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Abstract: Starting with the generalized Maxwell field equation of dyon, the matrix form of generalized 

Maxwell field equation is formulated in a compact manner. The Maxwell field equations and Lorentz 

force for dyon in term of the matrix are also derived in arbitrary media (material media). It represents an 

additional field, which shows polarization and magnetization for the electric and magnetic charge. Finally, 

the Continuity equation for dyon is also derived. 
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1. Introduction 

 The magnetic monopole is a hypothetical 

elementary particle that is an isolated magnet 

with only one magnetic pole. The possible 

existence of a magnetic monopole was 

purposed by Dirac (1931). Dirac showed that 

if any magnetic monopoles exist in the 

universe, then all electric charge in the 

universe must be quantized i.e. Dirac 

quantization Condition. A dyon is a 

hypothetical particle with electric and 

magnetic charges. A dyon with zero electric 

charges is usually referred to as a magnetic 

monopole. Many particle theories, grand 

unified theories, and super string theories 

predict the existence of magnetic monopole 

and dyon.  Dyons were first purposed by 

Julian Schwinger in 1969 as a 

phenomenological alternative to quarks 

(Schwinger 1969). The possible existence of a 

magnetic monopole was purposed by Dirac 

(1931). Extending the Dirac idea, Monopole 

and dyons were enhanced by the work of 

t’Hooft (1974) and Polyakov (1974) and 

extended by Julia and Zee (1975). Witten 

(1979) showed that monopoles are necessarily 

dyons. Maxwell field equations in the free 

space (Griffiths and Heald, 1991) are already 

known, have been reformulated in the case of 

arbitrary media (material media). The present 

paper deals with matrix formulation of 

generalized Maxwell field equations and 

Lorentz force for dyon. Similarly, we derived 

the matrix form of Maxwell field equation and 

Lorentz force for dyon in arbitrary media in a 

simple, compact and consistent manner.  It 

has also been shown that continuity equation 

of dyon represents conservation of electric 

and magnetic charge.  

2. Maxwell Field Equations of Dyon 

Consider the existence of magnetic 

monopoles Dirac (1931) the generalized 

Maxwell equations (Barker and Graziani, 

1978) defines as,
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The four Maxwell equations can be written as,  
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After putting these values 
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The generalized Maxwell field equations of 

dyon in term of matrix can be written as, 




 G


.

   
G

t
jG 










1
 (3) 

The Lorentz force for dyon is written as, 
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Then, the Lorentz force for dyon in matrix 

form is derived as,  
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3. Maxwell Field Equations of Dyon in 

Arbitrary Media 

Maxwell Equations of dyon in free space can 

be written as, 
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(6) 

Maxwell field Equations of dyon in arbitrary 

media involve the displacement field and the 

magnetic induction vector, for the electric and 

magnetic charge. Maxwell Equations of dyon 

in arbitrary media can be written as, 
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(7) 

fe and fm are free charge of dyon and fej
 

and fmj are current densities of dyon. The 

sources of the electromagnetic fields are 

electric charge and current, and magnetic 

charge and current, and they are divided in 

free and bound one for the electric and 

magnetic charge as, 
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(8) 

Subtracting the first sets of Eq. (7) from Eq. 

(6) and using Eq. (8), we obtain the Maxwell 

Equations of dyon for P


and M


as, 
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(9) 

The Lorentz force equation for dyon in 

material media involves displacement field D


 

and the magnetic induction vector 

for the electric and magnetic charge is given 

as, 
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Its matrix form is derived as, 
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4. Continuity Equation of Dyon 

Considering Eq.(3), the matrix form of the 

generalized Maxwell field Equations of dyon 

and by taking the time derivative for the 

divergence of this equation, applying the 

divergence to the curl of (identically zero) and 

solving the equations together: 
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After solving this equation with the help of 

matrix, we get 
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Equation (14) represents the conservation of 

electric and magnetic charge. 

5. Conclusion 

Equation (3) represents the matrix formulation 

of generalized Maxwell’s field equation of 

dyon. Considering polarization and 

magnetization, the Maxwell field equations 

(9) for dyons in arbitrary media are derived in 

matrix form.  Here, the new constitute 

equalities with polarization and magnetization 

vector, bound 

charge, and current density have been used for 

the well-known Maxwell’s equations in the 

presence of electric & magnetic charge. 

Equation (13) is the continuity equation for 

dyon which represents conservation of electric 

and magnetic charge. It is very difficult to 

define physical quantities including magnetic 

monopole. Hence symmetry between electric 

and magnetic charge is very useful in 

describing these quantities. 
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