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Chapter 12

NOBODY REALLY UNDERSTANDS

QUANTUM MECHANICS

Quantum mechanics is a theory about the relative information that subsystems have
about each other, and this is a complete description about the world

—Carlo Rovelli

The motto from a famous sentence by Feynman [117] will guide us
through this chapter. There are many interpretations of quantum me-
chanics (QM) described in some excellent books and articles. No consensus
about which one is “valid”, if any, has been established so far. My feeling is
that each interpretation has its own merits and elucidates certain aspects
of QM. Let me briefly discuss the essential points (as I see them) of the
three main interpretations1.

Conventional (Copenhagen) interpretation. The wave function ψ
evolves according to a certain evolution law (the Schrödinger equation). ψ
carries the information about possible outcomes of a measurement process.
Whenever a measurement is performed the wave function collapses into
one of its eigenstates. The absolute square of the scalar product of ψ
with its eigenfunctions are the probabilities (or probability densities) of
the occurrence of these particular eigenvalues in the measurement process
[120, 121].

Collapse or the reduction of the wave function occurs in an ob-
server’s mind. In order to explain how the collapse, which is extraneous

1Among modern variants of the interpretations let me mention the relational quantum mechanics

of Rovelli [118], and the many mind interpretation of Butterfield [119]
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to the Schrödinger evolution of ψ, happens at all, one needs something more.
If one postulates that the collapse occurs in a (say, macroscopic) measur-
ing apparatus the problem is not solved at all, since also the interaction
of our original system (described by ψ) with the measuring apparatus is
governed by the Schrödinger evolution for the combined system–apparatus
wave function. Therefore also the measuring apparatus is in a state which is
a superposition of different eigenstates corresponding to different results of
measurement2. This is true even if the result of measurement is registered
by a magnetic tape, or punched tape, etc. . A conscious observer has to look
at the result of measurement; only at that moment is it decided which of
various possibilities actually occurs [122]. Meanwhile, the tape has been in
a state which is a superposition of states corresponding to the eigenvalues
in question.

Everett, Wheeler, Graham many worlds interpretation. Various
quantum possibilities actually occur, but in different branches of the world
[107, 109, 110]. Every time a measurement is performed the observed world
splits into several (often many) worlds corresponding to different eigenval-
ues of the measured quantities. All those worlds coexist in a higher universe,
the multiverse. In the multiverse there exists a (sufficiently complicated)
subsystem (e.g., an automaton) with memory sequences. To a particular
branching path there corresponds a particular memory sequence in the au-
tomaton, and vice versa, to a particular memory sequence there belongs a
particular branching path. No collapse of the wave function is needed. All
one needs is to decide which of the possible memory sequences is the one
to follow. (My interpretation is that there is no collapse in the multiverse,
whilst a particular memory sequence or stream of consciousness experiences
the collapse at each branching point.) A particular memory sequence in the
automaton actually defines a possible life history of an observer (e.g., a hu-
man being). Various well known paradoxes like that of Einstein–Podolsky–
Rosen, which are concerned with correlated, non-interacting systems, or
that of Schrödinger’s cat, etc., are easily investigated and clarified in this
scheme [107].

Even if apparently non-related the previous three interpretations in fact
illuminate QM each from its own point of view. In order to introduce the
reader to my way of looking at the situation I am now going to describe
some of my earlier ideas. Although not being the final word I have to say
about QM, these rough ideas might provide a conceptual background which
will facilitate understanding the more advanced discussion (which will also

2For a more detailed description of such a superposition and its duration see the section on
decoherence.
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take into account the modern decoherence approach) provided later in this
chapter. A common denominator to the three views of QM discussed above
we find in the assumption that a 3-dimensional simultaneity hypersurface
Σ moves in a higher-dimensional space of real events3. Those events which
are intersected by a certain Σ-motion are observed by a corresponding ob-
server. Hence we no longer have a conflict between realism and idealism.
There exists a certain physical reality, i.e., the world of events in a higher-
dimensional space. In this higher universe there exist many 4-dimensional
worlds corresponding to different quantum possibilities (see also Wheeler
[123]). A particular observer, or, better, his mind chooses by an act of
free will one particular Σ-surface, in the next moment another Σ-surface,
etc. . A sequence of Σ-surfaces describes a 4-dimensional world4. A conse-
quence of the act of free choice which happens in a particular mind is the
wave function reduction (or collapse). Before the observation the mind has
certain information about various possible outcomes of measurement; this
information is incorporated in a certain wave function. Once the measure-
ment is performed (a measurement procedure terminates in one’s mind),
one of the possible outcomes has become the actual outcome; the term ac-
tual is relative to a particular stream of consciousness (or memory sequence
in Everett’s sense). Other possible outcomes are actual relative to the other
possible streams of consciousness.

So, which of the possible quantum outcomes will happen is–as I assume–
indeed decided by mind (as Wigner had already advocated). But this fact
does not require from us to accept an idealistic or even solipsistic interpre-
tation of the world, namely that the external worlds is merely an illusion
of a mind. The duty of mind is merely a choice of a path in a higher-
dimensional space, i.e., a choice of a sequence of Σ-hypersurfaces (the three
dimensional “nows”). But various possible sequences exist independently
of a mind; they are real and embedded in a timeless higher-dimensional
world.

However, a strict realism alone, independent of mind or consciousness is
also no more acceptable. There does not exist a motion of a real external
object. The external “physical” world is a static, higher-dimensional struc-
ture of events. One gets a dynamical (external) 4-dimensional world by
postulating the existence of a new entity, a mind, with the property of mo-
ving the simultaneity surface Σ into any permissible direction in the higher
space. This act of Σ-motion must be separately postulated; a consequence

3We shall be more specific about what the “higher-dimensional space” is later. It can be either
the usual higher-dimensional configuration space, or, if we adopt the brane world model then
there also exists an infinite-dimensional membrane spaceM. The points ofM-space correspond
to the “coordinate” basis vectors of a Hilbert space which span an arbitrary brane state.
4This is elaborated in Sec. 10.1.
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of this motion is the subjective experience that the (3-dimensional) external
world is continuously changing. The change of the (3-dimensional) external
world is in fact an illusion; what really changes with time is an observer’s
mind, while the external world —which is more than (3+1)-dimensional)—
is real and static (or timeless).

Let us stress: only the change of an external (3-dimensional) world is an
illusion, not the existence of an external world as such. Here one must be
careful to distinguish between the concept of time as a coordinate (which
enters the equations of special and general relativity) and the concept of
time as a subjective experience of change or becoming. Unfortunately we
often use the same word ‘time’ when speaking about the two different con-
cepts5.

One might object that we are introducing a kind of metaphysical or
non physical object —mind or consciousness— into the theory, and that
a physical theory should be based on observable quantities only. I reply:
how can one dismiss mind and consciousness as something non-observable
or irrelevant to nature, when, on the contrary, our own consciousness is the
most obvious and directly observable of all things in nature; it is through
our consciousness that we have contacts with the external world (see also
Wigner [122]).

12.1. THE ‘I’ INTUITIVELY UNDERSTANDS
QUANTUM MECHANICS

If we think in a really relaxed way and unbiased with preconcepts, we re-
alize the obvious, that the wave function is consciousness. In the following
I will elaborate this a little. But before continuing let me say something
about the role of extensive verbal explanations and discussions, especially
in our attempts to clarify the meaning of quantum mechanics. My point is
that we actually need as much such discussion as possible, in order to de-
velop our inner, intuitive, perception of what quantum mechanics is about.
In the case of Newtonian (classical) mechanics we already have such an
intuitive perception. We have been developing our perception since we are
born. Every child intuitively understands how objects move and what the
consequences are of his actions, for instance what happens if he throws a
ball. Imagine our embarrassment, if, since our birth, we had no direct con-
tact with the physical environment, but we had nevertheless been indirectly
taught about the existence of such an environment. The precise situation

5One of the goals of the present book is to formalize such a distinction; see the previous three
parts of the book.
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is not important for the argument, just imagine that we are born in a space
ship on a journey to a nearby galaxy, and remain fixed in our beds with
eyes closed all the time and learning only by listening. Even if not seeing
and touching the objects around us, we would eventually nevertheless learn
indirectly about the functioning of the physical world, and perhaps even
master Newtonian mechanics. We might have become very good at solving
all sorts of mechanical problem, and thus be real experts in using rigorous
techniques. We might even be able to perform experiments by telling the
computer to “throw” a stone and then to tell us about what has happened.
And yet such an expertise would not help us much in understanding what
is behind all the theory and “experiments” we master so well. Of course,
what is needed is a direct contact with the environment we model so well.
In the absence of such a direct contact, however, it will be indispensable for
us to discuss as much as possible the functioning of the physical environ-
ment and the meaning of the theory we master so well. Only then would
we have developed to a certain extent an intuition, although indirect, about
the physical environment.

An analogous situation, of course, should be true for quantum mechanics.
The role of extensive verbalization when we try to understand quantum
mechanics can now be more appreciated. We have to read, discuss, and
think about quantum mechanics as much as we are interested. When many
people are doing so the process will eventually crystalize into a very clear
and obvious picture. At the moment we see only some parts of the picture.
I am now going to say something about how I see my part of the picture.

Everything we know about the world we know through consciousness. We
are describing the world by a wave function. Certain simple phenomena can
be described by a simple wave function which we can treat mathematically.
In general, however, phenomena are so involved that a mathematical treat-
ment is not possible, and yet conceptually we can still talk about the wave
function. The latter is our information about the world. Information does
not exist per se, information is relative to consciousness [124]. Conscious-
ness has information about something. This could be pushed to its extreme
and it be asserted that information is consciousness, especially when infor-
mation refers to itself (self-referring information). On the other hand, a
wave function is information (which is at least a certain very important
aspect of wave function). Hence we may conclude that a wave function has
a very close relation with consciousness. In the strongest version we cannot
help but conclude that a wave function should in fact be identified with
consciousness. Namely, if, on the one hand, the wave function is everything
I can know about the world, and, on the other, the content of my conscious-
ness is everything I can know about the world, then consciousness is a wave
function. In certain particular cases the content of my consciousness can
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be very clear: after having prepared an experiment I know that an electron
is localized in a given box. This situation can be described precisely by
means of a mathematical object, namely, the wave function. If I open the
box then I know that the electron is no longer localized within the box, but
can be anywhere around the box. Precisely how the probability of finding
it in some place evolves with time I can calculate by means of quantum me-
chanics. Instead of an electron in a box we can consider electrons around
an atomic nucleus. We can consider not one, but many atoms. Very soon
we can no longer do maths and quantum mechanical calculation, but the
fact remains that our knowledge about the world is encoded in the wave
function. We do not know any longer a precise mathematical expression for
the wave function, but we still have a perception of the wave function. The
very fact that we see definite macroscopic objects around us is a signal of
its existence: so we know that the atoms of the objects are localized at the
locations of the object. Concerning single atoms, we know that electrons
are localized in a well defined way around the nuclei, etc. . Everything I
know about the external world is encoded in the wave function. However,
consciousness is more than that. It also knows about its internal states,
about the memories of past events, about its thoughts, etc. . It is, indeed, a
very involved self-referring information system. I cannot touch upon such
aspects of consciousness here, but the interesting readier will profit from
reading some good works [125, 126].

The wave function of an isolated system evolves freely according to the
Schrödinger evolution. After the system interacts with its sorroundings,
the system and its surroundings then become entangled and they are in a
quantum mechanical superposition. However, there is, in principle, a causal
connection with my brain. For a distant system it takes some time until
the information about the interaction reaches me. The collapse of the wave
function happens at the moment when the information arrives in my brain.
Contrary to what we often read, the collapse of the wave function does not
spread with infinite speed from the place of interaction to the observer.
There is no collapse until the signal reaches my brain. Information about
the interaction need not be explicit, as it usually is when we perform a
controlled experiment, e.g., with laser beams. Information can be implicit,
hidden in the many degrees of freedom of my environment, and yet the col-
lapse happens, since my brain is coupled to the environment. But why do I
experience the collapse of the wave function? Why does the wave function
not remain in a superposition? The collapse occurs because the information
about the content of my consciousness about the measured system cannot
be in superposition. Information about an external degree of freedom can
be in superposition. Information about the degrees of freedom which are
the carriers of the very same information cannot remain in a superposi-
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tion. This would be a logical paradox, or the Gödel knot [125, 126]: it is
resolved by the collapse of the wave function. My consciousness “jumps”
into one of the possible universes, each one containing a different state of
the measured system and my different knowledge about the measurement
result. However, from the viewpoint of an external observer no collapse has
happened until the information has arrived in his brain. Relative to him
the measured system and my brain have both remained in a superposition.

In order to illustrate the situation it is now a good point to provide a
specific example.

A single electron plane wave hits the screen. Suppose an electron
described by a wide wave packet hits a screen. Before hitting the screen the
electron’s position was undetermined within the wave packet’s localization.
What happens after the collision with the screen? If we perform strictly
quantum mechanical calculations by taking into account the interaction of
the electron with the material in the screen we find that the location of the
traces the interaction has left within the screen is also undetermined. This
means that the screen is in a superposition of the states having a “spot” at
different places of the screen. Suppose now that an observer O looks at the
screen. Photons reflected from the screen bear the information about the
position of the spot. They are, according to quantum mechanical calcula-
tions, in a superposition. The same is true for an observer who looks at the
screen. His eyes’ retinas are in a superposition of the states corresponding
to different positions of the spot, and the signal in the nerves from the
retina is in a superposition as well. Finally, the signal reaches the visual
center in the observer’s brain, which is also in the superposition. Before
the observer has looked at the screen the latter has been in a superposition
state. After having looked, the screen state is still in a superposition, but at
the same time there is also a superposition of the brain states representing
different states of consciousness of the observer O.

Read carefully again: different brain (quantum mechanical) states rep-
resent different consciousness states. And what is the content of those
consciousness state? Precisely the information about the location of the
spot on the screen. But the latter information is, in fact, the wave function
of the screen, more precisely the collapsed wave function. So we have a di-
rect piece of evidence about the relation between the wave function about
an external state and a conscious state. The external state is relative to the
brain state, and the latter state in turn represents a state of consciousness.
At this point it is economical to identify the relative “external” state with
the corresponding consciousness state.

Relative to the observerO’s consciousness states there is no superposition
of the screen states. “Subjectively”, a collapse of the wave function has
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occurred relative to the observer’s consciousness state, but “objectively”
there is no collapse.

The term objective implies that there should exist an “objective” wave
function of the universe which never collapses. We now ask “is such a
concept of an objective, universal, wave function indeed necessary?” Or,
put it differently, what is “the universal wave function”? Everett himself
introduced the concept of the relative wave function, i.e., the wave function
which is relative to another wave function. In my opinion the relative
wave function suffices, and there is no such a thing as an objective or
universal wave function. This will become more clear after continuing with
our discussion.

Now let us investigate how I experience the situation described above.
Before I measure the position of the electron, it was in a superposition
state. Before I had any contact with the screen, the observer O, or their
environment, they were altogether in a superposition state. After looking
at the screen, or after communicating with the observer O, there was no
longer superposition relative to my consciousness. However, relative to
another observer O′ the combined state of the screen S, O, and my brain
can remain in superposition until O′ himself gets in contact with me, O,
S, or the environment of S, O, and me. A little more thought in such a
direction should convince everybody that a wave function is always relative
to something, or, better, to somebody. There can be no “objective” wave
function.

If I contemplate the electron wave packet hitting the screen I know that
the wave packet implies the existence of the multiverse, but I also know,
after looking at the screen, that I have found myself in one of those many
universes. I also know that according to some other observer my brain
state can be a superposition. But I do not know how my brain state could
objectively be a superposition. Who, then is this objective observer? Just
think hard enough about this and you will start to realize that there can be
no objective wave function, and if so, then a wave function, being always
relative to someone’s consciousness, can in fact be identified with some-
one’s consciousness. The phrase “wave function is relative to someone’s
consciousness” could be replaced by “wave function is (someone’s) con-
sciousness”. All the problems with quantum mechanics, also the difficulties
concerning the Everett interpretation, then disappear at once.

I shall, of course, elaborate this a little bit more in due course. At the
moment let me say again that the difficulties concerning the understanding
of QM can be avoided if we consider a wave function as a measure of the
information an observer has about the world. A wave function, in a sense,
is consciousness. We do not yet control all the variables which are relevant
to consciousness. But we already understand some of those variables, and
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we are able to define them strictly by employing mathematics: for instance,
those variables of the consciousness which are responsible for the perception
of physical experiments by which we measure quantum observables, such
as a particle’s position, spin, etc. .

12.2. DECOHERENCE

Since the seminal work by Zurek [127] and Zeh [128] it has becomes
very clear why a macroscopic system cannot be in a superposition state. A
system S which we study is normally coupled to its environment E. As a
consequence S no longer behaves as a quantum system. More precisely, the
partial wave function of S relative to E is no longer a superposition of S’s
eigenstates. The combined system SE, however, still behaves as a quantum
system, and is in a superposition state. Zurek and Zeh have demonstrated
this by employing the description with density matrices.

The density matrix. A quantum state is a vector |ψ〉 in Hilbert space.
The projection of a generic state onto the position eigenstates |x〉 is the
wave function

ψ(x) ≡ 〈x|ψ〉. (12.1)

Instead of |ψ〉 we can take the product

|ψ〉〈ψ| = ρ̂ , (12.2)

which is called the density operator. The description of a quantum system
by means of |ψ〉 is equivalent to description by means of ρ̂.

Taking the case of a single particle we can form the sandwich

〈x|ρ̂|x′〉 ≡ ρ(x, x′) = 〈x|ψ〉〈ψ|x′〉 = ψ(x)ψ∗(x′). (12.3)

This is the density matrix in the coordinate representation. Its diagonal
elements

〈x|ρ̂|x〉 = ρ(x, x) ≡ ρ(x) = |ψ(x)|2 (12.4)

form the probability density of finding the particle at the position x. How-
ever, the off-diagonal elements are also different from zero, and they are
responsible for interference phenomena. If somehow the off-diagonal terms
vanish, then the interference also vanishes.

Consider, now, a state |ψ〉 describing a spin 1
2 particle coupled to a

detector:
|ψ〉 =

∑

i

αi|i〉〈di| , (12.5)
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where
|i〉 = |12〉, | − 1

2〉 (12.6)

are spin states, and
|di〉 = |d1/2〉, |d−1/2〉 (12.7)

are the detector states.
The density operator is

|ψ〉〈ψ| =
∑

ij

αiα
∗
j |i〉|di〉〈j|〈dj |. (12.8)

It can be represented in some set of basis states |m〉 which are rotated
relative to |i〉:

|m〉 =
∑

k

|k〉〈k|m〉 , |dm〉 =
∑

dk

|dk〉〈dk|dm〉 (12.9)

We then obtain the density matrix

〈dm,m|ψ〉〈ψ|n, dn〉 =
∑

ij

αiα
∗
J〈dm,m|i, di〉〈j, dj |n, dn〉. (12.10)

which has non-zero off diagonal elements. Therefore the combined system
particle–detector behaves quantum mechanically.

Let us now introduce yet another system, namely, the environment. After
interacting with the environment the evolution brings the system to the
state

|ψ〉 =
∑

i

αi|i〉|di〉|Ei〉 , (12.11)

where
|Ei〉 = |E1/2〉 , |E−1/2〉 (12.12)

are the environment states after the interaction with the particle–detector
system.

The density operator is

|ψ〉〈ψ| =
∑

ij

αiα
∗
j |i〉|di〉|Ei〉〈j|〈dj |〈Ej | (12.13)

The combined system particle–detector–environment is also in a superposi-
tion state. The density matrix has-non zero off-diagonal elements.

Whilst the degrees of freedom of the particle and the detector are under
the control of an observer, those of the environment are not. The observer
cannot distinguish |E1/2〉 from |E−1/2〉, therefore he cannot know the total
density matrix. We can define the reduced density operator which takes into
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account the observer’s ignorance of |Ei〉. This is achieved by summing over
the environmental degrees of freedom:

∑

k

〈Ek|ψ〉〈ψ|Ek〉 =
∑

i

|αi|2|i〉|di〉〈i|〈di|. (12.14)

We see that the reduced density operator, when represented as a matrix in
the states |i〉, has only the diagonal terms different from zero. This property
is preserved under rotations of the states |i〉.

We can paraphrase this as follows. With respect to the environment the
density matrix is diagonal. Not only with respect to the environment, but
with respect to any system, the density matrix is diagonal. This has al-
ready been studied by Everett [107], who introduced the concept of relative
state. The reduced density matrix indeed describes the relative state. In the
above specific case the state of the system particle–detector is relative to the
environment. Since the observer is also a part of the environment the state
of the system particle–detector is relative to the observer. The observer
cannot see a superposition (12.5), since very soon the system evolves into
the state (12.11), where |Ei〉 includes the observer as well. After the inter-
action with environment the system particle–detector loses the interference
properties and behaves as a classical system. However, the total system
particle–detector–environment remains in a superposition, but nobody who
is coupled to the environment can observe such a superposition after the
interaction reaches him. This happens very soon on the Earth, but it may
take some time for an observer in space.

The famous Schrödinger’s cat experiment [129] can now be easily clari-
fied. In order to demonstrate that the probability interpretation of quan-
tum mechanics leads to paradoxes Schrödinger envisaged a box in which
a macroscopic object —a cat— is linked to a quantum system, such as a
low activity radioactive source. At every moment the source is in a super-
position of the state in which a photon has been emitted and the state in
which no photon has been emitted. The photons are detected by a Geiger
counter connected to a device which triggers the release of a poisonous
gas. Schrödinger considered the situation as paradoxical, as the cat should
remain in a superposition state, until somebody looks into the box. Ac-
cording to our preceding discussion, however, the cat could have remained
in a superposition only if completely isolated from the environment. This
is normally not the case, therefore the cat remains in a superposition for
a very short time, thereafter the combined system cat–environment is in a
superposition state. The environment includes me as well. But I cannot be
in a superposition, therefore my consciousness jumps into one of the two
branches of the superposition (i.e., the cat alive and the cat dead). This
happens even before I look into the box. Even before I look into the box it
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is already decided into which of the two branches my consciousness resides.
This is so because I am coupled to the environment, to which also the cat
is coupled. Hence, I am already experiencing one of the branches. My con-
sciousness, or, better subconsciousness, has already decided to choose one
of the branches, even before I became aware of the cat’s state by obtaining
the relevant information (e.g., by looking into the box). What counts here
is that the necessary information is available in principle: it is implicit in
the environmental degrees of freedom. The latter are different if the cat is
alive or dead.

12.3. ON THE PROBLEM OF BASIS IN THE
EVERETT INTERPRETATION

One often encounters an objection against the Everett interpretation of
quantum mechanics that is known under a name such as “the problem
of basis”. In a discussion group on internet (Sci.Phys., 5 Nov.,1994) I
have found a very lucid discussion by Ron Maimon (Harvard University,
Cambridge, MA) which I quote below.

It’s been about half a year since I read Bell’s analysis, and I don’t have it
handy. I will write down what I remember as being the main point of his analysis
and demonstrate why it is incorrect.

Bell claims that Everett is introducing a new and arbitrary assumption into
quantum mechanics in order to establish collapse, namely the “pointer basis”.
His claim is that it is highly arbitrary in what way you split up the universe into
a macroscopic superposition and the way to do it is in no way determined by
quantum mechanics. For example, if I have an electron in a spin eigenstate, say
|+〉 then I measure it with a device which has a pointer, the pointer should (if it
is a good device) be put into an eigenstate of its position operator.

This means that if we have a pointer which swings left when the electron has
spin up, it should be put into the state “pointer on the left” if the electron was in
the state |+〉. If it similarly swings right when the electron is in the state |−〉 then
if the electron is in the state |−〉 the pointer should end up in the state “pointer
on the right”.

Now, says Bell, if we have the state (1/
√
2)(|+〉+ |−〉) then the pointer should

end up in the state (1/
√
2)(|right〉+ |left〉). According to Bell, Everett says that

this is to be interpreted as two universes, distinct and noninteracting, one in
which the pointer is in the state “right” and one in which the pointer is in the
state ”left”.

But aha! says Bell, this is where that snaky devil Everett gets in an ex-
tra hypothesis! We don’t have to consider the state 1/

√
2(|right〉 + |left〉) as a

superposition—I mean it is a state in its own right. Why not say that there has
been no split at all, or that the split is into two universes, one in which the pointer
is in the state

a1|right〉+ a2|left〉 (12.15)
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and one where it is in the state

b1|right〉+ b2|left〉 (12.16)

So long as a1 + b1 = a2 + b2 = 1/
√
2 this is allowed. Then if we split the universe

along these lines we again get those eerie macroscopic superpositions.
In other words, Everett’s unnatural assumption is that the splitting of the

universes occurs along the eigenstates of the pointer position operator. Different
eigenstates of the pointer correspond to different universes, and this is arbitrary,
unnatural, and just plain ugly.

Hence Everett is just as bad as anyone else.
Well this is WRONG.
The reason is that (as many people have mentioned) there is no split of the

universe in the Everett interpretation. The state

1√
2
(|right〉+ |left〉) (12.17)

is no more of a pair of universe than the state 1/
√
2(|+〉 + |−〉) of spin for the

electron.
Then how comes we never see eerie superpositions of position eigenstates?
Why is it that the “pointer basis” just happens to coincide with him or her self.

This is the “state of mind” basis. The different states of this basis are different
brain configurations that correspond to different states of mind, or configurations
of thoughts.

Any human being, when thrown into a superposition of state of mind will split
into several people, each of which has a different thought. Where before there
was only one path of mind, after there are several paths. These paths all have the
same memories up until the time of the experiment, and these all believe different
events have occurred. This is the basis along which the universe subjectively seems
to split.

There is a problem with this however—what guarantees that eigenstates of my
state of mind are the same as eigenstates of the pointer position. If this wasn’t
the case, then a definite state of mind would correspond to an eerie neither here
nor there configuration of the pointer.

The answer is, NOTHING. It is perfectly possible to construct a computer
with sensors that respond to certain configurations by changing the internal state,
and these configurations are not necessarily eigenstates of position of a needle.
They might be closer to eigenstates of momentum of the needle. Such a computer
wouldn’t see weird neither-here-nor-there needles, it would just “sense” momenta,
and won’t be able to say to a very high accuracy where the needle is.

So why are the eigenstates of our thoughts the same as the position eigenstates
of the needle?

They aren’t!
They are only very approximately position eigenstates of the needle.
This can be seen by the fact that when we look at a needle it doesn’t start

to jump around erratically, it sort of moves on a smooth trajectory. This means
that when we look at a needle, we don’t “collapse” it into a position eigenstate,
we only “collapse it into an approximate position eigenstate. In Everett’s lan-
guage, we are becoming correlated with a state that is neither an eigenstate of
the pointer’s position, nor its momentum, but approximately an eigenstate of
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both, constrained by the uncertainty principle. This means that we don’t have
such absurdly accurate eyes that can see the location of a pointer with superhigh
accuracy.

If we were determining the exact position of the needle, we would have gamma
ray sensor for eyes and these gamma rays would have enough energy to visibly
jolt the needle whenever we looked at it.

In order to determine exactly what state we are correlated with, or if you like,
the world (subjectively) collapses to, you have to understand the mechanism of
our vision.

A light photon bouncing off a needle in a superposition

1√
2
(|right〉+ |left〉) (12.18)

will bounce into a superposition of the states |1〉 or |2〉 corresponding to the
direction it will get from either state. The same photon may then interact with our
eyes. The way it does this is to impinge upon a certain place in our retina, and this
place is highly sensitive to the direction of the photon’s propagation. The response
of the pigments in our eyes is both higly localized in position (within the radius
of a cell) and in momentum (the width of the aperture of our pupil determines
the maximal resolution of our eyes). So it is not surprising that our pigment
excitation states become correlated with approximate position and approximate
momentum eigenstates of the needle. Hence we see what we see.

If we had good enough mathematical understanding of our eye we could say
in the Everett interpretation exactly what state we seem to collapse the needle
into. Even lacking such information it is easy to see that we will put it in a state
resembling such states where Newton’s laws are seen to hold, and macroscopic
reality emerges.

A similar reasoning holds for other information channels that connect the
outside world with our brane (e.g., ears, touch, smell, taste). The problem
of choice of basis in the Everett interpretation is thus nicely clarified by the
above quotation from Ron Maimon.

12.4. BRANE WORLD AND BRAIN WORLD

Let us now consider the model in which our world is a 3-brane moving
in a higher-dimensional space. How does it move? According to the laws of
quantum mechanics. A brane is described by a wave packet and the latter
is a solution of the Schrödinger equation. This was more precisely discussed
in Part III. Now I will outline the main ideas and concepts. An example of
a wave packet is sketched in Fig. 12.1.

If the brane self-intersects we obtain matter on the brane (see Sec. 8.3).
When the brane moves it sweeps a surface of one dimension more. A 3-
brane sweeps a 4-dimensional surface, called a world sheet or a spacetime
sheet.
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We have seen in Sec. 10.2 that instead of considering a 3-brane we can
consider a 4-brane. The latter brane is assumed to be a possible spacetime
sheet (and thus has three space-like and one time-like intrinsic dimensions).
Moreover, it is assumed that the 4-brane is subjected to dynamics along an
invariant evolution parameter τ . It is one of the main messages of this book
to point out that such a dynamics naturally arises within the description
of geometry and physics based on Clifford algebra. Then a scalar and
a pseudoscalar parameter appear naturally, and evolution proceeds with
respect to such a parameter.
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VN

Figure 12.1. An illustration of a wave packet describing a 3-brane. Within the effective
region of localization any brane configuration is possible. The wavy lines indicate such
possible configurations.

A 4-brane state is represented by a wave packet localized around an
average 4-surface (Fig. 12.2)

It can be even more sharply localized within a region P , as shown in Fig.
10.2 or Fig. 12.3. (For convenience we repeat Fig. 10.3.)

All these were mathematical possibilities. We have a Hilbert space of
4-brane kinematic states. We also have the Schrödinger equation which a
dynamically possible state has to satisfy. As a dynamically possible state
we obtain a wave packet. A wave packet can be localized in a number of
possible ways, and one is that of Fig. 10.3, i.e., localization within a region
P . How do we interpret such a localization of a wave packet? What does
it mean physically that a wave packet is localized within a 4-dimensional
region (i.e., it is localized in 3-space and at “time” t ≡ x0)? This means that
the 4-brane configuration is better known within P than elsewhere. Since
the 4-brane represents spacetime and matter (remember that the 4-brane’s
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self-intersections yield matter on the 4-brane), such a localized wave packet
tells us that spacetime and matter configuration are better known within
P than elsewhere. Now recall when, according to quantum mechanics, a
matter configuration (for instance a particle’s position) is better known
than otherwise. It is better known after a suitable measurement. But we
have also seen that a measurement procedure terminates in one’s brain,
where it is decided —relative to the brain state— about the outcome of
the measurement. Hence the 4-brane wave packet is localized within P ,
because an observer has measured the 4-brane’s configuration. Therefore
the wave packet (the wave function) is relative to that observer.

B

VN

Figure 12.2. A 4-brane wave packet localized within an effective boundary B. A wavy
line represents a possible 4-brane.

The 4-brane configuration after the measurement is not well known at
every position on the 4-brane, but only at the positions within P , i.e.,
within a certain 3-space region and within a certain (narrow) interval of
the coordinate x0. Such a 4-brane configuration (encompassing a matter
configuration as well) can be very involved. It can be involved to the ex-
tent that it forms the structure of an observer’s brain contemplating the
“external” world by means of sense organs (eyes, ears, etc.).

We have arrived at a very important observation. A wave packet localized
within P can represent the brain structure of an observer O and his sense
organs, and also the surrounding world ! Both the observer and the sur-
rounding world are represented by a single (very complicated) wave packet.
Such a wave packet represents the observer’s knowledge about his brain’s
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state and the corresponding surrounding world—all together. It represents
the observer’s consciousness! This is the most obvious conclusion; without
explicitly adopting it, the whole picture about the meaning of QM remains
foggy.

One can now ask, “does not the 4-brane wave packet represent the brain
structure of another observer O′ too?” Of course it does, but not as com-
pletely as the structure of O. By “brain” structure I mean here also the
content of the brain’s thought processes. The thought processes of O′ are
not known very well to O. In contrast, his own thought processes are very
well known to O, at the first person level of perception. Therefore, the
4-brane wave packet is well localized within O’s head and around it.

Such a wave packet is relative to O. There exists, of course, another
possible wave packet which is relative to the observer O′, and is localized
around O′’s head.

VN

P

B

Figure 12.3. Illustration of a wave packet with a region of sharp localization P .

Different initial conditions for a wave function mean different initial con-
ditions for consciousness. A wave function can be localized in another
person’s head: my body can be in a superposition state with respect to
that person (at least for a certain time allowed by decoherence). If I say
(following the Everett interpretation) that there are many Matejs writing
this page, I have in mind a wave function relative to another observer. Rel-
ative to me the wave function is such that I am writing these words right
now. In fact, I am identical with the latter wave function. Therefore at
the basic level of perception I intuitively understand quantum mechanics.
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An ‘I’ intuitively understands quantum mechanics. After clarifying this I
think that I have acquired a deeper understanding of quantum mechanics.
The same, I hope, holds for the careful reader. I hope, indeed, that after
reading these pages the reader will understand quantum mechanics, not
only at the lowest, intuitive, level, but also at a higher cognitive level of
perception. An ultimate understanding, however, of what is really behind
quantum mechanics and consciousness will probably never be reached by
us, and according to the Gödel incompletness theorem [125, 126] is even
not possible.

Box 12.1: Human language and multiversea

In the proposed brane world model spacetime, together with mat-
ter, is represented by a 4-dimensional self-intersecting surface V4. An
observer associated with a V4 distinguishes present, past, and future
events. Because of the quantum principle an observer is, in fact,
associated not with a definite V4, but with a corresponding wave
function. The latter takes into account all possible V4s entering the
superposition.

We see that within the conceptual scheme of the proposed brane
world model all the principal tenses of human language —present,
past, future tenses, and conditional— are taken into account. In
our human conversations we naturally talk not only about the actual
events (present, past, future), but also about possible events, i.e.,
those which could have occurred (conditional). According to Piaget
[135] a child acquires the ability of formal logical thinking, which
includes use of alternatives and conditional, only at an advanced stage
in his mental development. Reasoning in terms of possible events is a
sign that an individual has achieved the highest stage on the Piaget
ladder of conceptual development.

Now, since the emergence of quantum mechanics, even in physics,
we are used to talking about possible events which are incorporated
in the wave function. According to the Everett interpretation of
quantum mechanics as elaborated by Deutsch, those possible events
(or better states) constitute the multiverse.

aThis idea was earlier discussed in ref. [88]. Later it was also mentioned by Deutsch
[112].
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12.5. FINAL DISCUSSION ON QUANTUM
MECHANICS, AND CONCLUSION

In classical mechanics different initial conditions give different possible
trajectories of a dynamical system. Differential equations of motion tell us
only what is a possible set of solutions, and say nothing about which one is
actually realized. Selection of a particular trajectory (by specifying initial
conditions) is an ad hoc procedure.

The property of classical mechanics admitting many possible trajectories
is further developed by Hamilton–Jacobi theory. The latter theory naturally
suggests its generalization—quantum mechanics. In quantum mechanics
different possible trajectories, or better, a particle’s positions, are described
by means of a wave function satisfying the Schrödinger equation of motion.

In quantum mechanics different initial conditions give different possible
wave functions. In order to make discussion more concrete it turns out to
be convenient to employ a brane world model in which spacetime together
with matter in it is described by a self-intersecting 4-dimensional sheet,
a worldsheet V4. According to QM such a sheet is not definite, but is
described by a wave function6. It is spread around an average spacetime
sheet, and is more sharply localized around a 3-dimensional hypersurface
Σ on V4. Not all the points on Σ are equally well localized. Some points
are more sharply localized within a region P (Fig. 10.3), which can be a
region around an observer on V4. Such a wave function then evolves in an
invariant evolution parameter τ , so that the region of sharp localization P
moves on V4.

Different possible wave functions are localized around different observers.
QM is a mechanics of consciousness. Differently localized wave functions
give different possible consciousnesses and corresponding universes (worlds).

My brain and body can be a part of somebody’s else consciousness. The
wave function relative to an observer O′ can encompass my body and my
brain states. Relative to O′ my brain states can be in a superposition (at
least until decoherence becomes effective). Relative to O′ there are many
Matejs, all in a superposition state. Relative to me, there is always one
Matej only. All the others are already out of my reach because the wave
function has collapsed.

According to Everett a wave function never does collapse. Collapse is
subjective for an observer. My point is that subjectivity is the essence of
wave function. A wave function is always relative to some observer, and
hence is subjective. So there is indeed collapse, call it subjective, if you

6For simplicity we call it a ‘wave function’, but in fact it is a wave functional—a functional of
the worldsheet embedding functions ηa(xµ).
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wish. Relative to me a wave function is collapsing all the time: whenever
the information (direct or indirect—through the environmental degrees of
freedom) about the outcome of measurement reaches me.

There is no collapse7 if I contemplate other observers performing their
experiments.

Let us now consider, assuming the brane world description, a wave packet
of the form given in Fig. 12.2. There is no region of sharp localization for
such a wave packet. It contains a superposition of all the observers and
worlds within an effective boundary B. Is this then the universal wave
function? If so, why is it not spread a little bit more, or shaped slightly
differently? The answer can only make sense if we assume that such a wave
function is relative to a super-observer OS who resides in the embedding
space VN . The universe of the observer OS is VN , and the wave packet of
Fig. 12.2 is a part of the wave function, relative to OS , describing OS ’s
consciousness and the corresponding universe.

To be frank, we have to admit that the wave packet itself, as illustrated
in Fig. 10.3, is relative to a super-observer OS . In order to be specific
in describing our universe and a conscious observer O we have mentally
placed ourselves in the position of an observer OS outside our universe, and
envisaged how OS would have described the evolution of the consciousness
states of O and the universe belonging to O. The wave packet, relative
to OS , representing O and his world could be so detailed that the super-
observer OS would have identified himself with the observer O and his
world, similarly as we identify ourselves with a hero of a novel or a movie.

At a given value of the evolution parameter τ the wave packet represents
in detail the state of the observer O’s brain and the belonging world. With
evolution the wave packet spreads. At a later value of τ the wave packet
might spread to the extent that it no longer represents a well defined state
of O’s brain. Hence, after a while, such a wave packet could no longer
represent O’s consciousness state, but a superposition of O’s consciousness
states. This makes sense relative to some other observer O′, but not relative
to O. From the viewpoint of O the wave packet which describes O’s brain
state cannot be in a superposition. Otherwise O would not be conscious.
Therefore when the evolving wave packet spreads too much, it collapses rel-
ative to O into one of the well defined brain states representing well defined
states of O’s consciousness . Relative to another observer O′, however, no
collapse need happen until decoherence becomes effective.

7There is no collapse until decoherence becomes effective. If I am very far from an observer
O′, e.g., on Mars, then O′ and the states of his measurement apparatus are in a superposition
relative to me for a rather long time.
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If the spreading wave packet would not collapse from time to time, the
observer could not be conscious. The quantum states that represent O’s
consciousness are given in terms of certain basis states. The same wave
packet can be also expanded in terms of some other set of basis states,
but those states need not represent (or support) consciousness states. This
explains why collapse happens with respect to a certain basis, and not with
respect to some other basis.

We have the following model. An observer’s consciousness and the world
to which he belongs are defined as being represented by an evolving wave
packet. At every moment τ the wave packet says which universes (≡ con-
sciousness state + world belonged to) are at disposal. A fundamental postu-
late is that from the first person viewpoint the observer (his consciousness)
necessarily finds himself in one of the available universes implicit in the
spreading wave packet. During the observer’s life his body and brain re-
tain a well preserved structure, which poses strict constraints on the set of
possible universes: a universe has to encompass one of the available con-
sciousness states of O and the “external” worlds coupled to those brain
states. This continues until O’s death. At the moment of O’s death O’s
brain no longer supports consciousness states. O’s body and brain no longer
impose constraints on possible universes. The set of available universes in-
creases dramatically: every possible world and observer are in principle
available! If we retain the fundamental postulate, and I see no logical rea-
son why not to retain it, then the consciousness has to find itself in one of
the many available universes. Consciousness jumps into one of the avail-
able universes and continues to evolve. When I am dead I find myself born
again! In fact, every time my wave packets spreads too much, I am dead;
such a spread wave packet cannot represent my consciousness. But I am
immediately “reborn”, since I find myself in one of the “branches” of the
wave packet, representing my definite consciousness state and a definite
“external” world.

A sceptical reader might think that I have gone too far with my dis-
cussion. To answer this I wish to recall how improbable otherwise is the
fact that I exist. (From the viewpoint of the reader ‘I’ refers to himself,
of course.) Had things gone slightly differently, for instance if my parents
had not met each other, I would not have been born, and my consciousness
would not not have existed. Thinking along such lines, the fact that I exist
is an incredible accident!. Everything before my birth had to happen just
in the way it did, in order to enable the emergence of my existence. Not
only my parents, but also my grandparents had to meet each other, and so
on back in time until the first organisms evolved on the Earth! And the
fact that my parents had become acquainted was not sufficient, since any
slightly different course of their life together would have led to the birth
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not of me, but of my brother or sister (who do not exist in this world).
Any sufficiently deep reasoning in such a direction leads to an unavoidable
conclusion that (i) the multiverse in the Everett–Wheeler–DeWitt–Deutsch
sense indeed exist, and (ii) consciousness is associated (or identified) with
the wave function which is relative to a sufficiently complicated information
processing system (e.g., an observer’s brain), and evolves according to (a)
the Schrödinger evolution and (b) experiences collapse at every measure-
ment situation. In an extreme situation (death) available quantum states
(worlds) can include those far away from the states (the worlds) I have
experienced so far. My wave function (consciousness) then collapses into
one of those states (worlds), and I start experiencing the evolution of my
wave functions representing my life in such a “new world”.

All this could, of course, be put on a more rigorous footing, by providing
precise definitions of the terms used. However, I think that before attempt-
ing to start a discussion on more solid ground a certain amount of heuristic
discussion, expounding ideas and concepts, is necessary.

A reader might still be puzzled at this point, since, according to the
conventional viewpoint, in Everett’s many worlds interpretation of quantum
mechanics there is no collapse of the wave function. To understand why
I am talking both about the many worlds interpretation (the multiverse)
and collapse one has to recall that according to Everett and his followers
collapse is a subjective event. Precisely that! Collapse of the wave function
is a subjective event for an observer, but such also is the wave function itself.
The wave function is always relative and thus subjective. Even the Everett
“universal” wave function has to be relative to some (super-) observer.

In order to strengthen the argument that (my) consciousness is not nec-
essarily restricted to being localized just in my brain, imagine the following
example which might indeed be realized in a not so remote future. Suppose
that my brain is connected to another person’s brain in such a way that
I can directly experience her perceptions. So I can experience what she
sees, hears, touches, etc. . Suppose that the information channel is so per-
fect that I can also experience her thoughts and even her memories. After
experiencing her life in such a way for a long enough time my personality
would become split between my brain and her brain. The wave function
representing my consciousness would be localized not only in my brain but
also in her brain. After long time my consciousness would become com-
pletely identified with her life experience; at that moment my body could
die, but my consciousness would have continued to experience the life of
her body.

The above example is a variant of the following thought experiment which
is often discussed. Namely, one could gradually install into my brain small
electronic or bioelectronic devices which would resume the functioning of my
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brain components. If the process of installation is slow enough my biological
brain can thus be replaced by an electronic brain, and I would not have
noticed much difference concerning my consciousness and my experience of
‘I’.

Such examples (and many others which can be easily envisaged by the
reader) of the transfer of consciousness from one physical system to another
clearly illustrate the idea that (my) consciousness, although currently as-
sociated (localized) in my brain, could in fact be localized in some other
brain too. Accepting this, there is no longer a psychological barrier to ac-
cepting the idea that the wave function (of the universe) is actually closely
related, or even identified, with the consciousness of an observer who is
part of that universe. After becoming habituated with such, at first sight
perhaps strange, wild, or even crazy ideas, one necessarily starts to realize
that quantum mechanics is not so mysterious after all. It is a mechanics of
consciousness.

With quantum mechanics the evolution of science has again united two
pieces, matter and mind, which have been put apart by the famous Carte-
sian cut. By separating mind from matter8 —so that the natural sciences
have disregarded the question of mind and consciousness— Decartes set the
ground for the unprecedented development of physics and other natural sci-
ences. The development has finally led in the 20th century to the discovery
of quantum mechanics, which cannot be fully understood without bringing
mind and consciousness into the game.

8There is an amusing play of words[130]:

What is matter? — Never mind!

What is mind? — No matter!


