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Abstract — In order to address the signal integrity issue,
Galilean electromagnetism is derived from a thermoghamic
approach. Attention is paid on the various regimesllowed by the
quasi-static limit. It is emphasized that an abrupttransition exists
between the QS-magnetic and the QS-electric regimésr which
different gauge conditions on the potentials shoulte considered.

I. INTRODUCTION

Loss of signal integrity becomes a critical issagpower
electrical engineering, due to the higher leveintégration in
power electronics,
Modulation power supply, or the decreasing duratiwin
commutations. In order to address their considerahpacts
on both energy efficiency and the performance mrequeénts
former analyses were mostly focused on the cidestcription.
Loss in signal integrity is then explained as a enor less
continuous change in the impedance of the systetm thie
frequency. At the opposite, the problem is herereskkd
within the framework of the Galilean electromagsti
introduced in [1]. It is shown that the loss ofr&gintegrity
must be considered as intrinsically discontinuous.

In the following, a variational approach
electromagnetism is proposed. Then various regounesrring
within the quasi-static limit are discussed frore ttovariance
property. Finally, the transition between regimesxplained
as a change in the gauge condition.

Il.  VARIATIONAL FORMULATION OF ELECTROMAGNETISM

Classically, thermodynamic approaches
electromagnetism do not consider any extension risvime-
varying regimes [2]. Whereas some

rule in this work, variational parameters or fuootils thanks

the generalization of Pulse Widt

improvements  a
summarized in [3] for steady state regimes, no ggne I day’ ion:
contribution is available for transient. Denotirags a general Maxwell-Faraday’s equation:

whereV is the velocity of the interfaces in the rest
frame,n the unit vector oriented by the interface alfid [
denotes the field discontinuity occurring thereon;

* the Joule losseB; monitored in conductors. This term
is even to respect invariance of losses with thersion
of time (0'_1 is the resistivity);

< the variation with time of the electromagnetic gyer
coupling the field with the generator | and the snélg

« the magneti®(h) and electrostati®(e) behavior laws
derived from thermostatic equilibrium of the Gibbs
potential:

G(,V,) =G, +G, :jU(— B)umf(— D)wejd% 4)

where the flux densit and the electric displacement

D are divergence-free to ensure that G is a state-

function.
Galilean covariance states that stationary conditio
expressed from (1) do adopt a form independent hef t
Galilean frame where is performed the time-derorati

0flntroducingV’ as the relative velocity of the frame (’) in (1),

some calculations on the convective derivative bk t
electromagnetic energy coupling yield the transfiiom law
for the electric field:

E'=E+V'xB (5)

whereas the flux density and the electric displaa#rare kept:
B'=B (6)
D'=D (7

Of—lence, extending the electric field in a moving awactor

g\évith the velocityV) according to Ohm’s law with motion:
E=0"J-VxB (8)

curlE=-9,B 9)

to italic fonts whereas roman ones specify their valuetat tand its subsequent continuity equation:

minimum, the magnetodynamic behavior of any eleatri

system is derived from the functional [4]:

P98 = minl [o*curtH o + 9 (1)
Precn™ —mlg{ial(curlH) d°r +dt-[(Bm +D|:E)d3rJ

where the functional in the RHS exhibits:

n x([E] +V x[B]) =0 (10)
may be viewed as acting locally to check globalleadency
towards reversibility [5].This striking property provides a
thermodynamic oriented insight of the variationlaédry of
electromagnetism [6]. Hence, the functional (1)abaks the

. the magnetic fielH related to free and displacementvariations with time of the co-energy®) and the mechanical

currents according to the Maxwell-Ampere equation:
curl[H =J+0,D (2)

power received from the field by the actuatetB.{e.).
It should be noticed that Maxwell-Faraday equati(®)
provides the flux density divergence-free at anyetiwhich is

While the quasi-static approximation enforces @ mandatory condition to derive (5) in its usuaknio

vanishing electric displacemenb#£0) in conductors

(i.e. no free charges), the charge conservatiothet

various interfaces provides the continuity equation
nx(H]-vx[D])=0 ®3)

Similarly, the transformation law of the magnet&ld reads:
'=H -V'xD (11)
according to (3).
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In order to consider sub-systems for design purpibse
convenient to introduce the electrical power ondbmainQ:

Pu(@)=-§ (ExH)m e (12)
0Q
so that the contribution @ to (1) reads:
- Pmech(Q) + PeIeC(Q) - c(jjict; (Q) (13)

Ill.  QUASI-STATIC REGIMES

The set of transformation laws (6), (7), (5) and)(k not
compatible with the invariance of the behavior laatsleast in

vacuum. As quasi-static phenomena are observedis it

mandatory to admit that one coupling term in (1lgvails
much more than the other. As a result, the quasiestimit
must be split in magnetic and electric regimes (Tigb[1]. It
should be noticed that the conductors are alwaysctisl
within the magnetic regime of the quasi-static timi

TABLE 1. REGIMES ALLOWED WITHIN THE QUASHSTATIC LIMIT (FROM [1]).

THE RESOLUTION IS PERFORMED IN TWO STEPSHE FIRST (SECOND ONE
INVOLVES THE DOMINANT (MARGINAL) COUPLING. THE ARROW ([J ) DENOTES
A FIELD OBTAINED FROM THE MAIN RESOLUTION WHICH ACB AS A SOURCE
FOR THE SECOND ONE

magnetic regime electric regime
|BH| >>|DIE| | B <<|DE|
4 dB
2 curl (a’lcurIH) =4
= divB=0 N/A
5 curlH=J
o B=/H
divB=0 divD=0
€ curlH =0 curlE =0
= B =/H D=¢E
(8]
2 cur EO -9,B curl HO 9,D
5 divaO divB = (;)JH
(0C)nxED nx(o3-vxB)| (3C)nx[H]0 nx(vxD)
)
sz
5w
£ 5 dG dG
B 8 - F>mech+ Pelec - - (14) - Pmech Pelec - . (15)
s c dt dt
c 35
o S
=
Hence, the signal integrity issue in Electro-Magnet [4]

Compatibility may be viewed as a transition in §&€fween the

magnetic and the electrostatic couplings in a gixera of the
dielectric region, the actual regime correspondmghe most
reversible evolution of thglobal system.

IV. GAUGE CONDITIONS

As a general rule, phase transition is associatitd &
break in the symmetry of the problem [7]. This pois
discussed from the magnitude of the various tingesiging in
any electrodynamic problem of sizé [8], namely the

magnetic diffusion timer_ = gg¢? and the charge life duration [10]

checking the relation? =r_r.. These values could be faced

to the typical duratiorr of the excitation so that the various
regimes may be schematically stressed (Fig.1) [9].
logl=)
T=T1, 4 T=T,
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m
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Fig. 1. Domains of validity of the Quasi-static irags with their gauges
conditions. Notice the absence of border betweenetbctric and magnetic
regimes which reinforces the existence of a tramsiriven by the gauges.

em

Defining the flux density and the electric fielcbfn the

potentials A,V) according to:

B=curl A

E=-gradV -0,A
various gauges may be considered according touhsi-gtatic
regime to decouple the evolution equations exptessethe
potentials. As a result, the transition betweenQ@$magnetic
and the QS-electric regimes corresponds respegtiiela
change from the Stratton’s to the Lorentz’ gaugesged by
the frequency, =27 [10].

(16)

V. CONCLUSION AND FORTHCOMING

The loss of signal integrity is explained as a gron
between the QS-magnetic and QS-electric regimesedier,
thermodynamics provides the functionals (14) aris) ftom
which the discussion should be achieved. Such
implementation should be highly valuable to discegmal
integrity issue.
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r,=£ occurring in conductor; and the transit time of an

electromagnetic wave crossing the system = [eue



