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Abstract – In this paper, the author draws analog of thermodynamics with economics by visualizing 

economic activity as a dynamical system, with money as the agent of change, employing techniques of 

dynamical-system analysis to model economic activity. In contrast to finance, economics, also, 

incorporates social costs, which could not be directly incorporated into the balance sheets. Often, the 

social factor introduces conflict of interest and corruption. However, the agents fueling economic activity 

(monterary assistance) want to ensure that their contributions end up into productive projects and not go 

down the drain through various modes of corruption. Money is, therefore, visualized as a substance-like 

quantity, the idea taken from the work of Bruno Schmidt. The first law of econodynamics may be stated 

as ∆M = ∆I + ∆P (equivalent first law of thermodynamics ∆Q = ∆U + ∆W), where ∆M  is the money 

allocated for a project (thermodynamic equivalent to heat extracted from a hot reservoir, ∆Q), being, 

partially, utilized in infrastructure development, ∆I (visualized as increase in internal energy, ∆U), and 

rest spent in providing services or products, ∆P (work done by the system, ∆W). The second law of 

econodynamics states that money allocated for projects, INVM (equivalent to heat extracted from hot 

reservoir — heat source), is used up for the genuine purposes, only partially, whereas the remaining leaks 

into the corrupt hands, ,CORM giving efficiency of project economy as  

INV

COR1
M

M
Efficiency   

Keywords – Econodynamic model of corruption • Laws of thermodynamics • Money-flow modeling • Soft corruption • Steady 

state 
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Abstract – In future, thermodynamics is expected to exert a significant influence in various disciplines, 

resulting in emergence of new laws of thermodynamics. Four established laws of thermodynamics are the 

zeroth law (temperature conceptualization), the first law (input-heat channelization viz. internal-energy 

increase and useful-work performance), the second law (entropy and heat-sink conceptualization) and the 

third law (absolute zero cannot be achieved). Various versions of the fourth law have been presented by 

Beretta; Chernomorskii; Cobos-Murcia; Jackimowicz; Martínez-Kahn & Martínez-Castilla; Morel & 

Fleck; Tangle, Bhalekar & Andresen as well as the author. In author’s version “it is not possible to design 

a Carnot Engine or any other physical heat engine, whose source has a positive-absolute temperature and 

sink has a negative-absolute temperature”. It is to be noted that author’s version of the fourth law is closely 

related and is, in fact, derivable from the third law. The author believes that a new law, to be given due 

weightage, must be linked to the previous one. In the wake of the 2025 Nobel Prize in Physics “for the 

discovery of macroscopic quantum-mechanical tunneling and energy quantization in an electric circuit”, a 

fifth law of thermodynamics is proposed. Temperature is considered as thermodynamic potential, setting 

the direction of heat flow from one reservoir to the other. Considering a quantum-potential-barrier model, 

on a macroscopic scale, heat may flow from positive- to negative-absolute temperature (passing through 

zero-absolute temperature) through tunneling process. However, no heat engine could operate with a heat 

sink at absolute zero or below absolute zero. 

Keywords – Attainability of absolute zero, Carnot engine, Entropy, Heat sink, Heat source  
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“for the discovery of macroscopic-quantum-mechanical tunneling and energy quantization in an electric 

circuit”, a fifth law of thermodynamics is proposed. Temperature is considered as thermodynamic 

potential, setting the direction of heat flow from one reservoir to the other. Considering a quantum-

potential-barrier model, on a macroscopic scale, heat may flow from positive- to negative-absolute 

temperature (passing through zero-absolute temperature) through tunneling process. However, no heat 
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IN BRİEF 

A fifth law of thermodynamics is put forward, according to which heat may flow, on a macroscopic 

scale, from positive-absolute temperature to negative-absolute temperature (passing through zero-absolute 

temperature) through tunneling process. However, no heat engine could operate with a heat sink at 

absolute zero or below absolute zero. 

NOMENCLATURE 

 Symbol 
 

Description 
 

  
 

Substance-like quantity (charge density) 
 

)(TB  Planck function (in the context of thermal and blackbody radiation) 

 i Current 
 

I  Radiation intensity 

L


 Angular momentum 
 

 n Amount of substance 
 

p


 Linear momentum 
 

 Q Electric charge 
 

 S Entropy 
 

S  Source function (in the context of thermal and blackbody radiation) 

 t Time 
 

 T Absolute temperature (expressed in kelvin, represented by K) 
 

 

I. INTRODUCTION 

Chemical thermodynamics is an understanding of heat and work interactions within chemical reactions 

and the physical changes, which determine direction, equilibrium state and feasibility of processes. Laws 

of thermodynamics are applied to predict whether reactions are spontaneous, employing parameters like 

enthalpy, entropy and Gibbs-free energy to study changes in energy. Chemical thermodynamics 

comprises of, not only, measurements of different thermodynamic properties in laboratory, but also, 

applies mathematical methods for studying chemical questions and the spontaneity of processes. 

In this paper, the zeroth to the fourth laws of thermodynamics are reviewed after briefly discussing 

equilibrium, steady state and non-equilibrium from energy-transfer and probability-of-occupation 

perspectives as well as difference between thermal and blackbody radiation. In addition, concepts of 

entropy and thermodynamic potential as well as energy flow in thermodynamics are described.  

The main contribution of this work is the need and the statement of a fifth law of thermodynamics, 

which is required for dealing with thermodynamics of the macroscopic systems in the wake of discovery 

of macroscopic-quantum-mechanical tunneling and energy quantization. 

II. PRELIMINARIES 

II-A. Equilibrium, Steady State and Non-Equilibrium 

Equilibrium, steady state and non-equilibrium may be understood in terms of energy transfer or 

probability of occupation [1]. Table 1, which is an extension of a similar table appearing in [2], elaborates 

these considerations. Equilibrium occurs, when the rate-of-emission is equal to the rate-of-absorption. 

Hence, there is no net heat transfer in thermal equilibrium. Steady state describes a situation, in which 

rate-of-transfer of data, energy or information is constant. Hence, it is the optimal solution for various 

processes, in particular, electric transmission, heat exchangers, information processing, international poli- 



Kamal, Do We Need a Fifth Law of Thermodynamics? ICPIS 2026, Konya, Türkiye, pp. 541-549 

 

 

 
543 

 

Table 1. Equilibrium, steady state and non-equilibrium in terms of energy-transfer and probability-of-occupation approaches 

 

 
 

Energy-transfer 

 approach  

Probability-of-occupation 

approach 
Transfer function Example 

     

Equilibrium 
No net energy 

transfer 

Equal in different states,  

not varying with time  
Zero 

Specific heat by mixture 

method 
     

Steady state 
Energy transfer at 

a constant rate 

Not equal in different 

states, not varying 

with time 

Non-zero constant 

Searle’s method to determine 

coefficient of thermal 

conductivity of copper 
     

Non-equilibrium 
Energy transfer at 

a variable rate 
Varying with time 

Function of state 

variables 

Heating of water from 

283 K to 317 K 
 

 

 
  

 

—————————————————————————————————————————————— 

tics and traffic management. Non-equilibrium is a situation, in which there is a variable rate-of-transfer of 

data, energy or information. 

II-B. Thermal and Blackbody Radiation 

Blackbody radiation is a radiation, which is, itself, in thermal equilibrium. A body is said to be emitting 

thermal radiation, when this radiation is in thermal equilibrium with the emitting source. According to 

radiative-transfer equation, expressed in terms of optical depth, a radiation is identified as blackbody 

radiation, when the intensity, ,I is, actually, the Planck function, ).(TB For a thermal radiation the source 

function (ratio of the emission coefficient to the absorption coefficient), ,S equals )(TB [3].  

II-C. The Concepts of Entropy and Thermodynamics Potential 

Entropy is understood as the available energy (heat), which can be utilized to run a heat engine. In 

another perspective, it is thought of as a measure of disorder. In statistical mechanics, entropy is defined 

as the logarithm of the number of states accessible to the system [4]. Entropy is the conjugate variable of 

temperature. They are closely linked in the canonical-ensemble formulation describing a system in 

thermal contact with a heat reservoir at a fixed temperature. The entropy is related to the resulting 

distribution of states. 

The concept of potential in thermodynamics could be considered as the agent, which sets the direction of 

flow of heat. One observes that heat flows from the first reservoir, with a smaller quantity of heat, to the 

second reservoir, with a larger quantity of heat, when the temperature of the former is more than the later, 

establishing the rule that it is not the quantity of heat, but the numerical value of temperature that determines 

the direction of heat flow [4]. 

II-D. Energy Flow in Thermodynamics 

Energy is fundamental in physics restructuring. One needs to consider energy flow as a substance-like 

quantity. The idea was first floated by a German, Bruno Schmidt of Karlsruhe Institute for the Didactics 

of Physics. A substance-like quantity could be considered any physical quantity that may be distributed in 

and flow through space, e. g., amount of substance (n), charge (Q), entropy (S), linear momentum ),( p


 

angular momentum ),(L


 etc. These are the quantities, which are additive and obey continuity equation of 

the form 

 0 i
dt

dρ
                                                             (1) 

where ‘’ is the substance-like quantity (e. g., charge density) and ‘i’ is the corresponding current [5]. 
Table 2 lists these substance-like quantities and their corresponding currents. 
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Table 2. Substance-like quantities and their corresponding currents 

Substance-like quantity () 
 

Corresponding current (i) 
 

 

Amount of substance (n) 
 

 

Chemical 
 

 

Charge (Q) 
 

 

Electrical 
 

 

Entropy (S) 
 

 

Thermal 
 

Momentum, linear )( p


 Mechanical, translational 

Momentum, angular )(L


 Mechanical, rotational 

—————————————————————————————————————————————— 

III. EXISTING LAWS OF THERMODYNAMICS 

The first 2 paradigms of physics are, essentially, the first and the second laws of thermodynamics [6, 7]. 

The zeroth to the fourth laws of thermodynamics are, briefly, described below [1, 4]: 

III-A. The Zeroth Law of Thermodynamics 

Stated in 1930 by Fowler and Planck, after a long lapse of time, during which the first, the second and 

the third law were well established, the zeroth law is, in fact, the precursor to the other laws. It established 

definition of temperature in a non-circular way without referring to entropy. A system is said to be in 

thermal equilibrium with another system, which is in thermal contact with the other system (connected 

diathermally — heat is allowed to exchange between these two systems) and its thermodynamic para-

meters remain unchanged with time. The zeroth law may be understood as: If a system A and another 

system B are in thermal equilibrium with a third system C, then the system A is in thermal equilibrium 

with the system B. This law may be visualized as transitive property of numbers, where thermal 

equilibrium replaces equality. 

III-B. The First Law of Thermodynamics 

Developed by Mayer Joule and Helmholz, the first law of thermodynamics is considered as the first 

paradigm of physics [6]. This law is, in fact, a statement of the law of conservation of energy, identifying 

heat as a form of energy. It may be stated that the total energy, in any process in an isolated system, 

remains unchanged. Alternatively, the energy given to a thermodynamic system is used in performing 

external work and resulting in increase of system internal energy. 

III-C. The Second Law of Thermodynamics 

Credit of the second law of thermodynamics is given to Carnot and Clausius, which provides a 

definition of entropy. Entropy is considered as a measure of deficiency in information. The second law 

states that the entropy of an isolated macroscopic system either remains unchanged or rises.  

III-D. The Third Law of Thermodynamics 

Attributed to the German chemist, Walther Nernst, the third law of thermodynamics, excludes the 

possibility of a system to cool to absolute zero. If that is permitted, one may construct a Carnot Engine, 

with heat sink at absolute zero, violating the second law of thermodynamics. The earliest statement of this 

law is that at absolute zero the difference of entropy does not exist among all those system configurations 

that are in internal thermal equilibrium with each other. 

It is to be noted that the third law of thermodynamics does not rule out the possibility of achieving 

negative-absolute-temperature state. However, the limitation is that one may not cross 0 K. The system 

should satisfy the below-mentioned restrictions [8, 9]: 
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a) Energy-states spectrum should have a finite-upper limit. In case, this is not the case, energy of such a 

system at a negative-absolute temperature would be infinite. This prohibits a freely-moving particle 

or a harmonic oscillator to attain negative-absolute temperatures, as there is no upper bound on their 

energies. In practice, only specified degrees-of-freedom of a particle can reach negative-absolute 

temperatures, e. g., nuclear-spin orientation in a magnetic field. 

b) The system should be in internal-thermal equilibrium. Occupancies should be available in states 

according to the Boltzmann factor, which are selected for the appropriate negative-absolute tempera-

ture. 

c) The states, which exist at negative-absolute temperatures, should be isolated and not available to 

those body states, which are at positive-absolute temperatures. 

Negative-absolute temperatures are hotter than positive-absolute temperatures. In other words, the 

former have higher energies as compared to the later. Hence, a system, which exists at a negative-absolute 

temperature is brought into thermal contact with a system at a positive-absolute temperature, energy is, 

actually, transferred from the negative-absolute temperature to the positive-absolute temperature. 

Negative-absolute temperatures may be reached in electronic- as well as nuclear-spin systems using 

suitable radio-frequency techniques. Such nuclei form a subsystem of the solid and a perfect vacuum 

isolates this subsystem from rest of the solid. In reality, in a real subsystem, negative-absolute 

temperatures are achieved not by extracting from the system all the energy of the thermal motion, in other 

words, going through 0 K, but by putting in the subsystem a greater amount of energy than the one, which 

corresponds to infinite-absolute temperature. One may appreciate that such a behavior is shown in 

trigonometric functions, tangent and cotangent. Looking at the graph of tangent versus angle, one 

observes that the tangent function jumps from positive infinity to negative infinity at /2 radian (or 90o). 

Similar is the case for cotangent versus angle. Upon observing the graph, one notes that the cotangent 

function jumps from negative infinity to positive infinity at 0 (both radians and degrees). 

III-E. The Fourth Law of Thermodynamics 

Nernst in 1930s mentioned a fourth law of thermodynamics in his lectures. Around 1952, people started 

to attribute Norwegian-born American physical chemist, Lars Onsager’s 1929 reciprocal relations as a 

fourth law. Peter Landberg, in 1972, referred as fourth law, the Belgian chemist, Ilya Prigogine’s far-

from-equilibrium theories, which were applied to living systems. The statement of Nicholas Georgescu-

Roegen’s statement (1977) in the context of economic thermodynamics, “in a closed system (such as 

human society), it is impossible to completely recover the matter involved in the production of work”, is, 

generally, recognized as the fourth law. Sven Erik Jørgensen (1990s) considered the statement, 

“ecosystems attempt to develop towards a higher level of energy” as a tentative fourth law. Stuart 

Kauffman, an American biochemist, put forward a version of the fourth law in 2000, which depends on 

thermodynamic-work-cycles logic. Kauffman, in the context of Darwinian evolution, is of the opinion 

that there must exist chemical systems, which act to better their own interest. Romanian-born American 

chemical engineer, Adrian Bejan considered his 1996 constructal theory to be the fourth law of 

thermodynamics that introduced life and time, explicitly, into thermodynamics and created a bridge 

between physics and biology. Morel and Fleck put forward a fourth law of thermodynamics, which 

stretched thermodynamic domain by including evolving systems [10]. They remark, “systems increase 

entropy at the maximum rate available to them”. According to this law identical systems under identical 

conditions should behave in an identical fashion.  

Other versions of the fourth law include Beretta’s interpretation of the fourth law in terms of steepest 

entropy descent, “every non-equilibrium state of a system or local subsystem for which entropy is well 

defined must be equipped with a metric in state space with respect to which the irreversible component of 
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its time evolution is in the direction of steepest entropy ascent compatible with the conservation 

constraints” [11] and Chernomorskii’s version [12], limiting of separated state of electrons-ions, with 

maximum entropy approaching infinity, occurs with increasing temperature — the released heat leads 

only to increase in kinetic energy and temperature of limiting separated electrons-ions. Jakimowicz used 

the second and the fourth laws of thermodynamics to evaluate 3 technologies of the future (fission, 

fusion, solar) [13]. Rod Swenson in 1988 proposed and elaborated the law of maximum entropy 

production. Martinez-Kahn and Martinez-Castilla, in an interview with Swenson, interpreted this law as 

the fourth law of thermodynamics [14]. Tangde, Bhalekar and Andersen describe 3 approaches for 

determining thermodynamic stability of irreversible process, viz. the Gibbs-Duhem theory, the Lyapunov 

function and the Lyapunov function from the Lyapunov-thermodynamic-stability theory [15]. They, then, 

utilize these to express the fourth law of thermodynamics, which is based on the thermodynamic stability. 

This year, Chemical Thermodynamics and Thermal Analysis published a paper authored by José Angel 

Cobos-Murcia entitled “Formulation of the Thermodynamic Principle of Energy Quality: Towards a 

Fourth Law of Thermodynamics” [16]. Cobos-Murcia introduces Principle of Energy Quality as an 

integrated thermodynamic formulation, which describes energy transformation, degradation and, 

eventually, partial regeneration across chemical, ecological, informational and physical systems. Energy 

is partitioned into complimentary components, viz. exergy (the convertible function into useful work), 

anergy (the function degraded through entropy generation) and the Osnager-coupling potentials 

(describing redistribution and partial recovery of degraded energy through coupled-irreversible 

processes). Cobos-Murcia suggests that his proposed Principle of Energy Quality may be considered as a 

step toward a fourth law of thermodynamics. 

There is a valid question that if negative-absolute temperatures could be attainable in isolated, small 

subsystems, whether the first law of thermodynamics would hold, if one may construct a heat engine, 

which employs these states as sink. Hence, a Carnot Engine operated with this heat sink may have an 

efficiency more than 100% (violating the first law of thermodynamics). Such negative-absolute-

temperature states are found in solid subsystems that are isolated from rest of the solid by 100% vacuum, 

which exists between the electrons and the nuclei of an atom. A fourth law of thermodynamics is needed 

to avoid logical inconsistencies that can rule out operation of such an engine.  

Statement of the fourth law of thermodynamics, given by the author in 2011 is reproduced here, “it is 

not possible to design a Carnot Engine or any other physical heat engine, whose source has a positive-

absolute temperature and sink has a negative-absolute temperature” [1]. 

Recently, the author published a short communication, in which criteria were outlined based on which 

to consider suitable candidates for a fourth law of thermodynamics [17]. 

IV. THE FIFTH LAW OF THERMODYNAMICS 

IV-A. Philosophy 

Criteria outlined to select suitable candidates for a fourth law of thermodynamics are, also, applicable 

for a possible fifth law of thermodynamics [17]. All of the laws of thermodynamics adhere to the 

philosophy that the next law somehow builds upon the previous one. The zeroth law defines temperature 

that determines direction of heat flow, which is channelized in the first law. The second law established 

limit on how much supplied heat could be transformed into useful work, whereas the third law may, 

possibly, be derived from the second law, which rules out total conversion of supplied heat into useful 

work by prohibiting existence of heat sink at absolute zero. The fourth law, essentially, safeguards the 

first-law conclusion that no heat engine could be constructed, whose efficiency exceeds unity by ruling 

out existence of heat sink at a negative-absolute temperature. 
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In various fields of physics, tradition is that results of all recent theories should reduce to older 

(classical) results upon imposing appropriate limits. To give an example, equations of relativistic 

dynamics take the form of Newtonian dynamics, when velocity of light approaches infinity, which means 

that velocity of signal becomes very large as compared to velocity of material objects. In this scenario, 

space and time coördinates (which were, previously, coupled in relativistic dynamics) become decoupled. 

The Ehrenfest theorem links quantum mechanics to classical mechanics by establishing that the 

expectation values (averages) of quantum observables, for example, position  and momentum are 

administered by classical equations of motion (Newton’s laws) for many systems. Niels Bohr put forward 

the Correspondence Principle, which states that quantum-mechanical predictions are supposed to match 

classical-mechanical predictions in the limit of large quantum numbers. The eikonel approximation 

reduces the wave-optics formulation to the geometrical-optics limit in the shorter-wavelength or the high-

energy domains, which simplify the wave equation by making the approximation that the wave, basically, 

travels along a straight-line path, just like a ray in the geometrical optics.  

 Pal reviewed the zeroth to the fourth law of thermodynamics and remarked, “since the laws of 

thermodynamics occupy the status of fundamental laws of physics on which entire universe works, it is of 

utmost importance that they be stated keeping all possible cases in mind”[18]. 

IV-B. Need 

In the wake of the 2025 Nobel Prize in Physics “for the discovery of macroscopic quantum-mechanical 

tunneling and energy quantization in an electric circuit” awarded to John Clarke, Michael H. (Henri) 

Devoret and John M. (Matthew) Martinis, a fifth law of thermodynamics is needed. 

IV-C. Definition 

Temperature is considered as thermodynamic potential, setting the direction of heat flow from one 

reservoir to the other. In the context of the macroscopic-quantum-potential-barrier model, absolute zero 

may be achieved on a macroscopic scale. Heat may, therefore, flow from positive- to negative-absolute 

temperature (passing through zero-absolute temperature) through the tunneling process. The fifth law of 

thermodynamics is stated as, “No heat engine, on a macroscopic scale, could operate with a heat sink at 

absolute zero or below absolute zero.” 

IV-D. Future Directions 

Future directions of work in this area should focus on the first and the second quantization of the laws 

of thermodynamics. Considering temperature as potential and heat as kinetic energy of the molecules, it 

should be possible to write Schrödinger equation for the thermal processes and, eventually, Lagrangian 

and Hamiltonian densities to second quantize the system. 

When going to microscopic level from the macroscopic level, lattice dynamics of the crystalline 

structure may be studied from a thermodynamic perspective. The crystalline structure should be analyzed 

using cross-lattice formulation, which is dimensionless and, hence, is independent of the coördinate 

system used [19-21]. 

Liquid-crystal structure, modeled using cross-lattice formulation, may pose one of the most challenging 

areas in which validity of laws of thermodynamics (zeroth to fifth) needs to be investigated [22].  
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V. CONCLUSION 

In this paper the author has put forward a formulation of the fifth law of thermodynamics, which rules 

out existence of heat engines operating at or below zero-absolute temperature in the macroscopic 

phenomena.  

In the near future, thermodynamics is bound to play an important role in different disciplines, 

molecular interactions in the quantum-statistical domain (on the molecular scale) to cosmology and 

relativistic astrophysics (on the cosmic scale). The community of science should become ready to expect 

appearance of additional laws of thermodynamics, in particular, from development of a rigorous 

mathematical formulation and its use in the emerging technologies, which include artificial intelligence, 

genetic engineering, structural biology and biophysics.  

KEY POİNTS 

• Blackbody radiation is a radiation, which is, itself, in thermal equilibrium. A body is said to be 

emitting thermal radiation, when this radiation is in thermal equilibrium with the emitting source. 

• Entropy is understood as the available energy (heat), which can be utilized to run a heat engine. In 

another perspective, it is thought of as a measure of disorder. 

• The concept of potential in thermodynamics could be considered as the agent, identified as temperature, 

which sets the direction of flow of heat. 

• The first 2 paradigms of physics are, essentially, the first and the second laws of thermodynamics. 

Other laws, which exist in the literature, are the zeros law, the third law and the fourth law. 

• A fifth law of thermodynamics is proposed in this paper, which states that on a microscopic scale, heat 

may flow from positive- to negative-absolute temperature (passing through zero-absolute temperature) 

through tunneling process. However, no heat engine could operate with a heat sink at absolute zero or 

below absolute zero. 
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