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Abstract 
When building a model of a physical phenomenon or process, scientists face 
an inevitable compromise between the simplicity of the model (qualitative- 
quantitative set of variables) and its accuracy. For hundreds of years, the vis-
ual simplicity of a law testified to the genius and depth of the physical think-
ing of the scientist who proposed it. Currently, the desire for a deeper physi-
cal understanding of the surrounding world and newly discovered physical 
phenomena motivates researchers to increase the number of variables consi-
dered in a model. This direction leads to an increased probability of choosing 
an inaccurate or even erroneous model. This study describes a method for es-
timating the limit of measurement accuracy, taking into account the stage of 
model building in terms of storage, transmission, processing and use of in-
formation by the observer. This limit, due to the finite amount of information 
stored in the model, allows you to select the optimal number of variables for 
the best reproduction of the observed object and calculate the exact values of 
the threshold discrepancy between the model and the phenomenon under 
study in measurement theory. We consider two examples: measurement of 
the speed of sound and measurement of physical constants. 
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1. Introduction 

For the last 400 years, since the great Newton, scientists, using acquired know-
ledge, to the best of their ability and with limited resources, have represented 
idealized laws of nature in the form of a dependence on a small number of va-
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riables, such as Einstein’s formula or Heisenberg’s inequality. Although the laws 
of nature are important and useful, they are only models; they are based on as-
sumptions, are sensitive to a set of variable data, and are valid only within the 
experimental accuracy achieved. That is why it is difficult to consider their sim-
plicity as an unconditional criterion of their inviolability and immutability for 
future generations of scientists. 

In the modern scientific community, there is an opinion that with a larger 
number of variables in the model, its accuracy increases. A striking example of 
such a position is [1]. NASA engineers calculated the heating of a spacecraft’s 
skin as it entered the Martian atmosphere using 130 variables. Numerous suc-
cessful vehicle landings testify to the unconditional success of engineering thought 
in building the model. However, in most cases, an increase in the number of va-
riables taken into account is accompanied by a complication of the model, an 
increase in the integral uncertainty of the variable under study, and a decrease in 
its accuracy. It can be assumed that the amount of variables in the model and the 
accuracy achieved are antagonistic factors, which leads to the idea of the exis-
tence of an optimal set of variables when studying an object. If the assumption is 
correct, then the possibility of selecting the model that is most preferable to the 
specific phenomenon under study opens up. At present, no generally accepted 
criterion for constructing an optimal model of a physical phenomenon of inter-
est or technological process has been proposed. 

2. Short Review of Methods to Optimize a Model 

Numerous research papers are devoted to model optimization, including articles 
on model verification and validation (V & V) [2]. However, these methods are 
not without drawbacks: 

1) Time-consuming: Validation and verification methods require a lot of time 
and effort to conduct, especially when using experimental data. This can delay 
the model optimization process and increase the overall project timeline. 

2) Costly: V & V methods can be expensive, particularly when using experi-
mental data or conducting simulations. The cost of equipment, materials, and 
software can add up quickly and may be prohibitive for some projects. 

3) Limited scope: V & V methods are often limited in scope, as they rely on a 
finite amount of data or simulations. This can result in a lack of accuracy and re-
liability in the model, particularly when extrapolating beyond the tested condi-
tions. 

4) Uncertainty: V & V methods are subject to uncertainty and variability, par-
ticularly when using experimental data. This can lead to errors and inaccuracies 
in the model, particularly if the data is incomplete or inconsistent. 

5) Complexity: V & V methods can be complex and difficult to implement, 
particularly when dealing with large and complex models. This can require spe-
cialized knowledge and expertise, which may be difficult to acquire or expensive 
to hire. 
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6) Subjectivity: V & V methods may be subjective, particularly when dealing 
with qualitative data or subjective opinions. This can introduce bias and inaccu-
racies into the model, particularly if the opinions or preferences of the modeler 
or stakeholders are not fully understood or accounted for. 

7) Specific area of application: All methods are focused on the analysis of data 
obtained as a result of the experiments. The analysis of uncertainties associated 
with the structure of the model is outside the scope of their application.  

In recent decades, the application of information theory has become a prom-
ising direction in the search for the optimal structure of the model. 

An information criterion was suggested [3] in order to select the most appro-
priate model describing the researched MO. The model, chosen according to the 
smallest value of the information criterion, is “closest” to the unknown reality 
that generated the data among all the candidate models considered. 

In [4] a framework for using information theory to compare models of physi-
cal phenomena based on their ability to fit the data and their complexity is pre-
sented. The authors introduce the Akaike information criterion (AIC) and the 
Bayesian information criterion (BIC), which can be used to compare the good-
ness-of-fit of different models to the data. 

In a classic research [5] Jaynes applies information theory to the problem of 
parameter estimation in physical models. He argues that the maximum entropy 
principle, which seeks to find the probability distribution that maximizes the en-
tropy subject to constraints, can be used to derive the maximum likelihood esti-
mator. 

An interesting approach was proposed in the study of quantum gates, which 
are, in essence, physical devices [6]. Therefore, they are subject to random er-
rors. The reliability of quantum gates is considered from the perspective of in-
formation complexity. In turn, the complexity of gate operation is defined in 
terms of the difference between the entropy of variables associated with the ini-
tial and final states of computation. The approach explained that the gate opera-
tion can be associated with unbounded entropy, implying an impossibility of 
implementation under some conditions.  

In research by [7], three criteria (robustness, fidelity and prediction-looseness) 
were used in order to assess the credibility of mathematical or numerical models. 
It is shown that these criteria are mutually antagonistic. The recommended main 
strategy is to explore the trade-offs between robustness and uncertainty, fidelity 
and data, and tightness of predictions. 

The alternative model selection methods based on information criteria, mul-
timodel inference, and relative variable importance are described [8]. Authors 
demonstrate their application using an illustrative example and present results 
from a simulation study to compare the performance of the various model selec-
tion methods for identifying the true model across a wide variety of conditions. 
Whether information-theoretic approaches can also be used not only in combi-
nation with maximum likelihood but also restricted maximum likelihood esti-
mation was also examined. 
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Information theory is not strictly necessary to understand physical phenome-
na, but it can be a useful tool for analyzing and modeling complex systems. In-
formation theory provides a framework for quantifying the amount of informa-
tion conveyed by signals or data, and for measuring the entropy or randomness 
of probability distributions. These concepts can be applied to a wide range of 
physical phenomena, from molecular dynamics simulations to astrophysics. 

In many cases, information theory can provide insights that are difficult to 
obtain using other methods. For example, in statistical mechanics, information 
theory is used to derive thermodynamic relationships and to analyze the beha-
vior of complex systems with many degrees of freedom. In machine learning and 
data analysis, information theory provides tools for feature selection, model se-
lection, and regularization. 

To check the existence of an optimal set of the base quantities and derived va-
riables for each case, an information approach was proposed based on the use of 
variables with a finite amount of information (FIQ) [9]. Its starting points seem 
to be very simple: it is the consciousness of the researcher, his philosophical 
perception of the world that gives rise to uncertainty in the study of any pheno-
menon. The amount of information contained in the model depends on how 
familiar the researcher is with the observed object. 

The two examples presented in the article complement each other and high-
light aspects of the model optimization problem, emphasizing the possibility of 
using the information method in various scientific and technical applications. 

3. Beginnings of Informational Approach 

Below, we consider the physical perspective of the modelling process. For the 
purposes of this article, a model is a communication channel between the object 
under study and the researcher using a system of units to select variables [9]. 
Here it is appropriate to make one important remark. When we implement the 
measurement process in accordance with a pre-formulated model, the main role 
is assigned to the “observer”. The terminology is unfortunate, since most people 
have the illusion that the observer is passive and does not interact with the ob-
served phenomenon. However, he/she introduces some perturbation into the 
system under study with the help of the measuring instruments used. At the 
same time, at the stage of building a model (a mental act is performed), the ob-
ject of interest to us is not subjected to any energy disturbances. Therefore, it 
would be more correct to use the term “thinker”. 

This channel has some properties that depend on the thinker’s will. The axi-
omatic structure of the communication channel when modelling a physical ob-
ject includes the following statements [9]: 

Age 1. The variables in the model are selected by the thinker from a system of 
units, such as Anglo-American units, Planck units, or centimeter-gram-second 
(CGS). The most commonly employed system is the International System of 
Units (SI) [10]. 
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Age 2. According to [11], any model includes various finite information 
quantities (FIQs), which may be “a scalar parameter, universal constant, a one- 
dimensional component of position or momentum, or a dimensionless number 
that acquires values from the set of real numbers R.” 

Axiom 3. When reproducing the observed object, each researcher, based on 
his own opinion, selects certain variables in order to make an objective picture of 
the object under study. In this case, the base quantities taken from any system of 
units dictate the “group of processes” (GoP) to which the constructed model be-
longs. As stated in [12], a GoP is “a set of physical phenomena and processes 
described by a finite number of base quantities and derived variables that cha-
racterize the specific properties of the object under study from a qualitative and 
quantitative point of view.” For the specific case of measuring the magnitude of 
the current according to the Kirchhoff law, variables are used that have the di-
mensions of length (L), mass (M), time (T) and current (I). Then the model re-
fers to GoPSI ≡ LMTI. 

Age 4. Since q (FIQ) carries a limited amount of information [11] [13], a 
model consisting of a finite amount of variables contains a limited information 
quantity. 

Axiom 5. The thinker selects variables in the model with equal probability. 
Although the researcher is convinced of the correctness of his judgement about 
the nature of the phenomenon, another observer, based on his philosophical 
views, can present a completely different construction of the model of the same 
object of observation. 

These axioms may not be sufficient to represent all the features of the model-
ling process. Thus, the question of “accurate” reproduction of the observed phe-
nomenon has not been fully addressed. In the following text, only aspects related 
to the magnitude of model uncertainty are considered. 

Simultaneously, we believe that most readers are unfamiliar with a given set of 
axioms. The first three axioms are typically utilized by researchers by default. The 
fourth axiom may attract the attention and interest of developers familiar with 
the achievements of information theory. Certainly, the fifth axiom is a negative 
reaction. If we recall the long-term discussion about the electron, whether it is a 
particle or a wave-the following becomes clear. Scientists adhering to different 
philosophical views, having behind them a special store of knowledge, gained 
experience and individual intuition, have proved the validity of different models. 
As time has shown, and you cannot argue with him, both approaches have been 
confirmed. This cannot be disregarded or simply discarded. 

Considering a model as a communication channel provides a unique oppor-
tunity to consider the information content of the model through physical va-
riables chosen by the thinker in accordance with his perception of the observed 
phenomenon. Then there are two discrete sets of equiprobable random variables 

{ }1, , jX x x∈   and { }1, , pY y y∈  , i p . X is the total number of FIQs in 
the physical system observed by the researcher. Y is the number of FIQs in the 
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model, a “noisy” version of X, “compressed” by the will of the thinker. In this 
case (formulation of the model), no energy interference is introduced into the 
real process, since only a thought experiment is carried out. However, it is ob-
vious that some information is lost during modeling due to the subjective thinking 
of the thinker, caused by erroneous or inaccurate knowledge of the object, pre-
conceived philosophical views, or lack of intuition. It is impossible to exclude the 
case when the researcher selects variables that are completely different from X. 
Then Y does not carry information about X, and the formulated model turns out 
to be completely noisy. 

Model coding implies the use of a certain mapping process (GoP) from the in-
itial set X (μSI) into a model structure with a given number of variables Y. Recall 
that within the framework of the FIQ-based method it is stated that the amount 
of information about a physical phenomenon is always finite due to the finite 
amount of information contained in the SI and the model. This situation leads to 
the existence of uncertainty, the magnitude of which is calculated using the con-
cept of entropy in relation to the modeling process. To calculate the amount of 
information in the model and calculate the absolute uncertainty inherent in it, 
we first need to define a probability distribution over the possible outcomes of 
the model. The following inequality is taken into account: 0 < H(Y) < H(X), 
where H(Y) and H(X) are the entropies of the model and SI, respectively. To 
calculate H(X) and H(Y), the formalism presented in [14] [15] is used: 

( ) SIlnbH X k µ= ⋅                         (1) 

( ) ( )CoP lnbH Y k z β′ ′= ⋅ − , ( ) ( )mod lnbH Y k z β′′ ′′= ⋅ −           (2) 

where H(Y) is implemented in two stages: HGoP(Y) and Hmod(Y) are the entropies 
of the chosen GoP and the model itself, respectively, z' is the number of FIQs in 
the selected GoP, β' is the number of base quantities in the selected GoP, z'' is the 
number of FIQs recorded in a model, and β'' is the number of base quantities 
recorded in a model. µSI is the number of FIQs calculated using seven base SI 
quantities, µSI = 38,265 [9]. Intuitively, μSI seems to represent all the possible 
connections that exist in nature. At the same time, since µSI is finite, the reflec-
tion of the phenomenon under study in the model will always be inaccurate, and 
it is determined by the thinker’s worldview. 

Then, using the theoretical evidence given in [16] about the relationship be-
tween absolute uncertainty and entropy in modeling, it is possible to calculate 
the value of the minimum mismatch threshold between the model and the object 
of study. For this, the recommended criterion is the comparative uncertainty ε 
[17]:  

( ) ( ) ( )SIS z z zβε ββ µ ′′ ′′ ′ ′− −′ ′= ∆ = − +               (3) 

where ∆ is the absolute total uncertainty of the target FIQ due to the GoP and 
FIQs included in the model, and S is the target FIQ change interval, which is 
chosen by the researcher. 

ε is one of the most important concepts of information theory [16] and can be 
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considered as a universal limit of FIQ measurement accuracy. ε has a strictly de-
fined value εopt for each GoP [17]: 

( )opt SI2 zε µβ⋅ ′ ′−=                       (4) 

It is noteworthy that ε is not used in scientific practice to assess the accuracy 
of models in the study of physical phenomena and technological processes. 
However, Equation (3) limits the achievement of high measurement accuracy 
both in experiments using the latest test benches and in numerical calculations 
using high-speed computers. This is due to the fact that ε is not related to the act 
of measurement and is due only to the design of the formulated model and the 
finite amount of information in the model prior to any experiment. It has been 
proven [18] [19] that Equation (3)—the “ε-equation”, can be applied to models 
that use dimensional and non-dimensional FIQs derived from any system of 
units, including different base quantities and derived variables. 

The distortion (compression) of the object under study, implemented in the 
model, is determined by the will of the thinker with his specific philosophical 
views. The number of selected FIQs other than γmod (the optimal number of FIQs 
inherent in the model shown in Table 1) results in a distortion value that occurs 
in the simulation. Using the above axioms, one can calculate the optimal values 
of εopt and the amount of FIQs contained in a given GoPSI [17]. The results are 
summarized in Table 1. Refer to [20] [21] for more information on more com-
plex GoPs. 

Within the framework of the informational approach, in order to clarify the 
preference for one or another model in the study of a particular physical phe-
nomenon, one should use a comparison of the achieved experimental compara-
tive uncertainties ε1 and ε2 with εopt. When comparing |ε1 − εopt| at |εopt − ε2| the 
researcher can “instantly” determine a lower value. For this, we assume that γ1 
and γ2 are the number of FIQs in the first and second models, respectively. The 
models refer to the same GoP, and that γ1 < γGoP < γ2 and |γ1 − γGoP| < |γCoP − γ2|. 
By applying (3), the following equations can be obtained: 

( )1 opt 1 GoP SI2 ,ε ε γ γ µ− = ⋅ −                    (5) 

( )2 opt 2 GoP SI2 ,ε ε γ γ µ− = ⋅ −  

1 opt 2 opt 1 CoP 2 CoP 1,ε ε ε ε γ γ γ γ− − = − − <             (6) 

 
Table 1. Data on the characteristic parameters of each Group of Processes (GoP). 

Variable/GoPSI LMТ LMТF LMТI LMТθ LMТIF 

Theoretically substantiated comparative 
uncertainty, εopt 

0.0048 0.0146 0.0245 0.0442 0.0738 

FIQs amount contained in a given GoPSI, 
γGoP = z' − β' 

91 279 468 846 1412 

Amount of FIQs recommended for the 
model, γmod = z'' − β'' 

≈0.2 < 1 ≈2 ≈6 ≈19 ≈52 
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where ε1 and ε2 are the comparative uncertainties of the first and the second 
models, respectively.  

For ε1, the number of FIQs taken into account is closer to the optimal γCoP 
corresponding to the optimal comparative uncertainty εopt. Thus, a more infor-
mative model uses γ1 closer to γCoP. It follows that the FIQ-based approach makes 
it possible to identify the preferred model of the phenomenon under study in 
order to achieve higher measurement accuracy. 

The practical significance of the information approach is determined by the 
fact that, for a better understanding of the methodology proposed by research-
ers, it is possible to reformat ε into a relative uncertainty r, which is widely used 
in scientific and technical research. The theoretical justification for this calcula-
tion is presented in detail in [18]. However, note that r is calculated already in 
the measurement process by the researcher, based on his subjective experience 
and knowledge. This situation leads to the idea that relative uncertainty includes 
an element of subjective judgement [22]. 

An important feature of the representation of modeling in the form of a 
process of information transfer from the object under study to the thinker occurs 
due to the unique physical content of the concept of “the amount of information 
contained in the model”. The FIQ-based approach makes it possible to calculate 
the initial and inevitable uncertainty of the model ε, which is due precisely to the 
worldview of the researcher. ε cannot be detected by any statistical methods us-
ing concepts such as weighted coefficients or consistency criteria. These tools are 
simply not intended for estimating ε. This is explained by the fact that statistical 
methods are focused on the analysis of the results of experiments and computer 
calculations according to a model that has already been built and implemented 
in the field. 

The results of the theoretical conclusions of the informational method have 
been applied to several practical problems, including the measurement of a physi-
cal constant [13], the determination of the required simplicity of a physical law 
[9], and the evaluation of the efficiency of a technological process (thermal 
energy accumulation and ice maker performance) [23] [24] [25] [26]. 

4. Applications of the FIQ-Based Approach 
4.1. Speed of Sound 

There have been many studies on measuring the speed of sound. Below is an 
analysis of the experimental data of only three works, in which the speed of sound 
propagation in hydrogen chloride [27], in 36 elementary solids [28], and binary 
mixtures (N2 + H2) [29] is measured. 

The generated sound speed measurement data are listed in Table 2. The re-
sults were compared in accordance with the information method [20]. Examin-
ing the data entered and using the information provided in the articles, the fol-
lowing comments are made. 

https://doi.org/10.4236/jamp.2023.113051


B. Menin 
 

 

DOI: 10.4236/jamp.2023.113051 768 Journal of Applied Mathematics and Physics 
 

Table 2. Comparison of research results. 

Variable/Reference [27] [29] [28] 

Chosen GoPSI of the model LMTθ LMTθ LMTIF 

FIQs amount contained in a given GoPSI, 
γGoP = z' − β' 

846 846 1412 

Amount of FIQs recommended for the model, 
γmod = z''− β'', γmodi = z'' − β'', i = 1, 2, 3 

γmod1 ≈ 19 γmod2 ≈ 19 γmod3 ≈ 52 

Achieved experimental comparative 
uncertainty of the model, εi 

ε1 = 0.0233 ε2 = 0.0305 ε3 = 0.0596 

Comparative uncertainty of the model, 
theoretically justified for the selected CoP, εopti 

εopt1 = 0.0442 εopt2 = 0.0442 εopt3 = 0.0738 

Ratio of εi/εopti ≈0.53 ≈0.69 ≈0.8 

 
To quantitatively certify the quality of the numerical and experimental analy-

sis of physical systems, the relative uncertainty r is used. However, it is difficult 
to compare the presented models in terms of the accuracy of measuring the 
speed of sound using r. In addition, that is why. In the three papers discussed, 
the researchers are convinced that the measurements were made correctly and 
the results are reliable because the calculations using the built models and the 
experimental data are close, as well as the results from calculating the achieved 
total relative measurement uncertainty r. Notably, in publications on measuring 
the speed of sound propagation, the achieved total ∆ (EU) was not compared 
with the discrepancy between theoretical calculations (TC) and experimental 
results (ER). For example, to calculate EU, concepts such as [30] [31] can be ap-
plied. In the case where |TC − ER| < |EU|, the practicality and legitimacy of us-
ing the formulated model are debatable [32], and it is risky to apply it to describe 
the propagation of sound in various media. Who benefits from this situation? 
For the results of the presented studies to still attract the attention of readers, to 
confirm the feasibility and preference of a particular model, we will use ε as a 
universal criterion for choosing the preferred model. 

According to Axiom 5, the use of ε implies equiprobable consideration of va-
riables in the model. Researchers, using their knowledge, experience and intui-
tion, choose those variables that, from their point of view, reflect the essence of 
sound propagation in various environments. As a rule, the number of variables 
is not large. Therefore, many phenomena that characterize the magnitude of the 
speed of sound may not be considered. 

The closeness of the uncertainty ε1,2,3 obtained in the experiment to the justi-
fied uncertainty εopt1,2,3 indicates the preference of the chosen model [23] com-
pared to the other two models [27] [29]: ε1/εopt1 = 0.53 < ε2/εopt2 = 0.69 < ε3/εopt3 = 
0.8. This recommendation is also confirmed by calculating the ratio of the num-
ber of FIQs taken into account in the model, γ1,2,3 and the optimal γmod1,2,3: γ1 = 1, 
γmod1 = 19 (Table 1), and γ1/γmod1 = 1/19 = 0.05 [27]; γ2 = 4, γmod2 = 19 (Table 1), 
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and γ2/γmod2 = 4/19 = 0.21 [29]; γ3 = 18, γmod3 = 52 (Table 1), γ3/γopt3 = 18/52 = 
0.35 [28]. 

The results of [28] certainly expand the understanding of how taking into ac-
count a large number (close to optimal in comparison to others) of variables in 
the model deepens our knowledge of the true value of the speed of sound and 
opens up new frontiers in the study of a repeatedly analyzed phenomenon. 

4.2. Physical Constants 

In 2019, the ICSU Committee on Data for Science and Technology (CODATA) 
approved a new version of the International System of Units (SI) [33]. This be-
came possible thanks to the efforts of thousands of scientists and engineers who 
developed advanced methods, built unique experimental stands and achieved 
unprecedented accuracy in measuring physical constants. 

When measuring a physical constant, the CODATA methodology involves the 
careful construction of tables of data necessary to calculate r using unique me-
thods of statistical processing of experimental results and ultra-fast computers 
that have been developed. However, uncertainty budget calculations are limited 
to the knowledge of researchers. A detailed calculation of the uncertainty budget 
for the experiment excludes any possible systematic effects. This allows you to 
ensure the consistency of the data at the input and the received values at the 
output. A necessary element of the methodology is expert data analysis carried 
out by scientists with their own philosophical outlook [34]. In such a situation, 
one cannot exclude the possibility of a subjective expert opinion, due to one’s life 
position and preference. 

In the CODATA methodology, as in all other fields of science and technology, 
the experimental data obtained from measurements of an already built model 
with fixed mathematical dependencies among the selected variables are sub-
jected to rigorous and thorough verification. However, the modern scientific li-
terature completely lacks an important source of uncertainty that affects the ac-
curacy of the model used to measure the physical variable - GoP. 

The purpose of the following presentation is to demonstrate the benefits of 
using the FIQ-based method to determine the preferred method for measuring 
fundamental physical constants through comparative uncertainty. This approach 
does not eliminate or diminish the need to present measurement results using 
relative uncertainty. In addition, a wide scientific audience should be reminded 
that the possibility of using comparative uncertainty has a rigorous theoretical 
justification within the framework of information theory, taking into account 
the five axioms above [9]. 

Generalized measurement data for the Planck constant h, Boltzmann constant 
kb, Hubble constant H0, and gravitational constant G, published by various re-
search centers for 2000-2018, are analyzed in [19] [35] [36] [37] [38] and are 
briefly presented in Table 3. 

Based on the calculation results given in Table 3, several remarks should be 
made: 
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Table 3. Comparison of methods for measuring physical constants by means of ε. 

Physical constant 
Plank constant, 

h 
Boltzmann constant, 

kb 
Hubble constant, 

H0 
Gravitational constant, 

G 

Physical constant 
measurement method 

KB1 XRCD2 AGT3 DCGT4 DBT5 BDL6 CMB7 BAO8 Mechanical 
methods9 

Electro- 
mechanical 
methods10 

Chosen GoPSI of the model LMTI LMTF LMTθF LMTθI LMTθF LMT LMTθ LMT LMT LMTI 

FIQs amount contained in a 
given GoPSI, γGoP = z'− β' 

468 279 2546 4247 2546 91 846 91 91 468 

Amount of FIQs recommended 
for the model, γmod = z'' − β'' 

≈6 ≈2 ≈169 ≈471 ≈169 ≈0.2 < 1 ≈19 ≈0.2 < 1 ≈0.2 < 1 ≈6 

Achieved experimental 
comparative uncertainty of 

the model, εexp 

0.3976 
[35] 

0.4733 
[35] 

0.4832 
[37] 

0.5044 
[37] 

0.4949 
[20] 

0.3409 
[19] 

0.1818 
[19] 

0.5 
[19] 

0.4819 
[38] 

0.1930 
[38] 

Comparative uncertainty of the 
model, theoretically justified 

for the selected GoP, εopt 
0.0245 0.0145 0.1331 0.2220 0.1331 0.0048 0.0442 0.0048 0.0048 0.0245 

Ratio of εexp/εopt 16.2 32.6 3.6 2,3 3.7 710 4.1 104 100 7.9 

1KB—Kibble balance. Data include the results of measurements taken in seven laboratories from 2014 to 2017. 2XRCD—X-ray 
crystal density. Data include the results of measurements taken in seven laboratories from 2011 to 2018. 3AGT—acoustic gas 
thermometer. Data include the results of measurements taken in seven laboratories from 2009 to 2017. 4DCGT—dielectric con-
stant gas thermometer. Data include the results of measurements taken in six laboratories from 2012 to 2018. 5DBT—Doppler 
broadening thermometer. Data include the results of measurements taken in six laboratories from 2007 to 2015. 6BDL—brightness 
of distance ladder. Data include the results of measurements taken in seven laboratories from 2011 to 2019. 7CMB—cosmic mi-
crowave background. Data include the results of measurements taken in six laboratories from 2009 to 2018. 8BAO—baryonic 
acoustic oscillations. Data include the results of measurements taken in four laboratories from 2014 to 2018. 9Data include the 
results of measurements taken in seven laboratories from 2000 to 2014. 10Data include the results of measurements taken in five 
laboratories from 2001 to 2018. 

 
 Planck’s constant, h: when implementing the KB method, the ratio εexp/εopt = 

0.3976/0.0245 = 16.2 is actually two times less compared to that achieved us-
ing XRCD: εexp/εopt = 0.4733/0.0145 = 32.6. Obviously, when implementing 
the KB method (GoP ≡ LMТI, γCoP = z' − β' = 468) it is possible to take into 
account a much larger number of variables (hidden bonds) compared to 
XRCD (GoP ≡ LMТF, γCoP = z' − β' = 279). Therefore, in further studies, in 
order to achieve more accurate measurements of h, according to the FIQ- 
based method, researchers are recommended to use KB. 

 Constants, kb, H0 and G: the situation is similar to h. When using a mea-
surement model with a more complex GoP (potentially more variables taken 
into account), the experimentally achieved comparative uncertainty is closer 
to the recommended value, that is, the ratio εexp/εopt is smaller. Thus, within 
the framework of the informational approach for measuring these constants, 
the preferred methods are the dielectric constant gas thermometer (DCGT), 
the cosmic microwave background (CMB) method (H0) and electromechan-
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ical methods (G). 
To remove any doubts in the stated conclusions, we present a summary in 

Table 4, in which the analysis of measurements of physical constants is carried 
out with relative uncertainty reformatted from a comparative uncertainty.  

One of the most significant problems of measuring a physical variable and as-
sessing the achieved uncertainty (confirming the plausibility and reliability of 
the proposed model) is that all statistical methods without exception, are focused 
on identifying, calculating the relative uncertainties of all FIQs taken into ac-
count in the constructed model, and elucidating the uniformity of the experi-
mental data obtained. Without diminishing the importance and necessity of 
these steps, attention should be paid to the already mentioned situation, when 
the uncertainty associated with the GoP of the model is completely ignored. In 
the modern theory of measurements and metrology, such uncertainty is not 
considered.  

From the results presented in Table 4, it is clear that for any measurement 
method based on a model with a significant number of base quantities, the ratio 
of reformatted rexp to justified rexp/ropt is less than for measurement methods that 
use a small number of base quantities in the model. A pronounced trend is ob-
served: in those methods where εexp/εop is smaller, the ratio rexp/ropt is also smaller.  
 

Table 4. Comparison of methods for measuring physical constants by means of r. 

Physical constant 
Plank 

constant, h 
Boltzmann constant, 

kb 
Hubble constant, 

H0 
Gravitational constant, 

G 

Physical constant 
measurement method 

KB XRCD AGT DCGT JNT1 DBT BDL CMB BAO7 Mechanical 
methods 

Electromechanical 
methods 

Chosen GoPSI of 
the model 

LMTI LMTF LMTθF LMTθI LMTθI LMTθF LMT LMTθ LMT LMT LMTI 

FIQs amount 
contained in a given 
GoPSI, γGoP = z' − β' 

468 279 2546 4247 4247 2546 91 846 91 91 468 

Amount of FIQs 
recommended for the 
model, γmod = z'' − β'' 

≈6 ≈2 ≈169 ≈471 ≈471 ≈169 ≈0.2 < 1 ≈19 ≈0.2 < 1 ≈0.2 < 1 ≈6 

Achieved experimental 
relative uncertainty 

of the model, rexp 

13 
× 

10−9 
[39] 

9.1 
× 

10−9 
[40] 

6.0 
× 

10−7 
[41] 

3.7 
× 

10−7 
[42] 

2.7 
× 

10−6 

[43] 

2.4 
× 

10−5 

[44] 

1.0 
× 

10−2 
[45] 

7.0 
× 

10−3 
[46] 

1.0 
× 

10−2 
[47] 

1.9 
× 

10−5 
[47] 

1.2 
× 

10−5 
[48] 

Relative uncertainty of 
the model, theoretically 

justified for 
the selected GoP, ropt 

4.5 
× 

10−9 
[35] 

1.0 
× 

10−9 
[35] 

2.3 
× 

10−7 
[37] 

4.3 
× 

10−7 
[37] 

1.4 
× 

10−6 

[37] 

2.1 
× 

10−5 

[37] 

2.3 
× 

10−4 
[19] 

2.9 
× 

10−3 
[19] 

1.8 
× 

10−4 
[19] 

1.5 
× 

10−6 
[36] 

6.3 
× 

10−6 
[36] 

Ratio of rexp/ropt 2.9 9.1 2.6 0.9 1.9 1.1 44 2.4 56 12.7 1.9 

1JNT—Johnson noise thermometer. Data include the results of measurements taken in six laboratories from 2011 to 2017. 
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In the framework of the FIQ-based method, this can be explained by the fact that 
for methods of measuring a physical constant based on models with a large 
number of base quantities, it is possible to take into account a larger number of 
hidden relationships between variables. Thus, when choosing the preferred me-
thod for measuring a particular physical constant, the ratio εexp/εopt can be rec-
ommended as a practically justified criterion. 

5. Discussion 

In this work, new idea is presented to the reader’s judgement: in addition to 
quantum uncertainty, which is practically not taken into account in everyday life 
due to the small value of Planck’s constant, when modeling a physical object that 
precedes any measurement, it is necessary to take into account a new limit. The 
physical meaning of this limit lies in the finite amount of information embedded 
in the model and transmitted over the communication channel to the recipient 
(thinker). 

An additional limit is connected not with our ignorance or the current lack of 
knowledge at our disposal but with the way of thinking with the tool (commu-
nication channel) that we are forced to use when observing an object. During the 
modelling process, which precedes any experiment, physical energy is not in-
troduced into the system under study, and there is no perturbation in it. This 
finding confirms that the uncertainty associated with the amount of information 
in the model is epistemological. At a deeper level, the question of uncertainty in 
quantum mechanics, whether reality is defined and concrete, remains open, since 
we also use models containing a finite, limited amount of information to describe 
phenomena in the microworld. Such an approach could have intriguing implica-
tions for the ability of scientists to push the limits of existing theories and laws, 
formulate new concepts, and possibly radically redefine Einstein’s general theory 
of relativity and quantum physics [49]. Realizing that such a statement is highly 
controversial, one can hope that it is the theory of information and its mathe-
matical apparatus that will serve as a bridge connecting these two pillars of 
physics. 

Notably, if the axioms of the informational approach [2] are true and there is 
a limit to the accuracy of describing (modelling) physical objects, which is rough 
and much larger than the limit set by quantum mechanics in relation to the ac-
curacy of measurements, then the expediency of knowledge is questioned at in-
creasingly deep (shallow) levels of nature. This approach may prove useful for 
quantum metrology and quantum computing. On the other hand, the question 
of whether investing large amounts of money and intellectual resources in the 
development of particle colliders is worthwhile has particular relevance. The sit-
uation is aggravated by the notion that the term “measurement” is not defined in 
the axioms of quantum mechanics [50]. In turn, the act of measurement is pre-
ceded by a model—the result of the mental activity of a scientist—whose scien-
tific position may differ and even be directly opposite to the opinion of other re-
searchers. Note that the model is chosen from a certain set of models at the will 
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of the thinker. The researcher must be aware of the possible characteristics of the 
object under study, although his knowledge may be incomplete and inaccurate. 

Following the logic of the informational approach, we can assume that the 
problem of measurement, after all, is epistemic in origin. For the tasks of the ma-
cro world, the information approach clarifies how to achieve the most acceptable 
level of measurement accuracy. Examples are presented in this work. 

Measurement is meaningless beyond the context of the model and is the result 
of the modelling process. In addition, during modelling (thinking act), there is 
no transfer of matter/energy, and no perturbation is introduced into the real 
physical system, in other words, modelling is an energy-free process. Thus, the 
foregoing leads to the need and expediency of linking the process of building a 
model and the measurement process via an information approach. It seems that 
the problem of the act of measurement in physics and technology, especially in 
quantum mechanics, cannot be solved without taking into account the form and 
configuration of the model by which the measurement is carried out. The solu-
tion to the problem of measurement is translated from a mere philosophical 
discussion into a concrete technological application that has great promise in 
science and technology. 

Modeling and formation of an optimal model can be identified with the 
process of synchronizing the real object under study and its display constructed 
by the observer. For various reasons, they are inconsistent. For example, when 
measuring a physical constant, the researcher presumably has sufficient know-
ledge about its nature and the methods for calculating it. However, as different 
researchers have their own philosophical views on the nature of the existence of 
this constant, the randomness and equiprobability of the choice of a variable 
from the applied system of units is inevitably assumed. However, as previously 
mentioned, the use of any system of units does not affect the results. 

Presenting a model as an information channel does not imply that it is true in 
the last instance and has no flaws. The proposed approach—identification of the 
modelling process with the result of synchronization—does not introduce any 
new entities, is based only on the characteristics chosen by the thinker, and faci-
litates the use of a theoretically justified and pragmatic approach to choosing a 
plausible, close (less blurry) to the observed object models. 

The informational approach is deprived of the opportunity to establish the 
specific structure of the model and all the necessary variables that allow us to as-
sert the truth of the model. Instead, this method gives the researcher a tool 
(comparative uncertainty) with which she/he can select the GoP and the amount 
of derived variables to obtain εexp in the experiment, similar to the theoretical 
uncertainty. The use of this uncertainty means that, compared and built by dif-
ferent groups of researchers, the models may not be identical but must satisfy 
Equation (3) and contain a qualitatively quantitative set of variables that is im-
portant for measurement.  

The closeness of the experimental comparative uncertainties of different mod-
els does not require their physical and mathematical identity.  
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The presented principles of the informational approach are in a huge separa-
tion both from the nature of quantum mechanics (QM) and from classical phys-
ics (CP). In QM, the actual act of observation, by means of some field (light, elec-
tromagnetic waves), interferes with what is being observed. Uncertainty is built 
into the nature of quantum systems. In CP, a deterministic vision of the world is 
considered, and the act of measurement is presented as something independent 
of the constructed model. For the FIQ-based method, the core idea is the infor-
mation contained in a model and dependent on the will of the thinker. In QM 
and CP, the structure of the object model does not act as a source of uncertainty 
and is outside the scope of their study. 

The problem is that, despite the deep knowledge, experience, talent and intui-
tion of the researcher, as well as powerful computers, advanced statistical me-
thods and unique measurement setups, the accuracy of calculating the values of 
physical variables can be clarified at a much more rough level than is dictated by 
the relation Heisenberg. In other words, knowability, understood as the ability to 
achieve unprecedented accuracy, is limited by an intangible tool in the hands of 
the researcher—a model that always contains a finite amount of information 
about the object of observation. This is true both for QM, CP, and for the theory 
of relativity. If your model contains fewer or more variables than optimal, in any 
case, the “fuzziness” of the observed object will be significant, and its reproduc-
tion accuracy will be low. 

6. Conclusions 

This work reflects the trend of scientists’ interest in the search for new possible 
sources of uncertainty in modeling physical phenomena and technological 
processes. We have identified an important aspect of measurement related to 
model building and presented a new perspective on the potential increase in ac-
curacy in the study of a physical object: the need to synchronize the observed 
phenomenon and its representation (model) using information theory and con-
sidering the model as a communication channel between the object and the ob-
server. The motivation for this goal was the desire to realize the information re-
presentation of a complex physical phenomenon with high accuracy, which is 
determined by the philosophical view of the thinker. Unfortunately, the “infor-
mation” component of the model uncertainty is not taken into account in the 
current practice of probabilistic analysis of experimental results, which domi-
nates the thinking of scientists and engineers. The researchers conduct a statis-
tical analysis of the results after the formulation of the model preceding the ex-
periment, and do not take into account, important in the opinion of the author, 
the uncertainties caused by the GoP and the number of variables taken into ac-
count. 

Presenting the model as an information channel allows you to calculate the 
amount of information contained in it. This, in turn, helps to calculate the value 
of the comparative uncertainty, which serves as a criterion for choosing the most 
preferred model (measurement method) for the selected object of observation. 

https://doi.org/10.4236/jamp.2023.113051


B. Menin 
 

 

DOI: 10.4236/jamp.2023.113051 775 Journal of Applied Mathematics and Physics 
 

Moreover, the implementation of the FIQ approach does not require fulfillment 
of the requirements specific to existing statistical methods. Also, this work can 
be considered as an additional contribution to the understanding of the syste-
matics that influence experiments to measure the exact value of the gravitational 
constant [51]. 

The method outlined in this paper presents a conceptual decomposition of the 
modeling process into its components in terms of sources of uncertainty. It was 
developed taking into account the presentation of the model as a channel for 
transmitting information from the object of study to the thinker, and it is appli-
cable to any physical phenomena and technological processes. The method re-
veals the relationship between the structure of the model and its uncertainty and 
allows you to identify research problems associated with choosing the most pre-
ferable model for a particular object.  

The informational approach is to find the simplest solution that works. In es-
sence, the FIQ-based method leads to the idea that in order to achieve high mea-
surement accuracy; in other words, to increase the plausibility of the model that 
precedes the act of measurement, researchers must be able to take into account a 
large number of possible interactions of variables. Therefore, when a significant 
number of base quantities are used in the model and the number of derived va-
riables is close to the recommended γmod, the probability of selecting the optimal 
model is very high, even if the researchers are not sure about the sufficiency of 
knowledge about the object under study. 

The FIQ-based approach can be considered as an effective tool for eliminating 
cumbersome or, conversely, simplified assumptions: the investigated simulated 
physical phenomena and technological processes are always more complex than 
models. The closer we get to their true complexity, the more accurate the mod-
els. 

In our difficult time for perception, there is an urgent need to understand the 
“foggy” vision of the world around us, not forgetting that science is inherently 
uncertain, regardless of the unique, carefully calibrated and accurate research 
methods used. In addition, the scientist himself, as a thinker, is the cause of the 
reliability limit of accuracy [52]. The information method can be one of the ef-
fective tools for identifying the causes of inaccurate reproduction of natural and 
technological processes. 
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