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One of the important events in his life was meeting 
Pierre Atten, who became his close friend and 
inspired in him a love for electrohydrodynamics.

He worked in various fields of science: 
 1 Electrohydrodynamics, 
 2 Gas discharges at atmospheric pressure, 
 3 Cohesive granular materials.

Noteworthy results include: 
 1 Galilean limits of electromagnetism. 
 2 Temperature equation and entropy production in electrohydrodynamics. 
 3 Self-similar solution for two-dimensional and axisymmetric plumes. 
 4 Seminal works on numerical simulation of electrohydrodynamic flows. 
 5 Physical mechanism of electrothermohydrodynamic instabilities. 
 6 Energy cascade in electrohydrodynamic turbulence. 
 7 Stabilization of dielectric liquid bridges by ac electric fields. 
 8 Theory of AC electroosmosis and electrothermal flows in microsystems. 
 9 Absence of inertial regimes in fine powders. 
 10 Model of elastoplastic contact between two powder particles. 
 11 Microstructure characterization of fluidized bed of fine particles: aggregation, solidlike-fluidlike transition, fluctuations, influence of 

electromagnetic fields.

https://en.wikipedia.org/wiki/Antonio_Castellanos_Mata
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M. Le Bellac and J.-M. Lévy-Leblond, Galilean Electromagnetism, Il Nuovo Cimento, 14B, 217 (1973)
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Galilean Limits Of Electromagnetism

M. Le Bellac and J.-M. Lévy-Leblond, Galilean Electromagnetism, Il Nuovo Cimento, 14B, 217 (1973)



Personal Reminiscences
I was trained both in MHD and EHD in Grenoble, France during the years 1997-2000  

both in the engineer schools of Physics/Hydraulics and in the University. 
In MHD, I followed the lectures of Professor René Moreau who gave to me his lecture notes  

from the Summer School in Les Houches on EHD in the early 70’s ! 
In EHD, I followed the lectures of Nelly Bonifaci, a colleague of Pierre Atten. 

I was absolutely astonished to see that two distinct sets of Maxwell’s equations  
were used separately in EHD and MHD within the approximation of the so-called quasi-statics. 

In France, the quasi-statics approximation was usually (but wrongly) thought as a synonym of only MQS. 
I did my Phd Thesis in ESPCI during the years 2000-2003 with José-Eduardo Wesfreid,  

a friend of Antonio on the Physics of Granular Matter. 
I was also working with Etienne Guyon on the analogy used by Maxwell between fluids mechanics (Galilean covariant) and 

electromagnetism (Lorentz covariant) : how can there be an analogy whereas the kinematics are different ? 
I read with very much interest the lecture notes of Antonio on EHD and the paper by Le Bellac and Lévy-Leblond  

on Galilean Electromagnetism during this period : Maxwell’s equations were also compatible with Galilean Physics ! 
In ESPCI, I met and discussed with Antonio who came for a seminar  

on granular matter with electrostatics effects. 
We barely discussed of Galilean Electromagnetism but latter I sent him my papers on the subject  

where he was duly quoted as a source of inspiration. 
Antonio seemed to have been unaware of the work of Le Bellac and Lévy-Leblond  

on Galilean Electromagnetism that he never quoted as far as I know. 
He never discussed the Galilean limits of neither the scalar and vector potentials nor the gauge conditions.



T h is b o o k m a y b e c o n s i d e re d a s 
complementary to the excellent treatment of 
EHD made in the classical book "Continuum 
Electromechanics” by Melcher, in that care 
has been taken to avoid overlapping of the 
subjects. In case a topic is treated in both texts, 
the results presented in the book by Melcher serve 
as an introduction to the more advanced 
treatment presented in this book.

A. Castellanos. Basic concepts and equations in electrohydrodynamics (Chapters 1–4). In: A. Castellanos 
(editor), Electrohydrodynamics, Springer Verlag, Wien – New York (1998).

Antonio Castellanos as a Reader of James Melcher

James R. Melcher, Continuum Electromechanics. 
 Cambridge, MA: MIT Press (1981).



http://www.rle.mit.edu/cehv/documents/ContinuumElectromechanics-Melcher.pdf

The EQS and 
MQS Systems 

of Maxwell 
Equations

http://www.rle.mit.edu/cehv/documents/ContinuumElectromechanics-Melcher.pdf


http://www.rle.mit.edu/cehv/documents/ContinuumElectromechanics-Melcher.pdf

The 
Normalisation 
Procedure to 
Derive EQS 

and MQS

http://www.rle.mit.edu/cehv/documents/ContinuumElectromechanics-Melcher.pdf


The Energetics Approach to  EQS and MQS à la Castellanos

A. Castellanos. Basic concepts and equations in electrohydrodynamics (Chapters 1–4). In: A. Castellanos 
(editor), Electrohydrodynamics, Springer Verlag, Wien – New York (1998).
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http://www.rle.mit.edu/cehv/documents/ContinuumElectromechanics-Melcher.pdf

The Galilean 
Procedure to 
Derive EQS 

and MQS

http://www.rle.mit.edu/cehv/documents/ContinuumElectromechanics-Melcher.pdf




Muchas Gratias Antonio for helping me to bridge the gap 
between the separate approches to Galilean Electromagnetism 

 of the engineers à la Melcher and of  
the physicists à la Le Bellac and Lévy-Leblond !











http://www.rle.mit.edu/cehv/documents/ContinuumElectromechanics-Melcher.pdf

The 
Asymptotics 
Expansion to 

Derive the EQS 
and MQS 

Approximations

http://www.rle.mit.edu/cehv/documents/ContinuumElectromechanics-Melcher.pdf


http://www.rle.mit.edu/cehv/documents/ContinuumElectromechanics-Melcher.pdf

The Fields 
and the 

Boundary 
Conditions 

in the  
Moving  
Frame

http://www.rle.mit.edu/cehv/documents/ContinuumElectromechanics-Melcher.pdf
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The Range of Validity of the Galilean Limits of Electromagnetism



http://www.rle.mit.edu/cehv/documents/53-JournalofElectrostatics.pdf

EQS and MQS According to James Melcher

http://www.rle.mit.edu/cehv/documents/53-JournalofElectrostatics.pdf


http://www.rle.mit.edu/cehv/documents/53-JournalofElectrostatics.pdf

Characteristics Size Scale and Times

http://www.rle.mit.edu/cehv/documents/53-JournalofElectrostatics.pdf


The Vaschy-Buckingham Theorem of Dimensional Analysis



Les erreurs/oublis/impasses de 1973

- Dans la limite magnétique, les courants peuvent être instationnaires même si 
la densité de courant est irrotationnelle 

- Dans la limite magnétique, une densité de courant vue d’un référentiel en 
mouvement est équivalent à une densité de charge 

- Dans la limite électrique, les condensateurs marchent 

- La force de Lorentz doit être définie dans le référentiel en mouvement 

- Deux théorèmes de Poynting sont nécessaires 

- Les relations constitutives doivent être généralisées 

- Les limites ne dépendent pas du système d’unités 

- c n’est pas la vitesse de la lumière mais le facteur de conversion d’unité 

- Quid des conditions de jauges ?



Approche “Temporelle” dans les Milieux
(Haus & Melcher, Moreau, Davidson, Fauve & Petrelis)

Limite magnétique (MHD)

Limite électrique (EHD)



http://www.personal.soton.ac.uk/jss1x07/downloads/ehd_workshop/presentations/antonio/EHD-Southampton.pdf

http://www.personal.soton.ac.uk/jss1x07/downloads/ehd_workshop/presentations/antonio/EHD-Southampton.pdf


http://www.personal.soton.ac.uk/jss1x07/downloads/ehd_workshop/presentations/antonio/EHD-Southampton.pdf

http://www.personal.soton.ac.uk/jss1x07/downloads/ehd_workshop/presentations/antonio/EHD-Southampton.pdf















