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Abstract: This paper introduces and explains the new concept of dimensional twins —
physical quantities that share the same combination of fundamental dimensions but have
different meanings.

1. Introduction

In the mathematical language of physics, physical quantities are expressed through the base
units of the system — meter (m), kilogram (kg), second (s), and others. Every quantity can be
reduced to a combination of these fundamental dimensions. However, during a deeper analysis
of physical phenomena, we encounter an interesting occurrence: different quantities,
originating from different fields of physics and describing completely different phenomena, can
have identical dimensions. This phenomenon is referred to as dimensional twins.

2. What Are Dimensional Twins?

Dimensional twins are physical quantities that share the same combination of base dimensions
(e.g., L*MT2), but have different meanings, functions, and roles in the physical world. To use
a linguistic analogy, they are like homonyms in natural languages — words that are spelled the
same but have completely different meanings.

For example, mechanical energy, electrical energy, and heat all have identical dimensions in
the SI (MKS) system:

[L2MT2]
Yet they arise from completely different processes — the motion of objects, the work done by
electric current, and the transfer of thermal energy — and they cannot be mixed either
physically or conceptually.

3. The Phenomenology of Twins

The occurrence of dimensional twins is not accidental, but is deeply connected to the way nature
organizes physical phenomena. Physical reality is layered — from the quantum level, through
the molecular and macroscopic, to the cosmological — and each of these “organizations” has
its own set of laws, but often makes use of similar mathematical expressions.

For example:

e The momentum of a body p=mv and the magnetic flux @=B-A have the same
dimensions, even though one refers to the motion of mass and the other to the spatial
extension of a field.

« Electrical resistance, inductive and capacitive reactance, as well as impedance, all
share the dimensions [L'T], even though they describe very different aspects of
electrical circuits.
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These cases suggest that dimensional twins often arise when nature is “solving” similar types
of problems within different structures of matter — such as inertia in mechanics, inertia in a
field, or resistance to change over time in oscillatory systems.

4, Dimensional Degeneracy and the Limits of Analysis

Dimensional analysis is a powerful tool: it can help verify the correctness of physical equations,
identify unknown relationships, and scale physical systems. However, the phenomenon of
dimensional twins also reveals its limitations. Dimensions do not carry contextual information.
Therefore, even though quantities may share the same dimensions, a physicist must understand
what is being measured, why it is being measured, and within which framework.

5. The Abundance and Classification of Dimensional Twins

The most common cases are twin pairs, but more complex groupings also exist. The dimensions
of energy [L?MT 2] appear in more than five distinct physical quantities: mechanical energy,
electrical energy, work, heat, oscillator energy, and so on. The same holds true for resistance,
power, momentum, etc.

This leads to a potential classification: dimensional twins can be sorted based on the number of
physical concepts they unify, making them useful indicators of the universality of a given
dimensional form.

6. A Catalog of Dimensional Twins

The following table provides an overview of the most common groups of dimensional twins,
sorted by the number of different physical quantities that share the same dimensions. This
catalog illustrates how many different physical meanings a single mathematical structure can
represent.

Table: Dimensional Twins Sorted by Frequency

Frequency Dimensions Physical Quantities in the Group (Twins)
2 L2MT 2 Mechanical work, heat
2 LT Electrical resistance, inductive reactance
2 L32MY2T-1 Electric charge, current flux (integral of current over time)
2 LY¥2MY2  Momentum, magnetic flux
3 L2MT 2 Mechanical energy, heat, electrical energy
3 LMT 2 Pressure, energy density, energy-momentum tensor (T*)
4 L2MT2  Work, thermal energy, electrical energy, energy in a capacitor (4CV?)
54 L2MT2 Universal energy: mechanical, electrical, light, thermal, work,
potential, oscillator energy
54 LT Resistance, reactances X, Xc impedance, mechanical drag in fluids,

relative resistance in superconductors



This table is not final, but rather represents the beginning of a systematic classification. The
number of twins can grow with the development of new theories and applications — especially
in quantum physics, field theory, and materials with special properties (e.g., topological
insulators, superconductors).

7. Possibility of Extension: Toward Dimensional Periodicity

Just as the periodic table of chemical elements evolved through the discovery of new elements
and their grouping by similar properties, the dimensional table of twins provides a foundation
for a similar development in the domain of physics. This analogy points to a deeper possibility
of structured classification of physical quantities, based on their dimensional forms.

In this “dimensional periodicity,” each cell represents a specific combination of fundamental
physical dimensions (e.g., L2MT2), while the number and diversity of “twins” within it
highlight the universality of that form in nature. Phenomena that share these dimensions often
appear in various physical contexts: mechanics, electromagnetism, thermodynamics, quantum
theory, etc.

The possibilities for extension are numerous:

e Discovery of New Twins: Empty cells in the table, or those with a small number of known
quantities, may indicate the potential for new physical concepts that have not yet been defined
or recognized as twins.

e Analysis of Dimensional Analogies: If two or more fields use the same dimensions for
different concepts, it is possible to uncover formal analogies between the laws of those fields
(e.g., the analogy between electrical circuits and mechanical oscillators).

e Reverse Analysis — Prediction of Physical Meanings: Knowing the dimensional form of a
physical quantity can aid in constructing new theoretical models or even in experimental design
— in the search for phenomena that could fill the empty "dimensional niches."

Dimensional twins thus become not only a classification phenomenon, but also a heuristic tool
—a means for connecting, exploring, and predicting in physics. The table of dimensional twins
is not final; it is an open document of scientific understanding, evolving alongside the
development of physical theories and experimental discoveries.

8. Frequency of Dimensional Twins in Relation to the Complexity
. Dimensional twins appear more frequently in complex, multidimensional
combinations of fundamental physical units.
. However, this is not an absolute rule — it mostly depends on the richness of physical
concepts that “share” the same dimensional form.
. For simple dimensions (e.g., just T! or just L), the number of meanings is limited.

Conclusion
Dimensional twins represent a phenomenon at the intersection of mathematics and physics.
Although mathematically identical, they are physically diverse. Recognizing and understanding
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them can deepen our grasp of natural laws, assist in analysis, and open the door to new
discoveries.

In the future, this concept could serve as a foundation for a deeper classification of physical
laws, and even for finding analogies between seemingly unrelated phenomena.

Novi Sad, April 28, 2025



