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Abstract 

In a rather old paper, Mario Liu described a hydrodynamic Maxwell equations. While he also 

discussed potential implications of these new approaches to superconductors, such a discussion of 

electrodynamics of superconductors is made only after Tajmar’s paper.  Therefore, in this paper 

we present for the first time a derivation of fluidic Maxwell-Proca equations. The name of fluidic 

Maxwell-Proca is proposed because the equations were based on modifying Maxwell-Proca and 

Hirsch’s theory of electrodynamics of superconductor. It is hoped that this paper may stimulate 

further investigations and experiments in superconductor. It may be expected to have some impact 

to cosmology modeling too, for instance we consider a hypothetical argument that photon mass 

can be origin of gravitation. Then, after combining with the so-called chiral modification of 

Maxwell equations (after Spröessig), then we consider chiral Maxwell-Proca equations as possible 

alternative of gravitation theory. Such a hypothesis has never considered in literature to the best of 

our knowledge. 
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1. Introduction 

According to J.E. Hirsch, from the outset of superconductivity research it was assumed that no 

electrostatic fields could exist inside superconductors and this assumption was incorporated into 

conventional London electrodynamics.[2] Hirsch suggests that there are difficulties with the two 
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London equations. To summarize, London’s equations together with Maxwell’s equations lead to 

unphysical predictions.[1] Hirsch also proposes a new model for electrodynamics for 

superconductors. [1][2]  

 

In this regard, in a rather old paper, Mario Liu described a hydrodynamic Maxwell equations.[3] 

While he also discussed potential implications of these new approaches to superconductors, such 

a discussion of electrodynamics of superconductors is made only after Tajmar’s paper.  Therefore, 

in this paper we present for the first time a derivation of fluidic Maxwell-Proca-Hirsch equations. 

The name of Maxwell-Proca-Hirsch is proposed because the equations were based on modifying 

Maxwell-Proca and Hirsch’s theory of electrodynamics of superconductor. 

 

Therefore, the aim of the present paper is to propose a version of fluidic Maxwell-Proca model for 

electrodynamics of superconductor. It is hoped that this paper may stimulate further investigations 

and experiments in particular for fractal superconductor. It may be expected to have some impact 

to cosmology modeling too, which will be discussed in the last section. 

  

   

2. Hirsch’s proposed revision of London’s equations 

According to J.E. Hirsch, from the outset of superconductivity research it was assumed that no 

electrostatic fields could exist inside superconductors and this assumption was incorporated into 

conventional London electrodynamics.[2] Hirsch suggests that there are difficulties with the two 

London equations. Therefore he concludes that London’s equations together with Maxwell’s 

equations lead to unphysical predictions.[1] However he still uses four- vectors J and A according 

to Maxwell’s equations: 
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Therefore, Hirsch proposes a new fundamental equation for electrodynamics for superconductors 

as follows: [1] 
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where 

- London penetration depth L  is defined as follows:[2] 
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- And d’Alembertian operator is defined as: [1]  
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Then he proposes the following equations: [1] 
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where F is the usual electromagnetic field tensor and F0 is the field tensor with entries 0E  and 0 

from E  and B respectively when expressed in the reference frame at rest with respect to the ions. 

In the meantime, it is known that Proca equations can also be used to described electrodynamics 

of superconductors, see [4]-[8]. The difference between Proca and Maxwell equations is that 

Maxwell equations and Lagrangian  are based on the hypothesis that the photon has zero mass, but 

the Proca’s Lagrangian is obtained by adding mass term to Maxwell’s Lagrangian.[17] Therefore, 

the Proca equation can be written as follows:[17] 
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where m
c




  is the inverse of the Compton wavelength associated with photon mass. [17] In 

terms of the vector potentials, equation (6a) can be written as [17]: 
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Similarly, according to Kruglov [15] the Proca equation for a free particle processing the mass m 

can be written as follows: 

 2( ) ( ) 0,x m x                          (7) 

Now, the similarity between equations (1) and (6b) are remarkable with exception that equation 

(1) is in quadratic form. Therefore we propose to consider a modified form of Hirsch’s model as 

follows: 
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The relevance of the proposed new equations in lieu of (4)-(5) should be verified by experiments 

with superconductors [16]. For convenience, the equations (8a)-(8b) can be given a name: 

Maxwell-Proca-Hirsch equations. 

 

 

3. Fluidic Maxwell-Proca Equations  

In this regard, in a rather old paper, Mario Liu described a hydrodynamic Maxwell equations.[3] 

While he also discussed potential implications of these new approaches to superconductors, such 

a discussion of electrodynamics of superconductors is made only after Tajmar’s paper.  Therefore, 

in this section we present for the first time a derivation of fluidic Maxwell-Proca-Hirsch equations.  

According to Blackledge, Proca equations can be written as follows [7]: 
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Therefore, by using the definitions in equations (9)-(12), and by comparing with hydrodynamic 

Maxwell equations of Liu [3, eq. 2], now we can arrive at fluidic Maxwell-Proca equations, as 

follows: 
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Since according to Blackledge, the Proca equations can be viewed as a unified wavefield model 

of electromagnetic phenomena [7], therefore we can also regard the fluidic Maxwell-Proca 

equations as a unified wavefield model for electrodynamics of superconductor. 

Now, having defined fluidic Maxwell-Proca equations, we are ready to write down fluidic 

Maxwell—Proca equations using the same definition, as follows: 
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As far as we know, the above fluidic Maxwell-Proca equations have never been presented 

elsewhere before. Provided the above equations can be verified with experiments, they can be used 

to describe electrodynamics of superconductors.  

As a last note, it seems interesting to remark here that Kruglov [15] has derived a square-root of 

Proca equations as a possible model for hadron mass spectrum, therefore perhaps equations (23)-

(25) may be factorized too to find out a model for hadron masses. Nonetheless, we leave this 

problem for future investigations. 

 

 

  



 
 
 

4. Towards Chiral Cosmology model 

The Maxwell-Proca electrodynamics corresponding to a finite photon mass causes a substantial 

change of the Maxwell stress tensor and, under certain circumstances, may cause the 

electromagnetic stresses to act effectively as “negative pressure.” In a recent paper, Ryutov, 

Budker, Flambaum suggest that such a negative pressure imitates gravitational pull, and may 

produce effect similar to gravitation. In the meantime, there are other papers by Longo, Shamir 

etc. discussing observations indicating handedness of spiral galaxies, which seem to suggest chiral 

medium at large scale. However, so far there is no derivation of Maxwell-Proca equations in chiral 

medium. 

In a recent paper, Ryutov, Budker, Flambaum suggest that Maxwell-Proca equations may induce 

a negative pressure imitates gravitational pull, and may produce effect similar to gravitation.[18]  

In the meantime, there are other papers by Longo, Shamir etc. discussing observations indicating 

handedness of spiral galaxies, which seem to suggest chiral medium at large scale. As Shamir 

reported: 

“A morphological feature of spiral galaxies that can be easily identified by the human eye is the 

handedness—some spiral galaxies spin clockwise, while other spiral galaxies rotate 

counterclockwise. Previous studies suggest large-scale asymmetry between the number of galaxies 

that rotate clockwise and the number of galaxies that rotate counterclockwise, and a large-scale 

correlation between the galaxy handedness and other characteristics can indicate an asymmetry at 

a cosmological scale.”[24] 

However, so far there is no derivation of Maxwell-Proca equations in chiral medium. Therefore, 

inspired by Ryutov et al.’s paper, in this paper, we present for the first time a possibility to extend 

Maxwell-Proca-type equations to chiral medium, which may be able to explain origin of 

handedness of spiral galaxies as reported by M. Longo et al.[20-23] 

The present paper is intended to be a follow-up paper of our preceding paper, reviewing 

Shpenkov’s interpretation of classical wave equation and its role to explain periodic table of 

elements and other phenomena [22][11][13]. 

 

5. Maxwell-Proca Equations in Chiral Medium 

Proca equations can be considered as an extension of Maxwell equations, and they have been 

derived in various ways, see for instance [4, 6, 7]. It can be shown that Proca equations can be 

derived from first principles [6], and also that Proca equations may have link with Klein-Gordon 

equation [7]. However, in this paper I will not attempt to re-derive Proca equations. Instead, I will 

use Proca equations as described in [6].  

It shall be noted, that the relations between flux densities and the electric and magnetic fields 

depend on the material. It is well-known that for instance all organic materials contain carbon and 

realize in this way some kind of optical activity. Therefore, Lord Kelvin introduced the notion of 

the chirality measure of a medium. This coefficient expresses the optical activity of the underlying 

material. The correspondent constitutive laws are the following:[19] 



 
 
 

 D = εE + εβ rot E (Drude-Born-Feodorov laws),                                                             (26) 

B = μH + μβ rot H                                                                                                             (27) 

where e = E(t, x) is the electric permittivity, j = p(t, x) is the magnetic permeability and the 

coefficient β describes the chirality measure of the material.[2] 

Now, since we want to obtain Maxwell-Proca equations in chiral medium, then eq. (12) should be 

replaced with eq. (26). But such a hypothetical assertion should be investigated in more detailed. 

Since according to Blackledge, the Proca equations can be viewed as a unified wavefield model of 

electromagnetic phenomena [7], then we can also regard the Maxwell-Proca equations in chiral 

medium as a further generalization of this unified wavefield picture.  

 

Concluding remarks 

One of our aims with the present paper is to propose a combined version of London-Proca-Hirsch 

model for electrodynamics of superconductor. Considering that Proca equations may be used to 

explain electrodynamics in superconductor, the proposed fluidic London-Proca equations may be 

able to describe electromagnetic of superconductors. It is hoped that this paper may stimulate 

further investigations and experiments in particular for superconductor. It may be expected to have 

some impact to cosmology modeling too. 

 

Another purpose is to submit a new model of gravitation based on a recent paper by Ryutov, 

Budker, Flambaum, who suggest that Maxwell-Proca equations may induce a negative pressure 

imitates gravitational pull, and may produce effect similar to gravitation. In the meantime, there 

are other papers by Longo, Shamir etc. discussing observations indicating handedness of spiral 

galaxies, which seem to suggest chiral medium at large scale 

.  

However, so far there is no derivation of Maxwell-Proca equations in chiral medium. In this paper, 

we propose Maxwell-Proca-type equations in chiral medium, which may also explain (albeit 

hypothetically) origin of handedness of spiral galaxies as reported by M. Longo et al. 

It may be expected that one can describe handedness of spiral galaxies by chiral Maxwell-Proca 

equations. This would need more investigations, both theoretically and empirically. 

 

Acknowledgments: Special thanks to Dr. George Shpenkov for sending his papers and books. 

One of these authors (VC) dedicates this paper to Jesus Christ who always guide him through all 

valley of darkness (Ps. 23). He is the Good Shepherd. 

 

Version 1.0: 31 July 2018, pk. 23:28 

VC, FS, YU 

 



 
 
 

 

References 

[1] Hirsch, J.E. 2003. Electrodynamics of superconductors. arXiv:cond-mat/0312619 [cond-mat.str-el.] 

[2] Hirsch, J.E. 2012. Correcting 100 years of misunderstanding: electric fields in superconductors, hole 

superconductivity, and the Meissner effect. arXiv: 1202.1851 [cond-mat.supr-con]  

[3] Mario Liu. Hydrodynamics theory of Electromagnetic Fields in Continuous Media. Phys. Rev. Lett. 

Vol. 70 No. 23, 7 June 1993. 

[4] Tajmar, M. 2008. Electrodynamics in Superconductor explained by Proca equations. arXiv:cond-

mat/0803.3080 

[5] de Matos, C.J., &Tajmar, M. 2006. Gravitomagnetic London Moment and the Graviton Mass inside a 

Superconductor. arXiv:gr-qc/0602591 

[6] Gondran, Michel. 2009. Proca equations derived from first principles. arXiv:0901.3300 [quant-ph], 

URL: http://arxiv.org/pdf/0901.3300.pdf 

[7] Blackledge, Jonathan M. 2007. An Approach to Unification using a Linear Systems Model for the 

Propagation of Broad-band Signals. ISAST Transaction on Electronics and Signal Processing, Vol. 1, 

No. 1, 2007. URL: http://eleceng.dit.ie/papers/100.pdf 

[8] Demir, Suleyman. 2013. Space-time algebra for the generalization of gravitational field equations. 

Pramana Vol. 80 No. 5 (Indian Academy of Sciences), May 2013, 811-823. URL: 

http://www.ias.ac.in/pramana/v80/p811/fulltext.pdf 

[9] Schwinger, Julian, DeRaad, Jr., Lester L., Milton, Kimball A., & Tsai, Wu-yang. 1998. Classical 

Electrodynamics. Reading, Massachusetts: Perseus Books. p. 591. 

[10] Christianto, Victor; Smarandache, Florentin; Umniyati, Yunita. A derivation of Maxwell-Proca 

Equations in Chiral Medium, and implications to galaxy handedness. Submitted to Prespacetime J, 

may 2018. 

[11] Christianto, Victor. 2014. A Review of Schrödinger Equation and Classical Wave Equation. 

Prespacetime Journal, May 2014. URL: www.prespacetime.com. Also available at: 

http://vixra.org/abs/1404.0020 

[12] Christianto, Victor. 2014. A derivation of GravitoElectroMagnetic Proca equations in fractional 

space. Prespacetime Journal, May 2014. URL: www.prespacetime.com. 

[13] Christianto, Victor. 2014. An Outline of Cosmology based on Interpretation of The Johannine 

Prologue. Bull. Soc. Math. Services and Standards (BSMASS), Sept. 2014. URL: www.scipress.com 

[14] Christianto, Victor & Rahul, Biruduganti. 2014. A derivation of Proca equations on Cantor Sets: A 

Local Fractional Approach. Bull. Mathematical Sciences and Applications (BMSA), Nov. 2014. 

URL: www.bmsa.us 

[15] Kruglov, S.I. 2004. “Square root” of the Proca equation: Spin-3/2 field equation. arXiv:hep-

th/0405088 



 
 
 

[16] Dressel, M. 2013. Electrodynamics of Metallic Superconductors. Adv. Cond. Matt. Phys. Article ID 

104379. http://dx.doi.org/10.1155/2013/104379 

[17] Candemir, Nuray; Tanish, Murat; Ozdas, Kudret and Demir, Suleyman. 2008. Hyperbolic Octonionic 

Proca-Maxwell equations. Z. Naturforsch. 63a, 15-18 (2008). URL: 

http://www.znaturforsch.com/s63a/s63a0015.pdf 

[18] D.D. Ryutov, D. Budker, V.V. Flambaum. A hypothetical effect of the Maxwell-Proca 

electromagnetic stresses on galaxy rotation curves. arXiv: 1708.09514 (2017) 

[19] W. Sproessig & E. Venturino. An alternative approach for solving Maxwell equations. Part of 

Algorithms For Approximation IV. Proceedings of the 2001 International Symposium. 

[20] Carlos V. Gonzalez, et al. An enhanced vector diagram of Maxwell’s equations for chiral media. 

Rev. Fac. Ing. Univ. Antioquia N.° 62 pp. 137-144. Marzo, 2012 

[21] Sergey M. Grudsky et al. On a quaternionic Maxwell equation for the time-dependent 

electromagnetic field in a chiral medium. arXiv: math-ph/0309062 (2003) 

[22] Kreidik, Leonid G., & Shpenkov, George P. 2002. Important Results of Analyzing Foundations of 

Quantum Mechanics. Galilean Electrodynamics & QED-EAST, Vol. 13, Special Issues No. 2, 23-30;  

URL: http://shpenkov.janmax.com/QM-Analysis.pdf 

[23] Michael J. Longo. Detection of a dipole in the handedness of spiral galaxies with redshifts z ~0.04. 

Phys. Lett. B 699 (2011) 

 

[24] Lior Shamir. Color Differences between Clockwise and Counterclockwise Spiral Galaxies. Galaxies 

2013, 1, 210-215; doi:10.3390/galaxies1030210; also [24a] Lior Shamir. Large-scale photometric 

asymmetry in galaxy spin patterns. Publications of the Astronomical Society of Australia (PASA), doi: 

10.1017/pas.2018.xxx. arXiv: 1703.07889 

 


