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Abstract: For the Faraday complex matrix, we exhibit its expansion in terms of the Dirac matrices. 
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INTRODUCTION 
In [López-Bonilla, J. et al., 2021], for an arbitrary 

matrix      , it was obtained its expression in 

terms of the sixteen Dirac matrices, in the standard 

representation [Good, R. H. 1955; Bagrov, V.G. et 

al., 2014]: 
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in fact: 
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in terms of the Pauli matrices [Leite-Lopes, J. 1977] with             therefore: 
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whose solution is given by: 
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That is, we have , hence we know       , then 

we calculate       and       and their 

products with the Pauli matrices, and finally we 

obtain the corresponding traces to determine the 

coefficients in the expansion (2) in according with 

(3).  
 

We consider that the results (3) for the expansion 

(2) can be useful to study the matrix that 

transforms a Dirac spinor under Lorentz mappings 

[López-Bonilla, J. et al., 2020; López-Bonilla, J. et 

al., 2021], to analyze the Frenet–Serret curvature 

matrix for the motion of point particles in 

Minkowski spacetime [Gürsey, F. 1957; López-

Bonilla, J. et al., 1997], and also to represent an 

arbitrary Lorentz transformation [López-Bonilla, J. 

et al., 2020; López-Bonilla, J. et al., 2021]. 
 

Faraday complex matrix 

Minkowski [1908] introduced the skew-symmetric 

matrix:
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where   ⃗⃗              and   ⃗⃗             are the electric and magnetic fields expressed in the MKS 

system of units, respectively; the corresponding dual matrix is obtained directly from (4) making the changes:   

 

 ⃗⃗          ⃗⃗                   ⃗⃗        ⃗⃗                                                                    (5) 

 

which is a symmetry of the vacuum Maxwell equations:  
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therefore: 
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   Then the Faraday complex matrix is given by: 
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involving the components of the Riemann [Riemann, B. 1901]-Silberstein [Silberstein, L. 1907; Silberstein, L. 

1907] complex vector (thus named by Bialynicki-Birula [Bialynicki-Birula, I. 1996]) [Hamdan, N. et al., 

2008]: 

 ⃗     ⃗⃗      ⃗⃗                                                    (9) 

 

and the comparison of (8) with (2) gives the matrices: 
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which can be multiplied by the Pauli matrices: 
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and thus (3) implies the following non-zero values: 

 

                     ̅                   ̅                                    ̅                            (12) 

 

where    
 

 
       and   ̅  

 

 
     . Hence with (2) and (12) we obtain the expansion of the Faraday 

complex matrix (8) in terms of Dirac matrices: 
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If we apply the duality operation (5) to (9) and (13) we deduce the changes: 

 

                                                                                                (14) 

 

which are important to study the electromagnetic 

field via the spinor and Newman-Penrose 

formalisms [O’Donnell, P. 2003; Hernández-

Galeana, A. et al., 2015]. 
 

CONCLUSIONS 
The results (2) and (3) are interesting by their 

application to quantum mechanics, relativity, 

differential geometry and electrodynamics, among 

others topics. It can be useful to obtain expressions 

for the coefficients of the expansion (2) in the 

Chiral and Majorana representations [López-

Bonilla, J. et al., 2021]. 
 

REFERENCES 
1. López-Bonilla, J. and G. Ovando. “Arbitrary 

4x4 matrix in terms of Dirac matrices.” Studies 

in Nonlinear Sci. 6.1 (2021): 17-18. 

2. Good, R. H. “Properties of the Dirac 

matrices.” Reviews of Modern Physics 27.2 

(1955): 187-211. 

3. Bjorken, J.D. and Drell, S.D. “Relativistic 

quantum mechanics.” McGraw-Hill, New 

York (1964). 

4. Hamdan, N., Chamaa, A. and Bonilla, J.L.L. 

“On the relativistic concept of the Dirac’s 

electron spin.” Latin-American Journal of 

Physics Education 2.1 (2008): 65-70. 

5. López-Bonilla, J., Rosales-Roldán, L. and 

Zúñiga-Segundo, A. “Dirac matrices via 

quaternions.” J. Sci. Res. (India) 53 (2009): 

253-255. 

6. Bagrov, V.G. and Gitman, D. “The Dirac 

equation and its solutions.” Walter de Gruyter 

GmbH, Berlin (2014). 

7. Leite-Lopes, J. “Introduction to quantum 

electrodynamics.” Ed. Trillas, Mexico (1977). 

8. López-Bonilla, J., Morales, J. and Ovando, G. 

“Dirac spinor’s transformations under boosts 

and    

3-rotations.” Studies in Nonlinear Sci. 5.3 

(2020): 45-49. 

9. López-Bonilla, J., Sánchez-Meléndez, G. and 

Vázquez-Álvarez, D. “2x2 complex matrices 

and 4-spinors.” Studies in Nonlinear Sci. 6.1 

(2021): 7-9. 

10. Gürsey, F. “Relativistic kinematics of a 

classical point particle in spinor form.” Nuovo 

Cim. 5.4 (1957): 784-809. 

11. López-Bonilla, J., Ovando, G. and Rivera-

Rebolledo, J. M. “Intrinsic geometry of curves 

and the Bonnor’s equation.” Proc. Indian 

Acad. Sci. (Math. Sci.) 107.1 (1997): 43-55. 

12. López-Bonilla, J. and Morales-García, M. 

“Factorization of the Lorentz matrix.” Comput. 

Appl. Math. Sci. 5.2 (2020): 32-33. 

13. López-Bonilla, J., Morales-Cruz, D. and 

Vidal-Beltrán, S. “On the Lorentz matrix.” 

Studies in Nonlinear Sci. 6.1 (2021): 1-3.  

14. Minkowski, H. “Die grundgleichungen für die 

elektromagnetischen vorgänge in bewegten 

körpen.” Nach. Kgl. Gesell. Wiss. Göttingen 

(1908): 53-111. 

15. Riemann, B. “Die partiellen Differential-

Gleichungen der mathematische Physik.” 

Lecture Notes edited by H. Weber, Vieweg, 

Braunschweig 2(1901). 

16. Silberstein, L. “Elektromagnetische 

Grundgleichungen in bivektorieller 

behandlung.” Ann. der Physik,Leipzig 22 

(1907): 579-586. 

17. Silberstein, L. “Nachtrang zur abhandlung 

über electromagnetische grundgleichungen in 

bivektorieller Behandlung.” Ann. der Physik, 

Leipzig 24 (1907): 783-784. 

18. Bialynicki-Birula, I. “Photon wave function.” 

Prog. in Optics 36, ed. E. Wolf, Elsevier, 

Amsterdam (1996). 

19. Hamdan, N., Guerrero, I. López-Bonilla, J. 

and Rosales, L. “On the Faraday’s complex 

vector.” The Icfai Univ. J. Phys. 1.3 (2008): 

52-56. 

20. O’Donnell, P. “Introduction to 2-spinors in 

general relativity.” World Scientific, Singapore 

(2003). 

21. Hernández-Galeana, A., López-Vázquez, R., 

López-Bonilla, J. and Pérez-Teruel, G.R. 

“Faraday tensor and Maxwell spinor.” 

Prespacetime Journal 6.2 (2015): 88-107. 

22. López-Bonilla, J., Miranda, I. and Vázquez-

Álvarez, D. “Dirac, Weyl and Majorana 

representations of the gamma matrices.” 

Studies in Nonlinear Sci. 6.2 (2021): 24-28.

 



  

 
 

4 
 

Morales, J. et al.  Sarc. Jr. Appl. Sci. vol-2, issue-2 (2022) pp-1-4 

Copyright © 2022 The Author(s): This work is licensed under a Creative Commons Attribution- NonCommercial-NoDerivatives 4.0 
(CC BY-NC-ND 4.0) International License 

Publisher: SARC Publisher 
 

 

Source of support: Nil; Conflict of interest: Nil. 
Cite this article as: 

Morales, J., Ovando, G. and López-Bonilla, J. "Faraday Complex Matrix in Terms of Dirac Matrices." 

Sarcouncil Journal of Applied Sciences 2.2 (2022): pp 1-4 

 

 

 


