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Abstract
So far, economics does not have a coherent theory. This condition is a consequence of the ambiguity of basic categories such as capital,
labor, money, and consumption. In the traditional narrative, these categories do not have a strict scientific meaning. This situation is
positively changed by the inclusion of the fundamental principles of thermodynamics, especially the famous second principle. This is the
main hypothesis argued in the body of the article. The consistent use of thermodynamics made it possible to reinterpret the system of
fundamental concepts, as well as to solve cognitive problems in the field of capital and labor theory and sources of profit. The results of
the presented empirical research indicate the consistency of the modified economic theory.
Keywords: Thermodynamic; Economic Sciences; Economic Constant; Capital; Fair Remuneration.

1. Introduction
Thermodynamics originated as the science of the motive power of fire. It developed in the nineteenth century about a century after the
introduction of the first steam propulsion systems and, according to the authors [Bejan, Tsatsaronis, 2021], is a pillar of physics, chemistry,
life sciences, and engineering sciences. Thermodynamics is also present in cosmology [Barbour, 2020, pp. 46-48], psychology [Tobby,
Cosmides, Barrett, 2003], character studies [Mazur, 1976] accounting theory [Dobija, Kurek, 2013], [Dobija, Renkas, 2020], and in economics it has been applied to issues of human capital measurement [Dobija, 2004, 2005]. As it is known, thermodynamics has as its basis
fundamental principles, without which it is impossible to fully understand many theoretical issues. This state of affairs is recognized in
economic sciences when interpreting such important categories and issues as capital, labor, value, money, [Dobija, Renkas, 2021].
Thermodynamics is an all-encompassing science whose laws govern life, and in the case of human beings also shape personal human
capital, i.e., the ability to perform work. Thus, work being a transfer of human capital has its origin in the existence of this capital and
sustaining its high exergy [Pudlik, pp. 188-195]. Work, as a purposeful human activity, is directly enforced by the second law of thermodynamics as a reaction to the inevitable increase in entropy. Through labor, the decline in the depreciation of objects is halted and the
existence of being is prolonged.
Physics, of which thermodynamics is a solid pillar, is a natural science focused on the study of matter and energy, in which it has achieved
great cognitive and practical success. So are chemistry and biology, natural sciences that make extensive use of thermodynamics. The
question arises, then, what is the place of economics among the sciences, and why does economic knowledge, in its service to man, stand
so far apart from the aforementioned natural sciences? This is not a criticism, but a statement of the existing state of affairs in practice.
Lack of sound scientific foundations, unclear concepts (capital, sources of profit, labor, frequent crises, etc.) indicate a science far from the
category of science. This opinion does not apply to the theory of accounting, an economic discipline about which there are currently
grounds to consider it a natural science [Dobija, Renkas, 2020].
The central thesis of this article is that the weakness of economics is due to its lack of natural thermodynamic foundations. These foundations include two fundamental principles (the first and second principles of thermodynamics), without consideration of which little can be
properly defined and explained, especially the knotty economic categories such as capital, labor, value, and money. The main task of the
paper, however, is to present economic concepts and to create a conceptual structure in correspondence with the natural and indispensable
knowledge of physics, however, emphasizing the differences that separate economics from physics. The essential separator is the discovered economic constant, which quantifies in particular the influences of Nature on economic performance and is therefore indispensable in
the theory of capital.
There are many physical principles that describe our reality and the laws of thermodynamics occupy a prominent place among them. Two
fundamental laws; the first and second principles of thermodynamics are particularly important in the aspect of economic science and they
form the basis for consideration. In fact, there are four principles of thermodynamics; in addition to the first and second, there are the zero
and the third, but their relation to the economic sciences seems tenuous at this stage of their development. The third principle states that
Copyright © Mieczysław Dobija, Jurij Renkas. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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there are no processes that bring objects to a temperature of absolute zero, at which entropy no longer appears. The following formulation
defines the first law of thermodynamics.
The change in internal energy of an object, is equal to the sum of the energy supplied by heat and the work done on the object. In contrast,
in an isolated system, the principle of conservation of energy applies: The conservation of energy principle states that the sum of all types
of energy in an isolated system is constant. It follows that energy cannot be created from nothing, nor can it disappear from the system.
Transformations of energy within the system are possible, but the total energy is constant.
The second principle of thermodynamics (SPT) has at least three equivalent formulations:
(Kelvin) It is not possible to have a process whose only result would be to do work equivalent to the heat received from a source;
(Clausius) No such process is possible whose only result would be the transfer of heat from a cold body to a hot body;
(Entropic) The entropy of an isolated system does not decrease.
It is significant that these three formulations are equivalent [Adamczyk, 2008], and each can be expressed in a more convenient term.
Therefore, the explanatory power of SPT is enormous. For example, Sir Kelvin's natural formulation of the principle specifies that a heat
engine cannot operate without a radiator, the latter not necessarily being a viable object built for that purpose. There have been working
automobiles without a radiator, and its role has been fulfilled by the environment. The same is true of the organisms of living beings. On
the other hand, in the equivalent version of entropy, SPT means that disorder is steadily increasing in the object.

2. The duality principle bridges the gap between economics and thermodynamics
The relationship between material objects and energy is explained in physics. And so potential energy relates to a material object located
at a certain height from the surface of the earth, while kinetic energy relates to an object in motion. And the most important relationship, E
= mc2, is wonderful from a theoretical point of view, but much less effective in practice. It can apply to uranium atoms, the splitting of
which yields 1% of the theoretically available energy [Dewdney, 2004, p 37]. So it is far from a state where 100% of the mass of any
element is converted into pure energy without radioactive residues.
In economic sciences, mainly accounting theory, the principle of dualism applies, according to which economic resources are viewed
dualistically as heterogeneous material assets and the abstract capital embodied in them. Therefore capital represents the potential of the
ability to perform work of a given object (machine, installation, man), which is depreciated (dissipated) and when the limit of reduction of
capital content is exceeded, the object becomes scrap or other remnants. Abstract capital is therefore embodied in matter, from which assets
are formed.
The thermodynamic provenance of capital is clear; moreover, the duality principle leads to the relationship of capital to the first and second
principles. The duality principle is a discursive expression of the basic identity of accounting (A 0 = C0, where A and C stand for the value
of assets and capital) and reveals clear connections with the principles of thermodynamics. From its consistent application arises the need
to use the dual recording of economic operations, which in turn enforces that neither capital nor assets arise from nothing, a property of the
first law of thermodynamics.
In practice, the principle of dualism leads to the use of identity with the division of capital into own and foreign, that is, property rights are
taken into account. This developed formula is presented as:
A0 = C0 = E0 + D0

(1)

Where E - represents the value of capital belonging to the founders of the economic unit and D - represents the value of foreign capital,
borrowed and used in economic processes carried out by the economic unit. The equation in this form is used in practice to organize
financial accounting systems and at the same time to teach accounting at the basic level.
A periodic measure of capital change is achieved by considering two moments of time, for example, the beginning and end of the year.
Then from the two relationships: A0 = E0 + D0 and A1 = E1 + D1, the periodic increments of economic quantities can be calculated.
Transforming the initial equations one arrives at the formulas:
Income = ∆E = E1 - E0 = [A1 - A0] - [D1 - D0] = ∆A - ∆D

(2)

That define the measurement of changes in equity (E), which is called profit when ∆E > 0. This way of measuring this key economic
category has been applied since at least the 15th century and is a significant tool for practical economic action. It is for income that economic
organizations are created, where founders and other investors pool the resources of owned assets to generate capital gains. And making a
profit means, first and foremost, the sustainability of the organization, as well as opportunities for growth and appropriate shareholder
benefits. Profit from economic activity is a critical indicator of an organization's existence, but it is not the case that it is the only, perfect
and absolute determinant of the organization of social and economic life. Economics in the form of a social market economy requires much
more intellectual effort.
From a thermodynamic point of view, we will note that in the presented system of measurement of capital changes is perceived respect for
the first principle of thermodynamics. The record of economic operations is in form of the double-entry, according to formula (1). This
means, among other things, that the dual accounting system does not allow capital to arise from nothing. The first principle of thermodynamics in this context is narrowed to the economic unit, so capital can disappear naturally or, for example, as a result of an asset fire. With
the double entry of economic operations, capital does not arise from nothing, so that periodic changes in capital can be measured. The
economic importance of this category forces to solve the following cognitive problems. What is the source of capital and income, what is
the role of labor in creating profit?
According to the second principle, this abstract capital inherent in assets is subject to spontaneous and random dissipation, which manifests
itself in aging, depreciation of physical objects (entropy increase). Income accounting needs to take this fact into account, as illustrated by
an example. An organization purchases a production device for the amount of £120,000. It is expected to operate the device for 5 years,
and after this period the residue is valued at £10,000. A natural application of the entropic version of SPT leads to the equation:
120 000 × e-d×5 = 10 000

(3)

Where d - is the residual value index. Hence, d = 0.49698133 ~ 0.5. Table 1 calculates the annual depreciation amounts for a device with
an initial value of 120,000 and a useful life of 5 years. The last column contains the index to the current balance method.
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Year

Value exp[-d×t]

0
1
1
0,60653
2
0,36788
3
0,22313
4
0,13534
5
0,08208
Source: personal elaboration.
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Table 1: Calculation of Theoretically Justified Depreciation Amounts
Fixed percentage of reduction of current balEnd of year value (zł)
Depreciation amount (zł)
ance
120 000
0
0
72 784
47 216
0,39347
44 146
28 638
0,39347
26 777
17 370
0,39347
16 241
10 536
0,39347
9 850
6 391
0,39351

The principle of dualism also makes it possible to explain the essence of capital. Let us note that the complete disappearance of capital in
an object leads to the loss of the essence of that entity; to the interruption of its existence as an intentionally created artifact. The existence
of capital determines the persistence of the object and the fulfillment of its designated functions. Capital, then, can be defined as the
potential capacity to act, to do work, which devices, objects and products possess from the beginning of their existence. Labor, on the other
hand, is the transfer of capital to labor objects, so it proves to be complementary to capital. Labor represents the dynamic aspect of capital,
which is inherently potential. The definition of capital is consistent with the perception of energy in the natural sciences. Therefore, thermodynamics is indispensable in formulating theoretical explanations of capital, human capital, profits, and fair wages.

3. Labor versus sources of profit. revealing the economic constant
From the definition and nature of capital comes the complementarity of the categories of labor and capital. While capital represents potential,
labor appears as the dynamic transfer of capital to labor objects. Thus, there is no work without pre-existing capital (for example, human
capital). In turn, labor transfers existing capital to labor objects, which constitutes their cost value. From this comes the important conclusion that labor has a specific, not direct function in the process of capital growth, i.e., profit creation. Labor is a transfer of capital, so it
does not directly increase capital that must have already existed. When a shoemaker makes shoes, his human capital integrates with the
capital contained in materials and tools and a shoe with a certain cost value is created. This plus the anticipated costs of uncertainty and
risk creates a price and then a market value. So the question of the sources of profit is an important one that has occupied economists for
decades, and unequivocal opinions have not yet emerged.
Modeling changes in capital leads to the question of sources of profit. Consider a useful object containing initial capital C 0, for example, a
production line or a cultivated field with sown grain. According to SPT, C0 is affected by a factor (negative compound percent) that reduces
the value of capital e-st in time, where s is the rate of reduction and t represents the passage of calendar time. The object with time decreases
utility (equipment needs repairs, weeds appear on the land), so planned repairs and needed actions are made), that is there is an inflow of
capital through labor emt. As a result, after the calculation period there is an increase in the initial capital ∆C, that is, profit appeared. It
should be noted that the processes of labor only transferred the already existing capital, so nothing has changed in the overall balance of
capital. Therefore, the conclusion is that the growth of capital is caused by natural forces, which is captured by the eat factor, where “a” is
an economic constant. This is clearly seen in the case of sown grain, where photosynthesis and nature were at work. In the operation of a
production line, capital growth occurs due to the influence of human capital (increased experience, innovation, productivity).
As a result, the capital change model can be summarized as follows:
Ct = C0 × e-st × emt × eat = C0 × e (a – s + m)t , a = Ĕ(s) = 0,08 [1/year]

(4)

The size of the economic constant a = Ĕ(s) (Ĕ - the symbol of the average value) results from empirical studies. The determination of this
constant consists of the study of the "risk premium" realized in stock trading and the study of ROA determining the rate of profit from the
sum of capital invested in the economic unit. The basis of model (4) is the first and second principles of thermodynamics. Capital is not
created from nothing as indicated by the need for C0 and the variable (s) determines the dissipation of capital.
From model (4) it is clear what quantities affect the formation of profit. A formal calculation leads to the formula:
Income = ∆C = C1 - C0 = C0 (a – s + m) = C0 [a – (s - m)]

(5)

It can be seen that labor “m” can reduce the destructive effects of SPT and, for a firm with good management and a properly functioning
accounting and finance system, reduce them to zero. Then the result will be close to the economic constant, i.e. average ROA = a. The
conclusion is that the economic constant determines the direct contribution to profit. Live and clotted labor in assets only offsets the
destructive influence of SPT. On the other hand, it can be said that the SPT, by introducing destruction, at the same time forces an attitude
of productive and effective work. It is therefore the causal cause of the development of science, technology and economics. The SPT
dialectic unites opposites.
So how should an economic constant be interpreted? J. Barrow [2002], who produced a major work describing the role of Nature's constants,
wrote in the conclusion (pp. 290-291) that: "...our discovery of the laws of Nature's operation and the rules for making change has led us
to the discovery of the mysterious numbers that determine the structure of all that exists. The constants of Nature provide a bulwark
protecting science from unbridled relativism..." The economic constant quantitatively defines Nature's influence on the outcomes of rational
management. Viewing economics as a non-zero positive-sum game with Nature, one might think that the constant indicates that this added
value is 8% of the initial capital. That is, the economy can achieve a level of capital multiplication at an average rate of 0.08 [1/year]. This
conclusion leads to a representation of the economy as in Figure 1.
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Diagram 1: The Process of Production, Exchange and Distribution in A Commodity-Money Economy. Source: (Dobija & Kurek, 2013, P. 300).

Diagram 1 shows the natural flows of capital in the processes of work, whose sources are: human capital (live labor) and assets (clotted
labor) and the forces of nature of which photosynthesis is extremely important, which allows the conversion of the sun's energy into
biomass, which is the basis for the formation of human capital. Labor generates two elements: products and dues (work receivables) for
living labor, i.e. money which is an absolute right to receive the equivalent. Money exchanges in a free market for products and this is the
essence of a commodity-money economy. Money and products feed the value of assets and support the development of human capital.
Recognizing the validity of the presented interpretation of the nature and sources of profit, one should see the correct direction of thinking
by F. Knight [1921], who already in the title of his work distinguished between risk and uncertainty. He assumed that measurable uncertainty is risk, while unmeasurable uncertainty is uncertainty sensu stricto, or, as we might say, is the effect of SPT. In model (4), uncertainty,
i.e., the random and spontaneous accumulation of entropy, is determined by the variable (s) representing the effects of SPT. This uncertainty
is constrained by efficient and productive work. Risk, on the other hand, is associated with the projects undertaken. It can be greater or
lesser and always determines the potential for loss. Risk represents a threat to profit.

4. Estimating the value of an economic constant
Of particular note in Figure 1 is the role of natural forces manifested in the presence of an economic constant of potential growth. As it
turns out, there are many areas in which this constant manifests itself, so its value can be estimated. The constant "a" can be identified and
estimated from periodic earnings and return data on stocks. This type of research has previously been conducted to assess the "risk premium". This quantity, defined as the difference between the real rate of return and the return on U.S. Treasury receipts, is a component of
the CAPM model [Ibbotson & Goetzmann, 2006], which has lost much of its appeal in the current era. Our interpretation of the data is
somewhat different and comes from a proper view of the sources of profit. Since labor only offsets the destructive effect of the passage of
time (second law of thermodynamic) by contributing to capital preservation, the fundamental source of capital gains must be natural forces.
In this state of affairs, the size of the constant can be estimated by examining the real rate of return achieved on the efficient stock market
(Table 2) or by examining ROA. Data on rates of return on equities are provided in Table 2.
Table 2: Summary Statistics for Returns on U.S. Stocks, Bonds and Treasury Bills (1926-2004)
Specification
Stocks
Long-Term Government Bonds
Treasury Bills
Inflation
Arithmetic average
12.39%
5.82%
3.76%
3.12%
Geometric average
10.43%
5.44%
3.72%
3.04%
Standard deviation
20.31%
9.30%
3.14%
4.32%
Source: own elaboration based on [Ibbotson, Goetzmann, 2006, p. 35].

Real rate of return
9.27%
7.39%
8.33%

To calculate the rate of return based on the data in Table 4, the percentage of inflation was subtracted from the return on stocks, which
gave the value: 12.39 – 3.12 = 9.27% calculated according to the arithmetic average. Whereas, according to the geometric average it is
10.43 – 3.04 = 7.39%. This range (7.39–9.27) includes the average long-term rate of return achieved on the American capital market. To
arrive to score was calculated the arithmetic mean of these two numbers and was obtained a value of 8.285%. For stock market and reporting
corporate profits, the data indicates the value at the end of the accounting year. Therefore, if capital grows at the rate of 8% (ex ante), then
at the end of the year (ex post) it reaches level e0.08 - 1, which is about 8.33%. Thus, the estimation specifies a = 0.08 [1/year].
The size of the economic constant at 8% [1/year], as shown by B. Kurek [2012], is also confirmed by the rates of return on capital directly
invested in business units. The author conducted a study of ROA on a sample of financial statements of companies belonging to the
Standard & Poor's 1 500 index for a period of 20 consecutive years. The total number of observations obtained was 22,952. The study was
conducted at a confidence level of 0.999, obtaining a confidence interval of 8.25-8.89%. B. Kurek's statistical results showed an average
ex post return on capital of 8.33% per year, which is equivalent to 8% ex ante.
As we can see, there are many areas in which economic constant manifests itself and its value can be estimated. Established laws throughout
history are no exception. According to A. Pikulska-Robaszkiewicz [1999, pp. 41-42], in the Republic of Rome the interest rate on granting
a loan was legally limited and defined as 1/12 of capital, i.e. 8.33% per annum. Maintaining this limitation, Emperor Justinian freed
contracts from unjustified ruining percentage. This decision was a reasonable compromise between humanitarianism and the necessary
needs of trading, which revealed the effect of the natural rate of capital multiplication. Later, the introduction of a similar limit for interest
in a maritime loan enabled the development of maritime trade. All this showed that economic development occurred after allowing the
operation of the natural rate of capital multiplication, that is, the constant a = 0.08 [1/year]. It is also evident that under early capitalism the
class of annuitants receiving interest on bank deposits at 8% could enjoy excessive, undeserved benefits.

5. The thermodynamic foundations of theories of employee human capital measurement
The basic scientific concepts for thermodynamics viewed in economic terms are: energy, work, heat, entropy. As P. Atkins [2005, p. 158]
writes, abstract heat engines operate in the human organism (also in animals), the operation of which is connected, among others, with the
ATP molecule (adenosine triphosphate, which is a universal energy carrier), the bonds of which provide the organism with energy, losing
in the process a part of its transferred to the environment through heat, which is commonly felt. In fact, ATP is broken down and the ADP
molecule (adhesinodiphosphate) is formed, and with this dissipation of matter the energy needed by the cells is released, some of which
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does not do work. For the preservation of life and existence, the reverse process driven by appropriate metabolic reactions also occurs.
Through food and metabolic processes, ADP is converted back into ATP with a phosphate group as an energy reservoir.
P. Atkins [2005, p. 158] shows the cascade of "steam engines" whose work and dissipation of energy make up the process of existence of
living organisms.
To create food, in turn, even more powerful heat engines are needed to dissipate energy and matter even more efficiently. The most
important of these is the sun, because the energy the sun dissipates into the environment drives the reactions of photosynthesis, the formation of hydrocarbons from water and carbon dioxide. Ultimately, then, the driving force behind our actions and aspirations is the energy
released when atomic nuclei fuse on the Sun.
The pervasive presence of SPT is revealed here, and above all its not only destructive but also beneficial effects. While the heat passing
into the atmosphere with car exhaust has no value, the heat emitted as a side effect by human or animal bodies is, in most situations, a
positive value for building family bonds and raising offspring. Keeping in mind that according to SPT (p 154): "Where something is built,
there always something - at least in equal measure and in connection with that construction - falls into ruin" it is worth not forgetting and
also the great positive influence of SPT on the reality in which we live.
Erwin Schrödinger [1967], the founder of quantum mechanics (Schrödinger's wave function) addressed the question of DZT in an entropic
interpretation in his essay wondering why humans can keep their living organisms alive for so long. He asks, what causes a living organism
to avoid dying? And he answers.
Any process or event, never mind the name, anything that happens in nature leads to an increase in entropy in that space in which it takes
place. Thus every living organism produces positive entropy and its entropy is constantly increasing. It approaches the state of maximum
entropy, i.e., death, and can only stay alive by drawing negative entropy from its environment, which is something positive for it. It feeds
it.
The author justifies the use of the term negative entropy by using L. Boltzman's formula in the form S n = k × ln D-1, where: k - Boltzmann's
constant, D-1 is the inverse of the disorder measure D (colloquial term), S n - negative entropy. It is very valuable that this outstanding
European intellectualist paid attention to man's use of "order" existing in nature or created consciously by man. Such things are undoubtedly
medicines for diseases, vitamins and various dietary supplements. The latter are significantly used by the elderly, whose bodies have to
some extent lost the ability to sufficiently absorb these compounds from food.
It should be noted, however, that this satiation with order, of which E. Schrödinger writes, has been reasonably applied since the beginning
of civilization, and consisted in taking care of the balance of the elements. The problem is, however, that modern physics distinguishes
between potential and kinetic energy, and does not recognize the energies called elements, on the basis of which the knowledge of balanced
nutrition was created, as well as the predispositions of people under the influence of certain elements or the lack thereof. And this is
common knowledge for billions of people in the world, especially the Chinese population.
M. Mazur (p. 224-239) combining cybernetic and thermodynamic approaches introduces categories of physiological and sociological
power, which participate in the control of the autonomous system, and their changes determine its behavior. The processing of physiological
power is possible, writes the author (p. 226-227), as long as the structure of the autonomous system is maintained, so it depends on the
durability of the material of this system. In turn, the durability of the material depends on the persistence in it of a certain concentration of
energy, the bringing of which has contributed to the formation of the autonomic system. Over time, the plastic ages and the physiological
power decreases, which reduces the ability of the autonomous system to control itself and maintain equilibrium, so to counteract this, the
organism increases the amount of plastic by expanding. If C is the expansion factor and A is the aging factor, then the dynamism factor is
determined by the formula n = C/A. Taking into account the necessary idle power in the system, we arrive at a formula determining the
course of physiological power and disposable power, which depends mainly on the quality of the material and the aging coefficient.
Analyzing the physiological and disposable power generated by the human body, one can obtain important indications for the construction
of remuneration systems, as well as for the formulation of human developmental goals. The point is that physiological power is the sum of
idle, working and free power. With a minimum wage, only the idle and working power are covered, which is a slave-like situation. It is
only when the free power is used appropriately that it is possible to improve the situation and to direct it towards meaningful development
and satisfaction with the existing life situation.
Using the estimates of disposable power made by M. Mazur (p. 232-237) it is possible to attempt to estimate the average annual rate of
depletion of human disposable power. Man reaches his maximum power at the age of about 27 years. In turn, the Book of Genesis indicates
the end of man's life at about 120 years. Taking the maximum of disposable power as 1.0 one can ask about the average rate of loss of this
power during the period 120 - 27 = 93 years. For calculations, one needs to take the power value at age 120 as being close to zero, for
example, 0.5 per mille (0,0005) of the initial value. Solving the equation e -93s = 0.0005 gives the result s = 0.0817, i.e. the average annual
loss of available power is about 8%.
The human capital measurement model is derived from the interpretation of model (4). Taking the human capital label (H) identifies the
subsequent impacts on the initial capital H0. Thus, SPT introduces the factor e-st where the random variable “s” represents the decay of
initial potential and inputs and current labor (factor emt ) are needed to offset these impacts. These inputs are the labor of parents and society
and the matter necessary for the growth of the organism. A human being needs warmth, food, clothing and shelter. In addition to these,
forces of nature quantified by the constant "a", in particular order, or negative entropy, which E. Schrödinger [1967] wrote about, have a
positive influence on human development.
Taking into account the listed variables, the heuristic formula (6) representing the changes in human capital over time is obtained.
H(t, a) = H0 × e-st × emt × eat a = 0.08 [1/year]

(6)

The interpretation of formula (6) leads to the basic model (7) of personal human capital measurement.
H(a,t,T) = [K(a,t) + E(a,t)]×[1 + L(T,u)]

(7)

Where H(a,t,T) - worker's personal capital after t + T years of life, t – number of years to the first job, K(a,t) - capitalized cost of living
expenditures. E(a,t) - capitalized outlays of professional education, L(T,u) - experience growth factor over T years of employment with the
learning ability "u".
Model (7) is formed by considering the following information. The initial capital of the offspring (infant) is not included in the economic
calculation. As a natural element, it takes a neutral value, so H0 = 1. The labor and inputs provided by parents and society offset the
dispersion of capital (the effect of the e-st factor) and, together with the eat factor, form the components K(a,t) and E(a,t). The factor 1 +
L(T,u) determines the increase of capital from experience dependent on the number of years of work T and the learning ability “u”.
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Another application of SPT leads to a model of fair compensation for labor. Personal capital is subject to natural, spontaneous dissipation.
To sustain the value of the worker's capital one needs to balance the dissipation with an adequate value of the wage. The rate of dissipation
is determined by a random variable "s" with mean value "a". Thus, the wage formula W is defined by equation (8) as follows:
W(a) = a × H(a,t,T)

(8)

Models (7) and (8) form the core of the theory of measurement of personal human capital and adequate compensation for the work of this
capital. They enable empirical studies of the economic constant "a", which invariably confirm the size of a = 0.08[1/year]. Wages determined by formula (8) have the property of preserving the personal capital of employees.

6. Empirical verification of human capital models
For the human capital of a person without professional education and work experience (for example, for a 17-year-old), model (7) is
restricted to: H(a,t) = K(a,t), which means that we consider only capitalized living costs. As indicated in [Renkas, 2017a, 2017b] these are
determined using continuous capitalization: K(a,t) = k(eat - 1)/a, where k is the annual cost of living. Transforming formula (8) we arrive
at a formula that can be used to estimate the constant "a" taking into account the real minimum wage in the calculation:
(9)
Where: WR - real minimum wage, a - economic constant, t - number of years, k - annual cost of living.
Using formula (9), the value of the economic constant "a" is estimated using the example of the real minimum wage in the USA. The USA
economy was chosen for the study because of the widespread desire to migrate to that country, which indicates the fairness of the minimum
wages there. The above formula (9) is transformed to the form:
(10)
Where: WUSA - the actual minimum wage in the United States.
Using the formula (10) the value of "a" is calculated for a few selected states. It is common knowledge that in Washington D.C. as of July
1, 2020, the statutory minimum wage is set at USD15 per hour. Adding 7.65% of the employer's costs to this amount yields the total cost
of hiring an employee. On a monthly basis, this amount is: 176 hours × USD16.15/hour = USD2,842.4. The monthly cost of living (k) in
Washington D.C. is estimated to be USD8481. Thus, assuming a person of age 17 for the calculation, one obtains:
.
In other selected states, the estimation leads to similar results (Table 3).
Table 3: Estimation of Size "A" Based on Real Wages in Selected U.S. States (2020)
Washington
Denver, ColoLouisville,
Boise, Idaho
Omaha, Nebraska
D.C.
rado
Kentucky
The size of the constant "a"
0,0865
0,0751
0,0834
0,0809
0,0754
Monthly cost of living for a family of four, USD
3 392,00
2 124,00
3 115,00
2 309,00
2 108,00
Monthly cost of living per person (k), USD
848,00
531,00
779,00
577,00
527,00
Number of years of maintenance cost capitalization
17
17
17
17
17
(t)
Wages, determined from a human capital model using
13,95
8,74
12,82
9,49
8,67
the constant a = 0.08; USD/hour
Statutory minimum wage*, USD/hour
16,15
7,80
13,83
9,69
7,80
Percentage of compliance between statutory and theo115,76%
89,28%
107,91%
102,07%
89,96%
retical wage
Orlando,
Boston, MassaOakland, CaliProvidence,
Portland, OreCity and State
Florida
chusetts
fornia
Rhode Island
gon
The size of the constant "a"
0,0744
0,0831
0,0805
0,0850
0,0866
Monthly cost of living for a family of four, USD
2 552,00
3 113,00
3 359,00
2 453,00
2 989,00
Monthly cost of living per person (k), USD
638,00
778,00
840,00
613,00
747,00
Number of years of maintenance cost capitalization
17
17
17
17
17
(t)
Wages, determined from a human capital model using
10,50
12,80
13,82
10,09
12,29
the constant a = 0.08; USD/hour
Statutory minimum wage*, USD/hour
9,21
13,73
13,99
11,30
14,26
Percentage of compliance between statutory and theo87,74%
107,26%
101,23%
112,04%
116,03%
retical wage
Average value of the constant "a" from the 10 states
0,0811
tested
The mean value of the percentage of compliance from
102,93%
the 10 states tested
* Statutory hourly wages were increased by the percentage of contributions (Social Security Tax and Medicare Tax) paid by the employer (7.65%)2. Cost
of living data were taken from [Cost of living in USA, 2020]. Source: own elaboration.
City and State

Also, calculations carried out for dozens of the largest cities of the USA show the value of the constant "a" at a level close to 8% [Dobija,
Renkas, 2021, p. 5]. The results of calculations confirm that the minimum wage in the USA is determined by the constant "a" and its size
is at a level close to 0.08 [1/year]. This constant determines the fair wage, which offsets the natural spontaneous loss of human capital
guaranteeing its preservation.

1

https://www.expatistan.com/cost-of-living/country/united-states (accessed October 10, 2020).
https://smartasset.com/taxes/all-about-the-fica-tax (accessed October 10, 2020).
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What is the essence of a fair wage? A fair wage means that the earnings of two working parents make it possible to bring at least two
offspring up to the level of human capital achieved by the parents. It follows from this definition that human capital will be preserved, that
is, the solution to the basic demographic problem is guaranteed. The calculations presented in Table 4 confirm that the theoretically determined minimum wage (formula 8) meets this condition. The calculations were made on average cost of living values using a constant "a".
The calculation shows that after payment of the required contributions (pension and health funds), the amounts remaining to cover the cost
of living are greater than the current amount of USD577.
Table 4: Income Settlement for A Family of Four
Country
Family (2 adults + 2 children)
Income (sum of minimum wage of 2 adults)
Pension contributions (20%)
Health insurance (10%)
Total amount of income remaining in the family
Amount per person
Average cost of living
Source: own elaboration.

USA (USD)
4 people
3 410,35
682,07
341,04
2 387,24
596,81
577,00

It is assumed that two parents receive earnings at the average minimum wage. It is also assumed that they pay a contribution of 20% for
pension insurance and 10% for health insurance, which is the basis for creating funds for the health care of family members and the
accumulation of pension funds. The remaining income covers the cost of living. The average cost of living in the United States is estimated
to be USD577.003. Parents' earnings are assumed to be the average minimum wage per hour (from all states) multiplied times 176 hours,
viz: 2 × USD9.00 per hour × 176 hours = USD3,168.00. After adding the 6.2% Social Security Tax and 1.45% Medicare Tax paid by the
employer, the total family income is USD3,410.35. Assuming a 20% contribution to retirement and 10% to health insurance, the remaining
income for a family of four is USD2,387.24. Per person will be: USD2,387.24 / 4 = USD596.81, which is more than the average cost of
living of USD577. This means that the standard of living is maintained.
Note also that the wage assumed in the calculation represents the absolute minimum income. However, in reality, earnings increase over time
due to the increase in capital from experience, so the amount left over for living expenses will be greater. From the above calculations, it can
be seen that the minimum wage in the USA guarantees the preservation of human capital. Thus, the wages studied can be considered fair.
In addition, let us note that with the cost of living preserved, the family accumulates funds for health care and the parents capitalize their
retirement funds.
Wage expectations also can be a source of data for estimating the economic constant "a". The size of the economic constant was examined
using data from the Ukrainian economy. Surveys from five different regions provided the data. The questionnaires were prepared in the Labour
Offices, obtaining data from job seekers. 3920 people were surveyed asking for data necessary to calculate the value of human capital (age,
education, work experience) and the expected wage in case of employment. The choice of survey location is dictated by the fact that the job
seeker does not manifest excessive expectations, but counts the cost of living for the whole family.
Using formula (7), net fair basic wages were determined for the respondents starting from the level of their accumulated human capital
(W(a,t,T) = a × H(a,t,T)/12/1,415, where: W(a,t,T) - fair net basic wage, a - economic constant (8% [1/year]), H(a,t,T) - the value of human
capital, 1.415 - the amount of reduction by the amount of social benefits, paid by the employee and the employer, and income tax; total
41.5%). Comparing the theoretical wages determined on the basis of formula (7) with the expected wages indicated by the respondents,
the percentage of compliance of these wages was estimated. Basic statistics describing the obtained compliance percentages for 3,920
respondents are summarized in Table 5.
Table 5: Basic Statistics of the Percentage of Agreement between Expected and Set Wages Based on Human Capital Theory
Statistical quantities
Percentage of agreement between expected wages and wages determined from the theoretical model
Average value
100,30 %
Median
100,43 %
Standard deviation
0,048 %
Number of surveys
3 920
Source: own elaboration.

The statistics presented in Table 8 indicate a very high level of agreement between expected wages and those determined from the theoretical model, which includes in the calculations the assumed size of "a" (8% [1/year]). Thus, the research hypothesis is that a constant quantity
is identified in the wage expectations of job seekers that determines the average annual rate of natural dissipation of capital values.
Transforming model (7) to the form a = WO/H(a,t,T), where WO - the expected wage of the respondents, H(a,t,T) - the value of their human
capital, the estimator formula was obtained. The obtained statistics of "a" value calculation for 3 920 respondents are summarized in Table 6.
Statistical quantities
Average value
Standard deviation
Q1
Median
Q3
Kurtosis
Sample size (n)
Source: own elaboration.

Table 6: Descriptive Statistics of the Set of Obtained Quantities "A"
The value of "a"
0,079977
0,005237
0,078013
0,079658
0,081416
208,49
3 920

As can be seen from Table 6 among the 3,920 respondents, the mean value of "a" in light of wage expectations, with a very small standard
deviation (0.005237), is close to the magnitude of 0.08 which confirms the hypothesized value. Additionally, the probability distribution

3

https://www.expatistan.com/cost-of-living/country/united-states (accessed October 10, 2020).
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is leptokurtic (highly slender). Thus, examining expected wages as a percentage of the human capital value of job seekers, confirmed the
presence of a constant magnitude "a" at a level significantly close to 8%.
Importantly, similar results were obtained by I. Cieślak [2008], B. Oliwkiewicz [2020] and B. Kurek & I. Górowski, [2020] investigating
wage expectations of economics graduates in Poland. Also, W. Kozioł [2011] statistically confirmed the existence of the economic constant
at the level of 8% based on the analysis of real wages of a large number of employees of the Polish company ABM Solid SA. Thus, it is
necessary to emphasize the important fact that the constant "a" in the size of 8% [1/year], as shown by the empirical studies presented in
this article, is identified in the economies of different countries, so it is revealed regardless of the studied country.

7. The thermodynamic core of coherent economic theory
Knowledge of thermodynamics makes it possible to define precisely the basic economic categories, which has been a constant problem
waiting to be solved. These include, in particular, capital, value, and sources of profit. Let us consider the question of capital, labor and
money. It is known that Ch. Bliss, A. J. Cohen, and G. C. Harcourt [2005] collected 71 scientific texts, the authors of which presented their
own views on the theory of capital. The differences in views were so great that they empowered the authors to form the opinion that capital
theory is an infamous subject precisely because of the notoriously recurring controversies surrounding it. These controversies, as B. Kurek
[2011, p 20-21] wrote, were the result of constant tensions between two concepts of capital: physical and value. Scholars had something
to argue about. What is and what is the source of capital growth? what is its relationship to labor? why is there a positive interest rate? is
capital a tangible asset or a fund? what is human capital? how does money relate to it? And what role does the passage of time play? These
sample questions have not found consensual, unambiguous answers in scholars' discussions. It is now clear that for consensual explanations
it was necessary to refer to the fundamental laws formulated in the natural sciences and properly interpreted for the economics. There was
also a need to understand the abstract nature of capital on the basis of the principle of dualism and to discover the existence of a constant
that determines the influence of natural forces on capital growth. This state of affairs concerning capital was summarized by Ch. Bliss
[1975, p. vii], who stated, "that when economists reach consensus on capital, they will soon reach consensus on all other issues." He
expressed doubt, however, whether this state would be reached in the foreseeable future. Even today one encounters expressions, for
example T. Piketty [2015, p 63], who writes that:
Within this book, capital is defined as the totality of "non-human" assets that can be owned and exchanged on the market. Specifically,
capital includes all real estate capital (buildings, houses) used for housing and financial and organizational capital (buildings, equipment,
machinery, patents, etc.) used by businesses and administrations.
The familiar "capital vs. labor" or "machines vs. workers" oppositions in economics have also blocked the use of the scientific understanding of labor as the transfer of capital to labor objects, whether through live or clotted labor (various assets). Capital and labor are two
complementary concepts. Capital represents the potential to do work, while labor is the dynamic transfer of capital. Labor concentrates
capital into a product, which shapes its cost value and is the basis for the creation of utility and exchange value. Labor creates work
receivables for labor, or money, as shown in Figure 1. Thus, money is the unconditional right to receive an equivalent in free exchange
operations, which is to be guaranteed by the structures and standards of the rule of law and economics supported by sound knowledge. On
this basis, a natural understanding of the commodity-money economy emerges, in which goods and services are exchanged for money and
vice versa. As we see, the understanding of capital leads to a logical explanation of the essence of the main economic categories.
The scientific understanding of work allows us to use the achievements of physics regarding its measurement. We have two equivalent
formulas for measuring work L. L = F × s × cosα = F × (v × t) × cosα = P × t × cosα, where F - the force that causes the displacement, s the distance of the displacement, α - the angle between the direction of the displacement and the direction of the force F, v - the speed of
the displacement, t - the duration of work, P - the power attributed to the employee or object with the ability to perform work. If, for
example, the salary of the managing director is 15 000 PLN per month and the analyzed employee is paid 3 000 PLN, then the power factor
is 3000/15000 = 1/5. Therefore, the work of the employee done for 200 hours in a month is L = 1/5 × 200 = 40 work units. It is easy to see
that a unit of money is also a unit of labor.
The factor cosα has a natural economic interpretation (Kurek, 2004) and represents the compliance of work with socio-economic standards.
Therefore, with full compliance, which is the natural state, cosα = 1. However, we know cases where this factor should be taken into
account. It is known that the calculation of GDP takes into account on the plus side the repair and renovation work done. However, if
hooligans destroy a bus shelter at a bus stop, they also work, but with cos (180°) = - 1, because their actions are anti-social and destructive.
Taking this work into account as well, GDP will not show an increase from making repairs.
The understanding of capital and labor allows us to resolve the dispute over the production function. The authors [Cohen, Hartcourt, 2003,
p. 199] cite the criticism formulated by J. Robinson [1953-1954, p. 81], regarding the production function in the form P = f(L, K), where
L - is labor measured in man-hours, and K - is capital perceived as machinery, equipment and money i.e. assets. Taking a constructive
approach to this argument, it should be stated that manufacturing processes require a quantitative description of the connecting of abstract
capital transferred by labor with assets. What is needed is a function that describes the linking of current labor with assets taking into
account also the forces of nature.
The function of economic activity (FAE), presented in many previous studies [Dobija, 2011], [Dobija, Kurek, 2013] is described by formulas:
P = K(1 + r) = (W + B)(1 + r) = … = W (1 + r)([1 + A/H × z/u ) = W × Q (11)

(9)

Where: P - value of annual output at selling price, K - total costs for the year, W - total wage costs, B – non-wage costs, r - profitability of
costs ratio, A - average value of assets, H - total human capital employed (HCE), z - asset turnover rate relative to non-wage costs, u percent paid for labor relative to HCE, Q - labor productivity rate.
On the basis of function (9) a model of production is created using relation 1 + c ≈ ca and replacing variables (r, z, u) with one quantity
called management variable M. This variable synthesizes impacts defined as: profitability of costs, assets turnover in relation to non-wage
costs and percentage of paid work in relation to human capital value. These are variables subject to current managerial decisions as opposed
to long-term variables like: A and H. Thus, we obtain the model:
(12)
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Using the relationship L = a × H, where L is the value of fixed wages and “a” is the economic constant, the variable H is eliminated by the
more readily available numerical variable L.
(13)
Model (13) finds various applications. For example, it is possible to determine W - wages in a given market organization as a function of
planned economic performance [Dobija, Jedrzejczyk, 2013]. If the planned production and sales are made with an undiminished management variable, then the amount W - L determines the size of the planned bonus fund.
The fixed salary set as 8 percent of the value of the employee's human capital plus the earned bonus creates decent financial conditions for
the development of human capital in families of the type 2 + 2 or 2 + 3, when both parents work professionally. As research shows (Koziol,
2014, pp. 156-193), in enterprises, sustained in the market, the level of bonus pay usually exceeds 20%. Thus, the total salary of an employee is 0.08H + 0.2[0.08H] = 0.096H ≈ 0.1H. A salary level of 10% guarantees not only the absence of depreciation but also the development of the personal capital of employees and offspring.
Understanding that in money – goods economy (MGE) there is no such thing as circulation of money, but money (dues for labor) naturally
exchanges for goods and services, one sees the need to describe this process by an appropriate equation of exchange. From this equation,
knowledge of the possible need and permissible size of credit should be derived. In addition, the role of taxes in economics should be
clarified, since it is known that labor creates money, that is, labor finances itself. This equation has already been developed, presented and
discussed [Dobija, 2011, 2013, 2015, 2020], [Dobija, Kurek, 2013].
The essence of MGE is that the work of the employed sets in motion the flow of two streams; products and money [costs of labor], as
shown in Figure 2. These streams confront each other continuously, which shapes the resulting prices and profits. The market mechanism
equalizes the value of the final product stream [GDP] and the money stream [M], ultimately shaping their purchasing power. Diagram 2
illustrates the fact that employees working, both in the industrial sphere and in the budgetary sphere, create labor costs that make up the
value of products and at the same time receive an identical, nominal value in the form of a record of payments for work. On the product
side there is the function of economic activity [FAE], which composes labor costs with assets, and in the money stream there is the function
of credit money creation [CMC].

GDP

M – total money

Market exchange
GDP – M = 0
GDP = cW + [1-c] Wk
+ ΔS

[1-c]Wk
+ ΔS

CMC
[1-a]W×k
Level of
savings

FAE
GDP = W×Q

cW

W = u×H

[1-c]W

W = u×H

Assets
A0

Human capital H
W=u×H
Fig. 2: The Market as A Mechanism for Equalizing the Value of Product and Money Flows.Source: [Dobija, 2007, 2011].

The quantities appearing in the scheme 2 have the following meaning: W - total wages and salaries, H - human capital of working people,
u - percentage rate of paid labor, A - assets at book value, c - rate that separates the stream of labor claims [c < 1], FAE - function of
economic activity, CMC - function of money creation through credit, S - level of savings [including pension funds], k - rate that increases
the stream of [1 - c]W by credit action, M - total amount of money.
Here it is important to note that the stream that creates GDP is subject to influences of nature that significantly increase the value of
products. This kind of influence is not present in the stream of labor costs, and in practice there is even an important element that reduces
the intensity of this stream. These are taxes on wages, which must reduce the sum of money and threaten deflation. For these two reasons
a credit is needed, the size of which can be estimated from the equation of exchange. But taxation of decent wages must be abandoned,
since labor finances itself. The existing state of affairs is the main reason for the appearance of budget deficits. Respect for the system of
economic concepts established by thermodynamics excludes the budget deficit as a permanent element of the economic system.
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With the accepted designations and additional ones, such as: i - inflation rate, ΔS - change in savings balances, the exchange equation has
the form (GDPR stands for real GDP):
GDP = GDPR[1 + i] = c × W + [1 - c] × W × k + ΔS

(14)

If one assumes the condition i = 0, which means both no inflation and no deflation, the resulting equation is:
GDP = GDPR = c × W + [1 - c] × W × k + ΔS

(15)

Dividing equation (15) by W in turn yields the formula (16):
Q = Qr = c + [1 - c] × k + d, where d = ΔS/W

(16)

The interpretation is clear. An essential condition for a good economy is the equality of nominal and real labor productivity. From formula
(16) one also obtains the determination of the credit creation rate as follows:
k = [Qr - c - d]/[1 - c]

(17)

In turn, the adequate level of credit for a given economy is determined by the formula:
Credit level = [1 - c]W[Qr - c - d]/[1 - c] = W × [Qr - c - d]

(18)

Thus, the amounts of permissible, and necessary, credit are a function of the ratio of real labor productivity Q r and the wealth of citizens.
Note that the formula (18) defines not only the maximum and permissible credit, but also the necessary and indispensable credit. Since the
condition i = 0 is to be satisfied, there cannot be i < 0, nor i > 0. With a smaller value of granted credit, deflation can occur and with an
excessive growth of wages and prices, i.e. a decreasing Q - inflation. This means, among other things, that manipulation of the interest rate
to regulate the "quantity of money" is, according to this equation, unacceptable. The interest rate is anchored in the economic constant "a".
The economy requires well-functioning management systems that keep real processes in a state of non-decreasing labor productivity as
measured by Q.
The labor productivity index Q plays a significant role in economics. In addition to its role in the equation of exchange and in determining
the level of credit, it extends knowledge of the labor share of GDP. This share, defined as the ratio of labor costs to nominal GDP, is the
simple inverse of Q = GDP/W. Identity (19) represent these relationships.
GDP = GDP

1
Q −1
+ GDP
= W + GDPA
Q
Q

(19)

As you can see, the higher the share of wages in GDP, the poorer the country is because there is a lack of wealth contained in assets. Rich
countries have assets of high value (infrastructure, machinery and equipment, savings, possible credit) and they account for wealth and
contribute to GDP.

8. Conclusion
Knowing and understanding the principles of thermodynamics realizes their fundamental and comprehensive importance for the development of knowledge about reality. Accounting theory and systems are closely related to practice and have the characteristics of natural
sciences. Therefore, it is not surprising that the principle of dualism, fundamental to accounting, forces the application of the principles of
thermodynamics to the correct interpretation of capital and labor. And this is the beginning of a conceptual revolution, leading to a new
illumination of the essence of PG, the essence of which is the continuous exchange of products for money. For understandable reasons, the
existence and development of human capital is an important part of economic science. In this area, the achievements of thermodynamics
in its initial development of knowledge about the work of the heat engine, make a natural, positive contribution to economic science,
because this knowledge applies directly to the human body. In doing so, the positive influence of the various abstract heat engines found
in nature on economic processes is revealed. The result of this influence is the finding that the economy viewed as a game with Nature has
a positive sum. This means that profits can be made in the economy. Empirical studies formulated with the new theory have revealed the
existence of an economic constant that determines the potential growth of initial capital. This constant has the value a = 0.08 [1/year]. It is
essential for theoretical considerations of profit, interest rate, discount rate and fair wages. With the discovery of the applicability of the
principles of thermodynamics and the existence of the size of the constant, economic science can join the ranks of natural sciences.
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