The inconsistencies of the many worlds interpretation as a possible evidence of the

incompleteness of the quantum mechanical wave function

Vijay Shankar'* and Narayanankutty Karuppath??
! Center for Computational Engineering and Networking (CEN),
Amrita School of Engineering, Amrita Vishwa Vidyapeetham, Coimbatore, India and
2 Department of Physics, Amrita Vishwa Vidyapeetham, Amritapuri, India
(Dated: Submitted May 10, 2021)

The quantum mechanical state vectors (or wave functions) as solutions of the Schrodinger
equation evinces a physical duality or simultaneous reality as manifest through the famous
measurement problem. There have been several interpretations to explain this duality, but none
have seen full consensus among physicists. The Copenhagen interpretation, which is at least to
some extent the most widely accepted interpretation has the ’collapse’ of the wave function (or
state vector reduction) during measurement as a possible narration to circumvent the problem of
measurement, yet, it does not attribute a physical reality to the wave function. Moreover, the idea
of measurement having a role on defining reality shakes the very foundation of classical physics. On
the other hand, though mathematically sound, 'the splitting of the universe’ in the Many Worlds
Interpretation (MWI) lacks realistic and philosophical elegance verging on challenging the very
‘common sense’. The MWI primarily hinges on the duality of the Schrodinger equation’s solution,
in the premise of which it seems to be correct. The drawbacks of MWI, especially its lack of any
realistic consequence and its inconsistencies evince that the quantum mechanical wave function
may not be a complete representation of the physical reality associated with that particular system
under consideration. We illustrate this with our own original thought experiments inspired by the

MWT’s original thought experiment.
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I. INTRODUCTION

The Rutherford atomic model proposes that the elec-
tron revolves around the nucleus in elliptical orbits. In
the pre-quantum era it was believed that the electron
must emit light as per the electrodynamics of the situa-
tion. But Quantum mechanics shows that the Hamilto-
nian of the atom does not change with time, unless there
is an external intervention (with the exception of sponta-
neous emission) [1, 2]. A quantum state exists in its most
general form as a superposition of several states. When-
ever you make a measurement on a particular state, you
get a probabilistic value corresponding to to the quantum
mechanical wave function of that particular state. This
is the indeterminacy of the time independent solution to
the Schrodinger equation, while the time dependent solu-
tion will take an Eigen value (observable) of the system,
and the system would evolve in time.

The indeterminacy has historically resulted in a lot of
debates, that led not just to key understanding of quan-
tum mechanics, but which raised questions on the con-
cept of reality as we perceive it. There are three major
common schools of thought when it comes to interpre-
tations of the probabilistic results of quantum mechanics
[3-5, 15] - the realist, the orthodox and the metaphysical.
The realist argument is the classical physicist’s favorite
one. The quantum states of a system exist even prior to a
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measurement and there is some hidden variable which re-
sults in the probabilities. But, Bell’s theorem followed by
Aspect’s seminal experiment [6] and other experiments
[7—10] have argued that no such hidden variable can exist
[13]. In the metaphysical interpretation, this and other
quantum paradoxes [14, 47] are considered to be a con-
sequence of human consciousness by certain physicists
[4, 11, 12, 20]. But as per one of the most commonly
accepted interpretation(orthodox), the Copenhagen in-
terpretation (CI) [15] where the indeterminacy is due to
the measurement. Consider an electron revolving around
a nucleus with no disturbance, but when you measure an
attribute of the electron, say a component of the spin
in a particular direction, you get a certain value with a
probability for the same and it will evolve in that state
continuously, if you leave it as it is. But once again if
you measure a spin in a different direction, you may get
a new value for the electron spin in that direction with a
different probability, so now the electron will evolve with
that particular spin. Hence, we may conclude that the
measurement causes the electron to attain that particu-
lar eigen value or observable. As per the CI, the electron
lives in a superposition of several possible states and the
wave function ’collapses’ to a particular state when mea-
sured. The main criticism against CI is that it reduces
physical reality into an observer created one, thus smug-
gling in subjectivity into physics. [16-19, 24]. Subjectiv-
ity in physics, at any level becomes untenable as it goes
against the basic tenets of physics or reality. It is almost
akin to saying that the moon exists only when you look
at it [21].

Such conundrums are not limited to CI alone, but al-



most all the interpretations are associated with some type
of 'weirdness’ [22, 23]. In addition, a good number of
the interpretations fail to keep intervention of the ob-
server and hence, the role of consciousness at bay [24].
Even after over a century of research, the physics world
has not come to a consensus on the exact interpretation
of quantum mechanics. The most compelling reason for
the study of the interpretations of quantum mechanics
is mainly the understanding of quantum mechanics itself
through the resolution of its paradoxes [24]. As a spin off,
it even throws light into modern applications of quantum
physics including quantum computing [32, 33].

Among the main interpretations which attempt to re-
store the classical concept of physical reality is the Many
Worlds Interpretation (MWI) [31]. The MWTI tries to
answer the contradiction between the probabilistic solu-
tion to the Schrodinger equation and the time dependent
part which is deterministic in nature in a completely dif-
ferent way. Imagine you are in possession of an atom in
which an electron is 'revolving around’ the nucleus. Your
picture is that of a continuous evolution of the electron
wave function. Then, your friend serendipitously makes
a measurement and obtains an outcome with a particu-
lar probability value for one of its states, thereby creat-
ing new branch(es) of the world. Thus the world, as per
MWI, splits into two or more parallel universes with each
measurement!. This splitting of MWI was proposed as a
supposed alternative to the collapse of wave function or
state vector, where instead of the wave function collaps-
ing into one of the many possibilities, the measurement
splits the world into two or multiple worlds, with each
measurement. FEach of those worlds is associated with
a 'Universal Wave function/state vector’, thus the MWI
tries to espouse a clear physical state rather than a mere
mathematical record in contrast with the CI.

In addition, the CI or other ’single world interpreta-
tions’(generic term for non many world interpretaions)
[25] in the context of quantum locality fails to give any vi-
able explanation for quantum entanglement, while MWI
provides a potential answer to understanding quantum
entanglement. In single world models, Quantum non lo-
cality is suggested as one of the basic axioms of quantum
mechanics [36]. Quantum non local entanglement exper-
iments in the past were restricted to the laboratory [6, 8-
10]. The most recent ground breaking experiment con-
firms quantum entanglement at a much larger scale [37].
The assumption of transmission of signals between entan-
gled quantum states violates special relativity explicitly
[38]. Though it is proven that such transmissions cannot
be faster than light (FTL) there is a tension between the
special theory of relativity and quantum mechanics. Spe-
cial relativity is local and quantum entanglement is not.
In Ref.[35] Tipler says quantum non locality may be an
evidence to MWI. Corresponding to the measurement of
each of the correlated pair of spins of entangled quantum
particles the universe splits into separate ones, where the
spins are local. In this case there is no explicit contra-
diction with special relativity, which makes the MWI an

interesting case indeed. The reason for this is quite obvi-
ous, other than quantum mechanics, the idea of physics
is very much local in nature.

At this point it becomes greatly relevant to note that
Albert Einstein in Ref. [34] considered non locality as a
problem which questioned the very veracity of quantum
mechanics. In it’s abstract itself we can see that Einstein
had opined that either quantum mechanics is incomplete
or results in a concept of simultaneous reality. Now after
all these years we have MWI catching up. The concept of
simultaneous reality is very much analogous to the split
worlds in MWT as noted by Ref.[35]. It had long been ar-
gued that Bell’s Theorem [13] has explicitly expostulated
all possibilities of hidden variables, that could possibly
explain quantum entanglement. It also suggests that the
quantum wave function provides a complete picture. But
that is no last word, there have been arguments against
the theorem, one of the latest ones, using consistent his-
tories interpretation [20, 48] to show the problems in its
deviation of Bell’s theorem [39]. There have been numer-
ous hidden variable theories [40-43]. In Refs.[41, 44-46]
one can see the problems in disproving local hidden vari-
able theory experimentally indicating that the complete-
ness of quantum mechanics is not sacrosanct and might
indicate the need for hidden variables to ensure local re-
alism. MWTI is a direct consequence of the assumption
of completeness of the quantum wave function. There
are many ways to prove MWI as being incorrect as we
shall see in Sec.II. We argue in this paper that the incor-
rectness of MWTI is possibly a proof to the fact that the
time dependent wave function might not represent a full
description of the system under consideration. We will
first see the criticisms against the MWI. Then we will
revisit Everett’s original thesis [31] in Sec.IIL.In Secs. IV
and V we will present our own thought experiments to
fill in the gaps created by the MWI. After that we will
conclude our discussion in Sec.IV.

II. CRITICISMS AGAINST MWI

The main criticism against the MWTI is the non realiz-
ability of the Universal wave function physcially [25, 26].
This applies to the several modified versions for the MWI
as well, which have tried to address this but failed. This
is like criticising the MWTI for the same reasons as the
Cl-viz. physically non realizable nature of wave function
itself and the general non adherence of Quantum me-
chanics to reductionism [50] in general. In addition in
Ref.[25] one of the main criticisms is that MWT fails to
live up to the expectation of providing a mathematically
elegant and Lorentz co variant and universally applicable
version. The expectation of MWTI to replace CI has failed
considerably.

Often the proponents of the many worlds interpreta-
tion argue that the rejection of the many worlds inter-
pretation should not be on grounds that it sounds weird
or crazy [27]. But, in physics, theories are to be accepted



only on the basis of experimental validity - or the ar-
gument that the splitting of universe must have some
observable effect on the current universe we live in. An
acceptable theory must be falsifiable [30]. Every time
when a quantum experiment is carried out or an obser-
vation is made, the universe splitting into many and that
we have never had any observational impact on our uni-
verse when the universe splits is indeed crazy. There are
indeed many commonsensical and realist reasons to re-
ject the MWI [28, 29]. In fact Ref.[28] calls the MWI a
'wacky’ theory. 'Notorious’ is the word used in Ref.[29].

This is not to suggest that the proponents of MWI
have done something absurd, no not at all. What we
posit is that, their out of the box thinking has given us
new critical perspectives to look at the basic axioms of
quantum mechanics. It becomes very clear with these
criticisms, that MWI will never represent the world as it
is. But, the main argument on which the MWI is based
on is not negated directly in any of these comprehensive
criticisms. That is, the dual physics of unitary evolu-
tion (time dependent) and state vector reduction (time
independent) solutions of the Schrodinger equation rep-
resenting completely different paradigms of the same pic-
ture is not negated directly. This makes us come to the
following conclusion, that the basic premise of MWI is a
direct consequence of this duality and the incorrectness
of the results of the MWI only raises serious questions on
weather the quantum mechanical wave function is com-
plete.

III. MWTI’S ORIGINAL THOUGHT
EXPERIMENT: A REVISIT

Since we will be developing our own thought experi-
ments which are inspired by the original thought experi-
ment of Everett in Ref.[31], let us reproduce their original
thought experiment for the benefit of the reader. There
are quite a few modifications of the MWT [25, 26], all of
them basically depend upon this thought experiment at
the very begining of Ref.[31].

Consider two quantum mechanics experts A and B and
A is inside the room carrying out his measurements on
a quantum mechanical state ¥ which exists as a super
position of several sub states ;, with a total of n sub
states. On each measurement A gets a probability |c;|?
of the quantum state living in one of the sub states.

U= Zcﬂ/fi (1)

n=1

Yo lalP=1 (2)

Imagine A notes his measurements and the probabili-
ties. On the other and B who is standing outside, is in
full possession of the entire system. Entire system refers

to the room, A and his experiment. In concrete mathe-
matical sense, B is in possession of the time dependent
solution to the Schrodinger equation ¥(¢) and the wave
function evolves in time. He records its behaviour, for
say a week.

The only logical conclusion is that the total amplitude
of the complete wave function that B possesses, is the
sum of the amplitudes of the of the discrete probabilistic
measurements made by A (This part is validated if you
consider the concept of A’s sum of probabilistic ampli-
tudes Eqn.2 and B’s normalization of the wave function
which are both 1).

But, B possesses the complete wave function only until
the current measurement of A. When B opens the door
(dramatically) he sees that A gives a probabilistic result
lc;|* of ¥ being in some ;. Thus the existence of A is
due to the 'mercy’ of B, that is if B had not opened the
door A’s result would not exist. Until B opened the door
he had a deterministic view of the wave function. When
he opened the door, the probabilistic measurement of A
comes into existence, thereby creating a new world. Thus
there are now two worlds, one where the wave function
is deterministic and another one where it is probabilistic
in nature.

The above thought experiment and the conclusion is
based on the physical duality already forming the basic
tenet of quantum mechanics as it is existent today. The
MWTI is only a manifestation of this duality. If the above
thought experiment were correct, then you and I will not
exist unless some guy doing a quantum mechanics ex-
periment opens his door. This becomes more or less like
the simulation hypothesis (see for example [49]), that is
the whole Universe is controlled by one person, which is
crazy. But the physical duality (or simultaneous reality
[34] ) gives us no other option but to conclude that if
the wave function ¥ were to represent a full description
of the quantum mechanical system, then the MWI is the
consequence. But we know that the MWI is wrong as
we have seen in Sec.Il, so there is only one conclusion,
the one already mentioned in [34], that the quantum me-
chanical wave function is not complete in its description
of whatever it is supposed to represent. We will attempt
to validate this further using our own thought experi-
ments in the subsequent sections.

IV. THE SUPEROBSERVER THOUGHT
EXPERIMENT

Let us modify Everett’s thought experiment. Instead
of B being outside the room, let B be inside the room
itself. Let us consider the room having two floors. Let
B be the super observer (S) looking from above. At the
floor below, the quantum state as in Eqn.1. But instead
of just A, let us consider a large number of observers who
are making measurements . Let there be a number of ob-
servers Ap, As..A,, (As) who are making observations on
the quantum system represented by Eqn.1. Each of those



observers simultaneously measure the system to be in
1, 1)9..0b, with probabilities |c1|?, |ea|?..|c,|* which fol-
low initially. But, after a small amount of time t, for each
of those observers the system will evolve in a unltary way

L Pu(t) = e o(t) = dae T b (1) = e
(Where E; represents the eigen value or observable of the
measurement). Now, for each of those observers, their
own quantum wave should represent the full picture of
the system.

But S is watching all this from above. The super
observer(as the name suggests), will observe all of the
observers below making their respective measurements.
The super observer collects the initial probabilistic mea-
surements of the observers below and thus the initial
wave function at time t=0 is as in Eqn.1. At a later time
t, S collects the wave functions 9y (¢), 12 (t)..¢, (t), which
the observers below possess, each of which only represent
a part of the complete picture (according to S). Which
means all of them are only a part of the total wave func-
tion W(t), which have probabilities |c1|?, |e2|?..|c,|? as in
Eqgn.3.

n

3 cpie 0 (3)

n=1

U(t) =

Where E; represents the Eigen value or observable of
the measurement. That is at a later time t, the probabil-
ity to find the system in any one of 1, 1s..4),, is going to
be |e1|?, |e2|?..|en|?. This is like the weighted sum total
of the time wave functions of the observer below, if we
assume the time elapsed t, the same for every one. For
every increase in t, As update S with the wave functions.

So there is an essential contradiction here, the ob-
servers Aq, As.. A, each have a separate picture. There is
going to be a big melee in the bottom floor where each of
the observers are going to argue that their picture is the
complete one and represents the entire system. While
S will argue that he is truly in possession of the entire
system Eqn.3 and thus possesses the complete wave func-
tion. In fact it is S who is indeed correct (mathemati-
cally). And each of the observers below only represent
the system in totality together. Thus As are wrong to
suggest that each of their time evolved wave functions
represents the full system. So much for wishful thinking!.
All of them are correct in their own perspectives (repre-
sent the full system), if the current quantum mechanics
state of the art is to be believed as it is. But clearly this
poses a major contradiction in terms of completeness of
the wave function.

The results are in direct contradiction of the world
splitting as assumed by Everett. If each of the observers
in the bottom floor were to split into separate worlds
according to the MWI, then according to S, all their
worlds split right in front of his eyes. This will never
happen practically. But one more thing, S needs the time
evolved wave functions continuously from the observers
below him to construct his full wave function as in Eqn.3,

thus all those observers are very much part of his world,
hence the world can not split even by the logic of MWI.
Because if it splits S can not build his wave function, but
he does build it.

V. COMPOSITE SYSTEMS THOUGHT
EXPERIMENT

In this ’gedanken’ experiment, let us closely follow the
footsteps of Everett, but let us consider a simple yet com-
posite system. This thought experiment is inspired by
problem 3.32 in Ref.[5]. Instead of following the ’Shut up
and calculate’ recipe [27] as is common in most quantum
mechanics text books, we will take into consideration the
interpretational consequence of such a system.

Let us start with A, who is inside a room and B who
is outside the room. B is in possession of the simplest
superposed wave function.

1
U= \f¢1 + \/57/)2

For B the wave function will evolve as

(4)

71E1t —iEqt

—=toe (5)

1
U =—1e
AR

With a probability of 0.5 of being in either one of the
sub states. Here F; and Fs are the eigenvalues or ob-
servables associated with the measurements.

But in the most general form a quantum mechanical
state can be expressed as a linear combination or super-
position of other states. This goes not just for ¥ in Eqn.
5 but for ¢; and 1, as well as in Equations 6 and 7

3 4
P = g¢1 + g¢2 (6)

4 3
Py = 39171 - 5¢2 (7)

This same formulation can also be written as

3 4
P11 = 51/)1 + 51/& (8)

P2 = %1/}1 - 21/12 9)

If A were to measure 1; and 1o he will get a proba-
bility of 0.5 for either of them. For B who is standing
outside, the system evolves according to Eqn.5, where
the probabilities of being in being in either 17 or ¥y as
0.5. Until now the system is very much similar to Sec.III.



But, further considerations will show that A’s picture
is much more interesting. Let A measure for v, he gets
11 with a probability 0.5. Now after this measurement
the wave function is expected to live as in Eqn. 6. Now
he measures ¢; and the total probability of the system
to be in ¢ is P(%) = (3)(35)- The system after this
measurement lives in the state ¢;. Now the probability
of finding the state in v, and 15 will be.

- 199

P 7/’1,¢1) = 5)(%)(2*5) = 0.065 (10)
o 1.9 16

P ¢17¢1) = 5)(%)(%) =0.125 (11)

The probabilities measured are considerably different
from what A measured for ; and v initially, before
he measured ¢;. Mathematically, this is a typical case of
conditional probability. Quantum mechanically, the most
natural narrative for this would be the CI’s collapsible
wave function. In addition, the other probabilities that
can be associated with A’s measurement of v, and 9

are P(wﬁiﬁz )’ P(wﬁzﬁ? )’ P(witm )’ P(ibifbl )’ P(w;piﬁz) and

P( w:’;z), depending upon the sequential order of his
choice. These probabilities are all completely oblivious
to B who is outside, all he is aware of is ¥ and 15 both
at 0.5. So B’s wave function in Eqn.5 is not necessar-
ily a complete description of the system, unlike Sec.III.
This kind of composite situation where the same wave
function can have different probabilites, depending upon
the sequence of measurement can be better explained by
the collapsible wave function than the MWI, there by ex-
posing the inconsistencies of the MWI. But it also raises
interesting questions on the wave function being a com-
plete description of the system under consideration.

VI. CONCLUSIONS

Reductionism is the notion wherein everything in the
world when decomposed into smaller parts, the con-
stituents will follow the same laws as does the object
itself. Reductionism has a very deep root in physics [50].
Quantum mechanics grossly violates the principles of re-
ductionism. In every interpretation of quantum mechan-

ics there is a considerable amount of controversial weird-
ness. No matter what interpretation one takes there is
an element of subjectivity, which makes quantum me-
chanics so disturbing and intriguing at the same time.
A metaphor the moon exists only when you look at it’,
that can be associated with quantum mechanical mea-
surements, makes the whole subject queer.

Years back Albert Einstein [34] had given a choice
between the incompleteness of the quantum mechanical
wave function and simultaneous reality. The MWI seems
to be an off shoot of this simultaneous reality. The MWI
does try to do away with the collapsible wave function,
but in Sec.V we have seen that the MWI does not ac-
complish this. We have seen that the critiques in Sec.Il
have conclusively proven that MWI does not represent
physical reality by any means, hence it fails as a descrip-
tor of the universe. In this paper, we have presented
strong logical reasons to come to the same conclusions
with the help of our own modified versions of Everett’s
original thought experiment, with different perspective
and shown that branching of the world during quantum
measurements leads to logical inconsistencies. The in-
consistencies of the MWI my thus raise important ques-
tions on the completeness of the quantum mechanical
wave function. Of course, the only way to prove that the
wave function is incomplete in the purview of many of its
paradoxes including non locality, is by conclusively prov-
ing the presence of hidden variables both theoretically
and experimentally. We believe our work raises some in-
teresting questions on the idea of quantum mechanical
completeness, when you juxtapose it with MWTI’s incon-
sistencies.
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