine, and as a result of that one finds that the intervention of 
the experimenter at one point has to have consequences at a 
remote point, in a way that influences restricted by the finite 
velocity of light would not permit. If the experimenter is not free 
to make this intervention, if that also is determined in advance, 
the difficulty disappears. 

Turning to this issue of the experimenter, inevitably it raises questions 
about mind, choice, free will and so on. Do you in fact believe that 
mind has a fundamental role to play in physics? 

I neither believe, nor disbelieve that. I think that mind is a very 
important phenomenon in the universe, certainly for us. 
Whether it is absolutely essential to introduce it into physics at 
this stage, I am not sure. I think the experimental facts which 
are usually offered to show that we must bring the observer 
into quantum theory do not compel us to adopt that conclusion. 
The Aspect experiment is a little more tricky than the others, 
and I can see the logic of people who say that it goes in the 
direction of showing that mind is essential. It's a hypothesis 
that we can certainly explore, but I don't know that it's the only 
one. 

Do you believe there are still paradoxes in the question of measure­
ment and the role of the observer? 

I 

P 


