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Abstract   
 
We reviewed physical science by formulating the universal principle of reversibility in terms of force, convertibility, unity, 
and mathematics of relationship.  
The Reversibility Principle is advanced as the essential construct of nature integrating the basic natural phenomena and 
bringing forth a single strategy of physical science for the future Nobel Prize discoveries.  
It produces a systematic modelling of diverse physical forces and energies, processes and phenomena to predict the actions 
of physical forces and effects, to discover and exhibit natural relationships.  
The fundamentality of discovery implies if there is the Faraday effect, Lorentz-Zeeman effects, Doppler effect, Einstein’s 
photoelectric effect, Compton effect, Cherenkov effect, Mössbauer effect, Hall effects…., there MUST be the Inverse Far-
aday effect, Lorentz-Zeeman effects, Doppler effect, Einstein’s photoelectric effect, Compton effect, Cherenkov effect, 
Mössbauer effect, Hall effects,…, by LAW, of Reversibility of Effects and Convertibility of Forces and Energies. 

Keywords Nature, Modern Physics, New Physics, Mathematics, Category theory, Principle, Laws of Nature, Force, 
Convertibility, Reversibility, Unity, Symmetry, Conservation, Abstract Algebra, Category Theory, Forcible Relation-
ship, Processes, Phenomena, Direct Effects, Inverse Effects, Duality Principle  

1. Introduction 
Physical science, including its basic science of physics, 

has been evolving without any single strategy since its rev-
olutionary formation as the modern natural science of the 
physical world.  

Modern physics was emerging as an experimental com-
bination of independent studies: mechanics, optics, acoustics, 
electricity, magnetism, heat and studies of matter and its 
properties.  

The key idea of the modern physics consisted in the intu-
itive understanding that different forces of nature and forms 
of energy are mutually INTERRELATED and reciprocally 
INTERCONVERTIBLE, but these universal phenomena 
have never been expressly formulated as the basic principles 
of nature.  

This contradiction is explained by the empirical method-
ology of physical science: “physics has evolved and con-
tinues to evolve without any single strategy”, while its ulti-
mate goal to find a unified set of principles and laws gov-

erning force and energy, matter and change in micro-, meso- 
and macro-world [1].  

If the reversibility properties of nature and the converti-
bility of energy and unity of the forces of nature had been 
formulated as a universal principle and basic laws since the 
beginning of modern physics, we'd have different physical 
science, more logical and systematic, predictive and pro-
ductive and more aesthetic and attractive.  

2.The State of Affairs of Physical Science 
As known, the Nobel Prize in Physics has been awarded 

109 times to 201 Nobel Laureates between 1901 and 2015, 
according to the Nobel Foundation. And the key achieve-
ments lie in the serendipitous and intuitive and ingenious 
discovering of empirical physical laws and effects, as the 
Lorentz-Zeeman effects, the Doppler effect, the Einstein’s 
law of photoelectric effect, the Compton effect, the Che-
renkov effect, the Mössbauer effect, or the Hall effects, 
within 100 years incrementally enriched with the discoveries 
of subatomic entities, symmetry principles, conservation 
laws and generalizing force fields theories [2]. 
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While, the Faraday’s belief in the unity of the forces of 
nature, or that all the forces of nature are but manifestations 
of a single universal force and must be convertible one into 
another, made possible the classical electromagnetic field 
theory, the first foundation of modern physics.    

2.1. Physical Science: the Scope and Scale 

Physical science is the leading empirical science being 
simple in its principles but universal in the scale and scope of 
the application. Regardless of increasing numbers of ex-
periments and observations, discoveries and divisions, ef-
fects and their applications, a small number of universal laws 
are operating all the acts of the universe, and the same prin-
ciples regulate the most complex processes and effects of all 
natural forces.  

It is recognized that all physical sciences have three 
common characteristics while studying the world of chang-
ing things, matter in motion, energy in conversion, forces in 
action, and processes in effects: 1. experimentation and 
observation and scientific method to study, demonstrate and 
discover, 2. applying mathematics and strict symbolical 
formalism to formulate hypotheses, empirical laws, gener-
alizations and their consequences, 3. putting all the phe-
nomena of nature and actions of universe under the fewest 
number of primary principles and basic laws of nature in the 
simplest mathematical statements, logical formulations and 
consistent theories.    

Physical science is traditionally defined as the natural 
science doing the systematic study of the inorganic world, as 
being completed with the life science of biology doing the 
systematic study of the organic world.  

Its subject is treating of the general properties of matter as 
a whole, its composition and structure, properties and states, 
energy and force-relations to formulate the first laws of 
behavior of the universe and nature, as divided among four 
interrelated branches: astronomy, physics, chemistry and the 
Earth science. 

Astronomy, including astrophysics and cosmology, stud-
ies the entire universe beyond the Earth, including the uni-
verse’s structure and evolution, its cosmic objects (as stars, 
galaxies, planets, moons, asteroids, comets and nebulae) and 
their physical processes (as supernovae explosions, gamma 
ray bursts, and cosmic microwave background radiation, 
etc.), and how the Earth relates to interactions with the solar 
system.  

Chemistry treats of the structure, composition and prop-
erties of substances and all possible changes, transformations 
or reactions they undergo, being about the properties and 
reactions of molecules. It is about the interactions of sub-
stances through chemical reactions to form different sub-
stances, including analytical chemistry, inorganic chemistry, 
organic chemistry, biochemistry, polymer chemistry, phys-
ical chemistry, and industrial chemistry. 

Earth science is dealing with planet Earth, how the natural 
environment (ecosphere of geosphere and biosphere or Earth 
ecosystem) works and evolves, including the study of the 
atmosphere, hydrosphere, lithosphere, and biosphere, in-
volving atmospheric science and environmental science, 
geology and geography, geoinformatics, glaciology, 
oceanography and soil science. 

The core of physical science, physics, deals with the 
structure of the matter and the interactions of the funda-
mental constituents of the universe, including all the hypo-
thetical constructs like as “dark energy” or “dark matter” and 
“dark force”. It is the science that treats of matter and energy, 
forces and interactions and their regularities and laws gov-
erning the reciprocal interplay while being tested and proved 
by analysis and observation, control and measurement. 

Despite seeming differences, all the physical sciences are 
interrelated by the basic principles underlying all natural 
processes, phenomena and interactions, provided by the 
principal natural science of physics.  

2.2. Modern Physics: Its Key Subjects and Principles  

Modern physics was founded as a synthesis of separate 
sciences: mechanics, optics, acoustics, electricity, mag-
netism, heat and studies of matter and its properties. The 
whole idea of the modern physics consisted in the intuitive 
understanding that different forces of nature and forms of 
energy are INTERRELATED and INTERCONVERTIBLE, 
but these universal phenomena have never been expressly 
formulated as the basic laws of nature.  The Faraday’s in-
tuitive belief in the unity of the forces of nature, or that all the 
forces of nature are but manifestations of a single universal 
force and must be convertible one into another made possible 
the classical electromagnetic field theory, the foundation of 
modern physics.    

Modern physics includes the subjects of gravitation, me-
chanics and sound, particles and atoms, thermodynamics and 
heat, electricity and magnetism, light and electromagnetic 
radiation. Its main task is the nature, origin, actions and 
interactions of force-fields, gravitational, electromagnetic 
and nuclear, the strong color force between quarks and the 
weak nuclear interactions, all mediated by the quanta ex-
change, as vector gauge symmetry bosons. 

In all, physics viewed as natural science doing the general 
analysis of nature to understand how the universe behaves, 
while being in the space of force fields and relying on a few 
simple laws and principles of nature and the universe. 

Mathematics, as the key tool of natural sciences, is 
emerging as the abstract science of structure, order and re-
lationship. As applied mathematics, mathematical physics 
has to generate a complete and consistent representation of 
nature as the system of natural entities, forces and changes, 
the total sum of material existences and forces in the universe, 
all in terms of mathematical systems of axioms, rule, as the 
function rule, principles, as duality, and theorems, deduced 
laws.  

In all, the fundamental principles, causes and theories of 
the universe and its phenomena are relationships and inter-
actions, unity and diversity, reversibility and convertibility, 
regularity and order, symmetry and conservation, change and 
motion, relativity and space and time, mass and energy, 
fields and forces, as well as thermodynamics, mechanics, 
classical, statistical, quantum and relativistic, field theory, 
and nonlinear dynamic systems theory. 

The fundamental axioms and postulates of physics are that 
“all is relative”, interrelated and interacted, in the physical 
universe, space and time, mass and motion, energy and force, 
but the basic principles and laws, as reversibility and con-



vertibility, symmetry and conservation. The symmetry con-
cept and its symmetry operations, what led the natural phi-
losophy of Newton and defined relativity and quantum the-
ory, are mutually related to the conservation concept and its 
laws of invariances. Each conservation law (of energy or 
momentum or mass-energy, quantum numbers or baryon 
number and lepton number) has a corresponding symmetry, 
or invariance and uniformity (as time reversal or space in-
version or parity and internal symmetries).  

And all is generally specified by the algebraic concept of 
symmetry groups, as Lie and finite groups, going as the 
foundation for the fundamental theories of modern physics. 
The idea is to further unify the electroweak forces with 
quantum gravity forces transmitted by the massless quanta of 
gravitons.  

Most of modern theoretical physics is about the types of 
symmetries of the Universe and finding the invariants (under 
all the symmetries) to construct field theories as its general 
models, like as the Standard model of CPT symmetry. It is to 
describe the fundamental forces and fields predicting that the 
exchanged particles called gauge bosons are the fundamental 
means by which forces are emitted and absorbed. 

2.3. New Physics: From Basic Force-Fields to Prime 
Fundamental Force or Super Symmetry 
Force-Relationship  

In modern physics, all of the forces in the universe are 
based on four fundamental interactions: the strong and weak 
forces as nuclear forces acting at very short distances and 
responsible for the interactions between subatomic particles; 
the electromagnetic force acting between electric charges, 
and the gravitational force acting between masses, as the 
Earth-body system.  

All of the forces in the universe are tended to be interre-
lated and united as different manifestations of a fundamental 
force, or a single super symmetrical force or supra power, 
one proto force. The weak and electromagnetic forces are 
already manifestations or expressions of a more fundamental 
electroweak interaction. A Grand Unified Theory relates the 
electroweak interaction with the strong force of QCD. And 
four main force-interactions, strong, electromagnetic, weak, 
and gravitational, would combine into the proto force, the 
Faraday’s universal force, in a theory of everything, like as a 
string theory. One might add up here a hypothetical fifth 
fundamental force of nature, “dark force of dark energy and 
matter”, seeking by many laboratories. That might implies 
that all the fundamental force-interactions might come out as 
different manifestations of the prime natural force, the prime 
mover, the first cause of all changes in the universe, in-
cluding the original event of the hypothetical Big Bang, the 
singularity referring to the early hot, dense state considered 
the "birth" of the universe. 

So, the final cause of natural science of physics is, in the 
most general way, to formulate a system of comprehensive 
principles uniting and explaining all physical phenomena, 
physical causes and forces, mechanical, gravitational, ther-
mal, electromagnetic, and nuclear forces, weak and strong. 

The very universality and convertibility of natural forces 
and the reversible relationships of physical causes and thence 
their inherent integrity inspired Faraday, Maxwell and Ein-

stein to seek unification of all the physical processes by a 
single set of physical laws. 

The very universality and symmetry of interactions of 
natural forces, or reversibility of physical processes, has 
inspired great physical minds to discover the basic laws of 
physics, as symmetry principles and conservation laws, and 
formulate the quantum theory and relativity principle, as 
Einstein’s matter-energy relationship or space-time rela-
tionship. 

The very universality of conservation laws of interactions 
of natural forces, as gravity, nuclear interactions, or elec-
tromagnetic interactions, has inspired to discover one of the 
basic principles of nature, that the laws of physics remains 
valid in all places and times in the universe. Regardless of all 
the changes taking place with physical systems, of any scale 
and complexity, basic physical quantities, as mass, mo-
mentum, mass-energy, or baryon number, remain un-
changeable or constant. 

But, regardless that the great ideas of forcible interactions, 
process reversibility, energy and effect convertibility have 
been guiding physical science since its origination, neither 
has been properly formulated as the fundamental principle 
and general law of nature and the universe.  

To contribute, we introduced the concepts of fundamental 
force-relations, convertibility laws and reversibility princi-
ples, as the highly integrative principles of physical sciences, 
especially, the natural science of physics and theoretical 
physics, and the most fundamental laws of nature, or the 
universe [3]. 

As a result, the interactions of natural forces are formu-
lated in new terms of force-relationships, covering forces, 
force line or force-fields. Forces are constructed as sym-
metrical force-relations, forceful interrelationships, efficient 
interrelations, powerful interrelationships, energetic inter-
connections, effective mapping, or forcible interactions 
producing physical changes and effects.  

Natural forces are engines of the universe and being 
studied much less than the whole subject deserves. It is 
forces, their actions and interactions, determine the structure 
of the universe at all its levels, microscopic or macroscopic 
or cosmological. We know little about forces, their nature 
and properties, kinds and laws and relationships, some even 
hypothesizing that in unified field theories “all forces are 
fictitious”, or pseudo forces. Most references here tradition-
ally go to the use of Newton's Second Law for a definition of 
force, which was disparaged as essentially a mathematical 
truism by notable physicists, philosophers and mathemati-
cians looking for a more substantive definition of the concept 
of force, as the principle of all physical science.  

Still, applying symmetry to forces, the third law pin-
pointed the key feature of forces: all forces are interactions 
between different bodies. That means that they have the 
nature of interrelationships of power, efficiency and energy, 
what could be generalized as a symmetrical 
force-relationship. In other words, there is no such thing as a 
unidirectional force or a force that acts on only one body, in 
one progressive direction. Whenever a body exerts a force F 
on another body, the other one exerts a force −F on the first 
body, now in the regressive direction. F and −F are equal in 



magnitude BUT opposite in direction, having both magni-
tude and direction as vector quantities.  

This action-reaction law, with F called the direct "action", 
or progressive force, and −F the reverse "reaction", retro-
gressive or inverse force, is making a decisive inductive case 
for the most fundamental truth about nature. This truth is that 
the action and the reaction relationships are universal phe-
nomena applied to all physical interactions and forces, fun-
damental and non-fundamental.  

2.4. The Diversity and Unity of the 
Force-Interrelationship 

All the forces of nature look hierarchically ordered, 
making up the natural hierarchy of forces, forces, force lines 
and force fields, topped by the fundamental force, the super 
symmetry force-interaction, a single universal force of a 
unifying theory of everything, subordinated by 4 funda-
mental force-interactions, producing the so-called 
non-fundamental forces.  

The non-fundamental forces are classified as normal force, 
friction, tension, elastic forces, continuum mechanics forces 
of pressure, drag and stress, or fictitious forces coming from 
non-inertial reference frames, as the centrifugal force and the 
Coriolis force and general relativity gravity. The pressure 
gradients and differentials is said to cause the buoyant force 
for fluids in gravitational fields, the aerodynamic forces of 
lifting in flight, winds in atmospheric science, like trade 
winds and anti-trade winds in the tropics.     

Besides, forces are also classified as conservative or not 
conservative, where conservative forces are equivalent to the 
gradient of a potential energy field while not conservative 
forces are not. The former includes gravity, the electro-
magnetic force, and the spring force, while the latter friction, 
contact forces, tension, compression, and drag.  

By their very nature, natural forces are natural causes and 
effects, all of the same kind of natural entities: events, ac-
tions, processes, or changes of states of some physical sys-
tem, like the motive force is a rate of change of momentum. 
They are the mutual and reciprocal actions of one physical 
system or body to another to produce effects, or interactive 
relationships, the force-interrelationship.    

Forces are not only what causing efficient changes of 
physical properties, but also what opposing any agency and 
efficiency. Both the active processes producing changes and 
the reactive processes opposing changes, as the inertial force 
and motive force, change of momentum-motion, acting 
power and operating energy, force-fields. And the actions of 
forces are always in both directions, progressive and retro-
gressive, direct and inverse, inductive and resistive, attrac-
tive and repulsive, forward and backward, while defining the 
symmetry operations and conserving critical physical quan-
tities as mass, momentum and energy, parity and baryon 
number. 

So forces are not only active agencies, but also passive 
agencies. Inertial forces, opposing any agency and efficiency, 
are the universal and inherent power of physical entities and 
systems to resist physical changes, mechanical, thermal, 
magnetic, or electric. Such resistive forces are opposing 
changes in the initial state of equilibrium, in motion, in 
electrical current, in magnetic fields, in electrical fields, in 

electromagnetic fields, etc. There are then mechanical inertia 
measured by mass, electrical inertia measured by conduc-
tivity and resistance, magnetic inertia by inductance and 
magnetic resistance, electromagnetic inertia by induction 
and permeability, etc.     

In other words, the space is inverted (Parity or 
P-symmetry) and the direction of time is reversed 
(T-symmetry, or time symmetry) because there are sym-
metrical forces in their actions and directions, as active and 
retroactive forces. All the complex physical processes are 
reversed, converted, retroacted and there is R-symmetry 
(force-relation symmetry), both global and local, the fun-
damental principle of nature or the physical universe.  

2.5. What’s Necessary for the Physical Science of the 
21st Century 

Our 40 years long research in theoretical physics, math-
ematics of relationships and formal ontology has been 
leading to the necessity of formulation of the new integrative 
concepts of physical science of the 21st century: 
Force-Interaction, or Force-Interrelationship, and its Princi-
ple of Reversibility and Convertibility Laws, as being among 
the most basic principles and fundamental laws in nature. 
That also reflects the general fact that we live in the dynamic 
universe of force-interactions defining all ensuing regulari-
ties in the order of physical entities and processes, including 
the symmetries and conservation laws [4].   

The enormous theoretical value and practical utility of 
Force-Interrelationship, Reversibility and Convertibility as 
the basic constructs and laws of physics and physical sci-
ences are proved by the reverse force-relationships, reversi-
ble actions, of all natural effects and physical processes, of 
all interacting physical forces and fields. 

As a consequence of the Reversibility and Convertibility 
of all physical forces, phenomena and energy forms, each 
real physical process must have its inverse counterpart, like 
as there are magneto-optical processes and there converse, 
opto-magnetic processes, otherwise their nature, law and 
description should be properly reviewed. 

As another consequence, each real direct physical effect, 
when properly defined, must have its inverse counterpart, as 
the Faraday effect, relating magnetism and optics, has the 
inverse Faraday effect; otherwise its nature, law and de-
scription need a deeper study and should be properly re-
viewed. 

Currently, there may be about 10000 physical effects 
specified by a multitude of physical materials, systems, or 
force fields, of which the most part happens to be represented 
by only one-side effect [5].  

On the intuitive level, the idea of convertibil-
ity/reversibility in nature complete with the concept of unity 
of natural forces were guiding principles in Faraday’s dis-
covery of magnetic and electric effects and Maxwell’s pre-
diction of electromagnetic fields caused by the mutual in-
teractions of magnetic and electric force-fields.  

If such is the case, many inverse effects are to be discov-
ered under particular experimental conditions, thus giving 
new physical laws for new physical devices, technology 
systems, and machines performing the transformation of 



physical changes and energy (mechanical, thermal, electrical, 
magnetic, electromagnetic, nuclear) into each other.  

Moreover, regardless their multitude and variety, all the 
existent and not yet uncovered physical effects are falling 
into one or another of a few physical processes, a 
self-consistent system of physical phenomena, distributed 
network of physical processes, first presented as an ency-
clopedic knowledge base for physical science in 1989 [6].  

It is all demonstrated below by widely known physical 
facts and theories, as well by the mathematical formalism of 
abstract algebras. Mathematics as the study of quantitative 
relationships and its branches, as mathematical analysis and 
abstract algebra of abstract structures, is the critical tool in 
the natural science of modern physics. Specially, theoretical 
physics has made many successful achievements due to the 
functional analysis, linear algebra, groups, fields and rings, 
while lattice theory, relation algebras and categories got the 
least application.  

Because of its nature, the most full formal description of 
natural forcible relations exchanging forces, power and en-
ergy, can be given in terms of ordered sets, functions, and 
categories instead of the group-like concepts well-fitting for 
symmetrical transformations of physical systems and pro-
cesses and fundamental force-interactions. 

In all, the new physical science stands in need of a uni-
versal principle of nature to be accountable for the inter-
connection and convertibility of all physical phenomena, as 
inverse physical effects, for all nonlinear phenomena and 
complex dynamic systems, like as the concept of the Fun-
damental Force-Interrelationship, the Principle of Reversi-
bility and Convertibility of physical phenomena, standard or 
quantized.  

This might be expressed shortly: if there is the Doppler 
effect or the Faraday effect, there must be the Inverse Dop-
pler effect or the Inverse Faraday effect just BY LAW; oth-
erwise it is not a real effect.  

The Nobel Prize in Physics has been awarded 109 times to 
201 Nobel Laureates between 1901 and 2015, according to 
the Nobel Foundation, see the Supplement 1. Of which the 
foundational achievements were performed in serendipitous 
empirical and intuitive discovering of special physical ef-
fects, like the Einstein’s law of photoelectric effect, the 
Compton effect, the Cherenkov effect, the Mössbauer effect, 
the Hall effects and many other effects [5]. This great em-
pirical performance has been enriched with new performance 
in the fields of symmetry and conservation, prediction and 
detection of new physical entities and properties as super-
conductivity and fluidity, climaxing with formulating inte-
grating models for the fundamental force fields, or rather the 
basic force-interactions. 

It should be noted that the Law of Process Reversal com-
bines all the key attribute of universal laws of nature: as-
serting the interdependence between varying quantities of 
physical properties; stating that physical events occur an 
invariant order; dealing with cause and effect relationships, 
and stating a constant regularity in the relations or order of 
physical phenomena in the world, thus embracing all em-
pirical regularities of numerous physical effects.  

In sum, an “outstanding scientific importance” of the 
Principle of Process Reversal and its Effect Conversion 

Laws consists in enabling the prediction of physical pro-
cesses and actions of physical forces and effects as well as 
the nonlinear interactions and macroscopic behavior of 
complex systems in the systematic and consistent ways 
without having to consider the details of the courses of 
physical processes and systems [7].  

3. Mathematics of Universal Force: Re-
versibility Principle and Convertibility 
Laws  

The algebraic language of relations, categories and func-
tors looks the effective mathematical instruments for a for-
mal description of interactions of physical phenomena in 
terms of force (cause-effect) relationships generally de-
scribed as the force-interrelations and defined as the pro-
ductive interrelationships of force, energy or power, activity 
and efficiency, represented by the state-change-variables, or 
varying quantities of physical changes. For the interactive 
forces of relations are the interrelationships among specific 
kinds of entity variables, neither object variables nor state 
variables, but change variables, presented in the material 
world as physical forces involving changes in quantity (state) 
variables. The Reversibility Principle and Convertibility 
Laws being deduced from the mathematical physics of uni-
versal forcible relationship have a close analogy to the du-
ality principle, an essential property of mathematical struc-
tures having a lattice order, as set theory, symbolic logic or 
projective geometry. Or, one true statement, operation, 
function or effect can be obtained from another by convert-
ing, transposing, or interchanging its correlatives. The dual 
formulation in natural science of physics is as true as in 
mathematics.    

3.1. The Fundamental Force as a Pre-Ordered Category 
of Change Sets  

Bearing in the mind that the nature of 
force-relations RC is described by the mathematics of 
relations, relation algebras and abstract algebra of categories, 
a formal definition of a category of RC is to be obtained by 
the standard axioms and postulates of category theory as 
filled with real content:  

• There is a class of disjoint change sets CX, CY, CX 
…of a universal change set C; 

• There is a class of transformations R1, R2, R3 , … of 
a universal force-interrelationship set RC, named 
functions describing the forcible relationships 
between change sets, namely from the domain 
change sets to the change range sets; 

• There exists an identity force-relationship of 
interactions IC = ∆ = RC(C, C) which may be 
associated with each change set ∆X = IX: CX → CX; 

• To each ordered couple of change sets CX, CY in RC, 
it is assigned the set of one-to-one transformations 



R1 (correspondences, morphisms, or maps) from CX 
to CY, as well as the set of inverse morphisms R1

-1 

from CY to CX;  
• To each ordered triple of change sets CX, CY, CZ in 

RC, it is ascribed a composition function (a law of 
composition) R1 (CX x CY) → R2 (CY x CZ) = R3 (CX 

x CZ);    
Then it follows that the category of 

force-interrelationship is to be figured as a pre-ordered 
category (with involution #) of two disjoint change sets, CX 
and CY, together with four morphisms: ∆X, ∆Y, R(CY / CX ), 
and R(CX/CY).  

The structure corresponds to a full graph depicted 
as a symmetrical graph with all the possible interrelations 
(arcs) between nodes (loops). 

As a result, the total of force-relationships can be 
constructed as the totality of ordered classes of changes. 
Seeing that the force-relationships belong to the class of 
causally ordered processes, RC ⊆ C x C ⊆ Π ⊆ R, the 
entirety of its connections will constitute the relational 
structure of the universe, or the physical world W: 

RC ⊆ <C, C x C, ∪, ◦, ≤ , # > ⊆ W   (1) (1) 

The algebra of the fundamental force-relationship 
on a set of change variables involves the binary operations of 
set union and intersection ∪ ,  , direct product x, the unary 
operations of negation -1 or inversion #, the order relation ≤, 
and the operation of composition ◦, all is liable to the laws 
and rules which are valid for formal relationships in general 
[8].  

3.2. From Basic Force Fields to Fundamental Natural 
Force-Interaction 

In the language of class variables, the fundamental 
natural force-relationship of changes (natural, physical, 
or chemical) can be formulated as a system of 
interconnected change variables:  

RC = Ci R  Cj       (2)      (2) 

Here indexes i and j are subject to conditions: 
i j=∅; 0≤  i, j ≤ n; R2 is a composition of relation R such 
that Ci R2 Cj= Ci R Ck◦Ck R Cj. The force-relation formula 
indicates that the interplaying forces, or action-causes and 
effect-effects must be always of distinct types of changes and 
processes.  

The relation R  = CiRCj ∪ CiRRCj ∪ CiRRRCj 
∪...being a complete enclosure of a finite class of change 

sets is represented by a full graph where all the nodes 
symmetrically linked up with each other by directed arrows. 
That suggests that the bondage or linkage of things can be 
firstly measured as the set of all possible efficient links (ties, 
bonds, and connections) among them, plus spatial and 
temporal relations. Also it suggests that there is no such a 
strictly fixed priority of input causes before output effects 
like as given by asymmetrical expression CX x CY, where the 
order of their being is assumed not to be reversed.  

In fact, physical entities interact, being in reciprocal 
actions and mutual influences, every entity can change (act 
on) other entities or be changed (is acted upon by) by other 
entities. Such a universal regularity in the relationships of 
changes and order of phenomena in the world is described by 
the Process Reversibility Principle formulized as the 
equation:  

< CX , CY > =# < CY , CX >              (3)  

Where the function # ⊂ R# is reversal operator #: 
RC → RC

# which describes the operation of reversing the 
order of two disjoint changes or actions or force-causes. The 
reversion rule can be formulated like as CX is a necessary and 
sufficient for CY, meaning  

A change of type CX would bring about a change 
of type CY if, and only if, CY were to produce CX.  

This fundamental principle of change confirms that 
any fundamental process of the universe stands in a 
relation of convertibility (reversibility), reciprocity and 
mutuality, thus accounting for inverted, reversed, reciprocal 
and interactive phenomena in nature. Alternatively, the 
principle of inverse force-relations may be read as:  

Whatever comes into being as a process just as 
well will come as the inverse process.  

Thus, the real interrelationships of forces, power 
and energy are transitive, symmetric, and reflexive; for, 
additionally to the property of transitivity of changes (or 
actions) when cause of cause is cause of effect, there is also 
other essential characteristic of process reversibility: the 
inherent quality of all real processes to be reverted, 
retroacted or retrogressed in opposite order.  

In the natural world, due to the universal 
phenomena of convertibility and reversibility, processes are 
arranged in a circle of changes, actions or events; thus 
making up the mutual, reciprocal natural relationships, as 
in: RC ∪ RC

 # ⊆ CX×CY×CX, where the symbol RC stands for a 
forward  process and RC

 # for the backwards process. As a 



result, we obtain a full interrelationship or a circular 
process made up of distinct changes, CX and CY; of any kind, 
substantial, quantitative, qualitative, variable, or relational:  

(CX ≤ CY)◦(CY ≥ CX)=CX ≤ ≥ CX           (4) (4) 

The formula indicates that when the forward 
process has come-to-be, the backwards process must always 
come-to-be too. In other words, real processes are nothing 
but mutual relationships of cause-changes and 
effect-changes, that it is a reciprocal process between two or 
more kinds of changes.  

For such a tendency is retained for more complex 
cases of ternary, quadruple, quintuple, or n-tuple circles of 
changes, actions, or causes. So, for the recurring series of 
actions of the length 3, which is a case of ternary relations 
(CX×CY×CZ) ∪ (CZ×CY×CX), we obtain a circular chain of 
three changes CX, CY, CZ such that CX ≤ CY ≤ CZ or CY ≤  CZ 
≤ CX or CZ ≤ CX ≤ CY, i.e., forming a ternary loop or cycle of 
physical changes standing to each other in the relation of 
mutual intermediacy.  

Essentially, the class of natural processes as a 
species of the class of relations preserves a lattice-ordered 
structure, too, thereby constituting a partially ordered set of 
changes subject to the standard Boolean operations, and all 
other algebraic relations, along with the operation of 
composition and reversion. 

The above rule allows a comprehensive and 
systematic analysis of force-relations in any knowledge 
domain due to the generality of mathematical account of 
efficient relationships of forces, as generalizing the 
cause-effect relationships as the major subject of empirical 
sciences as physical science.  

3.3. The Totality of the Physical Processes: A Graph 
Network of Physical Phenomena 

The totality of physical processes could be now 
modelled as a reversible network of mechanical phenomena, 
quantum-mechanical phenomena, thermal phenomena, 
magnetic phenomena, electrical phenomena, and 
electromagnetic fields. Or, isomorphic to it, a symmetrically 
directed graph network of mechanical energy, 
quantum-mechanical energy (e.g., atomic energy, activation 
energy, binding energy, and chemical energy), heat energy, 
magnetic energy, electrical energy, and radiant energy. 

Each link, edge, arc, or line of which, bearing a 
forcible or energetic relationship, interconnects its nodes, 

vertices, nodes, or points, as a cause-input and an 
effect-output in a reversely ordered way. 

The general formula for the totality of (natural) 
physical processes Πp ⊆ RC will be represented as Πp = Ci 

R Cm; here indexes i, m and n are subject to conditions: i 

m=∅; 0≤  i, m ≤ 5 and n=5.  

The transitive enclosure R satisfied due to the fact 

of convertibility of natural phenomena, physical processes 
and reversibility or retroactivity of all physical effects.  

As a result, a full self-consistent network of 
physical processes will be expressed as symmetrical 
force-interrelationships of physical changes having the 
property of a tensor quantity:  

Ci R Cm = CM
i R CT

j ◦ CT
j R CE

k ◦ CE
k R CMa

l ◦ CMa
l R CEM

m … (5)       
(5) 

Where accepted the following symbolic 
representations: 

CM represents mechanical changes, as motions and 
inertial or motive forces,  

CT refers to all thermal changes and temporal 
differences,  

CE stands for electrical changes,  
CMa symbolizes magnetic fluctuations,  
CEM is used to represent electromagnetic changes.  

Excluding chemical changes of substances and 
taking the standard case of binary force-relations, we obtain 
a rather exhaustive collection (network) of physical 
processes: 

 Mechanical processes relating mechanical changes, 

motions and forces; 

 Quantum mechanical processes connecting 

quantum events; 

 Thermal processes relating thermal changes;  

 Electric processes converting electrical changes; 

 Magnetic processes interrelating magnetic changes; 

 Electromagnetic processes (radiation or waves) 

interconnecting electrical and magnetic fields; 



 Mechanothermal processes generating the 

differences in temparature by mechanical stresses 

and the inverse, thermo-mechanical phenomena 

producing mechanical forces with temperature 

changes;  

 Thermoelectric processes causing electricity with 

heat and electrothermal processes generating 

temperature change by electricity; 

 Electro-magnetic processes generating magnetism 

by the action of electricity and magnetoelectric 

processes producing electricity by the operation of 

magnetic forces; 

 Magneto-electromagnetic and 

electromagnetic-magnetic processes (including 

magneto-optical and optomagnetic processes) 

interrelating electromagnetic radiation and 

magnetism; 

 Mechanoelectromagnetic processes (including 

quantum processes and 

electromagnetic-mechanical processes (with 

reversed quantum processes) determining the 

interrelationships of mechanical energy and 

electromagnetic radiation; 

 Mechanoelectric processes  (classical and 

quantum) and electromechanical processes where 

mechanical stresses generate electricity and vice 

versa when electricity effects mechanical 

phenomena; 

 Mechanomagnetic processes and 

magnetomechanical processes (quantum and 

classical) interrelating mechanical forces and 

magnetc forces; 

 Thermomagnetic and magnetothermal processes 

interrelating heat and magnetism; 

 Thermoelectromagnetic and 

electromagnetothermal processes interconnecting 

radiaton and temperature change; 

 Electro-electromagnetic and 

electromagneto-electrical interractions pertaining 

to conversion of radiation into electricity and 

converse phenomena, transforming electricity into 

electromagnetic waves. 

Note that the formalism covers more complex 
forcible interrelationships of physical forces and processes, 
like magnetohydrodynamics involving the interactions of 
electromagnetic, mechanical, thermal, and hydrodynamic 
forces.  

It is crucial, each complete process is a 
force-interralationship, a forcible and energetic relationship 
of cause (an input change or energy or power or force) to 
effect (an output change or energy or power or force) which 
in order to occur requires a specific physical entity, object, 
system, material, or force field. Now, depending on the 
physical properties of a given material entity (size, mass, 
composition, weight, temperature, magnetization, etc.), a 
given process can be materialized as various physical effects 
subject to measurements and experimental observations.  

Basing on the mathematical model of physical 
processes, we could develop a unique knowledge innovation 
product: the global base in physical science for AI, added 
with functional descriptions readable by machines, as it is 
originated in [6]. 

3.4. How Modern Physics Reversibility Lost 

The reason why the Reversibility Principle of the 
Physical Universe has been missing as the fundamental law 
of nature is the matter of scientific methodology: how we see 
and formalize the cause-effect relationship, the most 
important concept in empirical sciences. It is often 
overstated that “the great conceptual revolutions of modern 
natural science of physics” consisted in displacing the 
“causal interactions of physical entities” with the “functional 
relationships of variables””.  

Here is a standard approach typified by Nobel Prize 
laureate Herbert A. Simon claiming the asymmetry of a 
causal relation, that a strict ordering is its key feature, that it 
is an asymmetrical relation between variables or their 
values, a function of one variable (the cause) on to another 



(the effect). And that, given a system of equations and a set 
of variables appearing in these equations, one can introduce a 
series of asymmetric relations among individual equations 
and variables following such a partial notion of a causal 
ordering of physical processes. 

In physical sciences, theoretical causality is viewed 
as a lawful relationship of general changes to matter and 
energy occurring to different objects in different places at 
different times, involving fundamental processes and 
physical effects, where the input variables function as causes 
and the output variables as effects.  

On the other side, physical causation, the working 
causality, will be the actual productive connections among 
distinct change-occurrences happening to a specific object 
(or a system of objects) at a unique spatiotemporal location. 
This level applies to so-called “singular causation”, 
deterministic or probabilistic, as a temporally ordered 
asymmetrical and irrefexive relation of individual events, 
still acting in forward or backward directions. 

As a matter of physical science, the efficient 
interrelationships among physical changes are expressed by 
symmetrical differential equations containing 
change-differentials of a state function, such as: 

o Maxwell’s equations describing the 

changes of electromagnetic field; 

o Schrodinger’s wave equation, the basic 

equation of wave mechanics; 

o Einstein’s equations describing the 

changes of gravitation field.  

In the equations, change of quantities (or of the state 
functions f(x), F (x)) is mathematically represented either as 
a differential d, increment ∆, derivative dy/dx with respect to 
x, or as a variation δ. Specifically, the symbol d/dt is the 
mathematical expression for the rate of change of some 
physical quantity with respect to time. 

This all leads to the following significant 
conclusion. Underlying all the formal interrelations of 
physical changes in the state variables, reciprocal forceful 
relationships determine the structure of the physical 
world, its phenomena and mechanisms, as well as the 
physical artifacts, their structures and functions, as 
applications designed to realize in practice natural effects or 
processes.  

For instance, the operation and the components of 
such important devices as electric generators, transforming 
mechanical motions from primary sources to electricity, and 
electric motors, converting electric energy to mechanical 
phenomena using electromagnetic induction, is regulated by 
two convertible principles, Ampere’s law and Faraday’s law. 
Since the same reversible natural process underlies the laws 
and the action of the physical artifacts, both electric 
machines are complementary: motors may work as 
generators and inversely, generators may function as motors. 

4. Reversibility and Convertibility as the 
Engine of the Physical World  

There are remarkable laboratory experiments 
directly suggesting or testifying to the Reversal Principle in 
Nature. And they are as diverse as the classic Faraday 
experiments of relationships of magnetism, electricity and 
gravitation, QM test of Bell's inequalities with correlated 
photons, the asexual genetic cloning of a mammal using 
adult somatic cells, and the rescue of somatic cells from 
senescent death.  

At first sight, the experimental tests were designed 
to illustrate different truths of nature, like as. 'An 
experimental polarization of Einstein-Podolsky-Rosen type 
correlation' is thought to bear witness of spatial-temporal and 
causal non-localities of physical quantum reality. Or, the 
nuclear transplantation test discovered that the genetic 
material of adult somatic cells doesn't undergone irreversible 
changes. Or, ageing is not an irreversible process, but must 
be completed with its opposite process, rejuvenation. The 
cell aging experimental research established 'a causal 
relationship between telomere shortening and in vitro 
cellular senescence'; what became possible by the discovery 
of the reverse transcriptase subunit of telomerase from 
eukaryotes.  

In fact, the laboratory experiments once more tested 
that the inherent quality of any natural processes to run both 
forward and backward also applies to all natural phenomena, 
electro-magnetic effects, biochemical reactions or quantum 
physical processes. Faraday’ effects, Bell's inequalities, the 
asexual genetic cloning of mammals, and the extension of 
somatic human cells' lifetime, all this do testify to the 
universal fact of Nature - the process reversal mechanism.  

The rule that any natural process (phenomena) 
has a converse (relation), that any natural phenomenon 



(physical, chemical and biological) caused by some previous 
phenomenon is to be reversed in its order of action, has a 
profound extent and depth. The rule states that the opposite 
of physicochemical phenomena, where physical change 
produces chemical change, is the chemo-physical 
phenomena, where the chemical changing inversely produce 
changes in the states of physical systems. The same happens 
with biophysical and physico-organic processes standing in 
converse relations of actions and influences.  

The case of leading natural science, physical 
science, studying matter and energy and their interactions, 
can be fundamental to the argument of process reversibility 
or convertibility, though with some important reservations. 
The process reversal shouldn't be confused with the physical 
notion of reversibility of thermodynamics. For the latter 
implies reverse changes of a system from a final state to its 
initial position, like the reversible processes of a 
mathematical (frictionless) pendulum, where we only 
observe the inversion of the order of states involving one 
thing or the inversion of the order of changes again involving 
one and the same thing, simple or complex.  

In fact, a real natural process is to be identified with 
an efficient interrelation between changes of distinct 
systems, or distinct processes. Things receiving a change, as 
passing-away, coming-to-be, alteration, or any another sort 
of change whatsoever, must be of different sorts, one system 
may undergo the processes of passing-away, another coming 
into existence, growth or degeneration, useful or harmful 
alterations, increase or decrease, forward motion or reverse 
motion.  

For the case of the real pendulum, the physical 
device consists of two distinct objects (or systems) 
undergoing distinct changes, a compressed spring and a 
swinging pendulum, which are acting on each other.  

So there is the thermodynamic reversibility of 
the way of behavior and the universal natural 
reversibility of the order of actions of force-relationships 
of energy and power. 

To sum up, any physical phenomena has a 
reversed process, any physical effect has a converse,  the 
reciprocal, reverse, inverse, opposite effect, where the 
change-cause and the change-effect are turned about in 
order of interactive relationship.  

The reversibility principle is universal in its 
scope and scale, applying to the dynamics of the whole 
universe as well. That means if there is "the accelerating 

expansion of the Universe”, so there must be (or going to 
be) a cosmic retrogression, or the universe’s retroaction: 
"the accelerating compression of the Universe”.  

If the entropic regression from order to disorder 
is about chaotic disruptions of structure and 
organization of the universe, then its inverse, the 
entropic progression from disorder to order is about 
creative disruptions of structure and organization of the 
universe.       

4.1. Process Reversibility as the Ground for Symmetry 
and Conservation 

In all, the description of physical phenomena is 
rested on several basic concepts: matter or substance or 
body, energy, states, time and space, cause, motion and 
changes, interactions, and systems, the distinct collections of 
matter. Most of them are presented as physical quantities:  

Matter by mass, as related to weight, and subject the 
law of conservation: matter is neither created nor destroyed;  

State by energy, mechanical, potential, kinetic, 
thermal, atomic, etc., subject to the law of conservation: 
energy is neither created nor destroyed, but only converted 
from one form to another; 

Change by motion, measured by momentum, 
velocity and acceleration; 

Duration by time, which is numbering change and 
motion; 

Extension by space: the matrix of figures and 
distance; 

Cause by force and force fields, the powerful 
force-relation, integrating mass, distance, direction, 
momentum, velocity and acceleration, and defining the 
operating symmetries, invariances, uniformities, 
transformations, and the conservation laws. 

Most physical quantities, as mass, energy, 
momentum, electric charge, are subject to the correlated 
Principle of Conservation and Symmetry stating that nature 
remains constant with the passage of time, and most physical 
laws are subject to the Symmetry Principle implying that “all 
the laws remain valid in any time or place in the world”.  

Its ideas of physical symmetry and that processes 
changing the physical or chemical properties of substances 
(within an isolated system) leave some total quantities, mass, 
energy or mass-energy, unchanged or invariant during 
interactions are correlated with the prime concept of the 
Force-as-active-reactive-Relationship, the Principle of 
Reversibility and the Laws of Convertibility. It is thus 



allowing predicting the behavior of any system, natural or 
social, without considering the detailed course of a process, 
be it a natural process, chemical reaction, biological 
processes, conscience, a set of responses to social stimuli, or 
consciousness, mental actions toward natural objects, the 
environment conservation, or social interactions.    

To know the states of systems is to know all the 
possible properties, measured or observed, while to know the 
changes of states of systems is to know all the possible 
actions, alterations and modifications, manifested as 
different sorts of forces and fluctuations of force fields 
represented as changes of physical quantities. To know all 
the possible relationships among changes is equivalent to 
knowing the results and outcomes of all possible interactions 
among systems, and thus being able to explain or predict the 
behavior of complex physical entities (objects and force 
fields, gravitational, electromagnetic, nuclear) under the 
action of given forces. 

5. Reversing All Processes and Con-
verting All Effects 

It is the universality of the reversibility of physical 
processes and convertibility of natural forces and thence 
their inherent unity inspired Faraday, Maxwell and Einstein 
to seek unification of all the physical processes by a single 
set of physical laws.  

It is the universality and completeness and 
reversibility of scientific laws enabled all the variety of 
modern technological applications. 

It is the universality and completeness and 
reversibility of the conservation principles, like the energy 
conservation and transformation laws, enabled all kinds and 
manner of productive applications like energy-conversion 
systems, from chemical batteries to thermonuclear fusion 
reactors.  

It is the reversibility principle and its correlative of 
the conservation law of energy determines all the energy 
changes from one form to another: nuclear, radiant, mass, 
gravitational, kinetic, thermal, elastic, electrical, and 
chemical. 

Again, it is the reversibility principle and its 
correlative of the conservation law is enabling the relativity 
theory, the principle of interdependence of matter, energy, 
space and time, as mathematically formulated by Einstein. 

Currently, there may be about 10000 physical 
effects specified by a multitude of physical materials, 
systems, or force fields, of which the most part happens to 
represent only one-side effects.  

On the intuitive level, the idea of 
convertibility/reversibility in nature complete with the 
concept of unity of natural forces were guiding principles in 
Faraday’s discovery of magnetic and electric effects. If such 
is the case, many inverse effects are to be discovered under 
particular experimental conditions, thus giving new physical 
laws for new physical devices, technology systems, and 
machines performing the transformation of physical changes 
and energy (mechanical, thermal, electrical, magnetic, 
electromagnetic, nuclear) into each other. Moreover, 
regardless their multitude and variety, all the existent and not 
yet uncovered physical effects are falling into one or another 
of a few physical processes, as it is briefly indicated below. 

• The mechanical forces, processes and 
effects    

The mechanical processes cover the mechanical 
effects ranging from the transformation of forces and 
motions to Hooke’s law (including nonlinear law) to 
nonlinear interaction of acoustic waves (e.g., effects of 
self-action, generation of nonlinear waves, and so on).  

The laws of motion and equilibrium are aligned 
with the more general reversal law, especially, it is Newton’s 
third law for the two-body system: while two body interacts, 
there is an action and reaction couple of equal and opposite 
forces, each acting on a different body and never on the same 
body. 

There are mechanical inertia measured by mass and 
provided by inertial forces. The resistive forces is opposing 
any agency and efficiency of motive force of mechanical 
momentum to continue in the rest or forceless or zero net 
force motion in a constant velocity.    

So the reversibility law is an ultimate generalization 
of the basic law of motion: to every action there is always a 
reaction, to every progressive process of action there is a 
retrogressive action in the most general physical sense 
and application.   

Or, the mutual actions of physical systems must 
have both the direct or forward action of forces as well as a 
reverted or backward reaction of forces. And action and 
reaction force-relations might act instantly, like in 



mechanics, or in succession, or in most times reverse effects 
need special discovery under spatial physical conditions, 
sometimes as nonlinear natural phenomena. 

The simplest application of mechanical 
force-relationship reversibility is the mechanical 
power/drive train which transmits motion (power) from the 
engine of a car to the driving wheels, and conversely from 
the driving wheels to the engine.  

• The QM forces, processes and effects  

The concept of “force-relationship” gets a deeper 
meaning in quantum mechanics, introducing operators 
instead of classical variables and the Schrödinger equation 
instead of Newtonian equations. The results of a 
measurement are now partly "quantized", appearing in 
discrete quantum portions, while the potentials V(x,y,z) or 
forcible fields, from which the forces generally can be 
derived, are treated like classical position variables. Only in 
the framework of quantum field theory, these fields are 
quantized as well. 

There are two nuclear interactions forces, which 
account for the interactions of subatomic particless. The 
strong nuclear force responsible for the structural integrity of 
atomic nuclei and the weak nuclear force responsible for the 
decay of certain nucleons into leptons and other types of 
hadrons. 

The strong force is the fundamental force for the 
interactions between quarks and gluons as covered by the 
theory of quantum chromodynamics (QCD). The strong 
interaction is mediated by gluons, acting upon 
quarks,antiquarks, and the gluons themselves, and it is the 
"strongest" of the four fundamental forces. 

The weak force is due to the exchange of the heavy 
W and Z bosons, with its well-known effect of beta decay (of 
neutrons in atomic nuclei) and the associated radioactivity, 
and having the field strength about 1000 times less than that 
of the strong force, but being stronger than gravity over short 
distances. An electroweak force theory shows that 
electromagnetic forces and the weak force are one force in 
excess of 1015 kelvins, the temporal conditions of the 
universe in the early moments of the Big Bang. 

In quantum mechanics, the particles acting onto 
each other possess the spatial variable, added with a discrete 
intrinsic angular momentum variable called the "spin", liable 
to the Pauli principle relating the space and the spin 
variables. Depending on the value of the spin, identical 

particles divided into two different general classes, fermions 
and bosons. In the case of two fermions (e.g., electrons) there 
is a strictly negative correlation between spatial and spin 
variables, whereas for two bosons (e.g., quanta of 
electromagnetic waves, or photons) the correlation is strictly 
positive. 

In particle physics, forces are explained as the 
exchange of momentum-carrying gauge bosons. The 
quantum field theory and general relativity force is also 
closely connected with the conservation of momentum 
(4-momentum in relativity and momentum of virtual 
particles in quantum electrodynamics). The conservation of 
momentum derived from the symmetry of space, both being 
derived from the symmetrical force-interrelationship, 
therefore the fundamental forces are really fundamental 
interactions.  

Accordingly, the same reversibility schema applies 
to all forces of fundamental interactions. The interactive 
relationships are well predicted with Feynman diagrams, 
where each matter particle is represented as a straight line (a 
world line) traveling through time. World lines of particles 
intersect at interaction nodes or vertices, and any force 
arising from an interaction is occurring at the vertex with an 
associated instantaneous change in the direction of the 
particle world lines. Gauge bosons are emitted away from the 
vertex as wavy lines and, in the case of virtual particle 
exchange, are absorbed at an adjacent vertex. Matter and 
anti-matter particles are identical except for their direction of 
propagation through the Feynman diagram. 

The Feynman diagrams covers the types of physical 
phenomena that are conceptually separate from forces: like 
as a neutron decays into an electron, proton, and neutrino, an 
interaction mediated by the same gauge boson that is 
responsible for the weak nuclear force. 

The QM fundamental processes contain all the 
quantum-mechanical effects of the microparticles 
interactions (e.g., fundamental interactions, reactions 
between elementary particles, atomic collisions, scattering of 
photons, quasi-particles, quantum transitions, as well as 
nuclear reactions of type A  (a, bcd) B and reversed 
processes B (bcd, a) A, here A - a target-nucleus, a - 
bombarding particles; b, c, d - emitted particles and B- 
remained nuclei in the forward process).  

For electromagnetic and strong (nuclear) 
interactions, the probabilities of forward and reversed 
processes are equal because of the reversibility principle; 



namely, the reversal symmetry of motion and the principle of 
detailed equilibrium for microprocesses are clearly the 
consequences of the process reversal law. 

The applications of reversible processes as the 
thermonuclear reactions of atomic nuclei, consisting in the 
interactions of two particles at supra high temperatues, are 
just bind-blowing. Chains of thermonuclear reactions, the 
proto-proton cycle or the carbon cycle, account for the solar 
energy and many other stars. When in an uncontrolled state, 
we have the destructive force of thermonuclear bombs and 
the last of all human wars.   

But when the thermonuclear reactions under 
controlled conditions, the nuclear fusion, like the laser 
intiated, could be the source of practically unlimited green 
and renewable energy. 

• The thermal forces, processes and effects  

The interrelationships between heat and energy, 
temperature and work, their convertibility and the 
mechanical work involved are all under thermal processes, 
force and effects, and studied by thermodynamics, a 
fundamental part of all the physical science. Its three laws of 
thermodynamic are the law of conservation of energy, the 
law of equilibrium, or dicreasing entropy, or an irreversible 
process, and the law of absolute zero. It is widely believed 
that an irreversible process towards a stable condition of 
equilibrium of sliding to a state of maximum entropy (or 
disorder) could be one of the most universal regulators of all 
natural activities. Seemingly only after reversible processes 
tending to a state of minimum entropy (order, highest 
orderness of energy). If the entropic regression from order to 
disorder is about chaotic disruptions of structure and 
organization, then its inverse, the entropic progression from 
disorder to order is about creative disruptions of structure 
and organization.       

Its key concept, temperature, is an interrelationship 
of heat and energy. Thermodynamic forces are coming from 
heat and work interactions. The maximum work can be done 
if only the work producing process is completely reversible. 
For the fuels found in natures, like uranium or the fossill 
fuels of oil, gas or coal, it is required reversible nuclear 
reactions or reversible chemical reactions, respectively.    

Thermodynamic processes can be carried out 
reversibly or irreversibly. Reversibility refers to performing 
a reaction continuously at equilibrium. A reversible process 
is a process whose direction can be "reversed" by inducing 

infinitesimal changes to some property of the system via its 
surroundings, without increasing entropy. Throughout the 
entire reversible process, the physical system is in an 
thermodynamic equilibrium with its surroundings.  

In an ideal thermodynamically reversible process, 
the energy from work performed would be maximized, and 
that from heat would be minimized. 

The thermodynamic reversibility is changes of a 
system’s states made spontaneously or by interacting with 
other systems reversed to its initial state without leaving any 
net effects in the systems involved.   
The thermal processes embrace all the temperature changes 
to physical bodies (convection, cooling, heating), flow of 
heat, thermal conductivity, as well as the effects of thermal 
equilibrium radiation. 

There are a lot of thermal devices based on thermal 
effects involving heat and work interactions. 

• The electrical forces, processes and effects  

One of the basic physical forces is Coulomb force 
of interaction, attraction or repulsion of objects and particles 
due to their electric charge. Coulomb's Law is determining 
the electrostatic force as varied as an inverse square law 
directed in the radial direction, independent of the mass of 
the charged objects and liable the force superposition 
principle. Coulomb's law reminding a gravitational force is 
another good case of the symmetrical force-relationship. 
Later the concept of the electric field was constructef useful 
for determining the electrostatic force on an electric charge 
at any point in space. 

Electromotive force is responsible for generating 
the electricity flow from one point to another, or an electric 
current as the time rate of change of electric charge. 

The electrical processes cover all the effects of the 
dielectric polarization of the material media and current 
electricity. 

• The magnetic forces, processes and effects  

Other basic physical forces is the Lorentz force of 
magnetism existing between two electric currents. Lorentz's 
Law describes the force on a charge moving in a magnetic 
field. It has the same mathematical form as Coulomb's Law 
except that like currents attract and unlike currents repel. 
Like the electric field, the magnetic field can be used to 
determine the magnetic force on an electric current at any 



point in space. The magnetic field exerts a force on all 
magnets, as the Earth's magnetic field causes compass 
magnets to become oriented by the magnetic force pulling on 
the needle. 

The magnetomotive forces are producing a 
magnetic flux. 

The magnetic processes include the effects of 
magnetization of solids, gases, atoms, molecules by an 
external magnetic field and also the phenomena binding 
changings of physical quantities characterizing magnetic 
phenomena  in different physical media.  

As a sample, we can mention the effect "Giant 
Magnetoresistance" as a sample of a huge magnetic inertia of 
magnetic resistence and the necessity of its converse effects.      

• The electromagnetic forces, processes and 
effects  

The forcible interrelations between electricity and 
magnetism result in a unified electromagnetic force acting on 
a charge. This complex force-relationship can be written as a 
sum of the electrostatic force (due to the electric field) and 
the magnetic force (due to the magnetic field).  

The mutual interactions of the electric and magnetic 
fields are producing a "self-generating"  electromagnetic 
field freely propagating in space with the speed of light and 
transporting electromagnetic energy, radiation, as waves, 
and exerting so called pondermotive forces. Formally it is 
described by the Maxwell’s Equations including the sources 
of the fields as being stationary and moving charges, and the 
interactions of the fields themselves, unifying a number of 
different insights and theories into a set of 20 scalar 
equations, which were later reformulated into 4 vector 
equations by Heaviside and Gibbs. 

When the electromagnetic theory was combined 
with optics, it led to a full description of the electromagnetic 
spectrum, from radio waves to gamma rays. 

While reconciling electromagnetic theory with the 
photoelectric effect and the nonexistence of the ultraviolet 
catastrophe, a new theory of electromagnetism was 
developed using quantum mechanics. This modification to 
electromagnetic theory resulted in quantum electrodynamics 
(QED) describing all electromagnetic phenomena as being 
mediated by wave–particles known as photons. The photons 
are the fundamental exchange particle accounting for all 

interactions relating to electromagnetism including the 
electromagnetic force. 

The electromagnetic processes are coming from the 
mutual interactions of electric and magnetic fields.  

The electromagnetic induction is another strong 
case of the reversal principle and convertibility laws. A 
changing magnetic field caused by a varying current in a 
conductor induces an electromotove force, a voltage, which 
is inversly causing the current and a magnetic field, thus 
creating a forceful interrelationship. 

The electromagnetic processes include all the 
effects of electromagnetic waves such as interactions and 
scatterings (including visible optical, X-rays and γ- rays 
bands) or the quantum field effects. Such effects  are  
described by the nonlinear theory of fields. 

Again, the electromagnetic theory of light is due to 
the Maxwell’s ingenious conjecture: “if changing magnetic 
fields, then changing electric fields might create magnetic 
fields”. The Reversibility Theory is replacing “might” with 
“must”.   

• The mechanothermal and 
thermomechanical forces, processes and effects  

The mechanothermal and thermomechanical 
processes comprise all thermodynamic, thermokinetic 
effects and also effects of thermal expansion in solids, gases 
and liquids; thermomechanical effects in superflowing 
liquids (He II), and so on. 

• The thermoelectric and electrothermal 
forces, processes and effects  

The thermoelectric and electrothermal forces are 
caused by thermoelectricity and by difference of 
temperature. 

The thermoelectric and electrothermal processes 
have to do with electricity generated by differences in 
temperature and vice versa. 

They are involving such physical effects as 
thermoelectric and electrocaloric effects in solid conductors 
(Seebeck effect, Peltier effect, Thomson effect, and so on), 
as the direct Seebeck effect of generation of an electrical 
current in a circuit by the heat flow and the converse Peltier 
physical effect of generation of a heat flow by the current 
flow, as in refrigeration, and the Kelvin’s effect involving 
the reversible generation of heat while a current flows in a 



conductor with a temperature gradient. It took almost 30 
years to discover these interrelated effects and more then 130 
years for useful applications, as thermoelectric devices, 
generators, thermocouples, coolers, etc.  

Thermoelectric devices are defined as a sort of 
devices converting heat directly into elictricity or conversly 
transforming electrical energy into thermal power for heating 
or cooling. Based on thermoelectric and electrothermal 
effects, they work on interactions between the flow of heat 
and electricity through solid bodies.     

• The electro-magnetic and magneto-electric 
forces, processes and effects 

The electro-magnetic and magneto-electric 
processes cover the law of Bio-Savare-Laplace, 
magneto-electric effects in antiferromagnetics, the law of 
electro-magnetic induction (in conducting circuits), etc. 

• The magneto-electromagnetic and 
electromagnetic-magnetic forces, processes and 
effects  

The magneto-electromagnetic and 
electromagnetic-magnetic processes include Faraday effect, 
Cotton-Mouton effect in liquids, solids, gases and plasma, 
Seeman effect in atoms (the main effect in magnetooptics 
which study an influence of constant magnetic fields on the 
optical properties of physical systems or objects).  

Inverse Faraday effect, inverse effect of 
Cotton-Mouton and inverse Seeman’s effect  in the same 
objects (liquids, solids, gases and plasma) fall under these 
processes as well. 

Magneto-optic effects are when the presence of a 
quasistatic magnetic field is changing the way how an 
electromagnetic wave propagates through a medium. In such 
a material, called gyrotropic or gyromagnetic, left- and 
right-rotating elliptical polarizations can propagate at 
different speeds, leading to a number of important 
phenomena. When light is transmitted through a layer of 
magneto-optic material, the result is called the Faraday 
effect: the light’s plane of polarization can be rotated.  

Author’s PhD was devoted to discoverying and 
systematizing the inverse magneto-optic effects, as inverse 
Faraday effects, generation of spontanous magnetic fields, in 
the nonlinear medium as thermonuclear plasma [9-10].  

• The mechano-electromagnetic and 
electromagnetomotive forces, processes and effects  

The mechano-electromagnetic processes include all 
the quantum electrodynamic effects, like as Compton effect 
and the inverse Compton effect, Mossbauer effect−nuclear 
γ-resonance. In the framework of Quantum Electrodynamics, 
the process reversal law expressed by the equality between 
the probabilities of forward and reverse transitions.  

For the classical mechano-electromagnetic 
processes, it is necessary to note the ponderomotive 
influence of light on a substance, acousto-optical effects 
(e.g., soundluminescence of liquids), dynamooptical effects 
in anisotropic media, effects connected with charged 
particles emission transporting through matter (Cherenkov 
effect, friction and transition radiation), external photoeffect, 
the effect of accelerating of charged particles (electrons) by 
intense electromagnetic fields - inverse Cherenkov effect , 
etc. 

Pondermotive forces, as light pressure, are 
produced by powerful electromagnetic radiation.  

• The mechano-electric and 
electro-mechanical forces, processes and effects    

The mechano-electric processes (classical and 
quantum) and electro-mechanical processes include all the 
electrostriction’s effects in solids (as piezoelectric effects in 
dielectrics, acoustoelectric effect in metals and 
semiconductors). Dynamoelectric effects cover the focible 
relationships between mechanical force and electricity, while 
electrodynamic processes - the conversion of electrical 
energy into mechanical energy. As the big applications are 
electrical motors and generators or dynamo machines, 
converting mechanical forces into electrical forces by the 
agency of electromagnetic induction..  

In quantum physical limit, it is the quantum 
mechanical electrostatic Aaronov-Bohm effect, including 
inverse effect and so forth. 

Piezoelectricity means electricity resulting from 
mechanical pressure or deformation, or the electric charge 
accumulated in solid materials (such as crystals, certain 
ceramics, and biological matter such as bone, DNA and 
various proteins) in reaction to applied mechanical stress. It 
is discovered in 1880 by French physicists Jacques and 
Pierre Curie. 



The piezoelectric effect is the electromechanical 
interaction between the mechanical and the electrical state in 
crystalline materials with no inversion symmetry, such as 
quartz, Rochelle salt, human bone, as well as engineered 
material, lithium niobate and lead zirconate titanate.  

As a real process and effect, the piezoelectric effect 
is a reversible process: materials exhibiting the direct 
piezoelectric effect (the internal generation of electrical 
charge from an applied mechanical force) also exhibit the 
reverse piezoelectric effect (the internal generation of a 
mechanical strain from an applied electrical field).  

The inverse piezoelectric effect refers to a 
deformation of these materials by an electric field, which 
causes tensile or compressive strains and stresses, depending 
upon the direction of the electric field, the direction of 
polarization in the material, and its connection to other 
structures. 

Here is a sample addition of some areas of 
application of direct and converse piezoelectric effects and 
materials. Actuators and Sensors, linear motors, rotary 
motors, and pumps, as well as load cells, pressure sensors, 
accelerometers, and gyroscopes. Acoustics transducers to 
generate sound waves for miniature speakers in portable 
electronic devices, medical ultrasound devices, and SONAR 
transducers, such as the tonpilz transducer. Acoustic waves 
generated by a tonpilz transducer with a piezo-stack actuator. 
The direct piezoelectric effect allows piezoelectric materials 
for acoustic sensing in microphones, hydrophones, and 
acoustic-electric guitars. MEMS RF filters based on surface 
acoustic waves and bulk acoustic waves to convert electrical 
signals to elastic waves and then back to electrical signals; 
MEMS devices as micro-scale chemical and biological 
sensors, as quartz crystal microbalance. Microfluidics, inkjet 
printers use piezoelectric actuators, etc.  

The same description could be performed for all 
physical processes and their effects, direct and inverse. 

• The mechano-magnetic forces, processes 
and effects  

The mechano-magnetic processes and 
magneto-mechanical processes contain all the 
magnetostriction effects (piezomagnetism) in 
ferromagnetics and antiferromagnetics, gyromagnetic effects 
in ferromagnetics (Einstein - de Haas effect, Barnet effect).  

In quantum-mechanical limits, it is the magnetic 
effect of Aaronov-Bohm and the inverse to the magnetic 
effect of Aaronov-Bohm. In the classical limit, there are 
magnetohydrodynamic effects in conducting liquids 
(turbulent dynamo-effects), gyromagnetic instabilities in 
plasma (Weibel effects), etc. 

• The thermomagnetic and magnetothermal 
forces, processes and effects  

The thermomagnetic and magnetothermal 
processes embrace the effects of changing of an object’s 
temperature, or its internal energy induced by a change of its 
magnetic state (demagnetization or magnetization), 
especially well manifested in ferro-, ferri and 
antiferromagnetics (e.g., magnetocaloric effect). Here it is 
also included the less known thermomagnetic effects in 
solids and plasma: when the change of a thermal state of 
matter brings about the change (generation) of a magnetic 
field. 

• The thermo-electromagnetic and 
electromagneto-thermal forces, processes and 
effects  

The thermo-electromagnetic and 
electromagneto-thermal processes include the effects of light 
scattering on the thermal fluctuations in gases, liquids, 
crystals, amorphous solids and high temperature plasma; 
thermal (electromagnetic) radiation, Joul heating of plasma 
by intense electromagnetic field, effects of thermal 
self-focusing of an electromagnetic beam in different 
physical media, etc. 

• The electro-electromagnetic and 
electromagneto-electrical forces, processes and 
effects  

The electro-electromagnetic and 
electromagneto-electrical processes involve electrooptics 
studying the influence of a constant electric field on the 
optical properties of a substance and also the influence of 
light on media. Here must be included the Stark effect, Kerr 
effect, Pokels effect, nonlinear optical effects such as 
electrostatic self-focusing of an electromagnetic beam, etc.; 
electroluminescence in solids and gases, the ventile 
photoeffect at the metal-semiconductor contact layer, 



Damber effect in a semiconductor and recently found effects 
of electrostatic fields generation in plasma interacting with 
intense electromagnetic fields, and so on. 

6.  All Nature is Reversible 
Thus, all the forces of physical nature, mechanical motions 
and forces, gravity, heat, magnetism, electricity, radiation, 
are forcibly interrelated, tied together, or mutually 
dependent, reversing the order of action, position, time, and 
properties, like as matter into anti-matter. Chemical 
reactions and forces, biological actions and processes are 
covered by the general reversibility mechanism as well.  

6.1. Reversing Physical-Chemical Processes and Effects 

Now adding chemical change to the above 
physical phenomena, we obtain a distributed network of 
heterogenous physico-chemical processes: 

• Mechanochemical processes; 

• QM-chemical processes; 

• Magnetochemical processes; 

• Electrochemical processes; 

• Thermochemical changes; 

• Radiation-chemical changes.  

Each part of the disparate processes is capable to 
act as the cause and the effect of a forward process, as well as 
the cause and the effect of the converse process. As an 
example, electrochemical phenomena consists of chemical 
changes of substances produced by electricity, while 
chemo-electrical processes represents the other way around. 
Then here additionally to current electricity, static electricity, 
thermoelectricity, piezoelectric effect, photoelectricity and 
hydroelectricity we get galvanism, electricity produced by 
chemical action, as well as the converse chemo-electrical 
phenomena, when chemical reactions produce electrical 
fields. For instance, such significant processes for all living 
systems as photochemical reactions, where chemical 
changes produced by radiation, infrared, visible, ultraviolet, 
fall into the causative couple of electromagnetic 
waves-chemical phenomena; both photosynthesis and vision 
in living things come from the photochemical changes of 
substances.  

6.2. Reversing All Natural Processes 

Everything in the physical world is reversed, 
particles into anti-particles, matter into anti-matter, physical 
processes, effects, forces, interactions, reactions, all the 
known laws of physics, except the "weak interactions" 
between subatomic particles. The fundamental principles of 
Symmetry and Conservation have the ground in the 
Reversibility Principle as well.  

The Reversibility Principle applies to all the 
Earth, both its physical or abiotic, nonliving and 
geophysical, and biotic, or living, parts of an integral 
complex of interdependent planetary systems, composing the 
ecosphere of the lithosphere, hydrosphere, atmosphere and 
biosphere of interacting living organisms.  

The organic world of life sciences is a 
complement of the inorganic world of physical sciences. 
Biology, the science of living things and their vital 
processes, is dealing with all the physicochemical processes 
of life, at any level of organizations, molecules, cells, 
individuals, populations, biomes, biosphere, converting, 
processing or recycling the environmental nutrients and 
energy.  

Biological, or organic phenomena occurring in 
living organisms interacting with physical processes and 
chemical changes in both directions, forward and backward, 
like bioelectricity and electro-organic phenomena, 
connecting electrical changes and biological processes, or 
thermogenesis and thermobiological phenomena, 
interrelating heat and organic actions.  

Biophysics and biochemistry, molecular biology, 
bioclimotology and bionomics or bioecology, biofeedback 
and the natural circulation of energy and nutrients, or 
biochemical cycles of nature, gaseous and mineral, as the 
water cycle, all is subject to the Principle of Reversibility and 
Convertibility of Natural Processes, physical, chemical and 
biological. 

Real processes and actions, activities or 
operations works both forward and backward, without 
breaching a temporal consistency between the past, the 
present, and the future. Postulated by the symmetric laws of 
nature, reverse processes can profoundly deepen all the 
established notions about the nature of forces. Moreover, in 
understanding of the physical universe, a decisive role is to 
be played by Process Reversal Law of Nature: a physical 
Theory of Everything that aimed to unify all the fundamental 
forces will involve the idea of convertibility and 



reversibility, along with symmetry and conservation, taking 
the physical processes and forces to act backward as forward.  

Today all the news are coming from the so-called 
reverse science and engineering. As it is said, a dog’s biting a 
man is not news event, the real news is quite reverse and 
unexpected, a man’s biting a dog. And it looks hardly to find 
a knowledge domain or practical sphere where the most 
innovational and ground-breaking ideas and strategies don’t 
involve the reversing of conventional, normal, or primary 
order of things.  

The Reversibility Principle enables creation of 
complex relational entity, the nonlinear circular process, a 
reciprocal natural relationship, or effective interaction of 
entities, operating as a mutual process, nonlinear system, or 
reflexive, self-referent entity, which is defined as a set 
(group, web, network, collection, or body) of changes 
(actions, activities, processes) that act on each other to form a 
single dynamic whole.  

Such a reflexive, self-referent system of nature may 
include a great number of powerful loops, circles of causes, 
and networks of natural processes. But unlike the linear 
natural processes marked by linearity, irreversibility and 
equilibrium, the reciprocal and mutual processes and forcible 
natural interactions involve reversibility and convertibility, 
nonlinearity and disequilibrium, thus becoming the 
machinery driving the de facto universe as an ever-changing, 
dynamic and unstable but scientifically predictable world. 

7. CONCLUSION 
Physical science, including its basic science of 

physics, has been evolving without any single strategy since 
its revolutionary formation as the modern natural science of 
the physical world.  

To systematize, we proposed a framework of 
physical phenomena defined as the Reversibility Theory 
pivoting the Force-Relationship, Reversibility, Convertibil-
ity and Unity (of Forces of Nature), enabling a unified the-
ory of physical forces and processes and a single strategy of 
physical science.  

It is providing the description of diverse physical 
forces and energies, processes and phenomena and the pre-
diction of actions of physical forces and effects in the most 
systematic and consistent ways without resorting to acci-
dents and assumptions and guesses, and without considering 
the details of the courses of physical processes and systems. 

The Principle of Reversibility combines all the 
key attribute of universal laws of nature: asserting the in-
terdependence between varying quantities of physical prop-
erties; stating that physical events occur in an invariant or-
der; enriching cause and effect relationships, and demon-
strating a constant regularity in the relations or order of 
physical phenomena in the world, embracing the empirical 
regularities of numerous physical effects. 

The reversibility properties of nature implies that 
everything in the physical world is converted and reversed, 
matter, energy, motion, and all physical phenomena (pro-
cesses, effects, forces, interactions, reactions), from parti-
cles into anti-particles and matter into anti-matter, as quarks 
and leptons into antiquarks and antileptons, to all the known 
and unknown laws of physics. The symmetry properties of 
nature and the conservation laws following from them 
might also have the ground in the Reversibility Principle of 
Nature, like as the symmetry of action and reaction forces. 

Most of the Nobel Prize achievements lie in the 
serendipitous and intuitive and ingenious discovering of 
empirical physical laws and effects, as the Lorentz-Zeeman 
effects, the Doppler effect, the Einstein’s law of photoelec-
tric effect, the Compton effect, the Cherenkov effect, the 
Mössbauer effect, or the Hall effects, within 100 years in-
crementally enriched with the discoveries of subatomic en-
tities, symmetry principles, conservation laws and increas-
ingly generalizing force fields theories. 

Now according to the Reversibility Law of Na-
ture “if there is a physical effect in nature, there must be its 
inverse, converse or reversed action”, otherwise it is not a 
real effect.  

Or, if there is the Faraday effect, the Lo-
rentz-Zeeman effects, the Doppler effect, the Einstein’s 
photoelectric effect, the Compton effect, the Cherenkov 
effect, the Mössbauer effect, the Hall effects…., there 
MUST be the Inverse Faraday effect, Lorentz-Zeeman ef-
fects, Doppler effect, Einstein’s photoelectric effect, 
Compton effect, Cherenkov effect, Mössbauer effect, Hall 
effects,…, just by LAW, the Law of Reversibility of Forces 
and Convertibility of Effects.  

This basic truth of nature is illustrated by an in-
creasing number of inverse effects, under discovery, ex-
perimental study or innovative applications [5, 9-14]. 

If the reversibility properties of nature and the 
convertibility of energy and unity of the forces of nature 
had been formulated as a universal principle and basic laws 



at the beginning of modern physics, we'd have different 
physical science, more logical and systematic, predictive, 
productive and innovative, more esthetic and attractive, as 
well as more machine-wise for smart systems and intelli-
gent knowledge bases [6].  
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