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Abstract
This paper presents a comprehensive analysis of electromagnetic wave propagation in dyonic

fields, where particles known as dyons—possessing both electric and magnetic charges—alter
the traditional dynamics described by Maxwell’s equations. By incorporating dual-charge
sources into the electrodynamic framework, we reformulate classical field equations to develop
a dual-symmetric model that better represents theoretical predictions found in grand unified
theories and quantum field models. The study investigates how the presence of dyons influences
fundamental wave properties, specifically wave speed, polarization, and attenuation. The results
reveal that wave speed becomes dependent on both electric and magnetic charge densities,
leading to anisotropic propagation and modified refractive indices in dyon-rich media.
Polarization behavior is also affected, with the emergence of elliptical and rotating polarization
states due to intrinsic electric-magnetic field coupling. Furthermore, attenuation increases as
magnetic current densities introduce additional mechanisms of energy dissipation beyond those
observed in conventional dielectrics or conductive media. Using analytical methods and
theoretical modeling, this research demonstrates that the presence of dyons significantly reshapes
electromagnetic wave dynamics, suggesting potential applications in advanced plasma systems,
metamaterials, and astrophysical phenomena. The findings contribute to an extended
understanding of electrodynamics under dual-charge conditions and provide a theoretical basis
for future experimental and computational studies aiming to simulate or detect dyonic effects in

controlled environments.

Keywords: Dyons, Dual-Charge Electrodynamics, Wave Polarization, Attenuation Mechanisms,
Electromagnetic Propagation.

1. Introduction
Electromagnetic wave propagation is a foundational concept in classical physics, underpinning

modern technologies such as wireless communication, radar systems, optics, and remote

920

Copyright © | JET Network, All Rights Reserved


https://jetjournal.us/

JOURNAL OF

Journal of East-West Thought E AST.w EST

ISSN: 2168-2259 (online)

(https://jetiournalus/) THOUGHT
Volume 14, Issue 3 — 2024
Y Impact Factor: 7.665, UGC CARE |

sensing. Traditionally this phenomenon has been described using Maxwell’s equations, which
govern the generation, interaction, and transmission of electric and magnetic fields. These
equations assume the existence of electric charges as sources of the fields, while magnetic fields
are generated solely through electric currents or time-varying electric fields. The absence of
magnetic monopoles in classical theory creates an asymmetry in the formalism, limiting its ability
to fully describe dual-field interactions in exotic or theoretical environments. However, the
conceptual introduction of magnetic monopoles, and more broadly, dyons—particles that possess
both electric and magnetic charges—has opened new avenues for exploring electromagnetic
phenomena in more generalized and symmetric frameworks. Dyons arise naturally in various
advanced theoretical models, including grand unified theories (GUTS), supersymmetry, and
string theory, where dualities between electric and magnetic fields are fundamental to the
structure of field interactions. The inclusion of dyons not only restores symmetry to Maxwell’s
equations but also introduces a new class of sources that significantly modify how

electromagnetic waves propagate through space and media.

The study of electromagnetic wave propagation in dyonic fields—environments influenced by
the presence of dual-charge particles—provides critical insight into how these generalized
charges affect key wave properties such as speed, polarization, and attenuation. The theoretical
framework requires extending the conventional field tensors and incorporating magnetic charge
density and magnetic current components, resulting in a dual-symmetric formulation of
electrodynamics. In dyonic media, wave speed is no longer governed solely by material
permittivity and permeability; it becomes a function of both electric and magnetic charge
densities, potentially leading to anisotropic or non-linear propagation. Similarly, polarization
characteristics are altered due to the intrinsic coupling between electric and magnetic components
of the wave, which can induce rotating or elliptical polarization states, even in linear isotropic
media. Furthermore, attenuation is affected as magnetic currents contribute additional loss
mechanisms not present in conventional media. This research provides a comprehensive
analytical model to understand these interactions, deriving modified wave equations and
exploring their implications across different dyonic field configurations. The findings not only
contribute to theoretical physics by enriching the classical electromagnetic framework but also
have potential practical relevance in advanced material science, plasma physics, and high-energy

environments where dual-charge interactions might be emulated or naturally occur.
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2. Propagation of Electromagnetic Waves in Dyonic Systems

The propagation of electromagnetic waves in dyonic systems presents a unique and complex
scenario due to the dual-charge nature of dyons, which carry both electric and magnetic charges.
In traditional electromagnetic systems, waves are governed by Maxwell’s equations, which
describe the interaction of electric and magnetic fields with electric charges and currents.
However, in the case of dyons, the presence of both electric and magnetic charges necessitates a
modification of these equations, leading to a new wave propagation framework. In a dyonic
medium, electromagnetic waves are influenced not only by the usual electric field
(E\mathbf{E}E) and magnetic field (B\mathbf{B}B) components, but also by the dual
interactions between the electric charge density (pe\rho epe) and magnetic charge density
(pm\rho_mpm). The generalized Maxwell’s equations for dyons, as outlined previously, account
for the contributions of both electric and magnetic currents, creating a coupled system that
dictates the behavior of waves in such systems. These equations describe how the electric and
magnetic fields propagate through a medium that possesses both electric and magnetic charge
distributions. In the simplest case, the propagation of electromagnetic waves in a dyonic system
can be modeled by solving the modified wave equations derived from the generalized Maxwell’s
equations. The electric and magnetic fields propagate as coupled wavefronts, with the dynamics
of the dyonic medium altering the phase velocity, polarization, and energy transfer of the waves
compared to traditional systems. Additionally, in the presence of dyons, the duality symmetry
between electric and magnetic fields leads to the possibility of novel wave phenomena, such as
wave-mixing, mode coupling, and the generation of hybrid electric-magnetic waves. These
effects arise because dyons interact with both the electric and magnetic components of the
electromagnetic field, leading to more complex wave behavior and the potential for new physical
effects like the creation of singularities or topological defects in the field. Furthermore, the
propagation of these waves is subject to the quantization condition for electric and magnetic
charges, which influences the dispersion relations and frequency characteristics of the waves.
The interplay between the electric and magnetic components in dyonic systems offers a richer set
of wave propagation modes that could provide deeper insights into the nature of electromagnetic
fields, particularly in systems involving high-energy physics or potential future technologies like

advanced communication and energy systems.
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3. Methodology

ELECTROMAGNETIC DUALITY

The concept of duality has gotten a lot of attention in current gauge theories. It provides
important tools for constructing self-dual or anti-self-dual solutions to field equations, as well as
for studying theoretical regimes that prohibit the use of perturbation expansions. These
characteristics appear to be particularly essential for recent advancements in string theory and its
derivatives, such as branes and M-theory. Heaviside discovered duality in classical
electromagnetic theory a century ago for the Maxwell equations in vacuum

i
Vx FP=—-__
ot
JaTET™
Px P=-__
at

Where, E~ and H™ are respectively the strength of the magnetic and electric fields fluctuate

among one another when they are replaced,

PP P> -E~
Due to the system's dual (Heaviside duality) symmetry, the electric field can be viewed as being

equivalent to the magnetic field. Larmor’s generalization of Heaviside duality to a continuous

transformation appears to be the case
E°=E>cos 6 + Hsin 6;

H>=—-E""sin+ Hcos 0

where 0 < 6 < m/2. The total ambiguity, or continuous freedom, in the
selection of electric and magnetic fields for the radiation fields is emphasized by this. Since the
development of non-abelian gauge theories for elementary particle physics, a lot of work has
been put into figuring out what duality means and why it matters, either in its traditional non-
abelian forms or as shown above. Allow us to review that the first fields in the Maxwell
conditions have electric charges or flows and time variable fields as their sources. Indeed, even
in vacuum, electric fields are remembered to speed up electric charges lined up with their way,
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while attractive fields offer cross over speed increase for electric charges. Attractive materials

are connected with rudimentary attractive dipoles; but single separated attractive charges have
never been seen. Spurred by the need to make sense of the quantization of electric charges, Dirac
embedded attractive monopoles into this structure to give hotspots for the attractive enlistment
field for example

Vo 1 = go)
To maintain the connection with the magnetic vector potential,

F=WPx K
NON-INVARIANCE OF MAXWELL'S EQUATION ASSYMMETRY
The capacity to disconnect electric shafts, i.e., electric charges, and the failure to seclude

attractive charges, is a basic contrast among power and attraction. The lopsidedness among power
and attraction ended up being very clear close to the furthest limit of the last 100 years with the
detailing of Maxwell's situation for electromagnetism. Maxwell's differential conditions for

electromagnetic fields,
VB =

Vo H =0

a7HT
VX BP=-__
ot

T
V"XI-T"=—(T% + 7

ot
Where, the vector fields E - and H - means the electric and attractive fields delivered by the

presence of an electric charge thickness dispersion p, and a flow thickness j — and utilization of
regular units ¢ = h = 1 has been made all through the documentations. In free space, Maxwell's
equationsp = 0,j = 0, under the duality changes, these conditions stay symmetric and unaffected
E - — H- H- —(- E) —. Subsequently, neither balance nor double invariance exist within the
sight of sources. A four-potential is presented {Au} = {$,A —} got from the source terms p and j

-, the attractive and electric fields in the way depicted underneath,
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A~
B=-V20-__;
at

= HxA>
In covariant notation, these electric and magnetic fields are components of following

electromagnetic field tensor,
F/w = 61;A# - avAy; (‘Ll,v = 0,1,2,3)

Such that Foi = E'and Fij = ijH*. Maxwell's equations can therefore be expressed in their
covariant forms as follows:

Fuw = 0"Fuv = j;

Ew :avi:z'w =0;

where {j*} = {p,J— } is a four current density and E, Fguv is well-defined as,

1
F= € AFa%;
uv E uvo
in which” Fuw” represents the dual part while e, IS Rank four Ricci tensor that is entirely
antisymmetric. Clearly asymmetrical equations are (3.9) and (3.10) in Fuv E,, and Fuv and
don't continue to be invariant after the duality transformation E,, — Fuv and'E, — Fuv. The

vector wave function y/~as being connected to electromagnetic fields is,
Y=E—1H
The following equations result from taking the divergence and curl of equation.

Vop=p
VX = —ij — :
ot

The following points can help to illustrate how Maxwell's equations lack symmetries:
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1) Magnetic charge cannot be compared to electric charge or current source densities.

2) The motion of the electric charge appears to produce the magnetic field, but the magnetic

charge does not contribute in a comparable way to the production of the electric field.

3) With regard to the four potentials A, equation (3.7) calls for relations of a different kind,
demonstrating that the magnetic field has an impact on the rotation of the spatial

component of potential whereas the electric field is ineligible for such an interpretation.
4) The equation (3.8) for the electromagnetic field tensor explicitly reveals the symmetry.

5) Equation (3.6) provides no proof that magnetic sources exist.

4. Results and Discussion

Gravitational fields linearization

It is possible to write Einstein's equations in a fairly straightforward manner, which brings one
immediately to the comparison with Maxwell's equation (weak field). Therefore, let us begin by
writing entire nonlinear equations (for the sake of simplicity, we will assume the natural units) ¢
=h=1)

G,uv = 87TGT;w! (41)
Then,

Ouw=nw + h,uv; (42)

Where 7. , also known as the Minikowaski metric tensor, |h,,| << 1 represents only a slight

departure from the norm. Then we define,

kR =h -1n ;h=he (4.3)
uv w5 v a

Therefore, the field equation (4.1) becomes expanded in the power of hu if we restrict

ourselves to linear terms, then.
Euv =1 67TGT;w} (44)
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The linearized form of Einstein's field equations is represented by the equation, which was

established after the Lorentz gauge Condition h,#e =0, was established. It is easy to see how
these equations can be compared to the Maxwell equations that apply to them and have the
form A" = 4xnjv. Using delayed potentials, it is possible to give a precise expression for the
solution of equation (4.4).

T;w(t - |x - xrlr .X')

Rw=—4G [ ] d3x’; (4.5)

In what capacity does the electromagnetic vector potential play A" is the role that the tensor
potential plays here Ay, despite the fact that the function of the four-current j” is performed by
the tensor of tension and energy T+ . The complete derivation of the tensor potential expression

hyuw s then
h00 = 4¢;
ROl = -2 2A! (4.6)
Where @ the Newtonian potential, often known as the gravitoelectric potential, is defined as
Q=-G6M: 4.7
While A~ is the gravito-magnetic vector potential expressed in terms of the system'’s sum of all

of its angular momentum S— is given by

GSnxk
Al =

73 E1I‘Lk (48)

It follows that TO0 = p is the ratio of mass to energy per unit volume. Therefore, the formula for

the total mass of the system, M, is as follows:
[ pd3x = M; (4.9)

While Ti= j' the mass-current density, and the total angular momentum of the system is
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denoted by
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Si=2 [ € xITkd3x’ (4.10)

When considering the possibilities @, A=, the Lorentz gauge conditions evolve into the

following:

1?2 (4.11)

ot
After that, defining the gravito-electric and gravito-magnetic fields is a piece of cake G and
P as,

_)
= 7op-"

ot
H=Px A (412)

The full set of Maxwell's equations, also known as gravi-electromagnetic (GEM) fields, can be
described as follows when equations (4.4), (4.11) and (4.12), as well as the definitions of mass
density and current, are used.

V2.6 = —p
V. H =0

(ﬂ.[’—>
Vx = -

ot
dG

VX HY =6 o (4.13)
t

Einstein's field equations, when written in the form, correspond to a solution that, in terms of
gravito-electric and gravito-magnetic potentials, explains the field that surrounds an object that

is rotating. Therefore, the metric tensor may be derived from the space-time invariant that
corresponds to it.

ds? = (1 + 2¢)dt? + 4dt(dr. A)
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—(1 — 2¢)6idxidx

As a result, the gravitational field may be comprehended by drawing parallels to
electromagnetism. For example, the gravito-magnetic field of the earth, in addition to other
masses that only have a minor gravitational pull and rotate, can be thought of as a dipolar field,

3r(r.S) — Sr2

H>= —4G s (4.15)

In point of fact, by making use of the current formalism, the geodesic equation for a particle in
the field of a weakly gravitating rotating object can be recast in the form of an equation of motion
under the action of a Lorentz force. This is possible because the geodesic equation describes the
motion of the particle as it is subjected to the Lorentz force. An expression for the geodesic

equation is as follows,

d*z° [ dz* dx® — 0

ds2 # de ds

(4.16)

0
When a particle is moving at a non-relativistic speed, 4x_=~1, Because of this, the speed of the
ds

particle decreases vi =~ dil.Keeping in mind that we are only dealing with static fields, where
ds

gapo =0,

It is not difficult to demonstrate that the geodesic equation may be reduced to the Form

d-
=+ xH (4.17)
dt
This demonstrates that free fall, when occurring in the vicinity of a massive object that is rotating,

can be interpreted as a motion that is subject to the influence of the Lorentz force that is generated
by GEM fields.
ABELIAN GAUGE, TWO THEORIES OF DYONS AND GRAVITO-DYONS THEORIES

With the development of Maxwell's equations towards the end of the 19th century, the imbalance

between electricity and magnetism became apparent, and scientists became
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enthralled with the concept of magnetic monopoles. Proposed the use of magnetic monopoles to

symmetrically solve Maxwell's equations, and demonstrated how the quantum mechanics of an
electrically charged particle of charge e and a magnetically charged particle of charge g is
consistent only if eg = 2znn, n that it is an integer. This requirement was made more generic to
account for the possibility of particles (dyons) carrying both electric and magnetic charge. Two
particles with electric and magnetic charges are possible in a quantum mechanical theory (e1, g1)
and (e2, g2) only if eig2 — €291 = 2zn. built the non-Abelian dyons hypothesis. The standard
model, which combines the gauge theory of strong interactions with the model of electroweak
interactions, is now universally acknowledged to be a gauge theory that incorporates monopole and dyon
solutions. Dyons, which result naturally from the semi-classical quantization of the global charge rotation
degree of freedom of monopoles, are included in the quantum mechanical excitation of basic monopoles.
The monopoles are required for dyons to exist, and the Dirac quantization condition allows dyons to have
an equivalent electric charge in light of the explanation of CP-violation in terms of a non-zero vacuum
angle of the world. Rekindled interest in the monopole topic has grown significantly in relation to the
contemporary grand unification theories, supersymmetric gauge theories, and super strings. However,
since the monopoles are predicted to be extremely heavy and have typical masses that are nearly two
orders of magnitude more than the extremely heavy X bosons mediating proton decay,
experimental searches for these elusive particles have sadly come up empty. Even though
monopoles (dyons) have a huge potential impact and have been the subject of extensive research,
there is still no reliable theory that is as conceptually transparent and predictably tractable as
conventional electrodynamics, and the formalism required to describe them has been awkward
and not clearly covariant. Instead, super symmetry, super strings, gauge theories, and field
theories have all paid a lot of attention to the idea of electromagnetic (EM) duality.

5. Conclusion

This comprehensive analysis of electromagnetic wave propagation in dyonic fields has
highlighted the profound theoretical implications of incorporating dyons—particles with
simultaneous electric and magnetic charges—into classical electrodynamics. By extending
Maxwell’s equations to accommodate dual-charge sources, the study has demonstrated
significant deviations in wave behavior, particularly in terms of speed, polarization, and
attenuation. The presence of dyons modifies the electromagnetic field structure, leading to

anisotropic propagation, where wave speed depends not only on material permittivity and
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permeability but also on the spatial distribution and interaction of dyonic charges. Polarization

characteristics are notably altered due to the coupling between electric and magnetic components,
resulting in the emergence of elliptical, dual-mode, and rotating polarization states even in simple
media. Furthermore, attenuation is enhanced through the contribution of magnetic currents,
introducing additional energy loss pathways beyond traditional dielectric or conductive
mechanisms. These findings not only deepen the theoretical understanding of wave dynamics in
exotic charge environments but also pave the way for practical exploration in areas such as
metamaterials, plasma physics, and astrophysical modeling. The study contributes a vital
foundation for future research aimed at simulating or detecting dyonic behavior, offering insights
that could eventually bridge the gap between high-level theoretical physics and experimental
electrodynamics, and potentially reveal new principles of energy transmission and field
interaction.

References

1. Liu, L., Christiansen, @., Guo, Z. K., Cai, R. G., & Kim, S. P. (2020). Gravitational and
electromagnetic radiation from binary black holes with electric and magnetic charges: Circular
orbits on a cone. Physical Review D, 102(10), 103520.

2. Liu, L., Christiansen, @., Ruan, W. H., Guo, Z. K., Cai, R. G., & Kim, S. P. (2021).
Gravitational and electromagnetic radiation from binary black holes with electric and magnetic
charges: elliptical orbits on a cone. The European Physical Journal C, 81, 1-10.

3. Loran, F., & Mostafazadeh, A. (2020). Transfer-matrix formulation of the scattering of
electromagnetic waves and broadband invisibility in three dimensions. Journal of Physics A:
Mathematical and Theoretical, 53(16), 165302.

4. Loran, F., & Mostafazadeh, A. (2023). Fundamental transfer matrix for electromagnetic
waves, scattering by a planar collection of point scatterers, and anti-PT-symmetry. Physical
Review A, 107(1), 012203.

5. Mehmood, A., Alessa, N., Shahzad, M. U., & Zotos, E. E. (2024). Davies-type phase
transitions in 4D Dyonic AdS black holes from topological perspective. Nuclear Physics
B, 1006, 116653.

6. Norman, R. J., Bennett, J. A., Dyson, P. L., Le Marshall, J., & Zhang, K. (2013). A ray-tracing
technique for determining ray tubes in anisotropic media. IEEE transactions on antennas and
propagation, 61(5), 2664-2675.

932

Copyright © | JET Network, All Rights Reserved


https://jetjournal.us/

JOURNAL OF
Journal of East-West Thought

ISSN: 2168-2259 (online) EAST-WEST
(https://jetiournal.us/) THOUGHT
Volume 14, Issue 3 — 2024

Impact Factor: 7.665, UGC CARE |

7. Novko, D., Sunji¢, M., & Despoja, V. (2016). Optical absorption and conductivity in quasi-

two-dimensional crystals from first principles: Application to graphene. Physical Review
B, 93(12), 125413.

8. Osmanov, Z., & Berezhiani, V. I. (2018). On the possibility of the Dyson spheres observable
beyond the infrared spectrum. International Journal of Astrobiology, 17(4), 356-360.

9. Palessandro, A., & Rothman, T. (2023). A simple derivation of the Gertsenshtein
effect. Physics of the Dark Universe, 40, 101187.

10. Pantig, R. C., Mastrototaro, L., Lambiase, G., & Ovgiin, A. (2022). Shadow, lensing,
quasinormal modes, greybody bounds and neutrino propagation by dyonic ModMax black holes.
The European Physical Journal C, 82(12), 1155.

11. Patkos, A. (2023). Electromagnetic energy transfer processes in effective electro-magneto
dynamics of axions. Modern Physics Letters A, 38(30n31), 2350137.

12. Prasanna, A. R. (2015). On photon trajectories and electromagnetics near strongly gravitating
cosmic sources. Journal of Electromagnetic Waves and Applications, 29(3), 283-330.

13. Sarvazyan, A. P., Rudenko, O. V., & Nyborg, W. L. (2010). Biomedical applications of
radiation force of ultrasound: historical roots and physical basis. Ultrasound in medicine &
biology, 36(9), 1379-1394.

933 Copyright © | JET Network, All Rights Reserved


https://jetjournal.us/

