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It is indicated that as far as possible (V  c, or L/T c)) of the Maxwell conditions concedes 

three distinct limits: the magneto-semi static, electro-semi static, and electromagnetic-semi 

static cutoff points, notwithstanding the two clear static cutoff points. The initial two semi 

static cutoff points have been recently distinguished as Galilean Electromagnetics, while the 

last is otherwise called the Darwin guess. Utilizing a bother development, a speculation of 

Rappetti and Rousseaux arranges the vacuum Maxwell conditions and acquires every one 

of as far as possible. To arrange the conditions, the dimensionless form of the Maxwell 

conditions are determined utilizing a alteration of Jackson's audit of EM unit frameworks 

[Jackson, Classical Electrodynamics, Wiley, 1999, third ed.] The annoyance extension is 

rehashed for the likely structure of the Maxwell conditions to stress the significance of 

measure conditions. The necessary arrangements of the possibilities are inferred for as far 

as possible, and the summed up Coulomb also, Biot-Savart conditions are gotten from 

these arrangements. It is indicated that in spite of the fact that the structures are equivalent 

to the static conditions, the semi static types of the Maxwell conditions are recuperated. The 

enlistment term is recuperated when the time subsidiary of the vector potential is kept. The 

relocation current is recuperated when the Lorenz measure is utilized. The identicalness of 

this methodology and Jackson's deduction [Amer. J. of Phys., 70, 917 (2002)] of the Darwin 

guess is appeared. The areas of pertinence of the semi static types of the Maxwell 

conditions are examined as far as perceptible media. 
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1. Overview 

The most well-known connection individuals have with 

electromagnetic fields is turning on a light switch. When the 

switch is shut, a current at 60 Hz (in the U.S.) streams with an 

EM frequency 5 × 106 m, or more than 3/4 of an Earth range. 

The light created by the light has various frequencies around 

600 THz, or a frequency of 5 × 10−7 m. The Maxwell 

conditions depict the material science of both the circuit and 

the light proliferation, yet practically speaking we use 

approximations for every outrageous of this 13 significant 

degrees range. For the high-recurrence system, an eikonal 

estimate yields the beam following conditions. These 

conditions are so surely known that they fill in as the reason for 

the multi-billion dollar computer game and PC activity 

businesses. At the other extraordinary is the semi static 

system. In spite of the fact that the conventional domain of 

electrical designing, this system is less surely known, as 

confirmed by the disarray around the extraordinary semi static 

cutoff points.  

One of the primary inferences of semi static cutoff points 

was distributed by Einstein and Laub in a progression of 

papers (Einstein and Laub, 1908a, b, c, and d) inspired by a 

few tests of turning media. A portion of the more noticeable 

instances of this are those demonstrating the Roentgen-

Eichenwald impact (Eichenwald, 1903, 1904; Roentgen, 1888, 

1890), the Wilson-Wilson impact (Wilson et al., 1913), and 

Barnett impact (Barnett, 1915). The last reference is an 

intensive survey of the apparent multitude of investigations 

identified with the Barnett impact. (Rousseaux, 2013) gives a 

survey that gives an advanced audit of these investigations in 

the setting of semi static electromagnetics. Since these tests 

utilized turning media in a research center, the pivot speeds 

were substantially less than the speed of light. The Einstein-

Laub papers distributed in 1908 filled in as an essential 

reference for "low speed limits" for physicists. In 1920, (Darwin, 

1920) inferred another semi static breaking point by shortening 

the possibilities of the far-field in considering molecule 

movement utilizing Lagrangian mechanics. In 1927, the 

connection between the Maxwell conditions and circuit 

conditions was clarified via (Carson, 1927) utilizing the 

proportion of framework size to frequency as a little boundary 

which, as will be appeared, is firmly identified with semi static 

cutoff points.  

The primary conversation of two unmistakable semi static 

restricts, the electro-semi static (EQS) and magneto-

quasistatic (MQS) systems, was distributed by engineers in 

1968 (Woodson and Melcher, 1968). The main material 

science conversation of these two systems by physicists was 

distributed by Le Bellac and Lévy-Leblond (LBLL) (Le Bellac 

also, Lévy-Leblond, 1973) in 1973. They were persuaded by a 

basic inquiry: If mechanics has a breaking point. 
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where the conditions become Galilean covariant, do the 

Lorentz-covariant Maxwell conditions additionally have a limit 

where they are Galilean covariant? Their "Galilean 

Electromagnetics" distinguished two contrary limits: the time-

like cutoff with E  cB (EQS), and the space-like breaking point 

with E  cB (MQS). In additional late years, there has been a 

resurgence of interest in Galilean electromagnetics. An 

inference utilizing gathering hypothesis was made by de 

Montigny (De Montigny et al., 2003). A deduction utilizing a 

significant degree examination was given by Rousseax 

(Rousseaux, 2003; Rousseaux and Domps, 2004). More 

proper inductions utilizing an irritation examination with 

naturally visible media was made by (Manfredi, 2013) and 

Rapetti what's more, Rousseaux (Rapetti and Rousseaux, 

2011, 2014). A 2013 survey paper by (Rousseaux, 2013) gives 

a superb outline of the writing to that date, including both the 

conditions and the applications to trials of pivoting media.  

These proper Galilean cutoff points don't show up in the 

most famous material science course books. In Griffith's 

undergrad reading material (Griffiths, 2005), just as far as 

possible is given, and it is examined as the semi static cutoff. 

This is reliable with the Einstein-Laub papers talking about just 

as far as possible. (Jackson, 1975, 1999) examines as far as 

possible, despite the fact that alluded to as the semi static 

estimate, just as the Darwin guess. Rapetti and Rousseaux 

(Rapetti and Rousseaux, 2014) hypothesize that the Darwin 

estimate is an electromagnetic semi static (EMQS) limit, 

however do exclude a conventional deduction. Consequently, 

there is no complete survey of every one of the three semi 

static cutoff points. The surveys have additionally been 

restricted in scope. The investigation of electrodynamics 

includes considering various numerical types of the Maxwell 

conditions, as delineated in Figure 1. The best structure to use 

for the electrodynamic conditions relies upon the current 

application, and the arrangement procedure utilized, all things 

considered explanatory or mathematical. For instance, charged 

molecule movement in an electrodynamic field may best be 

considered utilizing the possible definition if utilizing 

Lagrangian mechanics, the summed up Coulomb and Biot-

Savart techniques if utilizing Newtonian mechanics, the field-

type of the Maxwell conditions if utilizing the FDTD 

mathematical technique (Yee, 1966), or the impeded likely 

arrangements if utilizing the radiation far field. In the entirety of 

the past inductions of the semi static restricts, the total 

arrangement of the types of the Maxwell conditions are not 

given for each semi static breaking point. Here, a brought 

together way to deal with the inference to the EQS, MQS, and 

EMQS conditions is introduced utilizing a semi static irritation 

extension for the vacuum Maxwell conditions. Overlooking the 

impacts of naturally visible media gives a less difficult 

technique and recuperates the style found in the first 

LBLLwhere the conditions become Galilean covariant, do the 

Lorentz-covariant Maxwell conditions additionally have a limit 

where they are Galilean covariant? Their "Galilean 

Electromagnetics" distinguished two contrary limits: the time-

like cutoff with E  cB (EQS), and the space-like breaking point 

with E  cB (MQS). In additional late years, there has been a 

resurgence of interest in Galilean electromagnetics. An 

inference utilizing gathering hypothesis was made by de 

Montigny (De Montigny et al., 2003). A deduction utilizing a 

significant degree examination was given by Rousseax 

(Rousseaux, 2003; Rousseaux and Domps, 2004). More 

proper inductions utilizing an irritation examination with 

naturally visible media was made by (Manfredi, 2013) and 

Rapetti what's more, Rousseaux (Rapetti and Rousseaux, 

2011, 2014). A 2013 survey paper by (Rousseaux, 2013) gives 

a superb outline of the writing to that date, including both the 

conditions and the applications to trials of pivoting media.  

These proper Galilean cutoff points don't show up in the 

most famous material science course books. In Griffith's 

undergrad reading material (Griffiths, 2005), just as far as 

possible is given, and it is examined as the semi static cutoff. 

This is reliable with the Einstein-Laub papers talking about just 

as far as possible. (Jackson, 1975,  

1999) examines as far as possible, despite the fact that 

alluded to as the semi static estimate, just as the Darwin 
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guess. Rapetti and Rousseaux (Rapetti and Rousseaux, 2014) 

hypothesize that the Darwin estimate is an electromagnetic 

semi static (EMQS) limit, however do exclude a conventional 

deduction. Consequently, there is no complete survey of every 

one of the three semi static cutoff points. The surveys have 

additionally been restricted in scope. The investigation of 

electrodynamics includes considering various numerical types 

of the Maxwell conditions, as delineated in Figure 1. The best 

structure to use for the electrodynamic conditions relies upon 

the current application, and the arrangement procedure 

utilized, all things considered explanatory or mathematical. For 

instance, charged molecule movement in an electrodynamic 

field may best be considered utilizing the possible definition if 

utilizing Lagrangian mechanics, the summed up Coulomb and 

Biot-Savart techniques if utilizing Newtonian mechanics, the 

field-type of the Maxwell conditions if utilizing the FDTD 

mathematical technique (Yee, 1966), or the impeded likely 

arrangements if utilizing the radiation far field. In the entirety of 

the past inductions of the semi static restricts, the total 

arrangement of the types of the Maxwell conditions are not 

given for each semi static breaking point. Here, a brought 

together way to deal with the inference to the EQS, MQS, and 

EMQS conditions is introduced utilizing a semi static irritation 

extension for the vacuum Maxwell conditions. Overlooking the 

impacts of naturally visible media gives a less difficult 

technique and recuperates the style found in the first LBLL. 

Seemingly, the most widely recognized experience of the 

semi static cutoff points in current material science is in the 

zone of plasma material science. Since the electrons are 

allowed to move and shield the more slow moving particles, a 

cycle known as Debye protecting, the semi unbiased 

estimation is utilized. This guess is comparable to utilizing the 

MQS limit for the greater part of the plasma. Close to the edge 

of lab plasmas, a slight limit layer exists, known has the 

plasma sheath, where as far as possible applies. As a result of 

this progress, yet still semi static nature of the research center 

examinations, the Darwin estimate is additionally utilized in 

plasma material science. Notwithstanding the far reaching use, 

the relationship of plasma conditions to the semi static 

conditions are regularly not satisfactory, also, mistakes, for 

example, utilizing MQS conditions with checks other the 

Coulomb are regularly made. Zeroing in on the vacuum 

conditions gives a valuable system to understanding the 

approximations prior to managing the intricacies of plasma 

hypothesis.  

The structure for this audit will be an irritation investigation 

of the Maxwell conditions. An annoyance examination utilizes 

the development of the factors in a little boundary to 

contemplate the properties of the conditions to a provided 

request – for this situation, just the primary request conditions 

are considered. To do this, we should first cast the Maxwell 

conditions in a dimensionless structure so the general sizes of 

terms can be resolved suitably. While this cycle is 

straightforward if utilizing a particular unit framework, for 

example, MKS units, it is useful to talk about it for subjective 

unit frameworks, and we start with a full conversation of the 

distinctive unit frameworks for the Maxwell conditions. After 

this foundation, we request the conditions, take the proper 

cutoff points, and show that solitary three first-request, semi 

static cutoff points are conceivable. We at that point return to 

the induction in terms of possibilities, and relate our inference 

of the Darwin estimate to the more regular guess given by 

Jackson in the two his book and later paper (Jackson, 1975, 

1999, 2002). From the potential type of the Maxwell conditions, 

basic arrangements and summed up Coulomb and Biot-Savart 

conditions are effortlessly determined. At long last, we relate 

this determination to the consequences of Rapetti and 

Rousseaux for plainly visible media is appeared. Regular 

references to the course books of (Griffiths, 2005) and 

(Jackson, 1975, 1999) are given to make this audit simpler to 

follow. 

 

2. Units And Dimensional Analysis Of The Maxwell 

Equations  

The Maxwell conditions have induced significant disarray 

with regards to units. While the pattern has been towards 

utilizing MKSA units, the logical writing utilizes a wide range of 

frameworks. Our method for understanding the different semi 

static limits is to play out an irritation examination that breaks 

down the terms that become little as the requesting boundary 

turns out to be little. The relative "littleness" of a term must be 

distinguished autonomous of units with the goal that units don't 

twist which terms show up little. For the Maxwell conditions, 

this is particularly significant on the grounds that c, a key 

factor, is huge, and its area changes depending on the 

arrangement of units.  

The major question in dimensional examination is the 

decision of key, or base, units. As survey, for all lucid unit 

frameworks, there are crucial, or base, units, and the units of 

each other amount are at that point communicated regarding 

these units. There is opportunity in picking the base units. For 

the Maxwell conditions, the common base units are Length-

Time-Charge, while most examinations are regarding the 

conventional LengthMass-Time units from mechanics (e.g., 

cgs and MKS). All in all, the Maxwell conditions themselves do 

not have mass as an amount, so including it confounds the 

examination. The most precise investigation of the EM unit 

framework in a course book is the Appendix of Jackson. In this 

paper, the examination of Jackson is rehashed utilizing a more 

conventional Rayleigh-Buckingham dimensional examination 

approach with Length-Time-Charge as the base units. The 

relationship to the mechanical base units is talked about after 

this examination. The major units of regular EM unit 

frameworks are given in Table I. The Maxwell conditions are 

conditions for 4 factors (E, B, ρ, J) with 3 major units (L, T, Q) 

where Q is the unit of charge. As per the Buckingham Π 

hypothesis, there will be (4 variables)−(3 units) = (1 

dimensionless consistent) to portray the framework. Our 

objective is consequently to determine a dimensionless variant 

of the Maxwell conditions with this dimensionless number, and 

the articulation for it for every arrangement of units viable. 

Here, a mathematical methodology is utilized rather than the 

(truly more norm) lattice power approach of (Heras and Báez, 

2008) and Rapetti and Rousseaux (Rapetti and Rousseaux, 

2014). The techniques are same, however the logarithmic 

methodology is helpful in understanding the annoyance 

investigation in the following segment. 

 

3. Perturbation expansion of the Maxwell equations 

As talked about in the past segment, the sources and 

fields can be relied upon to isolate into either "space like" or 



Volume-03, Issue-12, December -2018                                                                         RESEARCH REVIEW International Journal of Multidisciplinary 

RRIJM 2015, All Rights Reserved                                                                                                                                     1465 | Page 

"time-like" segments in as far as possible; along these lines the 

general extents of E to B, and ρ to J will be remembered for 

the requesting of the Maxwell conditions. Beginning with Eqs. 

furthermore, indicating k3 = 1/c, to make the proportion of 

electric and attractive field dimensionless, yields 

 
In the relativistic, Lorentz covariant limit, β is not a small 

parameter and it can be set to unity as well as the ratios E/¯ 

B¯ and cρ/¯ J¯ to give the purely dimensionless form of the 

Maxwell equations. We are interested in the limit of αˆ ∼ O (1) 

and β  1. Examination of the last two ordered equations shows 

an apparent contradiction: the time derivative terms cannot 

both be of order unity simultaneously. 

When one term is of order unity, the other term will be of 

order β. Similarly, keeping the current term in the last equation 

implies an inverse relationship between E/¯ B¯ and J/¯ (cρ¯). 

Intuitively, when the EM tensor is (time, space)-like (E¯  B¯, E¯  

B¯ or equivalently F µνFνµ  0, F µνFνµ  0), the current 4-vector 

must also be (time, space)-like, (cρ¯  J¯, cρ¯  J¯). For the case 

of E¯ ∼ B¯, we recover the trivial cases of the electrostatic and 

magneto static limits. While these are obviously Galilean limits, 

they are not of interest here although we will revisit 

More formally, the quasi-static limits of the Maxwell 

equations can be derived by expanding the fields in terms of β 

as the small parameter: 

 
These are placed into the form of Maxwell’s equations with 

the fields as dimensional, the operators dimensionless, and the 

β parameter kept for the ordering: 

 
where α¯ = ˆαE/¯ ρ¯ has been introduced for 

convenience. Following the previous discussion, there are two 

limits:the time-like limit when cρ¯  J¯, and the space-like limit 

when cρ¯  J¯. The first ordering is equivalent toρ0 6= 0 and J0 

= 0 such that cρ/¯ J¯ ∼ O (1/β). Similarly, the second limit is 

given by ρ0 = 0 and J0 6= 0 suchthat cρ/¯ J¯ ∼ O (β). 

For the time-like limit, J0 = 0 and Maxwell-Ampère law 

implies that the ∇ ×ˆ B0 = 0. Combined with 

∇· ˆ B0 = 0 implies that B0 = 0, assuming appropriate 

boundary conditions. Faraday’s law gives ∇×ˆ E0 = 0, 

But Maxwell-Ampère law keeps all terms that are of order 

β: 

 
Likewise the full Gauss’s law is kept and it is of order 

unity. Thus, we have that cρ/¯ J¯ ∼ O (1/β) implies that E/¯ B¯ 

∼ O (1/β). Because the electric field is much larger than the 

magnetic field, this is called the electro-quasi-static (EQS) limit. 

For the space-like limit, ρ0 = 0 and Gauss’s law implies that ∇ · 

E0 = 0. Faraday’s law implies that ∇ ×ˆ E0 = 0. Having both the 

divergence and curl of E0 be zero implies that E0 = 0 

(assuming appropriate boundary conditions. This will be 

discussed further later). Maxwell-Ampère law gives ∇ ×ˆ B0 = 

ˆα/cJ0. Faraday’s law keeps all terms that are of order β: 

 
Similarly the full Gauss' law is kept and it is of request 

beta. Hence, we have that cρ/¯ J¯ ∼ O (β) infers that E/¯ B¯ ∼ 

O (β). Since the attractive field is a lot bigger than the electric 

field, this is known as the magneto-semi static (MQS) limit. In 

rundown, the resultant conditions for every system are
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In the event that the limit conditions are with the end goal 

that there are no solid, static outer fields, at that point we can 

overlook (B0, E0) in as far as possible. The utilization of 

addendums normally shows the LBLL systems of legitimacy of 

E¯  B¯ for the EQS systems and E¯  B¯ for the MQS system. 

The two systems are simply the dropping of pertinent time 

subsidiary terms. It will be appeared in the following segment 

that these conditions are Galilean covariant.  

Picking k3 = 1/c, the Lorentz power law, Eq. , can be 

composed as 

 
Since β is the requesting boundary, this shows that for the 

EQS system, just the electric field contributes to the Lorentz 

power, and the power is zeroth request. For the MQS system, 

the power is first request, and the zeroth-request attractive field 

and the primary request electric field contribute. In the event 

that the limit conditions are such that there are solid, static 

outer fields, at that point these fields can be added as a 

straight superposition of the fields. The ramifications of how the 

fields follow up on particles are examined by LBLL (Le Bellac 

and Lévy-Leblond, 1973), who proposed illuminating the 

conditions in the two systems and afterward consolidating. As 

can be seen, the vital element of these cutoff points is the 

dropping of one of the fitting time-subordinate terms. These 

progressions the Maxwell conditions from second-request so 

as to first-arrange. As an instinctive thought of this conduct, 

consider driven waveguide modes where the electrical length 

in Eq. (17) is less than solidarity. For this situation, the modes 

rot pivotally instead of spread: a change from a wave 

arrangement of a second-request in-time condition to a 

dramatically rotting arrangement of a first-request in-time 

condition. This limited framework case gives a valuable 

strategy to considering the legitimacy of the semi static 

conditions (Haus what's more, Melcher, 1989).  

These two systems of "Galilean Electrodynamics" do 

exclude the Darwin estimate that is talked about in course 

readings and broadly utilized. This third estimate will utilize the 

Helmholtz decay, talked about since β is the requesting 

boundary, this shows that for the EQS system, just the electric 

field contributes to the Lorentz power, and the power is zeroth 

request. For the MQS system, the power is first request, and 

the zeroth-request attractive field and the primary request 

electric field contribute. In the event that the limit conditions are 

such that there are solid, static outer fields, at that point these 

fields can be added as a straight superposition of the fields. 

The ramifications of how the fields follow up on particles are 

examined by LBLL (Le Bellac and Lévy-Leblond, 1973), who 

proposed illuminating the conditions in the two systems and 

afterward consolidating. As can be seen, the vital element of 

these cutoff points is the dropping of one of the fitting time-

subordinate terms. This progressions the Maxwell conditions 

from second-request so as to first-arrange. As an instinctive 

thought of this conduct, consider driven waveguide modes 

where the electrical length in Eq. (17) is less than solidarity. 

For this situation, the modes rot pivotally instead of spread: a 

change from a wave arrangement of a second-request in-time 

condition to a dramatically rotting arrangement of a first-

request in-time condition. This limited framework case gives a 

valuable strategy to considering the legitimacy of the semi 

static conditions (Haus what's more, Melcher, 1989).  

These two systems of "Galilean Electrodynamics" do 

exclude the Darwin estimate that is talked about in course 

readings and broadly utilized. This third estimate will utilize the 

Helmholtz decay, talked about (Carson, 1927) for instance). 

For the instance of turning media – the Wilson-Wilson explores 

(Wilson et al., 1913) or the Barnett impact (Barnett, 1915) – the 

moderate revolution speed fills in as the development 

boundary. At long last, in determining the Lagrangian of a 

solitary molecule with a speed little comparative with the speed 

of light, this annoyance development applies whether or not 

the molecule is moving initially. A significant preferred position 

of the semi static cutoff points is the end of light waves: 

yielding critical scientific also, computational effortlessness. In 

the EQS and MQS limits, this is the aftereffect of changing the 

request for the conditions from second-request to initially 

arrange. Rotting EM fields propose the materialness of the 

semi static conditions as observed in such models as non-

proliferating waveguide modes, close field arrangements from 

transmitting source, and the RC and LR circuit conditions. 

When considering a system where a semi static breaking point 

is substantial, the capacity to take out the quick light-wave time 

scale yields significant mathematical advantages. In the event 

that comprehending for the EM fields with recurrence area or 

verifiable time-space strategies, at that point the resultant grids 

will be better adapted because of the explanatory end of a 

quicker time scale: the biggest eigenvalue becomes more 

modest. In the event that explaining expressly with time space 

strategies, at that point time steps can be made bigger on 

account of the bigger Courant-Friedrichs-Levy (CFL) limit. The 

utilization of a conventional bother hypothesis empowers 

gauges of the mistakes related with utilizing this guess. These 

appraisals would then be able to be incorporated inside the 

mathematical arrangement as a posteriori keep an eye on 

legitimacy. Despite the fact that this paper gives a system to 

such advancements, further work is required.  

Contemplating semi static cutoff points is likewise gainful 

for educational reasons. Here, the summed up Coulomb what's 

more, Biot-Savart laws for as far as possible are inferred 

unexpectedly. This deduction enlightens the nearby connection 

between the Lorenz check condition and the relocation current, 

just as the enlistment term what's more, the electric field 

commitments from the time subordinate of the attractive vector 

potential. As another basic model, consider the part of 

uprooting current in an equal plate capacitor with a period 

subordinate current. In the first LBLL paper, they express that 

the EQS conditions can't show capacitors. Their rationale is 

that the acceptance is expected to cause a period subordinate 

voltage (i.e., current) on the contrary capacitor plate. In any 

case, this can be seen as an EQS issue where the key is 

creating limit states of the voltage, or electrostatic potential, 

steady with the whole circuit (Verboncoeur et al., 1993). In 

other words, the RC circuit can be determined from the EQS 

conditions and the acceptance term isn't required, as talked 

about in Section VII.A. 

 

4. Conclusion 

Significant analyses (Rousseaux, 2013, for example, the 

Wilson-Wilson analyze (Wilson and Espenschied, 1930) or 

those depicting the Barnett impact (Barnett, 1915) are in the 

MQS system. Utilizations of the EQS system are less, however 
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one model is electrohydrodynamics (Castellanos, 2014). 

Another application is in the territory of plasma material 

science where as far as possible is utilized for displaying the 

plasma sheath locale (Turner et al., 2013; Verboncoeur et al., 

1993). Despite the fact that it called the electrostatic model in 

that field, the wavering voltage limit conditions imply that it is 

electro-semi static. The outcomes here point towards a 

strategy for self-reliably including the attractive field impacts in 

the molecule movement in plasma material science 

reenactments. In spite of the fact that not talked about in this 

paper, however examined by LBLL, the Lorentz power 

condition in the EQS limit contains just the electric field to 

driving request (missing a zeroth-request, static, remotely 

applied attractive field which is steady with this hypothesis, as 

talked about in Section III.B). LBLL examine methods of 

exploiting this hypothesis to consolidate arrangements.

 

 

References 

 

1. Barnett, S. J. (1915), Phys. Rev. 6, 239. 

2. Carson, J. R. (1927), Bell System Technical Journal 6 (1), 1. 

3. Castellanos, A. (2014), Electrohydrodynamics, Vol. 380 (Springer). 

4. Darwin, C. (1920), Phil. Mag. 39, 537. 

5. De Montigny, M., F. Khanna, and A. Santana (2003), International Journal of Theoretical Physics 42 (4), 649. 

6. Eichenwald, A. (1903), Ann. Phys. 11, 421. 

7. Eichenwald, A. (1904), Ann. Phys. 13, 919. 

8. Einstein, A., and J. Laub (1908a), Ann. Phys. 26, 232. 

9. Einstein, A., and J. Laub (1908b), Ann. Phys. 26, 445. 

10. Einstein, A., and J. Laub (1908c), Ann. Phys. 26, 541. 

11. Einstein, A., and J. Laub (1908d), Ann. Phys. 26, 532. 

12. Griffiths, D. J. (2005), Introduction to electrodynamics (AAPT). 

13. Haus, H. A., and J. R. Melcher (1989), Electromagnetic fields and energy (Prentice Hall). 

14. Heras, J. A. (2010a), European Journal of Physics 31 (5), 1177. 

15. Heras, J. A. (2010b), American Journal of Physics 78 (10), 1048. 

16. Heras, J. A., and G. Báez (2008), European Journal of Physics 30 (1), 23. 

17. Jackson, J. D. (1975), Classical Electrodynamics, 2nd ed. (Wiley, New York). 

18. Jackson, J. D. (1999), Classical Electrodynamics, 3rd ed. (Wiley, New York). 

19. Jackson, J. D. (2002), American Journal of Physics 70 (9), 917. 

20. Jefimenko, O. D. (1966), Electricity and magnetism (Appleton-Century-Crofts). 

21. Krause, T. B., A. Apte, and P. J. Morrison (2007), Physics of plasmas 14 (10), 102112. 

22. Landau, L., and E. Lifschitz (1959), The Classical Theory of Fields (Pergamon Press, New York). 

23. Le Bellac, M., and J.-M. Lévy-Leblond (1973), Il Nuovo Cimento B (1971-1996) 14 (2), 217. 

24. Lévy-Leblond, J.-M. (1965), Ann. Inst. H. Poincaré 3, 1. 

25. Manfredi, G. (2013), European Journal of Physics 34 (4), 859. 

26. de Montigny, M., and G. Rousseaux (2007), American Journal of Physics 75 (11), 984. 

27. Montigny, M. d., and G. Rousseaux (2006), European Journal of Physics 27 (4), 755. 

28. Purcell, E. (1965), Electricity and Magnetism, 3rd ed. (Berkeley Physics Course, Reading, Massachusetts). 

29. Rapetti, F., and G. Rousseaux (2011) (IET 8th International Conference on Computation in Electromagnetics). 

30. Rapetti, F., and G. Rousseaux (2014), Applied Numerical Mathematics 79, 92. 

31. Roentgen, W. C. (1888), Ann. Phys. 35, 264. 

32. Roentgen, W. C. (1890), Ann. Phys. 40, 93. 

33. Rousseaux, G. (2003), in Annales de la fondation de Broglie, Vol. 28, pp. 261–270. 

34. Rousseaux, G. (2008), Europhysics Letters (EPL) 84 (2), 20002. 

35. Rousseaux, G. (2013), The European Physical Journal Plus 128 (8), 105207. 

36. Rousseaux, G., and A. Domps (2004), Bulletin de l’Union des Physiciens 863. 

37. Rousseaux, G., R. Kofman, and O. Minazzoli (2008), The European Physical Journal D 49 (2), 249. 

38. Turner, M. M., A. Derzsi, Z. Donkó, D. Eremin, S. J. Kelly, T. Lafleur, and T. Mussenbrock (2013), Phys. Plasmas 20, 013507. 

39. Verboncoeur, J. P., M. V. Alves, V. Vahedi, and C. K. Birdsall (1993), Journal of Computational Physics 104 (2), 321. 

40. Weber, T. A. (1997), American Journal of Physics 65 (10), 946. 

41. Wilson, H. A. (1905), Phil. Trans. R. Soc. Lond. A 204 (372-386), 121. 

42. Wilson, M., H. A. Wilson, et al. (1913), Proc. R. Soc. Lond. A 89 (608), 99. 

43. Wilson, W., and L. Espenschied (1930), Bell Labs Technical Journal 9 (3), 407. 

44. Woodson, H. H., and J. R. Melcher (1968), Electromechanical dynamics (Wiley). 

45. Yee, K. (1966), IEEE Transactions on Antennas and Propagation 14 (3), 302 

 

 


