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ABSTRACT  
The aim of the paper is to seek and identify mathematical models designated to understand better 
the quantum scale phenomena, models which could permit to link them with the real world 
phenomena. This shall be made by analyzing the common features exhibited by both, normal scale 
and quantum scale phenomena and then, by creating mathematical models that are describing 
both, the quantum and the real world.  
One main idea of the paper, on which the involved models are built is that observed physical 
quantities such as position and momentum of a quantum particle, but also the laws of their 
transformation (of that physical quantities) from one state into another such as for example the 
probability wave function described by the Schrödinger’s equation, are signals transmitted out of 
the quantum world into the real physical world by the a certain real, not yet detected wave 
function, wave function, underlying the visible measurable reality and which is describing this more 
complex reality underlying the observable one, and unavailable not only to our limited senses but 
also not available, even though using the new discovered technologies. The two observed physical 
quantities, position and momentum, are describing a quantum system, that is to say the quantum 
system can be represented either as a wave function of the position of the particle or as a wave 
function of the momentum of the particle, this two different functions being linked one to another 
by means of the Fourier Transform.  
The paper is furthermore describing the way in which the theory of Signal Processing, a powerful 
and useful tool, is to be used in order to model both, quantum and large scale phenomena. 
 
Keyword list mathematical models, quantum phenomena, multidimensional systems, signal processing, Fourier 
Transform, transition between states of a system  

 

1. INTRODUCTION 

The reason for the hardships encountered when analyzing and interpreting the facts and results of the quantum 
world’s phenomena is related with the use of traditional way of thinking, which is why a serious shift of paradigm is 
strongly recommended when dealing with such phenomena. The traditional way of thinking of the pure rationalism 
and the simple binary logic use to make inferences for simple questions are unfortunately not valid anymore and are 
not applying anymore when dealing with the realities of quantum phenomena. That is why, the correct way to 
address quantum phenomena is using the more complex logic systems such as multidimensional or even fuzzy logic, 
where there are infinities of outcomes and possible results, fact which is also actually exhibited for phenomena 
within the normal scale real world. 
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This feature of multidimensionality, exhibited at the quantum level is also a very common feature of many real 
world systems and many facts within our physical world can be grasped based on this important feature of 
multidimensionality of real world systems. 

The states but also the transition between the states of a multidimensional system, either of quantum or normal scale, 
can be described and analyzed using the mathematics pertaining to the theory of Signal Processing, which is mainly 
based on the theory of the Fourier Transform and the functions of transfer between states of a system. 

 

2. UNCERTAINTY LINK BETWEEN THE RESULTS AT QUANTUM AND NORMAL SCALE 
PHENOMENA 

2.1 Uncertainty in the quantum world 

Today’s way of approaching and understanding of quantum scale phenomena is to reduce them to well known 
deterministic models based on pure deterministic rules and to try to grasp them from this deterministic logical 
standpoint.  

The real solution could be exactly to give up and to reverse this kind of traditional point of view, which had not very 
many chances of success until now, and to treat all main problems, from both worlds (quantum and normal) as 
not/deterministic problems and to try to explain the visible rules as particular and simplified models of a more 
complex reality underlying to pure not/deterministic problems. 

The states of a quantum system but also the transitions between the states of a certain quantum system, are described 
by the wave (probability) function assigned to the respective system. The fact that the quantum phenomena are 
exhibiting the property of uncertainty or non/determinism, being actual stochastic phenomena that can be described 
only using a probability wave function, is a very well known feature of the quantum world. The best description of 
the quantum phenomena found until now is given by the Schroedinger’s equation and by the probability wave 
function associated with the respective quantum state, being actually the solutions of the Schroedinger’s equation [3], 

[4], [7], [8] : 
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 (2), being the general solution of the same Schroedinger’s equation 

Using the previous scientific results, such as the Schrödinger’s Equation and the Heisenberg’s Principle of 
Uncertainty, stating clearly the uncertainty of the quantum world, one could wonder as in the beginning of this 
paragraph, whether our real world is so deterministic as we consider it.  

Hence, one main idea in the paper is that, instead of wondering about the quantum phenomena and to try to fit them 
to our oversimplifying view, another possible solution is to see all normal scale phenomena in all their complexity 
and to perceive them as a natural continuation of the quantum phenomena, in the macro level.  

2.2 Uncertainty in normal scale phenomena 

The key in solving this issue could be found in the Theory of Signal Processing, namely the signal reconstruction, 
and to treat most of the real world normal scale systems and phenomena as not/deterministic processes having a pure 
deterministic component which could produce a certain trend of the process.  

This trend of a let’s say complex dynamic process could be found by using various techniques, such as curving 
fitting techniques or simply by interpolation. The real problem is when by extrapolating the respective function 
fitted to the past values the extrapolated values does not corresponding anymore to the actual observed future values 
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of the process, and hence the conclusion that the trend is not determined by the respective function, is thus close at 
hand. 

The human eyes are made to search and to find patterns and rules around them, though, almost all entities around us: 
objects, processes and living entities in the nature around, are subjected to randomness. This feature of the humans 
to look for and find patterns, which is conditioned by both: our very limited senses and processing capacity, is 
preventing us to see the real complexity of the nature. What we are seeing around us is only the oversimplification 
of the complicated real world that is actually the product of our senses combined with our rather limited processing 
capacity, oversimplification that is many times hindering us to seek and understand the depths of the nature. 
Wherever one will look around, one will not see determinism and simplicity, artificially created by the one’s 
oversimplifying eyes, but the same randomness and complexity. 

The vast majority of phenomena and processes in nature and almost all dynamic complex normal scale processes are 
random or not/deterministic and a lot of the processes thought in real world, thought until now as purely 
deterministic and thought to be described by their known deterministic transfer functions, their inputs and related 
parameters are and are behaving very much like pure non/deterministic or stochastic processes. These random 
complex dynamic processes are usually hard to understand, interpret and predict. From the structure of a piece of 
tone to any shape of any other non/living structure in the nature and up to the more complicated structure of the 
living macro/organisms, either plants or animals, all are obeying the very same rule of the non/determinism, 
exhibited by quantum scale phenomena. The observed rule of determinism we see in these structures applies only up 
to a certain level, that could be either an inferior or superior level of that observation. Whenever exceeding this 
“band” of inferior or superior levels in observing the outer world, these seemingly well defined and well organized 
structures, referring to the same type of entity, are showing the same stochastic behavior which is also  exhibited 
down at the quantum level.  

It is close at hand to assume that the randomness encountered in the normal scale phenomena and in the observable 
objects around us it is based on the stochasticity present at the quantum level, or to put it in a more correct way: the 
uncertainty found down at the quantum level is corresponding, or is correlated to the uncertainty in large and normal 
scale complex phenomena, such as future evolution of a complex process or a species.  
 
2.3 Linking the uncertainty in quantum world with the uncertainty in real normal world 

Whereas the Uncertainty principle of Heisenberg is telling that the position and velocity of a particle cannot be 
determined concomitantly, the Schroedinger’s equation is giving us the probability that the respective quantum 
particle has a certain position. 

Now reverting to normal scale objects about we like to think that they have a certain regular shape and phenomena, 
about which we tend to believe that are deterministic processes, by closer analyzing both, the regular shapes and the 
deterministic processes, we could conclude that by magnifying both, neither the one nor the another are submitted to 
uniformity or determinism. 

Any two objects that seem to be identical, are actually different when we look closer, and if we try to produce 
another object with the intent to be alike we will produce another object that is different from the others. At first we 
only see the general shape of the object and we suppose that the respectively objects are allegedly identical, but once 
we put them under the magnifying glass, the differences appear obvious to the eyes. 
In the same way, the complex processes deemed to be deterministic, cannot be identically replicated, even using the 
same known conditions that has generated a previous complex process. 

The solution to both is to try to explain this seemingly randomness by using the probability distribution within the 
respective objects or processes, and out of this probability distribution to try to extract a rule (a signal), which will 
be actually only a given probability rule, just in the same way in which we could only know only the probability 
distribution of a, let’s say, particle’s position. 

This kind of problem can be addressed twofold: at one hand by better describing the probability function related to 
the respective object or process (the probability that a certain structure occurs or a certain future evolutionary step in 
the complex process occurs), and on the other hand, out of this probability distribution to try to find the hidden rule 
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in the respective structure, that is best describing the respective structure generated by the complex evolutionary 
process. 

The probability of the occurrence of a certain state of an object or of a process it is given by a positive function f(x), 
with values between 0 and 1, which is fulfilling the normalization condition, that is to say: 
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The probability distribution function corresponding to this probability density function is given by: 
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The function of expectation can be also defined in relation with the probability density function: 
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The characteristic function )(t , associated to the probability density function is defined as being the expectation 

value )( ixteE , as follows: 
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If the above defined probability distribution function F(x) is continuous everywhere, which is actually the case for 
most objects and phenomena of the normal real world, the probability density function of the respective real world 
process can be reconstructed out of its characteristic function using the relationship: 
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that is to say, the probability density function and its corresponding characteristic function are both related by means 
of the Fourier Transform. 

If two different processes defined by their probability density functions f(x) and g(y), are independent processes then 
between their characteristic functions exists the following relationship: 

)()()( ttt yxyx     (8), its reverse statement, being in general, not true. 

The method proposed by the present paper is to not only see what is obvious (i.e. the pattern or a simplistic rule) but 
merely to detect and understand the probability function associated with the respective process and then to extract 
from this the rule and to revert again to the probability function and to check the rule that emerges from the 
respective probability distribution.  

By doing this, the respective normal world process can be better described, that is to say the level of accuracy in 
estimating the exact values of the process is much better, then it is when one only sees “with an open eye” the 
respective process. 

The proposed method thus corresponds to a spiral that is either converging to a singular unique point representing 
the rule of the process, which is the most probable to occur or could be also divergent, meaning that one cannot find 
the respective hidden rule. 
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As a more concrete example to apply the above theory, one could consider the probability distribution of certain 
fractal shapes in nature, that describe natural objects or phenomena, then to try to extract the rule/signal in the 
process (by means of signal processing theory) and then to check the respective rule using past and future values of 
the process in order to prove or to disprove the respective rule. 
Referring now to both, quantum and normal scale phenomena, in the present, we seem to be in a certain stage of 
knowledge where nature seems to fool us by showing the rules we tend to see and we deem them as being true, and 
then the same nature is proving us we were wrong and the considered rule is unfortunately not applying and the real 
rule is actually unknown. 
That is why, one can establish that the normal scale phenomena are actually not/deterministic and the intention is to 
link the results valid at quantum level, with real world and normal scale phenomena. 
 
3. THE CONCEPT OF THRESHOLD IN BOTH SYSTEMS: QUANTUM AND NORMAL 
SCALE SYSTEMS 

The concept of threshold is very well known one which is very often present in the complex real world of living 
creatures. It is stating that a certain stimulus will produce effect or action if and only if the value of that stimulus has 
a value that either is exceeding or it is lower than a certain value, this particular certain value associated with both, 
the respective stimulus and the respective complex system being called threshold, which could be either an inferior 
or superior threshold, or could be both, such that an certain interval is meant.  
The concept of threshold, a successful concept in cybernetics, could be applied and could explain many of the 
features of the quantum world in two different ways: in the same manner as two different persons have different 
visual acuity and one could observe more details than another, this concept could apply not only to the senses but 
also to the acuity of human being of perceiving and understanding phenomena, processes or things.  
Secondly, one could link very well the concept of threshold with another concept, which will be described in the 
next paragraph, namely the concept of multidimensionality. By assigning thresholds to different dimensions and 
integrating the results of different stimuli over the all dimensions describing a complex system, the results obtained 
in this manner are increasing exponentially. This is leading us to the conclusion that if the number of dimensions 
taken into consideration is very high, the number of results obtained by assigning different thresholds to different 
dimensions could be so high that could be in fact viewed as infinite, leading to a probability distribution which is 
corresponding very well to the Schroedinger’s probability wave function. 
Let us now exemplify some of the main analogies between the thresholds in the normal scale of the Signal theory 
and the thresholds in the quantum theory. The correspondent devices in Signal Processing, which are modeling the 
thresholds, are the low, high, band pass and band reject filters [1], [2], [11], [12]. In this section one could see the link 
between these filters present in the signal processing and the correspondent notions pertaining to the quantum world: 
finite potential well, tunneling effect and the infinite potential well of very narrow length [3], [4], [5], [6], [7], [8]. 
This correspondence between the Signal theory and the quantum world, together with the fact that the observations 
of the quantum world phenomena are possible signals transmitted out of an underlying reality can be mirrored and 
exemplified based on the following results, pertaining to both: signal processing and Schrödinger’s equation. 

The first analogy refers to the analogy between the low pass filters in signal theory and the tunneling effect in the 
quantum theory. Let us consider one passive RC low pass filter and its characteristic in frequency: 

C                     
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          f0  f  

   Fig. 1 Low pass filter    Fig. 2 Characteristic of the low pass filter   
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In the very same manner in which this RC passive low pass filter is allowing to pass only frequencies that are 
smaller than f0, the effect of tunneling in the quantum world, which is a special case of the potential well, is allowing 
the presence of a quantum particle to pass through an non/conducting material from region (I) to region (III), as if 
passing through a tunnel, even if the energy E of that particle is smaller than potential barrier V0, as it can be seen in 
the picture below:  
  

    E 
 

       V0 

 

              E < V0 
        (I)   (II)   (III) 

    
     Fig.3 Tunneling effect 
 
The tunneling effect tells that there are chances to find the quantum particle in the region (III) of the space even if 
the normal case the particle with not enough energy should not have been “passing the tunnel”. The data domain of 
the particle is the domain of the position x of the particle. The corresponding spectral domain of the particle is the 
momentum p, which is easily to be associated with the energy domain of the respective particle through the 

formula
m

p
E
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  (9), m being the mass of the respective particle, so that the correspondence between the frequency 

and energy as being both spectral domains is thus always ensured. The next analogy is the analogy between the high 
pass filter and the finite potential well. The high pass filter from below is allowing the passing of all frequencies 
higher than f0 in the very same way as the finite potential well is allowing the escaping from the well of the particles 
possessing energies which are higher than the potential barrier V0 of the well.   
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          Fig. 4 High pass filter     Fig. 5 Characteristic of the high pass filter  
     E 
 
  E > V0   V0 
     
 
     
 
 
    Fig. 6 Finite potential well 
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The third and last considered analogy made is that between the band reject filter (notch filter) and the infinite 
potential well. The notch filter from the figure below has the property that is passing all the frequencies with the 
exception of a very narrow band in the vicinity of the resonance frequency (fr).  
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                        Fig. 7 Band reject filter      Fig. 8 Characteristic of band reject filter 
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     Fig. 9 Infinite potential well 
 
In the very same manner in which the notch filter behaves, the infinite potential well is allowing the existence of the 
particle only in the narrow region (II), with the potential V = 0. 

Based on the above presented analogies, another important analogy exhibited by both, signal theory and quantum 
phenomena, is emerging analogy represented by the existence of the transfer function, also named frequency 
response function [20],  which has virtually the same form in both cases and its form can be easily associated with the 
expression from the wave probability function from Schrödinger’s equation. The transfer function is represented by 
the Fourier transform of the impulse response function and it is defined by: 

In the case of continuous time by: 
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And in the case of discrete time by:  
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4. THE COMMON CONCEPT AND FEATURE OF MULTIDIMENSIONALITY EXHIBITED IN 
BOTH, QUANTUM SCALE AND NORMAL SCALE PHENOMENA 

Multidimensionality in the real world has usually the meaning of the presence of many aspects or dimensions of a 
certain process, problem or a think. In the extreme case scenario of an observation made by two different persons, 
one could put more emphasis on one certain feature of the respective process and the other person could assign 
much more emphasis on a total different feature and almost disregard the other ones, this fact producing total 
different outcomes in the process of observation.  

In the same manner the one and same person observing one process, could be differently affected by the 
modification in time of some features of the process, and thus is recording different results to the “alleged” same 
experiment. 

For the first case of two different persons, the same rule that applies for the concept of threshold is also holding for 
the concept of multidimensionality, that is to say because of the differences of the eye receptors, or due to the 
processing differences in the brain, different persons are perceiving different the dimensions. We could also say that 
different persons are assigning different weights to different dimensions perceived by them. 

The infinite complexity derived from the multidimensionality feature is obvious if one considers the following 
example.  

Let us suppose that a certain process is completely determined by only two different interval features or dimensions. 
Each dimension is sensed by each person differently at two different moments. But each of both persons is also 
simultaneously sensing both of the two dimensions. It is close at hand to conclude that the total number of the 
observations of the process is infinite because there is an infinity of combinations of the interval values of the 
respective two dimensions. 

Although a finite process is observed, there is an infinite number of possible outcomes that could be observed for the 
respective process either if the process is observed continuously uninterrupted by the same two persons for a very 
long period, or if it is observed in a certain moment of time by an infinite number of persons. 

A very slight difference in the conditions of an experiment that is performed, which could be a different illumination 
provided by the sun or any other difference could lead to totally different results of the experiment. 

The device in the Signal Processing that is modeling the result following the measuring of, let say q different 
features (multidimensionality) is the multiplexer known also as mixer or multiple input single output system (MISO 
system), which is mixing different input signals and transforms them into different outcomes. The observed output 
or outcome of the MISO system can be described by a matrix equation having the form: 

11  nnn WXX   (12)  

Xn-1 being a row matrix (vector) with q columns comprising the values of the features and Wn-1 being a q rows 
column matrix (vector), each line registering the weight assigned by a certain observer to a certain feature 

 

5. FOURIER TRANSFORM, THE LINK BETWEEN POSITION AND MOMENTUM OF A 
QUANTUM PARTICLE AND FOURIER TRANSFORM APPLIED IN REAL WORLD 
PHENOMENA 

One other common feature between the real world regarding the transitions between states of a system and the 
results from the quantum world is the fact that the characteristic function of a probability function of a process in 
real world normal scale is exactly the Fourier Transform of that respective function. Based on this fact one can move 
from the data domain to the spectral domain of that real world phenomena. 

In the very same manner, for the quantum world phenomena, one can move between the data domain of the quantum 
particle (its position) to the spectral domain of it (its momentum): 
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the Fourier Transform being the link between the position wave function of the particle )(x , and the momentum 

wave function )(ˆ p of the same particle. 

Another link between the two worlds of quantum and normal scale, based also on the remarkable result of the 
Fourier Transform is the use of the Fourier Transform, for example to reconstruct results from the quantum world, 
results hidden to our eyes by our limited senses, such as it is the quantitative phase imaging, where the image is 
reconstructed out of its spectrum. 

 

6. CONCLUSIONS 

The paper is linking the uncertainty in the quantum world with the one of the normal scale world by showing that at 
a closer look every object or process in the nature is stochastic and hence can be addressed only based on the 
probability theory. 

The assumption that the quantum signals received are transmitted out of the underlying reality of the quantum world 
is exemplified based on similar and correspondent results from both signal theory and quantum world, as it will be 
shown later during the paper. 
The paper is furthermore providing analogies between the quantum world and signal processing theory with 
examples modeling the concept of threshold in both. 

The concept of multidimensionality and its implications in both worlds, is an additional common feature of the both 
worlds (quantum and normal scale world), supplementary explaining somehow, why allegedly same experiments 
performed are producing different outcomes. 

The last section is presenting the Fourier transform as a very important and useful tool used in the both worlds. 

Perhaps by tackling both, normal scale and quantum phenomena, using the proposed analogy between signal theory 
and quantum theory, some more additional nowadays secrets and mysteries of the both worlds could be thus 
revealed.  
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