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Can I begin by asking you to give a brief description of the many-
universes interpretation? 

The idea is that there are parallel entire universes which include 
all the galaxies, stars and planets, all existing at the same time, 
and in a certain sense in the same space. And normally not 
communicating with each other. But if there were no communi-
cation at all then there wouldn't be any point to our postulating 
the other universes. The reason why we have to postulate them is 
that, in experiments on a microscopic level in quantum theory, 
they do in fact have some influence on each other. 

Before we get into that, can I just clarify that this is correct: in some 
sense, 'out there' there are other universes much the same as this one 
existing alongside ours but unconnected to it through our own time 
and space? 

That's right. 

So where are these other universes? 

As I said, in a sense they are here sharing the same space and time 
with us. But in another sense they are 'elsewhere' because the 
same theory which predicts their existence also predicts that we 
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can only detect them indirectly. We can never go there or com-
municate with them in any large-scale way. 

Now why should we believe in such a monstrous suggestion? 

I suppose the first reason is that the theory which predicts them 
is the simplest interpretation of quantum theory, and we believe 
quantum theory because of its enormous experimental success: 
it really has been the most successful physical theory in history. 

You say it's the simplest interpretation of quantum theory, but it 
seems to me like a very complicated interpretation, or at least an 
interpretation that involves some pretty bizarre ideas. In what sense 
is it the simplest? 

It is by far the simplest in that it involves the fewest additional 
assumptions beyond those which correctly predict the results of 
experiments. All theories in physics predict some things which 
are directly amenable to experiment and some which aren't. For 
example, our theories of the stars predict things one could 
measure, like how brightly they will shine, and when they're 
going to go supernova. But they also predict things like the 
temperature at the centre of the star, which we cannot measure 
directly. We believe these ideas, including their unobservable 
predictions, because they are the simp,est way of explaining the 
things we can observe within a consistent physical theory. 

Now the other interpretations of quantum theory also involve 
rather counter-intuitive assumptions about reality. In some of 
them consciousness - human consciousness - has a direct bear-
ing on the nature of physical reality, so that nothing exists until 
it is observed. This is, in my view, a far more spectacular and 
actually unacceptable consequence of the theory than the idea of 
parallel universes. 

So the parallel universes are cheap on assumptions but expensive on 
universes. 

Exactly right. In physics we always try to make things cheap on 
assumptions. 
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How many of these other universes are there? 

The exact number depends on the details of physical theories 
which we don't know well enough yet. I think it's safe to say that 
there is a very large, probably infinite, number of these univer-
ses. Many of them are very different from ours, but some of them 
differ only in some minute detail like the position of a book on a 
table, and are identical in every other respect. 

Can you say something about how these universes come into being. 
Are they there all the time, or do they increase or perhaps decrease in 
number? 

In my favourite way of looking at this, there is an infinite number 
of them and this number is constant; that is; there is always the 
same number of universes. Before a choice or decision is made, 
in which more than one outcome is possible, all the universes are 
identical, but when the choice is made, they partition themselves 
into two groups, and in one group one outcome happens and in 
the other group another outcome happens. Normally these two 
groups don't affect each other thenceforward, but as I have said, 
occasionally they do. 

It is sometimes said that the many-universes interpretation is also a 
branching-universes interpretation. That is, that when the world is 
faced with a quantum alternative it splits into all of the different 
alternatives which are presented to it. Your view is slightly different? 

That's right. When Hugh Everett first proposed this interpreta-
tion in 1957, this was the sort of language that he used, he spoke 
about branching universes. The reason was that, if there was a 
collection of identical universes, he preferred to speak of it as 
being one universe. If they were all identical and remained 
identical then he thought it would be pointless to speak of them 
as being· 'many' - they would merely be a different way of 
describing just one u_niverse. So when I say the universes parti-
tion themselves into two groups, Everett said that one universe 
splits into two universes. My way of speaking about this is to say 



86 The ghost in the atom 

that there's always the same number of universes, and that they 
repartition themselves. 

Is it true that as time goes on, these universes differentiate more and 
more; and that we can envisage them as somehow existing in parallel 
and not changing in number, but changing in content? 

That's right, they change in complexity, and this increase in 
complexity is the reflection in quantum theory of the second law 
of thermodynamics, which is that entropy always increases, or 
that there is a 'forward arrow' of time. 

I wouldn't quarrel with that, but one of the things that puzzles me is 
that the underlying structure of quantum mechanics is symmetrical 
under time reversal, and I can't see why it is that the changes which 
we're talking about should occur in a preferred direction in time. 
Might we not find an equal number of other universes where the 
complexity is decreasing in time? 

It is perfectly true that the Everett formulation of quantum theory 
allows universes to fuse, to use his old language, or to become 
identical again in the language I prefer; and a priori in the theory 
there is no reason why they shouldn't predominantly do that, 
instead of predominantly differentiating towards the future. Or 
indeed why they shouldn't do both in a haphazard way. Why 
there should be preferred forward time direction in the differen-
tiation of universes is the same problem as occurs in all branches 
of physics in explaining why there is an arro\v of time. 

This problem is not solved in your theory? 

No. I believe that there are promising avenues of research in 
quantum theory which may lead to a solution, but it's not solved 
yet. But remember, this is the same problem which exists in 
every branch of physics and it's not directly solved by the Everett 
interpretation, nor by anything else as yet. I should add that the 
coming together of universes on a small scale does indeed occur, 
and has in effect been observed, because every time there is an 
interference experiment, this provides indirect evidence of the 
fusion of two groups of universes into one. 
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That sounds like an amazing statement. Could you give us a precise 
example of where you consider that two universes have been observed 
to be fusing together. 

Yes, in the classic Young's two-slit experiment in optics. What 
one does is to pass a very weak beam of light, one photon at a time 
(this can also be done with other particles nowadays) through a 
pair of slits in such a way that some of the properties of the 
photon are destroyed by its passing through either of the slits 
separately. That is if the photon passes through one slit then 
some of the information stored in it is destroyed, and also if it 
passes through the other slit this information is destroyed. 
According to quantum theory some aspect of this particle - the 
wave function - passes through both slits simultaneously and 
the information is not lost. Now this reminds one of the old 
argument: is light corpuscular in nature or is it wave-like in 
nature? The experiment that I'm now speaking of demonstrates 
the 'wave-like property of ph_otons'. However, if one then puts a 
detector close to either one of the slits, one always finds that the 
photon is detected wholly, 100%, coming out of either one slit or 
the other. But the very, presence of this detector prevents one 
from successfully operating the apparatus which would· detect 
the wave-like nature of the motion. Now, the way that Everett 
interprets this is to say that the result of the observation of 
wave-like motion tells us that at a previous instant there were 
two groups of universes - and that in one group the photon 
passed through one slit, and in the other it passed through the 
other slit, but that 1,ter both these photons appeared at the same 
position, and from then on all the universes were the same again. 

Let's just get this right. We present a particle with a choice of either 
going through one slit or the other, and in the Everett interpretation 
these represent two quite separate worlds. But if we allow the system 
to bring these two pathways back to overlap each other, then this is 
like bringing the two worlds back into fusion. 

Correct. And when one observes the fused photon afterwards, it 
has properties which rule out the possibility of it having specifi-
cally been through either the one slit or the other. 
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So these worlds that we're talking about, then, although not part of 
our space and time, nevertheless appear to be able to communicate at 
the level of atoms. Is it possible to envisage ever exploring these other 
universes? Can we ever gain any information about them, even at the 
atomic level? Can we look at the properties of atoms and find out 
anything at all about these other universes? 

To a limited extent, we do. The only experiments in which we can 
detect the presence of the other universes are indirect experi-
ments - rather like detecting the temperature of the inside of the 
sun which is 16 million degrees - by looking at the exterior at 
5000 degrees. In other words, the way we detect them is via our 
theory. 

As for exploring these other worlds, our present theory states 
that this is impossible. We cannot travel to them any more than 
we can directly travel into the past or into the future. 

But nevertheless these other universes have inhabitants that ·1ook 
very much like you and I? 

Just as the past and future do. In fact Don Page and William 
Wooters recently explored this connection between the' different 
universes' of the past and future and the different universes 
existing now side by side with us and described these on 
uniform mathematical footing which shows that the past and 
future are just special cases .of Everett's other universes. 

But travel into the past would involve certain types of paradoxes -
causal paradoxes - that maybe are circumvented in the case of these 
parallel universes. One can envisage going to one of the other 
universes and meeting, as it were, another copy of oneself. But it 
wouldn't strictly be oneself, because it would be slightly different. 
And you could alter the future events of such a universe without 
contradicting your own future in your own universe when you went 
back. Doesn't it in fact enable you to escape from some of these famous 
time travel paradoxes that science fiction writers love? 

It would, if quantum theory were slightly different. The reasqn 
why quantum theory doesn't allow this in its present form is that, 
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just as the past causes what happens in the present, in some 
sense, and the present causes what happens in the future, so the 
different parallel universes are linked by being part of a common 
physical object. Physical reality is the set of all the universes 
evolving together, like a machine in which some cogwheels are 
connected to other cogwheels; you cannot move one without 
moving the others. So the parallel universes are connected as 
inextricably as the universes of the past and the future. 

If you went to one of these other l!,niverses and stamped on a beetle, it 
would have a knock-on effect in your own universe? 

That's right. 

So it may be more complicated than we thought in these time travel 
paradoxes? 

Yes. One could of course speculate that with a modification to 
quantum theory one could travel to the·past, or to other universes 
in the present, but since quantum theory is the only reason that 
we have for believing in these universes at all, it seems rather 
wild to change quantum theory just to make the universes 
behave in a slightly different and even stranger way than they do 
~~dy. . 

You've explained part of your attraction to the many universes 
interpretation, but what in your opinion is wrong with the standard 
Copenhagen interpretation of quantum mechanics? 

Well, I've mentioned that the Everett interpretation is more 
natural in the formal sense. But the best physical reason for 
adopting the Everett interpretation lies in quantum cosmology. 
There one tries to apply quantum theory to the universe as a 
whole, considering the universe as a dynamical object starting 
with a big bang, evolving to form galaxies and so on. Then when 
one tries, for example by looking in a textbook, to ask what the 
symbols in the quantum theory mean, how does one use the 
wave function of the universe and the other mathematical objects 
that quantum theory employs to describe reality? One reads 
there,_ 'The meaning of these mathematical objects is as fol!~~s: 



90 The ghost in the atom 

first consider an observer outside the quantum system under 
consideration ... ' And immediately one has to stop short. Post-
ulating an outside observer is all very well when we're talking 
about a laboratory: we can imagine an observer sitting outside 
the experimental apparatus looking at it, but when the experi-
mental apparatus - the object being described by quantum 
theory - is the entire universe, it's logically inconsistent to 
imagine an observer sitting outside it. Therefore the standard 
interpretation fails. It fails completely to describe quantum cos-
mology. Even if we knew how to write down the theory of 
quantum cosmology, which is quite hard incidentally, we liter-
ally wouldn't know what the symbols meant under any interpre-
tation other than the Everett interpretation. 

Let me add that, in my experience of physicists changing 
their views about the interpretation of quantum theory, it is 
very often when they begin to consider quantum cosmology that 
they are finally convinced that there is no alternative to the many-
universes interpretation. 

If we're dealing with quantum cosmology, we're in trouble with the 
conventional interpretation. But with the many universes we have an 
interpretation which appears to face up to the problem of quantum 
cosmology squarely and come to grips with it. It gives us, at least in 
principle, a consistent way of being able to talk about the quantum 
behaviour of the entire universe. It therefore opens up the prospect 
that w~ could look to quantum mechanics as an explanation for the 
very existence of the universe. That is, to talk about the coming into 
being of the entire universe as some sort of quantum phenomenon. Do 
you think this could be correct? 

Yes, although I must stress that unlike most of the other things 
I've been saying, this is speculative. (The other things I've been 
saying in my opinion are not.) I think that, just as there's a strong 
possibility of understanding the second law of thermodynamics 
by using this branching structure of the Everett interpretation, 
there is also a possibility of understanding something about the 
problem of the existence of the universe as a whole. 
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Now, in the many-universes interpretation, one seems to hang on to 
some vestige of objective reality, although it's a multiplied reality. 

Yes, that's one of its main advantages. 

Nevertheless, it's not necessary to introduce any subjective features, 
like consciousness and the mind and so on. Does this theory have 
anything at all to say about what an observer actually is? 

No. Another advantage of the Everett interpretation is that it is 
not necessary to present within the theory a working model of an 
observer. That is, it's not necessary to state in fine detail what is 
the difference between an observer and any other physical 
system. One thing that the interpretation does shed light on, by 
the way, is what we mean by a measurement. There are topics in 
the theory of measurement which are far more easily dealt with 
in the Everett interpretation. But these are straightforward 
matters compared to the question of what· is consciousness. I 
regard it as one of the advantages of the Everett interpretation that 
it has nothing to say about this. The interpretation will work 
even before we have an exact knowledge of what consciousness 
is all about. The other interpretations will not work properly 
until we understand consciousness. 

But of course, for many people, one of the endearing aspects of 
quantum mechanics is precisely that it puts the observer back into the 
centre of the stage. It involves mind in a non-trivial way in the 
operation of the universe. And they like that, because it has a certain 
mystical appeal. You're banishing mind from the universe, or at least 
you're not making it indispensable to the operation of the universe. 

Yes, this is an interesting controversy. I would actually put it 
entirely the other way round. I believe that it is the conventional 
interpretations which banish minds from the realm of physical 
reality. 

Why do you say that? 

Because in them the mind is supposed to obey physical laws 
different from the rest of reality, and, secondly, in all the versions 
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of the conventional interpretation that I know of, the exact nature 
of this new property of the mind - this new mystical property- is 
not specified. It is more a hope than a real theory, that maybe one 
day we might find new laws to describe the mind which are just 
such that the conventional interpretation of quantum theory will 
work! In the Everett interpretation, the existing laws of physics 
are supposed to describe the mind properly, and until we find a 
contradiction, it's perfectly reasonable for us to carry on believing 
that. It's only in the Everett interpretation that the observer is 
considered to be an intrinsic part of the universe that he is 
measuring. 

But he seems to be there just for the ride, he doesn't play a role in 
determining reality. 

He doesn't play a special role in determining reality, no more 
than does any other physical system. 

So it doesn't help us to understand what consciousness is? We can 
simply say that brains are more ~omplex systems than individual 
atoms, and that for some unknown reason they endow the universe 
with consciousness. 

That's right. But I don't see how it is an advantage for the 
interpretations competing with Everett's that they require this 
knowledge if they don't present it. 

I think it's probably only an advantage to the mystics! So, let me put 
to you, then, the following: one could of course simply say that in 
dealing with the world, at least the world of physics, all we have are 
our observations; we can do experiments, we can make measurements 
and we try to relate the'!' with a model; quantum mechanics provides 
us with an excellent model for relating the results of observations: we 
can just regard it as an algorithm, a method of connecting together all 
the things that we observe, and it works very well. So why do we need 
these elaborate ideas of many universes? Can't we just take quantum 
theory at face value? 

The disadvantage of interpreting a theory purely as an instru-
ment for predicting the results of an experiment, rather than 
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regarding it as a true description of an objective reality, that 
such a view would paralyse future progress. If I can give- 1n 
analogy from an earlier era of physics: when Galileo was pressed 
by the inquisition to renounce his theory that the Earth moves 
around the sun and that this causes the apparent motion of the 
lights in the sky, he wasn't asked to go the whole way to saying 
that his theory was false, he was only asked to go half way. He was 
asked to say that although his theory was a good algorithm for 
predicting the positions of bright spots in the sky, he shouldn't 
go further and say that these spots were caused by things which 
actually had an objective existence as radiating material bodies 
in space. 

Well, I wonder whether there is any real difference between these two 
approaches. It seems to me that in modern physics there really is no 
difference at all. For example, people regularly talk about virtual 
photons - are they really there, or aren't they really there? I don't 
think that question has any meaning. It seems to me all we have is a 
means of computing the results of different observations, and to talk 
about whether virtual particles are really there or not is a fruitless 
enterprise. 

Yes. This is a slightly different sense of the term 'really there'. 
Whether we describe a virtual photon as a particle or a wave or as 
something that exists in ordinary spacetime or not is merely a 
difficulty in translating our physical knowledge into ordinary 
everyday language. But I think we do have to say that something 
is really there. If I can go back to the example of Galileo, had other 
physicists at that time truly been willing to accept the idea that 
his theory was merely an algorithm for predicting the locations of 
spots of light in the sky, further progress, towards Newt<?n's 
theory, would have been paralysed, because although Newton's 
theory is one substantial intuitive step beyond Galileo's actual 
theory, it bears no comparison at all with the old theory of the 
celestial spheres. And if Newton had been content to·stay with 
the old ontology of a celestial sphere, he would never have been 
able to formulate his own theory, even as an 'instrument' or 
'algorithm'. 
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We have a dual reason for regarding the quantum theory as 
describing reality. One is because that's what we wanted the 
theory for in the first place, and the other is that not to do so 
inevitably stultifies progress. 

I'm not completely convinced, because after all one could claim that 
the electromagnetic _field is just an invention, just a word - it's not 
really there- and yet it hasn't impeded progress in electromagnetism. 

Again, I think you're using the term 'really there' in two different 
senses. When we speak about electromagnetic fields, for example 
radio transmissions, the language that we customarily use to 
describe this is the language of these waves really being there; 
we say that they emanate from the transmitter and are received 
in the receiver. In fact it's quite hard to reformulate classical 
electromagnetic theory so that this is not so, although it is 
possible - one can speak entirely of the motion of the electrons in 
the receiver and in the transmitter without ever speaking of what 
transmits the influence between them. But this is a mistaken way 
of speaking, because had we, at Maxwell's time, forced ourselves 
into this way of looking at the world, subsequent developments 
in field theory where, for example, an energy density was 
ascribed to the field itself, and later the quantum theory of fields, 
would not have been possible. 

But the field is still an abstract construct, isn't it? 

It is certainly an abstract construct, but it gains its place in 
physics when a physical theory says that it corresponds to 
something real. What words we then attach to this real thing that 
it corresponds to, is a subsidiary matter. 

But surely any model of reality in which we can have confidence, 
ultimately comes ~ack to our observations? It's only at the receiving 
end - the observer - that one makes contact with reality, whatever 
sort of elaborate abstract machinery one may invent to talk about 
disturbances propagating and influences connecting together. I mean, 
ultimately, we come back to our observations-and that's all we've got 
isn't it? Why should we want any more? 
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I don't believe so. I don't believe that we would even have the 
observations, if they were really 'ultimately' all we had. The way 
we really observe things is via an intimate relationship between 
theory and experiment. We need both. After all, our very sense 
organs are the physical embodiments of certain theories; our 
eyes are the embodiments of certain optical theories, certain 
theories about colour, and. three-dimensional space. One way we 
can tell that these are only theories is that some of them are false 
- some of the theories embodied in the eye are actually false 
theories. And when we see things, we do not rely solely on our 
sensory perceptions, otherwise we would never have found out 
that there are two types of green light, one directly green, and the 
other a mixture of blue and yellow. 

Yes, but we only find out about them by extending the range of our 
capabilities through technology. 

Exactly. We find out about them by extending our knowledge of 
the world through a combination of theory and observation: 
never just by observation, and never just by theory. 

Well, interesting though the many-universes theory may be, is it 
perhaps simply a way of speaking about the world, or can it actually 
be tested? You've said that we can't visit these other universes, but 
can we devise any sort of experiment to show that they really do exist? 

When Everett first put forward his interpretation, he believed 
that it was a pure interpretation in the technical sense of the 
word. In other words, that the physical predictions of quantum 
theory under his system were precisely identical with those 
under any other system. Now, I believe that this is not so, and I 
have recently done some work trying to elaborate the exact 
experimental difference between the Everett and the conven-
;tional 'interpretations'. I now have to say 'interpretations' in 
quotes because I believe that there are actually different formal 
structures for quantum theory. 

So we're talking, not about two different ways of looking at the same 
theory, but two completely different theories? 
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Yes. Once I realized that at the mathematical level the two 
formalisms are in fact slightly different, and that there is therefore 
a hope in principle of constructing a crucial experimental test, my 
greatest difficulty in trying to think of a test was that the 
conventional interpretations are so woolly and imprecise that it 
is hard to pin down exactly what their predictions are! However, 
eventually I got to what I believe is the common core of all the 
conventional interpretations, which is this: they all say that at 
least by the time the result .pf a measurement has entered the 
consciousness of an observer, the wave function will have col-
lapsed (or whatever this irreversible loss of information is called 
in the various versions of the conventional interpretation). Also, 
we know from experiment that so long as the information is still 
in a sub-atomic system, one which is still capable of exhibiting 
atomic interference, this collapse has not yet happened. So the 
collapse must be supposed to happen at some point in between 
the atomic level and the moment when an observer becomes 
conscious of it. Where, we don't know. The reason why we don't 
know is that the conventional interpretations are very vague on 
this point. Now, in the Everett picture this collapse of the wave 
function would be described as the sudden disappearance of all 
the universes except one. 

But that of course doesn't happen? 

Well, we believe it doesn't happen. But what we want is an 
experiment which will detect whether it happens or not. Here's 
how it works: we first find a situation in which the conventional 
interpretation predicts that all the other universes suddenly 
disappear, and where the Everett interpretation predicts that 
they don't disappear but they're all there in parallel. Then we 
find some observable consequence of their subsequently 
interacting with each other in an interference experiment. And 
we then observe one result if the Everett interpretation is true, 
and another result if any of the conventional interpretations is 
true. Simple as that. 

Unfortunately, this experiment requires the observation of 
interference effects between two different states of an observer's 
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memory. The reason why it has to be an observer's memory 
rather than just any old physical system, is not Everett's fault. It 
is that the conventional interpretation makes a special reference 
to observers as being different. The way in which these interpre-
tations differ from the Everett interpretation is that they say that 
observers obey different physical laws, and Everett says they 
obey the same physical laws. So the place where we would expect 
a crucial experimental test is with quantum effects inside an 
observer's brain. 

We're talking about quantum memory? 

We're talking about quantum memory, and presumably electro-
nic artificial intelligence. 

Because our own brains really work at a.classical level rather than a 
quantum level? 

That's right. As far as we know. There are theories that they 
don't, but whether they do or not, it seems unlikely that we shall 
get control over the electronic functions of the human brain at 
such a fine level. Whereas, when it comes to electronic compo-
nents, it's already commonplace to use some of their quantum 
properties; every microchip works on those principles. But even 
microchips are at present too crude for interference phenomena 
to be observed in them. · 

But we can envisage building some sort of artificial superbrain with a 
memory at the quantum level, and ask it to carry out this experiment 
for us, and tell us what it feels? 

That's right. And it could record the results of this experiment in 
any way we like. It could perhaps write them down, or tell us the 
results; the difference - rather like in Aspect's experiments -
between quantum theory and the rivals is not a matter of a small 
percentage, it is an all or nothing thing. In the experiment I 
describe, one would observe a certain atomic spin, and if it was 
pointing one way, Everett's interpretation wouk~. be true, and if 
it was pointing the other way, the conventional interpretation 
would be true. 
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Now, you've explained how one might construct this superbrain to 
play the role of an observer who has a quantum memory, but can you 
just tell us exactly what it is he's going to observe? Exactly what 
experiment does he perform, if we can call him he? 

Yes. The experiment hinges on observing an interference 
phenomenon inside the mind of this artificial observer. This can 
either be done by someone else looking inside him, or more 
elegantly, by his trying to remember various things so that he can 
conduct an experiment on his own brain while it's working. 

He can observe himself? 

He can observe part of himself, yes. And what he tries to observe 
is an intereference phenomenon between different states of his 
own brain. In other words, he tries to observe the effect of 
different internal states of his brain in different universes 
interacting with each other. 

How would these different internal states be set up? 

They are set up in the first instance by a special sense organ 
which is essentially just another quantum memory unit. This 
sense organ is used to observe the state of an atomic system - a 
system with two possible states, such as an atomic spin for 
example. Now, quantum theory predicts that, having observed 
this atomic system, the observer's mind will differentiate itself 
into two universe branches. 

So, we have an atomic system with two possible states, each of which 
would trigger the brain of this artificial observer to be in either one 
state or the other. And according to the Everett interpretation you're 
saying that these two brain states somehow co-exist - or at least they 
exist in parallel universes. But we don't let the universes get out of 
touch with each other. We bring them back to overlap, to interfere 
with each other, and this poor observer is, as it were, schizophrenic 
and observing both of these possibilities at once. 

That's right. In effect he is feeling himself split into two copies. 

And he feels himself merge again? 
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Yes, in effect. Of course, we don't have sense organs of this type, 
so it's hard to say what this would feel like, but when this 
observer exists we can ask him! 

It sounds most uncomfortable! 

Perhaps it will be, but then presumably he'll be a physicist so 
he'll enjoy doing this experiment! 

How exactly will he go about it? 

At the intermediate stage he will write down an affidavit to the 
effect that 'I am hereby observing one and only on_e of the two 
possibilities'. 

And what he writes down will be different in the two different 
universes? 

No. What he writes down will be the same in the two different 
universes because he won't actually say which of the two pos-
sibilities he observes. Instead, he will write: 'So that this experi-
ment can be continued, I will not actually say which of the two I 
am observing but I do certify that I'm observing only one of the 
possibilities.' He can then continue with an interference experi-
ment between the two parallel universes containing the different 
brain states and he should get a result which is compatible only 
with the presence of both of these brain states in his past. So, if 
interference occurs he can infer that these two possibilities must 
have existed in parallel in the past - supporting the Everett 
interpretation. However, if the conventional interpretation is 
true, then at some time during his deliberations all the universes 
but one will have disappeared. And although it'll still be true that 
he will write down 'I am observing only one', by the time he gets 
on to the interference phenomenon it won't work (i.e. the inter-
ference won't occur). And so he will have demonstrated that the 
Everett interpretation is false. 

Because by his having this certain knowledge of a particular outcome 
he will have completely modified the wave properties of the system, 
and therefore altered the subsequent quantum development of the 
system, which could be checked by subsequent measurements? 
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Yes, he either will or won't, and if he has altered them in that way 
then the conventional interpretation is true, and if he hasn't then 
the Everett interpretation is true. 

Which means that, in the Everett interpretation, it's possible for the 
observer to make up his mind, but he's got two minds. 

Yes. 

He's in two minds _about it! When the experiment is complete, and this 
machine observer is asked to remember what it was he observed even 
though he didn't write it down at the time, what will he remember? 
Will he remember both? 

No, he will remember neither in fact. It is a necessary conse-
quence of the other things he does, that he must wipe out the 
memory of which o~e of those two possibilities he observed. 

But he still has the memory that he only observed one of the two? 

Yes, this is the key feature of my experiment: the memory that he 
knew one and only one of these possibilities can be retained even 
though he is obliged to forget which one. 

You're saying he can deduce that he must have been split, because he 
knows that the outcome involves both possibilities co-existing? 

Exactly. 

If it's true that all these other universes which exist around us can 
couple to our universe at the atomic level, why don't we feel their 
presence? 

In principle we could. There's no fundamental reason why we 
don't. It's only that our brains are sufficiently large to operate on 
essentially a classical level. If we had fine enough senses, then, 
rather like the mechanical observer in my thought experiment, 
we could detect or feel (whatever that would mean) the presence 
of the other universes. 

You mean, if we could feel all the atoms creeping about in our brains, 
then we would indeed feel these other universes? 
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Yes. In fact, as I said, Everett often compared critics of his 
interpretation to the opponents of Galileo, who said that they did 
not feel the Earth move beneath them. The point being that 
Galileo's very theory predicted that one doesn't feel the Earth 
move, unless one uses sufficiently fine apparatus. And just as 
with a Foucault pendulum or with sufficiently delicate astronom-
ical measurements one can detect - 011:e c_an, in effect, 'feel' - the 
motion of the Earth, so with sufficiently fine senses we would 
indeed feel the presence of the other universes. 

Anyway, to do the test you've just described we would need this 
supercomputer to tell us that the Everett interpretation is or is not 
correct. 

Unfortunately yes. And it seems rather a long way beyond 
present technology to construct such a computer. Although 
when I say a long way I don't mean millions of years away, I mean 
decades away. 

Well, it's certainly fascinating that there might be some prospect of 
actually testing these ideas within the foreseeable future. But why is 
it that Everett overlooked this possibility? 

Now, I've never though~ about that! Perhaps one of the reasons 
was that he had an additional idea connected with quantum 
theory, which was that its interpretation ought to follow directly 
from the formalism. That is, if you write down the mathematical 
rules of quantum theory, he thought there ought to be only one 
way of interpreting these. This is an extremely strong assumption 
to make, and it would, had it been true, have been the first 
physical theory in history ever to have this strong property. He 
hoped it was true, and therefore I think he concentrated on the 
similarities between the predictions of his theory and those of 
the rivals, thereby highlighting the fact that the rival conven-
tional interpretation requires additional metaphysical parapher-
nalia whereas his doesn't. So he said, 'I take the pure formalism, 
and I add nothing, and I obtain my interpretation. In contrast 
they (the supporters of the conventional interpretation) have to 
add all this stuff about consciousness and so on.' Now, I think 
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Everett was slightly wrong. I think that even in his interpretation, 
one requires a little bit of extra structure in order to arrive at the 
interpretation. But not much - very much less than in the 
conventional interpretation. 

Can you summarize in a few words what this little bit of extra 
structure is? 

Yes. It is the little piece of mathematics which provides the 
connection between the wave function or state vector, which is 
the mathematical object describing the universe, and the concept 
of the many parallel universes. I don't think one can do without 
this extra structure. But I do agree with Everett so far as to say that 
his is the simplest possible addition to the purely instrumental 
quantum theory. 

I'm not sure if I've understood this correctly. Are you saying that 
Everett's extra assumption is necessary to tell us something about 
how any individual universe in this vast stack of cosmic alternatives 
fits into the stack? 

That's right, yes. 

You have already explained the advantages that the many-universes 
theory has over,_ say, the conventional Copenhagen interpretation. 
What advantages do you think it has over the other rival interpreta-
tions? 

There again, they are rather diverse when it comes down to 
details. I suppose you're referring mostly to the hidden variables 
interpretations? 

Yes, or it's modern variant: the so-called quantum potential. 

Yes. One objection is that to append to the quantum formalism 
an additional structure which is supposed to correspond to 
physical reality (this additional structure being far more compli-
cated than the original physical theory), solely for the purpose of 
interpretation, is I think a very dangerous thing to do in physics. 
These structures are being introduced solely to solve the interpre-
tational problems, without any physical motivation. From the 
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point of view of a physicist, I'd say the chances of a theory which 
was formulated for such a reason being right are extremely 
remote. 

But aren't you introducing many universes for precisely that reason-
to solve. the interpretational problemá? 

Well the problem of having an interpretation in the first place is 
itself an unavoidable problem, and I would gladly dispense with 
the many uániverses were there a simpler interpretational 
assumption. But the many-universes assumption is in fact so 
simple from th~ point of view of the underlying physical laws, 
that, as I said earlier, Everett, DeWitt and others were misled into 
thinking that there was no additi<?nal structure at all. It really is 
the most natural interpretation of the formalism yet thought of. 
By contrast, the hidden variables theories are very complicated. 
One of the reasons why they are is that from Bell's theorem and 
Aspect's experiments we know that the simplest forms of hidden 
variable theories simply cannot mock up the effect of quantum 
theory. 

Instead, we need to have some sort of non-local hidden variable 
theory, which is what Bohm and Hiley are attempting to do. 

A non-local hidden variable theory means, in ordinary language, 
a theory in which influences propagate across space and time 
without passing through the space in between. 

Without passing through? Or should we simply say they propaga~e 
instantaneously? Is that perhaps the same thing? 

Yes. To say they propagate instantaneously in the context of 
relativity means that they cannot be passing through the inter-
vening space-time because if they did their description would 
then be inconsistent with relativity. 

They don't deny this. They say of course their description is inconsis-
tent with relativity, but when it comes to actually making measure-
ments the results of all these measurements are consistent with 
relativity. It's only the mechanism itself which seems to contradict the 
spirit of relativity. 
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Yes. This is a defence only if you're willing to back completely 
into the corner of saying that quantum theory is merely an 
instrument. And if it is merely an instrument, th~n the hidden 
variable theories lose their main áadvantage, which is that they 
cling to the notion of objective reality, just as ~verett does. 

But look, one feature which the many-universes interpretation and 
these non-local, or let's say faster-than-light, interpretations have in 
common is that they are both attempting to retain some vestige of 
objective reality. In both cases, accordzng to Bell's inequality, and the 
Aspect experiments, we have to make a choice. You either have 
faster-than-light signalling, or you throw away objective reality. 
Now, in my opinion, it doesn't seem terribly awful to have to throw 
away objective reality. Why should we insisf so much that the 
external universe is independent of our observations? Surely it's not 
surprising that we ourselves play a part in reality, because we seem to 
be very important to ourselves? At least it doesn't surprise me, on the 
basis of my personal experience, that we are playing a part in reality. 
So why this desperate urge to cling on to some vestige of objective 
reality, if it means introducing complicated things like faster-than-
light signalling, or other universes? 

Well, I agree that Aspect's experiment forces us to change our 
view of reality. The reason why I would want to cling on to the 
philosophical notion of objective reality.in itself, regardless of 
whether this looks unfamiliar or not is the same reason that I 
mentioned before for not changing to an instrumentalist view. of 
physical theories. Firstly, because if we can have a theory that has 
objective reality in it, it is philosophically superior. Therefore we 
should at least try that approach before we thr~w away the notion 
of reality. And secondly, from the point of view of science, 
especially physics, I believe that changing to an instrumentalist 
interpretation of a theory makes it impossible to obtain the next 
theory, because the next theory will be a step forward from the 
ontology of our present theories. The likelihood is that it'll be 
even wilder, it'll tell us that the universe is even stranger than 
Everett said it was, not less strange. And if we abandon the 
notion of reality, we are depriving ourselves of the mechanism 
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by which we construct conceptual models of the universe. It's 
only by altering our present conceptual models that we will 
discover the new theory. 

I'm not saying we should abandon reality, but abandon a type of 
reality which is independent of ourselves. It just means that futureá 
models will have to incorporate the observer at a fundamental level. 

Yes. I wouldn't object ~o that in principle. But I don't believe that 
quantum theory drives us to this. Perhaps I can stress again that 
the conventional interpretations of quantum_ theory which do try 
to give the observer a special place in forming reality haven't 
actually done so yet. They merely claim that they will one day. 

Yes, of course. And they can't cope with quantum cosmo!ogy without 
having an observer o_utside the universe. 

Yes. One day, perhaps, somebody will be able to write down 
exactly what physical laws the mind does obey, if it doesn't obey 
quantum theory. And perhaps that new physical theory (it 
would not be quantum theory any more, it would be a new 
physical theory) might be testable against quantum theory. 

Well, perhaps, but nobody's writtáen it down yet! 

No, and when speaking about the supposed advantages of the 
conventional interpretation - that it gives the observer a funda-
mental view which is perhaps philosophically attractive to you (I 
don't know whether it is or not) - you are _forgetting that in fact 
they don't do this yet.. This is merely a claim, a promise, which 
over 50 years has not been fulfilled. Whereas the Everett interpre-
tation is unproblematic. It works perfectly well without making 
these promises. 


