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Abstract
The basic idea of quantum mechanics is that the property of any system can be
in a state of superposition of various possibilities (or eigen states). This state of
superposition is also known as wave function and it evolves linearly with time
in a deterministic way in accordance with the Schrodinger equation. However,
when a measurement is carried out on the system to determine the value of that
property (say position), the system instantaneously transforms to one of the
eigen states and thus we get only a single value as an outcome of the
measurement. Quantum measurement problem seeks to find the cause and exact
mechanism governing this transformation. In an attempt to solve the above
problem, in this paper, we will first define what the wave function represents in
real-world and will identify the root cause behind the stochastic nature of events.
Then, we will develop a model to explain the mechanism of collapse of the
quantum mechanical wave function in response to a measurement. In the process
of development of model, we will explain Schrodinger cat paradox and will
show how Born’s rule for probability becomes a natural consequence of the
measurement process.
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1. Introduction
As per modern physics, all processes in nature are governed by laws of
quantum mechanics. Till date, no violation of quantum mechanical laws has
been observed in experiments. Even for macroscopic bodies, each classical
event can be explained as a consequence of a large number of quantum
processes happening at the microlevel. The most interesting characteristic of
quantum mechanics is that it permits a system to be in the state of
superposition of all possible values represented by orthogonal vectors for any
physically observable property. The vector space created by these
possibilities (eigenvectors) is known as Hilbert space and the state vector of
the system lies in this Hilbert space. For example, spin angular momentum
of an electron can be in a mixed state of +½  (up) and -½  (down) spins
although the measurement yields only a single value, either up or down.
Similarly, the position of a particle in a box can be superposition all possible
values although its measurement by an external body gives us only a single
value for the position. The generalized superposition state of the quantum
mechanical system is also known as a wave function. When we measure a
physical property, the probability of finding a specific value is given by
Born’s rule which states that probability is proportional to the square of the
component corresponding to that value in the state vector. Stated simply, the
probability is proportional to the square of the wavefunction. Immediately
after the measurement, the state of the system is found to be same as the eigen
state of the value it exhibited. Thus, although the state vector, in general,
evolves deterministically and linearly with time as per the Schrodinger
equation, in response to the act of measurement, the state or wave function
instantaneously collapses to one of the eigen states. Quantum measurement
problem seeks to understand what is it in the measurement process that
stimulates the wave function collapse and how does this wave function
collapse exactly occur in nature.
The
Copenhagen interpretation (by Bohr and others), the oldest interpretation
of quantum mechanics believes that certain ‘something’ happens during the
act of measurement which collapses the wave function. But, it is unable to
find out what this “something” is. Rather, it takes up an often-quoted stand
“shut up and calculate” [1].
Many-worlds theory [2-4] rejects altogether the phenomenon of wave
function collapse. It suggests, at the time of measurement, the universe just
makes many copies of itself in which all the possibilities happen. The
question still remains, why we happen to be in the universe in which a
specific value of the physical property was observed. In other words, this
theory doesn’t explain the mechanism for choosing one out of many possible
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options. In addition, methods of the derivation of Born’s rule for probability by
many-worlds theories have been proved to be circular by many researchers [510].
Meanwhile, Einstein, Podolskey and Rosen [11] had suggested that some
local hidden pre-existing variables in the system (which are not normally
considered by quantum mechanics) might be responsible for observation of a
particular value instead of other values. By assuming this local hidden variable
theory to be the correct, Bell [12] derived an inequality expression for the spin
correlation among entangled pairs of particles which was in contradiction with
the quantum mechanical prediction. Consequently, a large number of
experiments [13-21] have been carried out which demonstrate the violation of
Bell’s inequality and thus explanations based on local hidden variable theory
are ruled out for the solution of the measurement problem.
Recently, non-local (or global) hidden variable theories like deterministic
Bohmian mechanics [22-23] for the solution of measurement problem have also
been proved to be incompatible with quantum mechanics and relativity by
Leggets [24] and Gisin [25]. Groblacher [26-27] has reported experimental
results demonstrating the inconsistencies of non-local hidden variable theory.
Groblacher stated [26], “Our result suggests that giving up the concept of
locality is not sufficient to be consistent with quantum experiments unless
certain intuitive features of realism are abandoned”.
The GRW theory [28-29] tries to explain only the collapse of the
macroscopic measurement system and that too by assuming spontaneous
collapse of the microscopic objects. This theory doesn’t provide any explanation
for the spontaneous collapse of microscopic system. In this approach, an
additional stochastic term is postulated in the quantum dynamical equation
without the required logical reasoning. So, this approach for the solution of the
measurement problem is not convincing.
Decoherence theory [30-31] identifies the environmental monitoring as the
cause for the destruction of quantum coherence between classical pointer states
and hence for expression of a single value of observable out of many
possibilities. However, the quantum mechanical measurement problem is also
applicable for a microscopic isolated system for which above theory doesn’t
have any explanation. In addition, decoherence theory doesn’t explain the
mechanism for choosing a specific eigenvalue by the system during
measurement. That’s why even one of the proponents of decoherence theory,
Joos [32] has stated “Does decoherence solve the measurement problem?
Clearly not. What decoherence tells us is that certain objects appear classical
when observed”. In another article titled “Why decoherence has not solved the
measurement problem: a response to P. W. Anderson”, Adler [33] has given a
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mathematical treatment to justify the fact that decoherence theory doesn’t
solve the measurement problem.
In this paper, we will propose a theoretical model for the solution of
quantum mechanical measurement problem. We will explain the mechanism
of collapse of the quantum mechanical wave function during measurement
and will also identify the root cause behind the probabilistic nature of events.
We will explain the Schrodinger cat paradox and will show how Born’s rule
for probability becomes a natural consequence of the measurement process.
The uniqueness of the present derivation of Born’s rule as compared to our
purely mathematical approach [34] published earlier is that it identifies the
exact mechanism in which Born’s rule comes into picture during the process
of collapse of the quantum mechanical wave function.

2. Proposed model for the solution of the quantum
measurement problem
To explain the stochastic nature of every particle, initially, Schrodinger
[35] and then Coway and Kochen [36-37] proposed that every elementary
particle in the universe might have free will which causes the uncertainty or
randomness in events. In our recently published paper [38], we have
proposed biased will theory which provides a theoretical justification for the
form of the quantum mechanical wave function of a free particle so that
quantum mechanical operators can be derived on which the whole of
quantum mechanics stands. This theory was also able to derive the quantum
mechanical probability distribution for the spin of a particle. The biased will
theory assumes the existence of will in every inanimate object and states that
quantum processes proceed in a direction so as to achieve collective goals of
the universe or coherent assembly of particles. This explains the recently
reported adaptive mutation in the DNA of bacteria [39-40]. In response to a
changing environment, mutations in E. Coli bacteria (which are quantum
processes) instead of being random were found to be biased in a direction
such that the chance of survival of the bacteria is increased.
In the background of the above developments, we will assume that each
fundamental particle or any coherent system has consciousness and has its
own thought which decides its behavior in the physical world. What is known
as the wave function or state vector is actually the thought of the particle.
Because thought can contain mutually exclusive options at the same time, the
wave function can also be the superposition of various physical possibilities.
For example, suppose you enter a city and you are thinking of which hotel to
stay in. You can think of many hotels simultaneously although your actual
physical stay can only be in a single hotel. Similarly, an electron can be in a
state of superposition of ‘up’ and ‘down’ spins until it is required to
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physically interact with the external world using one of the options. Since the
position is just a property expressed by a particle during interaction with another
body, it (i.e. position) can also be in a state of superposition which is commonly
known as wave function in position space. Just like thought resides in our mind,
wave function resides in the multidimensional space of possibilities technically
known as Hilbert space. So, we can identify the Hilbert space to be same as the
mind of particle.
Regarding evolution, the dynamics of our thought depends upon our own
present state, environmental conditions and future objectives. For example, our
thought to select a hotel in a new city will be guided by considerations such as
our financial status, the information we have collected about nearby hotels,
which hotel is nearer to our workplace and our goal such as whether we need to
save money or have the luxury. Similarly, the position of interference maxima
of a particle depends on its properties carried over from past (such as
momentum, energy), environment (how many slits are there) and what is the
ultimate goal (like conservation of momentum, energy and maintaining
symmetry of space that gives rise to wave behavior [38]). So, dynamically,
thought and quantum mechanical wave function (or state vector) behave in the
same manner.
Since we have identified the state vector or wave function as the thought
carried by the particle, we will now address the core question of why and how
wave function collapses during measurement. Measurement of any observable
is a two-step process. The first step is interaction and second is awareness about
this interaction by some subject. It is the first step only i.e. interaction that
causes the collapse of the wave function. Collapse has nothing to do whether
this interaction is observed by some living being or not. So, ours is an objective
interpretation. We support this idea as even when living beings were not created,
this universe did exist and evolved in accordance with the laws of quantum
mechanics. The interaction causes collapse of the wave function as in this nature
two systems can physically interact with each other only if each of them has a
specific value of the observable (not a superposition). Using this line of thought,
we can explain the Schrodinger cat paradox as given below.
In Schrodinger cat problem, a cat along with a radioactive nucleus and a
bottle filled with poisonous gas is kept in a box. As soon as the radioactive decay
occurs, it triggers an electronic circuit which ultimately breaks the bottle and the
poisonous gas comes out killing the cat. Conventionally, it is said that if the box
is closed for a long time, the nucleus remains in a state of superposition of
'decayed' and 'un-decayed'. So, the cat also remains in a state of superposition
of 'alive' and 'dead'. When the observer opens the box, he forces the system to
take a stand and so, he is indirectly responsible for death or life of the cat. Of
course, the conclusion here is paradoxical or flawed. This is because we have
started from an un-decayed nucleus and just by closing the box so that no one
63

Biswaranjan Dikshit

observes it, it doesn't go into a state of superposition. An observation can
certainly change the quantum state of a system from a superposition state to
a specific eigen state as it is also an interaction. But the opposite is not true.
Non-observation of a system cannot bring it from an eigen state to
superposition state. So, Einstein correctly commented, "Isn't moon there in
the sky when no one looks at it?". In case of Schrodinger cat problem, since
we have started from a live cat and an undecayed nucleus, they remain so till
the radioactive decay event. Radioactive decay occurs not by personal
observation, but by physical interaction between quarks or nucleons. The
quarks are in continuous motion inside the nucleus and constantly try to break
the nucleus. Within a few minutes, they are subjected to a huge number of
trials and they can succeed at any time. As soon as they succeed, the
electronic circuit is triggered, the bottle breaks and the cat goes to the state
of "dead". The cat doesn’t wait for us to open the box (i.e. for our
observation) to change its state. So, when we open the box, we only get to
know about the state of the cat after possible interactions that have already
happened inside the box and the observer opening the window is in no way
responsible for the death of the cat.
So, after clarifying that it is only the interaction which causes the collapse
of the wave function, let us now understand the mechanism of collapse. At
first, we will consider the example of the spin of an electron as it is the
simplest case in the sense that it has only two options i.e. +½  (up) and -½
 (down). As explained earlier, spin can be in a state of superposition of ‘up’
and ‘down’ spins until it is required to physically interact with the external
world through magnetic moment generated by its one of the options. Using
Dirac notation for vectors, let us represent the normalized system state vector
by  , ‘up’ spin by eigenvector A and ‘down’ spin by eigenvector B as
shown in Fig. 1. Writing 

as a vector sum of its components along

eigenvectors,

 = OP + PS
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Fig. 1 Vectorial representation of superposition state and eigen states
of a quantum system
Using the definition of projection operator and writing

A =

B =

(2)

We get,

OP = Projection of

 along A = A A  = A 

(3)

And

PS = Projection of

 along B = B B  = B 

(4)

and

We know, actions of any human being is generally decided by his or her own
thought. Similarly, since state vector  is considered to be a kind of thought
carried by the particle, the physical behavior of the particle is decided by the
vector components collinear with state  . In Fig.1, along  , the collinear
components contributed by eigen vectors are given by,

OR =Projection of OP along



=   A  =    (Using Eq. (2))
*

= 
2

Similarly,

RS =Projection of PS

along 

=   B  =    (Using Eq. (2))
*
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= 
2

Thus, we find that the magnitudes of collinear vectors contributed by
eigen vectors A and B are 

2

and  respectively. When the system
2

(or particle) encounters an external object (say measuring equipment) for
possible interaction, it selects any point at random on line OS in Fig. 1. This
is the step where the particle makes an acausal selection due to the virtue of
its creativity. Whichever collinear component the selected point falls on, the
system tends to expand that to acquire the full magnitude of unity by
instantaneously rotating the state vector to coincide with the corresponding
eigen vector (as only a single value for the observable is physically allowed).
However, this rotation of state vector occurs only if the interaction of the
particle with external body is possible with the help of selected eigen vector.
This is how the collapse of the wave function occurs. As the probability of
selecting a point on a collinear vector is equal to its magnitude  or  ,
2

2

probability of collapse of the state  to any eigen vector A or B is also

 or  respectively. Thus, the Born’s rule for probability of interaction
2

2

come into picture.
The mechanism for collapse of the wave function when there are many
possible values for the observable (such as wave function for position) can
similarly be explained. Like other properties of a quantum system, the
position is just another physical property expressed by the particle. However,
since the position is continuous, it has infinite possible values. So, position
state vector (in our language, thought that decides the choice of position) lies
in an infinite-dimensional Hilbert space. If xi is any position of the particle in
space, xi is the corresponding eigenvector,  is position state vector and

 ( xi ) is the wave function,

 =  ( xi ) xi

The projection of 

on xi

(5)

is  ( xi ) xi . As calculated earlier, the

magnitude of the projection of  ( xi ) xi along the state vector 
by,

M =  ( ( xi ) xi

Using Eq. (5) in Eq. (6),
M=

( ( x )
j
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i
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As all eigenvectors xi

are orthogonal to each other, the terms in Eq. (7)

involving dot product of any two vectors with i  j are zero. So, Eq. (7)
becomes,
M =  ( xi )* xi  ( xi ) xi
Or

M =  ( xi ) * ( xi ) =  ( xi )

2

(8)

Thus, the magnitude of the collinear component contributed by any
eigenvector corresponding to a particular position is equal to the square of the
wave function as given in Eq. (8). In response to a stimulus, the system
randomly selects any point on the state vector using its own creativity and the
collinear component on which this point falls instantaneously expands to
become the complete eigenvector and other components die out (of course only
if there is a scope of interaction). This is made possible by the state vector
rotating instantaneously towards the eigenvector corresponding to the selected
collinear component. Since the probability of selection of a collinear component
is proportional to its magnitude which ultimately is proportional to the square
of the wave function, probability of interaction is given by  (x ) . That’s why,
2

when a single particle passes through a slit and encounters a detector, either it is
detected with a probability of  (x ) or it moves forward unaffected in a
2

superposed state.

3. Conclusions
In this paper, to solve the quantum mechanical measurement problem, we have
developed a model to explain the mechanism of the collapse of the wave
function in response to a measurement attempt. We have identified that the root
cause behind the stochastic nature of events in nature is the thought process (or
creativity) present in every inanimate particle or quantum system. The cause of
the collapse is the physical interaction between two bodies (not the observation
or awareness by conscious human beings). In this light, we have understood the
Schrodinger cat paradox. Last but not the least, our analysis correctly reproduces
the Born’s rule for the probability of quantum interaction for which no
convincing proof using other approaches exists.
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