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WHAT COMPONENTS DOES A SPECIFIC
SCIENTIFIC THEORY CONSIST OF? (PART 1)

Strong minds discuss ideas, average minds
discuss events, weak minds discuss people.

Socrates

By specific theories, we mean scientific theories that focus on particular types of material real-
ity or phenomena, such as elementary particles, plasma, superconducting materials, quantum
tunnelling, chemical reactions, gene regulation, tectonic plate movement, and the Universe.
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After examining various visions of the theory division into components proposed by some of
the prominent scientists (Isaak Newton, James Clerk Maxwell, Heinrich Rudolf Hertz, Pierre
Maurice Marie Duhem, Max Karl Ernst Ludwig Planck, Albert Einstein, Norman Robert
Campbel, Percy Williams Bridgman, and Gerardus (Gerard) ’t Hooft) and philosophers of
science (Carl/Karl Raimund Popper, Thomas Samuel Kuhn, Imre Lakatos, Paul Karl
Feyerabend, Mario Augusto Bunge, Ronald Nelson Giere, Joseph Donald Sneed, Wolfgang
Balzer, and Carlos Ulises Moulines), one finds that these visions fail to consider all essential
components and omit many important details, even of the chosen components. Incomplete
and undifferentiated visions, on the one hand, overlook many critical features of a theory,
including its development and connections with other theories. On the other hand, such vi-
sions often generate pseudo-problems, such as the incomparability of classical and quantum
theories. As theories underpin the modern sciences, such perspectives lead to oversimplified
and overly general understandings of science and its progress. The article briefly emphasizes
the significance and utility of the polysystemic vision of specific theories and their develop-
ment within history, philosophy, sociology, and pedagogy of science. The first part of the arti-
cle presents the types of components and physicists’ views of theories. The second part ad-
dresses the views of philosophers and our conclusions. We emphasize that in the first part, we
described a bridge between Newton’s unfading template of scientific theory and the newest
trends in the interpretation of modern physical theories. It is a clear example of the Western
scientific tradition of both continuity and change, so that the final product looks different, but
its structure remains stable, familiar, and convenient for professionals. That is why it is quite
possible for a modern-day scientist to read Newton and find statements useful for his practical
activity, not to talk about specific pearls created by the genius.

Keywords: specific theories; complexity; types of components; polysystemic view; subsystems.

PART 1

Introduction

As specialists, we are all inclined to ignore
the most obvious questions or to be reticent
to state the obvious for fear of being obvious.

Andrew Pettigrew

The term “theory” appears in nearly all scientific publications across the natu-
ral, social, and humanities sciences. However, the understandings of its refer-
ents vary, even within physics. One goal among various philosophies of physics
is to clarify the components that comprise specific theories. Regardless of one’s
stance on this, the state of physical theories influences the rest of the natural
sciences (chemistry, biology, geology, astronomy, etc.) as well as social sciences
and humanities. It is hard to deny that what is called theories in these sciences
often differ markedly from what functions as a theory in physics. The situation
is further complicated by the fact that, within physics itself, there is no con-
sensus on how physical theories are structured, what their real cognitive func-
tions are, what their properties as tools of cognition entail, or how different
theories relate to one another. The first step in addressing these complex issues
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is to answer the obvious question: what components actually make up physi-
cal theories? Instead of referring to numerous available differing answers to it,
we have analyzed (Gabovich, Kuznetsov, 2023a,b; 2025b) the original text of
Newtonian celestial mechanics (Newton, 1687/1999). Consequently, we found
that it constitutes an archetype of a specific theory originally constructed to
describe the motions of celestial bodies.

Do not miss a number
of components characterizing a theory

A specific theory encompasses a broader range of component types and sub-
types than is usually recognized by authors of various views on the theory com-
position.

These types and subtypes are:

1) NAMES. We understand names in the sense of the theory of named
sets (Burgin, 2011; 2012) and interpret them as something natural, or artificial,
material, or ideal, textual or mental that can function as a denotation/indica-
tion of other things. Examples of abstract names include designations using
symbols, mathematical signs, words, expressions, and texts in both natural and
artificial languages (Gelfert, 2011; Kragh, 2024; Pepp, 2019). In a specific sci-
entific theory, abstract names constitute its complex denominative subsystem.
Its components are used to denote all other components of the theory and re-
alities from its domain. Suppose a composite reality (such as the Solar system,
the atom, and so on) is given a certain name. In that case, some of the complex
names of its components include this name, which indicates their belonging
to the composite reality (for example, the Earth is a planet of the Solar system,
and the electron is part of the atomic shell).

The repertoire of names associated with the specific theory is diverse and
typically falls outside the views of both scientists and philosophers on the the-
ory. Meanwhile, an entity without a name does not exist for the researcher. In
a sense, we all live in a world of named entities. Although science continues to
use common names and sensory images of the entities it studies as scientific
denotations, constructed abstract names are becoming increasingly important
in it. Some of them, on the one hand, can be processed mathematically (ana-
lytically or numerically by a scientist's mind and programmatically on comput-
ers) and, on the other hand, can denote entities that are not sensorily given.
Ignoring specifics of types and the functions of names as essential parts of the
theory leads to equating names with the concepts and realities they designate,
as well as equating concepts with the realities they refer to. Celestial bodies
have general names, such as planet, satellite, star, comet, and asteroid, as well
as singular names, including Earth, Moon, Phobos, Halley’s Comet, Sun, 7P/
Churyumov-Gerasimenko Comet, and 99942/Apophis. To describe celestial
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bodies, one also uses complex modelling names such as ‘material points’ and
‘bodies deformed by the influence of other bodies’ Examples of connections
between names include links between the names of reality and names of its
attributes, as well as between attribute names and the names of their quantita-
tive scales. In turn, to work with these connections, it is necessary to assign the
appropriate names to them.

The totality of names used in a certain scientific branch is called a “jar-
gon’, i.e. the specialized language. Scientific jargon changes relatively rapidly
and continuously, reflecting advances in understanding the depths of science,
as is readily seen in chemistry (Rulev, 2025). One should confess that without
the scientific jargon, any theory could not develop, although it is always to
some extent misleading, as can be seen from the inadequate usage of par-
tially obsolete terms: “wave-particle duality”, “reduction of the wave function’,
“electron orbital”

2) ONTIC PRESUPPOSITIONS. They assert what kind of realities are
considered as studied by means of theory and what their attributes are.

Without such typically apodictic existential statements (e.g., there are ce-
lestial bodies such as the Sun and the Moon; there are various types of elemen-
tary particles), and sometimes hypothetical (strings are considered ultimate
microrealities), a theory cannot be termed a specific scientific theory. (Nev-
ertheless, those statements themselves are consequences of the previous de-
velopment of the relevant scientific branch). For instance, celestial mechanics
studies the spatial motion of material celestial bodies, seen by various kinds of
telescopes or detected indirectly, under the influence of external forces. At the
same time, one observes the Brownian walks of microscopic particles by opti-
cal microscopes.

In a specific theory, ontic presuppositions constitute its complex ontic
subsystem. It includes not only existential statements about realities within
its domain but also such statements about their attributes (properties, rela-
tions, states, interactions, processes they participate in, and phenomena they
produce), as well as the scales of attribute values. The relevant concretizations
are as follows. Planets have mass, which is a measured scalar quantity. Planets
in a Solar system are moving in the same plane. Their state of motion is ap-
proximately stable and predictable with some degree of accuracy. Their mutual
gravitational interactions are much smaller than those with the Sun and, in the
first approximation, can be treated by perturbation theory. Planet trajectories
observed from the Earth include the so-called retrograde motions.

3) DEFINITIONS. Newton took as evident what celestial bodies are and
did not present their exact definition. Assuming hypothetically that they are,
by nature, identical to earthly bodies and consequently that their certain at-
tributes (mass, acceleration, and force) are the same as those of earthly bodies,
while describing their observed trajectories, he added to his three laws, valid
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for the ideal frictionless motion of earthly bodies, the law of gravitation. This
approach enabled him to calculate planetary trajectories that, to a certain de-
gree of accuracy, coincided with quantitative data from astronomical observa-
tions. Moreover, sometimes he corrected observational data and was right.

In a sense, he employed informal descriptive definitions of celestial bodies
that differ from earthly bodies only in the magnitudes of their attribute values.
The mass of the Sun is 99.86 of % mass of the Solar system. In turn, the earthly
bodies were defined as sensorily heavy bodies, the mass of which is a measure
of the substance (“materia”) contained within them. The cause of the change in
state of moving bodies is attributed to the force exerted by the Sun.

It seems that the role of formal definitions for realities studied by specific
theories is somewhat exaggerated. We did not find many definitions in the clas-
sical and non-classical physical theories known to us (such as classical elec-
trodynamics and thermodynamics, atomic theories, quantum field theories,
elementary particle theories, and superconductivity theories), as they are used
in scientific practice. Indeed, such definitions mostly appear in attempts to
axiomatize theories such as the axiomatization of classical thermodynamics by
C. Carathéodory (1909) and classical particle mechanics by J. C. C. McKinsey,
A. C. Sugar, P. Suppes (1953). However, the benefits of these versions of axi-
omatized theories for deepening and expanding knowledge of realities studied
are questionable. It appears that, in the context of triplet terms, the concept of
specific theories, like other scientific concepts, is somewhat fuzzy in certain
aspects (Kuznetsov, Kuznetsova, 1999) and is not so precisely and unimodally
defined as it is supposed by many philosophers of science.

Nevertheless, some formal definitions are essential for constructing math-
ematical models of the realities under study and their attributes. The reason is
the use of mathematical tools, especially precise mathematical equations, for
their modelling (Sereni, 2024). In view of that, there is a basis for introducing
and studying a definitional subsystem of a specific theory. However, it mostly
contains informal or intuitive definitions, not as formal and exact as the logic-
focused philosophers of science demand in their analysis of specific scientific
theories (Giovannini, Schiemer, 2021).

4) LANGUAGES. When considering specific theories in the context of
physical cognition, it becomes apparent that they do not employ a single, un-
defined mathematical language, but rather a variety of specific languages (more
precisely, language fragments) borrowed from different mathematical theo-
ries. These are known as languages for special purposes (Kuznetsov, Shataliuk,
2024). There are specific languages for describing all components of theory,
such as models, problems, operations, approximations, and assessments. The
natural language plays, at least, the role of glue between these languages. By the
way, Newtonian celestial mechanics uses the languages of Euclidean geometry,
arithmetic, differential and integral calculus. As his thinking was also not in
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violation of the laws (modus ponens and modus tollens) of ordinary reasoning,
one can state that he implicitly used the language of informal logic.

5) and 6) REPRESENTATIVE and FORMAL MODELS. Theory comprises
representative and formal types of abstract models (Frigg, 2022; Hintikka, 1981,
2007). They provide, correspondingly, qualitative and quantitative information
about the named realities whose existence is presupposed by the ontic subsys-
tem and studied with the help of theory. No practical, specific theory exists
without these models. Metaphorically, theory “captures” the realities and related
phenomena under study through the lens of its models. A theory without mod-
els is helpless and lacks specificity. Furthermore, models, in theory (not models
of theory in the sense of mathematical logic), generate an informative vision of
realities that other components of theory can implement. Naming realities and
their attributes is only the initial and necessary step in their modelling.

Descriptions of representative models (some of which are visual or picto-
rial) are provided in natural human languages. These encompass general exis-
tential information about the attributes and parts of realities, as well as their
connections. Such models create essential resources for studying celestial,
macroscopic, and microscopic objects in a more formal way. Thus, scientists
depict realities in terms of their internal components and attributes (Gabovich,
Kuznetsov, 2022).

Formal, professional models are constructed using, in particular, math-
ematical languages that enable the calculation of countable quantities (scalar,
vector, tensor, spinor, etc.) intended to adequately describe attributes of reality
(Burgin, Kuznetsov, 1993a).

Newton depicted the Solar system as consisting of a set of massive planets
that rotate along elliptical trajectories around the Sun, which is the source of
gravitation that keeps the planets together. Following his eternal template, any
specific theory examines realities whose existence is postulated in its ontic sub-
system through a prism of representative models that characterize each theory.
By the way, models constructed in one theory are successfully used in other
theories. For instance, models of classical or quantum oscillators, which were
inspired by observations of the ancient pendulum, are used throughout physics
and other natural and social sciences. In particular, the Fock’s representation of
quantum electrodynamics treats the electromagnetic field as an infinite set of
photons, each treated as a quantum oscillator (Fock, 1978).

Bearing in mind good old Newton’s model of the Solar system, scientists
have represented hadrons (a class of elementary particles that participate in
the fundamental strong interactions) as composed of sub-elementary entities.
However, the analogy is far from being complete, since in this case the binding
energy is comparable to the energy associated with the component masses, so
that the term “made up” becomes a trap connected to the inadequacy of ordi-
nary language.
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It is important to note that in Newton’s original theory, planets were as-
sumed to move in the empty space of Democritus, although Newton himself
already understood the weakness of the long-range-force concept. The prob-
lem was solved only in Einstein’s general relativity theory. On the other hand,
the world of elementary particles is not classical; in principle, it is full of virtual
objects that emerge and disappear in the vacuum, which is no longer empty
space but a complex realm of quantum objects with numerous attributes (Be-
rezhnoi, 2005).

The indicated representative models do not provide detailed quantitative
predictions of planetary trajectories that match astronomical observational
data, nor do they predict the types and numerical values of attributes of hadron
interaction products created in colliders. Currently, no real scientist or even phi-
losopher doubts the objective existence of planets and the Sun. However, some
philosophers question the objective, independent existence of micro-objects
(elementary quanta are also considered micro-objects), regardless of the acts of
observation during experimental studies. This issue should be examined within
the context of quantum field theory and the experimental tools used in physics.
Through a long and successful process of experimental verification, physicists
now regard quark models as the most accurate representations of hadron com-
position and tentatively accept that hadrons are what their quark models sug-
gest they are. Indeed, in the 1960s, the dominant physical view was that quarks
were merely abstract models of constituents of hadrons, but today quarks (and
gluons) are almost universally regarded by physicists as the true material con-
stituents of particles. The primary difference between models of planets and
models of particles lies in the relative perceptibility of planets by the senses, with
particles being less perceptible than planets (Wood, Sherman, 2022).

7) PROBLEMS.

Models do not exist as a self-contained part of the theory. The aim of their
formulation is to create tools to solve problems in the natural sciences, and
after World War II, these tools were frequently applied to the social sciences
as well. It is correct to state that models are invented to formulate and solve
problems; in other words, problems stimulate the creation of models. In their
turn, models generated to solve certain problems are subsequently used to
solve other problems more or less related to the initial problem. Sometimes,
the problems themselves are formulated after the suitable models emerge. For
instance, after the Bardeen-Cooper-Schrieffer model of metal superconductiv-
ity was suggested, it was applied to the proposed superfluidity of liquid *He
(Annett, 2004). Without such a model, nobody guessed that helium three was
a superfluid based on the Cooper pairing.

However, there are many other ways for theoretical problems to occur. It
would not be an exaggeration to say that theories serve as a complex means
of resolving contradictions and solving problems that nonscientific minds are
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unable to resolve. Mature theories are stimulators of the posing of new prob-
lems. Internal problems aim to resolve inconsistencies in theory, while external
problems seek to find solutions to contradictions contained in the whole body
of experimental data (Gabovich, Kuznetsov, 2016).

Thus, a theory that neither poses nor resolves new problems is, at best, the
carrier of old problems and their solutions. Its potential becomes evident and
attractive for new generations of scientists through its fruitful expansion into
a new realm. Celestial mechanics was the starter and basis of classical physics.
Planck’s quantum theory of radiation plays a similar role in quantum physics.

Considering scientific questions as a form of presentation of problems in
theory (Burgin, Kuznetsov, 1986b), in a sense, “the point of a scientific theory
is to establish a framework which takes into account as many (empirical) ques-
tions as possible. The price which has to be paid is the creation of theoretical
structures—in this case theoretical questions (because they are not empirical
or black-boxed)—which are one step further removed from the world than
empirical questions. The balance or trade-off between these two kinds of ques-
tions defines how well a theory has added to our understanding and to what
extent there has been a gain which makes the enterprise worthwhile” (Sanitt,
2007: p. 442).

8) and 9). OPERATIONS and PROCEDURES. Problems should be solved
through the efforts of theoreticians, and their solutions do not appear as deus ex
machina. To accomplish this, theoreticians should devise a creative sequence of
operations that leads to the correct resolution. Sometimes, great scientists ar-
rive at a solution instantly, immediately after formulating the problem. Others
spend considerable time and mental effort on the problem-solving process.

Anyway, operations are not arbitrary but are subsumed under procedures
or rules of their realization in a specific theory. For example, without the care-
tul use of procedures for fulfilling operations with infinite series, any reason-
ing that uses infinite series is good for nothing and should be rejected (see ten
Berge, van Hezewijk, 1999). There are nontrivial relationships between solving
a certain problem and posing new problems. In a sense, scientific methods
are intricate and evolving sequences of operations that are effective in solving
a certain class of scientific problems. Operations themselves are not arbitrary
and are guided by appropriate procedures (compare with Gimbel, 2011). The
totality of operations in a developed branch of science constitutes the scientific
protocol (Gabovich, Kuznetsov, Voitenko, 2025). The latter is obligatory, for
example, in practical medical applications.

10) NOMIC STRUCTURES. Old and new models should not contradict
the theory’s laws, which mimic the laws of nature (Chen, 2024; Halpin, 2003).
For example, a model violating the law of energy conservation will be automat-
ically excluded from scientific consideration in most areas of research (not in
dark energy theories, where the situation is more intricate (Josset et al., 2017)).
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It should also be emphasized that in general relativity, the energy-momentum
conservation law is “only” a local one but is extremely important, similarly to
other physical theories (Rindler, 2006; Schutz, 2009).

As noted above, in a specific theory, problems are posed in the language
dictated by the models, and their resolution is achieved through procedurally
allowed operations according to the theory’s laws. Although many laws of the-
ories take the form of various mathematical equations, contemporary theories
encompass forms beyond this. These include principles of symmetry, in Eugene
Wigner’s terminology, laws of laws (Wigner, 1964) or the laws of second order,
supersymmetry laws (laws of higher orders) (Byprus, Kysueros, 1986a), and
tendencies (byprun, Kysnenos, 1993). Additionally, during the development
and application of theory, the rules and procedures governing the construction
and modification of its components play a role analogous to the laws of the
realities under study. All these structures are interconnected elements of the
nomic subsystem of the theory, which is in the early stages of its philosophical
examination.

11) HYPOTHESES. Any theory depends on presuppositions that, at the
time they are proposed, lack sufficient evidence to be considered true, fully
explained, or dismissed from the outset. In this sense, they are more or less
plausible hypotheses accepted as true because they assist in explaining the phe-
nomena being studied. An example is Newton’s assertion of the universality of
his law of gravitation. In principle, even the conservation laws are, in a sense,
hypotheses that conflict with the hypothesis of the Big Bang (Griinbaum, 1989).
The primary reason these laws are regarded as true without question is that, so
far, their consequences have been confirmed by all experiments conducted.
The second is that their violation would fundamentally undermine the current
understanding of physics. Upon close examination, it becomes clear that such
hypotheses are interconnected and constitute part of a hypothetical subsystem
within a theory. For instance, according to the renowned Noether’s theorem,
the hypothesis of energy conservation is a consequence of the hypothesis of
spatial uniformity (see also Dethier, 2019).

12) LOGISTICAL STRUCTURES. Considering logic in a broad sense as a
system of rules which one cannot violate during thinking and textual exposi-
tion of its outcomes, one can find several logistical kinds of producing and or-
ganizing theories. The most popular is its hypothetical-deductive variant. The
lesser-known version is that which begins with the formulation of a very gener-
al problem that describes physical reality and its subsequent concretization for
a chosen particular kind of reality and associated phenomena. To some extent,
this realization was attempted in the exposition of philosophy by posing and
answering the so-called most important and general question, such as what is
primary: matter or consciousness, being or nonbeing? The latter version was
realized in the well-known textbook of theoretical physics by Lev Landau and
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Evgenii Lifshitz. Roughly speaking, in every scientific branch (textbook vol-
ume), they started from the variational principles, totally neglecting the his-
torical aspect of physics. There are other kinds of theory organization. They are
elements of the logistical subsystem of a theory.

13) EVALUATIONS. Many evaluations are linked to a theory as a whole
unit. Some of them assess it as being scientific, empirical, axiomatized, ground-
ed, accepted, paradigmatic, original, perspectival, fundamental, and innova-
tive. There are also many evaluations embedded within a theory that are used to
assess its components. Names are evaluated as formal, complex, and symbolic,
while models are viewed as heuristic, experimentally confirmed, and aestheti-
cally pleasing (Burgin, Kuznetsov, 1993a), with problems being considered as
actual, challenging, and unresolved. Embedded evaluations become increas-
ingly important and prominent as the process of exploring ways to develop the
theory internally and apply it to new experimental situations unfolds (Burgin,
Kuznetsov, 1993c; Gabovich, Kuznetsov, 2025a,b).

14) HEURISTIC MEANS. They are a form of evaluation that highlights
the components effective in fulfilling their functions, but they are not suffi-
ciently grounded in certain aspects. Newton’s Law of Universal Gravitation was
and remains one of the most significant laws in the history of physics. However,
even much later, in Faraday’s time, the concept of the continuous physical field
was considered as a competitor to gravitation. Only the birth of the general
relativity theory showed that both viewpoints are valid and even related.

15) APPROXIMATIONS. Any specific theory describes realities within its
domain only approximately, with a certain degree of precision. There are many
reasons for a theory’s approximate nature (Decock, Douven, Kelp, Wenmack-
ers, 2014). The simplified model is clearer and easier to understand. In fact,
a model is inherently only a partial representation of the realities it aims to
depict. It is based on attributes that are considered fundamental under specific
experimental conditions. In the past, the realities studied by atomic-molecular
theories were seen as structureless because there were no experimental tools
to explore their internal composition. From the nineteenth century onwards,
such tools have been developed, allowing the investigation of many properties
of atoms as structured microscopic realities. There is also the aspect of op-
erational imprecision in theory, mainly because any real problem, firstly, does
not have a perfectly exact solution, and secondly, its experimental validation
always involves some degree of inaccuracy.

16) COUPLING BETWEEN COMPONENTS. Many examples of connec-
tions between components of a theory have been presented above. This is only
a small part of the elements connecting subsystems of a theory. Without these
connections, a theory would resemble a random assembly of components, each
of which would be impossible to accept, trust, develop, apply, confirm, or re-
fute separately. The implementation of the functions required by a theory is
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only feasible when its components are sufficiently developed and can operate
interdependently as networks.

Thus, we suppose that a specific theory contains many more types of com-
ponents than any other vision of a theory suggests. Taking this meta-theoreti-
cal hypothesis as a reference frame, we will scrutinize some influential compo-
nential visions of theories.

The article explores various common scientific and philosophical perspec-
tives on what constitutes a physical theory, regardless of how different authors
interpret its components. For a discussion of these interpretations, readers can
consult Roman Frigg’s book (2022). This monograph offers excellent examples of
how different authors often associate the same term with vastly different referents.

Answers from theoretical physicists

Some prominent physicists directly responded to the question under consid-
eration. Usually, their answers were short remarks for laymen about what the
theory was or paragraphs from their professional articles. It is a pity that in
most cases their lucid answers were not transformed into specific studies of the
theory’s composition.

As far as we know, Heinrich Hertz was the first to indicate the major com-
ponents of a theory directly. According to his famous and somewhat intention-
ally incomplete answer to the question, “What is Maxwell’s theory?” he gave a
short and definite answer: “Maxwell’s theory is Maxwell’s system of equations”
(Hertz, 1893: p. 21). Surely, this statement must be taken with cum grano salis,
as the equations to be a component of a specific physical theory ought to be
added by methods of their solution, and, even more, solutions should be com-
pared with experimental data. Actually, Maxwell’s equations summarized theo-
ries elaborated by his wise predecessors and contemporaries and were based on
great ideas by the experimentalist and natural philosopher Michael Faraday,
who formulated the electric and magnetic field theory without mathematics
but using his famous “lines of force” (Tweney, 2009; Whetham, 1905).

Pointing out the last factor, Albert Einstein asserted that a theory consists
schematically of a system of axioms/laws and deduced statements about experi-
mental data (in his words: about “variety of immediate experiences (of the sen-
ses)”). (Einstein, 1952/2011: p. 114)) However, in his very influential co-authored
article, one can find the statement that any theory consists of concepts “with which
the theory operates. These concepts are intended to correspond with the objec-
tive reality, and by means of these concepts, we picture this reality to ourselves”
(Einstein, Rosen, Podolsky, 1935: p. 777). Thus, a theory consists of concepts,
axioms, deduction rules, statements about data, operations with them, and the
ways (correspondence rules) of establishing connections between concepts and
entities they represent. All these components, including operations with other
concepts, are named as concepts. In a sense, operations are concepts of concepts.
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In his collection of professional and popular works (Einstein, 2024), the
word “concept” and its near-synonyms (conception, idea, and notion) are ref-
erenced more than a thousand times. Yet, despite their frequent use, Einstein
does not clarify what he means by them.

The contemporary physicist Gerard ‘t Hooft followed Einstein and re-
placed axioms with equations, considering only the operations of solving these
equations. The question of whether such operations can be reduced to pure-
ly logical actions of deriving statements from equations remains unclear. He
briefly overviews “classical” field theories (James Maxwell’s theory of electro-
magnetism; Isaac Newton’s theory of gravitation and Einstein’s extension of it),
Erwin Schrédinger’s wave mechanics, quantum field theory, theories of weakly
coupled elementary particles, renormalizable theories, planar field theory in
four dimensions, and quantum gravity theories. All of these contain specific
equations. However, to recognize these systems as genuine physical theories,
physicists should be able to solve equations under consideration, and the solu-
tions obtained should “predict the behavior of the quantities involved under a
wide set of circumstances” ('t Hooft, 1984: p. 129—14). The equations in these
theories do not have exact solutions. That means that all practical theories, in
principle, give only an approximate picture of phenomena from their domain.

To the authors’ knowledge, Pierre Duhem was the first philosophically
minded professional physicist who devoted a book to physical theories. Accen-
tuating the use of mathematics in theories, he asserted that symbols are theory
components. In his view, they denote only realities and their attributes, which
are external to the theory. There is no inherent connection between the symbol
and the reality it represents. Symbols are parts of a system where they do not
serve as the main element, as the relationships between them do. Symbols are
selected for their ease of use (Duhem, 1906).

Max Planck (Planck, 1960) also devoted a book to the analysis of theories.
He wrote that a theory resembles a complicated organism, whose separate parts
are so intimately connected that any interference in one part must, to some ex-
tent, affect other parts of the theory. He mentioned definitions, dynamical, statis-
tical, and conservation laws, the principle of least action, conceptions of physical
quantities and their quantitative values, space, time, motion, energy, processes,
irreversibility, entropy, action, heat, disorder, order, oscillations, and the like.
This means that he implicitly admitted that concepts are different in kind.

A physicist, Norman Robert Campbell, considered theories to be a neces-
sary, constitutive, and irremovable part of physics. From his statement “theory
is defined by means of the formal nature and connection of the propositions of
which it consists, namely a hypothesis, making assertions about hypothetical
ideas characteristic of the theory, and a dictionary, relating these ideas to the
concepts of the laws explained by the theory” (Campbell, 1920: p. 199), one
can conclude the following. He emphasized the formal (usage of mathemat-
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ics and logical/deductive ordering), connective (interrelations between com-
ponents), and hypothetical (components are not apodictic truths) nature of
theories. Such nature is embodied in the theory’s propositions and assertions
about them. Thus, theory consists of propositions, some of which are ideas
and assertions. Ideas are supplemented by a dictionary, which relates them
to the concepts explained by the laws in the theory. From this formulation, it
follows that components of theory are such concepts as those appropriate to
laws as well as laws themselves.

Summarizing and partially explicating his understanding of the theory
given in the previous citation, Campbell wrote: “..a theory is a connected set of
propositions which are divided into two groups. One group consists of state-
ments about some collection of ideas which are characteristic of the theory; the
other group consists of statements of the relation between these ideas and some
other ideas of a different nature. The first group will be termed collectively the
‘hypothesis’ of the theory; the second group the ‘dictionary’ The hypothesis is
so called, in accordance with the sense that has just been stated, because the
propositions composing it are incapable of proof or of disproof by themselves;
they must be significant, but, taken apart from the dictionary, they appear arbi-
trary assumptions. They may be considered accordingly as providing a ‘defini-
tion by postulate’ of the ideas which are characteristic of the hypothesis. The
ideas which are related by means of the dictionary to the ideas of the hypoth-
esis are, on the other hand, such that something is known about them apart
from the theory. It must be possible to determine, apart from all knowledge of
the theory, whether certain propositions involving these ideas are true or false.
The dictionary relates some of these propositions of which the truth or falsity is
known to certain propositions involving the hypothetical ideas by stating that
if the first set of propositions is true then the second set is true and vice versa;
this relation may be expressed by the statement that the first set implies the
second” (Campbell, 1920: p. 122). From this passage, it appears that the defini-
tions and postulates are also components of a theory.

We considered some details of Campbell’s view because, unlike many
other physicists, he provided a somewhat fuzzy but intuitively clear perspec-
tive on the theory’s components and demonstrated their presence in particular
theories (the dynamical theory of gases, Fourier’s theory of heat conduction,
Maxwell’s theory, and theory of gravitation).

The specialist in high-pressure physics and disseminator of dimensional
analysis, Percy Bridgman, also wrote a book about theories. He stated that «any
theory is what it actually does, not what it says it does or what its author thinks
it does, for these are often very different things indeed» (Bridgman, 1936; p. 5).
From this, one can conclude that operations are the theory’s components.

In the spirit of Bridgman, J. Hintikka (1981, 2007), N. Jardine (2000), and
N. Sanitt view science as an interrogative process, and N. Sanitt also models a
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theory from a graph-theoretical perspective. This makes it possible to repre-
sent theory “as a network of questions and answers” (Sanitt, 1996: p. 39). This
author is one of the few physicists who not only are informed about the content
of concrete theories but also explicitly build their models.

The editors of many professional physical reference books, handbooks,
dictionaries, and encyclopedias prefer not to include pages, paragraphs and
articles directly devoted to the theory as such (Alenitsyn, Butikov, Kondra-
tyev, 1997; Basu, 2001; Benenson, Harris, Stocker, Lutz, 2002; Chapple, 1999;
Fischer-Cripps, 2015; Fliigge, 1956-1984; Frangoise, Naber, Tsun, 2006; Kirkby,
2011; Lerner, Trigg, 1991; Parker, 1993; Rigden, 1996; Szabo, Bojowald, 2025).
Such sources do not provide even a tentative list of theory components. While
they do offer a concise exposition of numerous specific theories, they provide
no insight into the universal composition and attributes of a theory, or, philo-
sophically speaking, a concept of theories.

Even when contemporary physicists explain what they understand under a
theory, they accentuate its holistic attributes (elegance, efficiency, mathematical
languages used, support by experimental evidence, et cetera) and functions (ex-
planations and predictions of facts, calculation of attribute values of studied re-
alities) and miss the description of its composition (Knight, 1989: p. 234—235).

Several contemporary theoretical and applied physicists express their val-
uable opinions about the components of theories in professional articles. In
view of L. Ratner (2003: p. 73), components (in the author’s words, features)
of the theory are a mathematical description, a logical structure, physical con-
cepts, methods of verification of the theory, and a method of establishing the
domain of the theory. According to T. Matolcsi, P. Van, and J. Verhas (2005),
the components of a physical theory comprise relevant physical quantities, the
differential equations that govern their processes in space-time, and variational
and symmetry principles. Thus, theoretical physicists are able to perform their
jobs effectively without a comprehensive understanding of the theories’ com-
position, despite the fact that the latter are their primary products and essential
intellectual tools.

It is also instructive to understand physical theory from the perspective
of a professional experimental physicist who leans towards a philosophical in-
terpretation of experimental physics (Parravicini, 2024: p. 177): “By ‘physical
theory” we mean a ‘scientific theory” within physical science. Namely, it is a set
of concepts and interpretations, based on a system of definitions, demonstra-
tions, and methods: this builds an explanation of the phenomena investigated
by physics, according to demonstrative procedures typical of the experimental
method and of the mathematical language, which is specific to this discipline,
in order to obtain universal and necessary explanations.”

However, it is easy to see that this view is also incomplete, as it does not
consider many components of the theory as a complex, polysystemic system.
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In any case, this is a clear example of a general vision of theory with a rather
limited resolution. The devil is in the details. Several such details were consid-
ered in (Burgin, Kuznetsov, 1994).

(To be continued)
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3 AKVX CKTAJHUMKIB ITOBYJOBAHA
KOHKPETHA HAYKOBA TEOPIS? (YACTUHA 1)

I1if, KOHKpeTHMMM TeopiAMM PO3YMiIOTh HayKOBi Teopii, 3a JOIOMOIH AKUX JOCTIIKYIOTb
TIEBHI TUIIM MaTepianbHNX peastiit abo sIBUIL (eleMeHTAPHI YACTUHKI, TIa3Ma, HATTIPOBifHI
Marepiany, KBaHTOBE TYHEIIOBAaHHA, XiMi4HI peakllii, peryiAanisa reHiB, pyX TEKTOHIYHMX
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wmt, Beecsir). ITicst po3rsiay pisHux 6aveHb IOAUTY Teopii Ha KOMIIOHEHT, 3aIIPOIIOHO-
BaHVIX IESIKMMM BUJJATHYMY BYeHVMU (TakyuMuy, 5K Icaak Hetoron, [Ixeitmc Knepk Makcser,
Taitnpux Pymomsd Tepy, IT'ep Mopuc Mapi drorem, Maxc Kapn Epucr JTionsir ITnaHk,
Anv6ept Aitninraity, Hopman Pobept Kemnben, Ilepci Binbsmc bpumxmen ta Tepapmyc
(OKepap) r'Todr) Ta pinocodamu Hayku (Taxumuy, sk Kapn Parimynn Ionep, Tomac Camyennb
Ky, Impe JTakaroc, ITayns Kapn ®oepabeny, Mapio Ayrycro Bynre, Ponansn Henbco Tipe,
Ixosed Honamby CHin, Bombdraur bambuep ta Kapnoc Yiic Mynen), moxxHa 3pobuty Bu-
CHOBOK, 1110 11i 6aueHHs He BPaXOBYIOTb YCIX CyTTEBMX KOMIIOHEHTIB Ta IPOMIHAIOTh 6arato
BK/IMBIX JieTasiell, HaBiTh 100 0OpaHyx KoMIoHeHTiB. HeroBHi Ta HemmdepeHuiiopaHi
6adeHHs CKIIaKy Teopiii, 3 OfHOrO OOKY, He BPaXOBYIOTb 06araTo KpUTHYHMX O3HAK KOHKPET-
HOI Teopil, BK/IIOYHO 3 1l pO3BUTKOM Ta 3B’A3KaMMU 3 IHIIMMU TeopisAMU. 3 IHIIOTO 60Ky, BOHI
9acTO MOPOIKYIOTh IICEBONPOOIeMN, IPUKIAZIOM SAKNUX € MOIY/IApHA Te3a PO HeCcyMip-
HIiCTb K/TAaCMYHMX Ta KBAHTOBUX Teopiit. OCKi/lbKM Teopii /ie)KaTh B OCHOBI CyYaCHUX HayK,
ixHi peffyKoBaHi 6aueHHs IPUSBOAATH IO HMIPHO CIIPOLIEHOTO Ta 3aHA/ITO 3aTaIbHOTO PO-
3yMiHHA HayKu Ta ii mporpecy. CTaTTs pO3KpUBa€ 3HAUYEHHSA Ta KOPUCHICTD MOMTICUCTEMHOTO
aHa/Ii3y KOHKPeTHVX Teopili Ta iXHbOTO POSBUTKY AL icTopil, pinocodii, couionorii Ta mema-
rOTiKY Hayku. Y IepIIiil YacTVHI CTaTTi ONMCAHO CKIAJHUKY TeOopili Ta HOIVIAaM Ha HuX (i-
3uKiB. Y gpyriit vacTusi 6ye po3rLIHYyTO HOIsnu (iocodiB Ha Teopii Ta BUK/IAJEHO BI-
CHOBKI. MI HArojolIyeMo, 110 B HePIIiil YaCTUHI MM OMVCAIN MICTOK MDK HEB SIyIIUM
3pa3KOM HayKoBOI Teopil HploTOHa Ta HallHOBIIIMMY TEHAEHLiAMU B iHTepIpeTalil cy4Jac-
HUX isnyHmx Teopiit. Le sickpaBuit IpUKIIaz 3axifHOI HAYKOBOI TpafuLil TAIOCTI Ta 3apa-
30M 3MiH, 3aBJAK) YOMY KiHIIeBMII IPOJYKT BUIJIAJAE iHAKIIIE, aJI€ IOT0 CTPYKTYPa 3a/IMIlIa-
€TbCA CTabIIbHOI0, 3HAJIOMOIO Ta 3PYYHOIO L1 podecioHaniB. Och YOMY Cy4acHOMY BUe-
HOMY IIi/IKOM MOXX/IMBO 4uTaTh HBIOTOHA Ta 3HAXONWMTHU TBEPIKEHH:, KOPUCHI I/ CBOEL
NPaKTUYHOI IiA/IbHOCTI, @ IPO KOHKPETHI II€P/IHY, CTBOPEHI I'eHieM, IOfii i TOBOPUTHL.

Kntouogi cnoea: konxkpemui meopii; cknadHicmy; munu KOMNOHEHMIs; NomicucmemHuil
n0enA0; niocucmemu.
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