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Abstract
Dyon is a hypothetical particle which carries the electric and magnetic charge. We have made an
attempt to discuss the role of discrete symmetries in the dyonic field. We report the symmetry transformations under the parity (P), time reversal (T), charge conjugation (C), time-reversal (PT),
Charge-conjugation and parity (CP) and CPT to various equations of dyon. These symmetries are
also obtained in term of polarization and magnetization vector for dyon. It is shown that CPT transformation is invariant under electric and magnetic charge polarization and magnetization vector of
dyon respectively.
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1. Introduction
Discrete symmetries do not depend on any continuous parameter. The classic example is reﬂection in a mirror-either we reﬂect an object in the
mirror, or we leave it unchanged. The study of
interactions between the particles has led to some
conservation laws which govern the symmetry in
the model [1–4]. Three discrete symmetries play
crucial roles in particle physics: parity (P), charge
conjugation (C), and time-reversal (T). We have
discussed the generalized Dirac–Maxwell (GDM)
equations in the presence of electric and magnetic
sources. We have also analyzed the other quantum equations of dyon inconsistent and manifest
covariant way [5]. This theory has been shown to
remain invariant under the duality transformation.
Quaternion analysis of time-dependent Maxwell’s
equations has been developed [6] in the presence
of electric and magnetic charges and the solution
for the classical problem of moving charge (electric and magnetic) are obtained consistently. The
time-dependent generalized Dirac–Maxwell’s
(GDM) equations of dyon have also been discussed [7] in inhomogeneous and chiral media,
where the solutions for the classical problem are
obtained. The monochromatic ﬁelds of generalized electromagnetic ﬁelds of dyons in slowly
changing media has been derived in a consistent
manner[14].
In this paper, we have attempted to study the different symmetric properties of dyon in term of
polarization and magnetization. It is shown that
the generalized Maxwell’s–Dirac (GDM) equations are invariant under discrete symmetries like
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parity P, time reversal T, charge conjugation (C),
parity–time reversal operation PT, charge conjugation–parity operation CP and combined operation (CPT). The generalized ﬁeld equations are
no more invariant under P symmetry, T transformations and combined effects of CP and PT. As
such, CPT invariance is an exact symmetry for
generalized ﬁelds of dyon [8]. If we apply these
transformations to field associated with dyon, we
conclude that CPT transformation is also invariant for both polarization and magnetization vector
terms of dyon.
Field Associated with Dyon
Considering the existence of magnetic monopoles
Dirac [9] generalized Maxwell’s field equation
for dyon in the following manner in a vacuum in
SI units [10] for c    1
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Generalized electromagnetic fields produced by
particle (dyon) each carrying the generalized
charge as complex quantity with electric and
magnetic charges as its real and imaginary constituents. The electric and magnetic field associated with dyon carrying generalized charge may
be written as [11-12].
q=e–ig
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Electric and magnetic charges are represented by
e and g, respectively. Generalized four potential
{V }  ( ,V ) associated with dyon is defined as,
{V }  {C }  i {D}

{C }  ( , C )

(5)


}  ( , D )

g
Where  e and D
are respectively
electric and magnetic four potentials in term of
scalar and vector part. We have used the natural
units c    1 . Electric and magnetic fields of
dyon are defined in terms of components of electric and magnetic potentials as
{
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The vector wave function  associated with generalized
electromagnetic fields is defined as,
 


  E i B

(8)

We get following the form of generalized Maxwell’s
equations for dyon.
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Where  and J, are the generalized charge and
current source densities of dyon and P and M, are
polarization and magnetization vector fields given
by
  e  i  m
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(11)
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The Generalized covariant form of Maxwell
equations of dyon are written as.
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,
On the other hand, the physical quantities like
magnetic charge density (ρm), electric current
density, electric ﬁeld (E), Polarization(7)vector for
electric charge, and magnetization vector for
magnetic charge have odd parity as they change
sign [13] their sign change under parity transfor(8)
mation.
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On applying the parity transformation to field associated with dyon. We get
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(11)
As such, the covariant form of Maxwell
(12) equations
of dyon is invariant under parity transformation.
But Polarization vector for dyon looses their invariance under time reversal transformation.

(13)



The generalized field equation of dyon is given
by
Where

are changed into a left-handed coordinate one or
vice versa under the parity transformation. The
physical quantities like electric charge density
(ρe), magnetic current density, Polarization
vec(5)
tor for electric charge and magnetic ﬁeld have
even parity as they do not change [13] their sign
under spatial inversion (Parity transformation)
showing that they have even parity.

G ,  J 

(14)

J    , J 

(15)

Symmetries of Dyon under parity transformation
Symmetries under parity are essential in nuclear
and particle physics and many other areas of
quantum physics. It describes the eﬀ ect on a system of reversing all coordinates: x→-x, y →-y,
and z →- z, since this is often the case for systems of interest, the parity transformation referred
to as “reﬂection in a mirror.” Parity is the symmetry of interaction which involves a transformation that changes the algebraic sign of the coordinate system [1, 2]. Right-handed coordinates
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Symmetries of Dyon under Time reversal
transformation
The ﬁnal discrete symmetry is time reversal, T, which reverses the ﬂow of time: t →-t.
Thus the physical quantities like electric charge
density (ρe), magnetic current density, Polarization vector for electric charge, and magnetic ﬁeld
have even parity as they do not change [13] their
sign under time reversal. i. e.
T x T 1  x

,

T e T 1  e

,



T jm T 1  jm


T M m T 1  M m

 
 

, T Pe T  Pe ,
On the other hand, the physical quantities like
electric charge density, magnetic field, polarization vector for the magnetic charge and Magnetization vector for the electric charge are changing
their sign under time reversal i.e
T e T 1  e

T t T 1   t
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On applying the time reversal transformation to
field associated with dyon. We get
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Symmetries of Dyon under Charge Conjugation
Charge conjugation describes the eﬀ ect on a system of replacing every particle by its antiparticle.
This can be thought of as reﬂecting it in a “mirror” that reverses the signs of all charges, classically; charge conjugation replaces positive charges by negative charges and vice-versa. Since electric and magnetic ﬁelds have their origins in
charges, one can reverse these ﬁelds by applying
the property of charge conjugation. The physical
quantities like displacement (x), time (t), are invariant meanwhile, the physical quantities related
to electric magnetic and magnetic charge change
their sign under charge symmetry as,
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We see that the covariant equations of dyon are
invariant under C transformations. But Polarization and magnetization vector of dyon looses their
invariance under C transformation.
Symmetries of Dyon under combined operator
of Parity and Time Reversal (PT)
Parity (P) and time reversal (T) combine to constitute a fundamental symmetry called CP invariane. The most widely known symmetry is based
on group theory is called PT symmetry. In case of
PT symmetry current density, charge density are
invariant under the simultaneous action of space
and time reﬂection operators and [15, 16] i.e.
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Thus, the covariant forms of Maxwell equations
of dyon remain invariant under the time reversal
symmetry. But Magnetization vector for dyon
looses their invariance under time reversal transformation.
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The combined operation of PT transformation
also shows the invariance of the covariant forms
of Maxwell’s equations. But Polarization and
magnetization change their sign under this symmetry.
Symmetries of Dyon under combined operator
of charge conjugation and Parity
Associated with the conservation laws which
govern the behavior of physical particles, charge
conjugation (C) and parity (P) combine to constitute a fundamental symmetry called CP invariance [17-20, 21, 22]. The following quantities
change their sign under the combined effect of
CP i.e.
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The following quantities are invariant under the
combined effect of CP i.e.
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As such, the covariant form of Maxwell equations
of dyon and Polarization vector for dyon are invariant under CP symmetry. But magnetization
vector of dyon looses their invariance under CP
transformation.

Symmetries of Dyon under combined operator
of charge conjugation and Parity
We have seen that there are three symmetries
which usually, but not always, hold are those of
charge conjugation (C), parity (P) and time reversal (T). The following quantities are under the
combined effect of CPT i.e.
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(27)

The generalized field equations and covariant
form of dyon is invariant under the combined operation (CPT). Polarization and magnetization
vector of dyon are also invariant under CPT
transformation.
Conclusion
We have observed that the Maxwell equation (14) are invariant under discrete symmetries like
parity P, time reversal T, charge conjugation (C),
parity–time reversal operation PT, charge conjugation–parity operation CP and combined operation (CPT). But when we take the generalized
fields of dyon (14), we observe that the field
equations are no more invariant under P symmetry, T symmetry, and combine effects of CP
and PT. Polarization and magnetization vector
terms of dyon are invariant under the combined
operation (CPT). In other words, we may conclude that CPT invariance is an exact symmetry
for generalized ﬁelds of dyon, polarization and
magnetization vector of dyon. As such the statement of Ludens–Pauli–Schwinger [23] that invariance under Lorentz transformations implies CPT
invariance holds good for the case of dyon.
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