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1. Charge conservation

1. The integral form of the
theorem:

2. Poof:

3. The local form of the
theorem:

4. The extended integral
form:

5. In motionless body:

d

i =— 2 N §JdA_——jpdv Sr
dt >=0Dy
. dys : dW

u. =i, +—= —>0=i; +—=

TS dt ¥ dt

Up. = taveIF — O’l//Sr —>VYs =Up, =

VxH=J +%—[t)+pv+Vx(D><v):>

V-VxH=V(J +pv)+aZ—tD+

V-Vx(va):>|V(J +pv)+2—'[t):0

§(3+pv)dA=- j 'Odv

>=0Dy Dy (t)

divd =P §ada=-| %dvl
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W SN Consequences of charge

[MN conservation theorem

iy = f JAA = Jomeahl — Jinmed A + Jonmed A,

1. On the interfaces/ . pdv = pumea Al + pamea .
pH
boundaries: hi d dPsmed
Jn.m.e "'I nme JHTHE - = e 'F -
dy + /2nmed = Jnmed = 7 Pomea” T
e EEE——e Ops : op
2 S Ny (Jy —Jy) = —. | dIv. =—-2
3 12 * (Jo 1) TR s p
/ i 7
/ 2 J2 2. Conservation of total current:
/ - ) )
/ | o In motionless media:
/ P O op oD .
1 S divd + £ = d|v(J+—j_d|v(J+J )
/ Ji / ot ot
/ /
‘ :fZJtdS =o| whereJ, =J+J,,J, _d
o In moving media:
~J d|V(J+pv)+— 0=J,=3+J,+J,,d, —% J,=pv
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laboratorul de
mpge =) g

Charge relaxation

2. In linear, homogeneous

0 o o}
body: P V)=-V(oE)=—0oVE=-2vD=-Zp
ot g g
el O s
=2 51r=0=lp=p(0)"
o ot
3. In static regimes 2>
current
conservation/ _ dC]DZ
_ continuity: s =— =0= / \
dt \ i
[ —__—_a_
§IdA=0=VJI=0 T O
: 2=0Dy \ /
4. Charge conservation of >~ <7 X
the insulated O=i — qu2 -
systems: =y == dt = qu = CL.
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- RIS Diagram of fundamental EM
LIVIN phenomena (causal relations)
r &
1. V-D=p E
2.V-B=0
oB
3. VXE——E y &
4VxH=3+2° i
ot

- 5.D=gE+P,(E)

6.B=,u(H—|—|\/|p(H)) -

7.3 =o(E+E,(E)) M,

8.p=EJ

9.v.3=-%
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2. Poynting’s theorem of
EM energy

1. The local for.m Qf the ol = _L_ ‘H
theorem in linear ot
motionless media;: .

D
rotH = J + L:_Tf E
‘ 3,
ErotH — HrotE = JE + E% + Hd_]? J

| I
div(ExH)=V(ExH)=V (E}:H) +V (EKH) ~H(VxE)-

- —E(V xH) = HrotE — ErotH

51D JE  =0E: O (DE
E = E= ——(—.
2 Ot oL ( )

ot oot 2

JB o [ BH
HE:E( > )

. Jd ([DE BH
—:f.?i:.'l[E:{H]l:JE—l—E( 5 + 5 )
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The integral form of the
[MN EM-energy conservation theorem

« p=JE - power density [W/m?]
* |S = E x H|— Poynting vector [W/m?] i

+ [W,= DE/2 |- density of electric energy [J/m3] ™ >~—71
« ['w_= BH/Z|— density of magn. energy [J/m3]
« W, W, W, density of el-mg energy [J/m?]

R, =— [ SdA [W]

iciv8=p+aWem Pz=PC+dWem P, = [ pdv [W]
y dt — 4
Wem :jwemdv [‘]]
\ D

v
~ [divsdv=— [ SdA= (p+%jdv=j pdv+ijwemdv
D oD D Gt dtD
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G roazias EM energy in nonlinear

[MN motionless media

B
rothh = ———, -H
Energy and E=-7
dD
CO-enel‘gy rotH :J—I—% E
EI'GfH—HI'GfE:JE—l—E%—FH%_ ‘ dIVS — p-|- ate + atm
_ agtve:E%:):dWe:E.dD:}Ne:.‘-:EdD v | Wi = §H°dB

d(E-D)=dE-D+E-dD =dw, +dw <

E
dw; =D-dE <> w, =[D-dE [J/m°];
0

D-E=w,+w,, B-H=w_+w_
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EM energy in nonlinear hysteretic
media. Warburg’s theorem

B
Power density of roth = ——, -H
hysteresis losses D S '
rotH = J 4 L— E l
ot
) ) o dD B dIVS: 4 e 4 m +
ErﬂtH—HrﬂtE_JE—I—EE—I—HE. ‘ P ot ot Py
oW, oD ¢ ow T
_—+p.=E—= *+p. dt=w,(T)-w,(0)+w,,=| E-dD =
ot Ph pe o( ot Py j (T) (0) +w, _[0

T T
Whe =def _[0 Predt = jo E-dD ‘[J/mg]

T T
Whm =def _[0 Prndt = jo H 'd% [J/m°]
Pr = Pre T Prm

EM Field Theory — 1. EM Quantities




EM energy in linear moving

media
: dw dw
Mechanical power. _W = I:)mec + I:)cond - PZ = I:)mec = _F_ I:)cond + PZ —def -[D f-vdv
d-D : .
E , divB=0 , B=uH , J=0cE, r=massdensity
rotE:—dgtB . dvD=p, , D=¢E e=¢(e(r,t)T,..) , u=u(z(rt)T,
dw dW
P :___j E-JdV —§ (ExH)-ndS =-— )5, (E-J+H rotE-E rotH)dv
2 2
_dW| | Hert {1 (D_+B_Jdv} _
dt WY=const., d=const. dt = 28 2’” WY=const., d=const.
_([-peo| L otad  mol mtou g,
D> ¢ ot ¥=const 282 Y =const. H ot @=const. 2'“ ot @=const.
2 2
-] _g.9b E’ d¢ _y.98B H” ou dv
- ot ¥=const. 2 ot ¥=const. at @=const. 2 ot @=const.
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Mechanic effects of EM fields:
electric and magn. force density
H.oB

dvV =
. ot
=const. w‘ d=const.
2

J.DZ Fvdv = D, {_ .[_pVV_rOt(DXV)]+E7|:—V-(gradg)_z-%(divv)}}dv+

H? ou

2 ot

®d=const

2

+IDE (— H-[-rot(B xv)]+H7[—v-(grad y)—r?;(divv)ﬂ dv

2 2
-+ {(DxV)xE+(BxV)xH—(E 0¢ \H" 941\ |.nds-+ Coulomb
z 2 82‘ 2

—<+Temp. polarization

2 —>00 =

=7 £2 A, /-Electrostriction
f=f+f =p/E —7(grad g)+grad| —7—|+ . aplace

*Temp. manetization

<2 2
+JxB —H7(grad 1)+ grad (H? 72—”} < *Magnetostriction
T
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1 y Theorems of generalized forces

Virtual work = (gen.) force x position change: de = Xk ka

In particular:
d=F-dr , dL=C-da , dL=T-ndS , dL=p-dV
d < dw d.-D d-B dw
P = —S X dx o-—-P_—P & i B2 gy -
mec — def dtkz_; K k — dt cond z J‘Dz( dt dtj dt
:Xk:_;ﬂ = Xkel__ kag:_awm
B Xy ¥=const , d=const _const. OXy d=const
d—V(E-D)+d—V(H-B)=( deD | J d Hl.
dt dt
—ZX dx, = dW p.4cE dv K W
Ds dt kel @Xk .
— X, dx, = dW" for E, H=ct. = dX, =2V = X, =D
Xy u=const , Uy =const 0% i=const
— ©LMNZ2007
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Maxwell stress tensor — electric

component
EM force: F:ID de=jD (divd-?)d\/:{Z-?.ndA &
0 E*
|f a—j:O = fe:pVE—7(gradg): ‘.Z -

= E(div D)- grad( DéE

j+(eE-grad)E

: D-E
i IDz fe dV:IDZ [E(d'V D)+(D-grad )E—grad(zﬂdv
D-E = —

— Z[E(D-n)—( > Jn}dA=§zTendA=§zTe-ndA

—Te-n= _(E-D i E-D

Ter =T n=E(D-) ( 2 jn B
‘ -?e =EAN DT—We|: b Te = Eny
EZDX

E,D, E,D,
E-D
ED,-—~ ED,
E-D
E,D E,D, - ——
=y 2™z 2
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Maxwell stress and E/M-striction

tensor
H? H? ou
Magnetic component: fn = J 8—7(grad w)+grad (775j
2 2 2
= (rot H )>< B —grad (yH?j - ,u(grad HTJ +grad (H7 T%J
2
f.. = H(div B)—grad(l_I Bj+(B-grad)H +grad {HTTZ_ﬂJ
.
H-B H® ou
jsz av = | { (div B)+ (B-grad)H—grad( 2 j+grad(715ﬂdv—
2
~ = |H (H Bjn+ R 000 |ds = f Tonds={ T, -nds=
2 Ot
= H-B - T ol =H’ ou = =E® O¢
T =Tm-n=H(B-n)—| —— |n Tm=H"B —w_ I, Tms =1 —7—, = =—7r=
mn ()(2j:>m T 2 "7 2 o
] | - — -
HpB 1B H,B, H.,B, R° _ou 0
_ 2 2 Ot ,
-Fm = HyBx H B _ﬂ Hsz -?ms: 0 H—Ta—/u 0
2 H.B 2 Ot
H,B, H,B, H,B, ——— 0 o H o
= 2| i 2 0t |
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Orientation of Maxwell stress
and E/M-striction tensors

mhin ﬁ
[+
i~
TmMn TmI‘-ﬂn
s | T
)T 1“%{
mhin
a=0 P
o=T/2
‘ﬂ:Za
ou E’ O¢ = E.-D = H-B
Tmsn:nz-— n, Tesn =N—7—|IN T =—=W T =—=W
or ” 2 ' o7 ” en 5 e m n 5 m
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3. Impulse conservation — |local
form

~Dx(rotE)-Bx|
/9/ \/\

- o 2
—E?gradg—grad (¥)+(D-grad)E+H7grady grad (%j +(B-grad H
\ 2N A
VT _ Y
div(Te)- f, div(Tm)- f,
J., = DxB, EM impulse density [kg/m?s] - Laplace force [N/m?3]
000 = _
=dIV(Ten) = Temy | | static regimes: for = div(T em)
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Impulse conservation — global
form

The fundamental principle of dGmec
mechanics: dt = Fot where Fiot = Fronem T Fem

Gmec — -[Dz Ormec dVv = IDZ vam Mechanic (mass, linear) impulse [mkg/s]
D Impulse density [kg/m?s]

In stati ' ; = . =
SR IEINES =[5, fen@V =§ Ten-ndS & fop =div Ten

0 = _
In general: Jem =div(Tem)— f,,, Wwith g, =DxB =
t (linear) EM impulse [mkg/s]
dG = diG,.+G =
T =§ Tem-ndS—F,f with Gy, =| g.,dV= G em):FnOHm+§ T em -NAS
dt z Ds dt z

Theorem of angular impulse conservation:

oh = _
T =div(rxTem)—m,, Withh, =rxg, =rx(DxB); m,, =rxf_ =
atangular EM impulse [m?kg/s] force’s angular momentum  their densities
dH = )
m‘*m =, (rxTem)-ndS— MGL with™ H, =jD2 h,dV: M, =rxF,
© LMN 2007
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Summary of the conservation

theorems
Quantity Charge Energy Impulse
Local form in linear op | ~divs=p+ en f, = div(T an)Ten = EADT —w, T +
static bodies divd = -— ot -
ot S=ExH;w,, =(ED+BH)/2 HAB —w,l;w,=E-D/2;w, =H-B/2
Global form in _ dop =
linear static bodies Iy, =— ~ | P. =P + AWery Fem :§2Tem -nds
dt 2 c dt
Local form innon- | op | foy =0T en) Tem = EDT —w, T4
linear static bodies | div) =—— 0 ; B
ot W, = [E(D')dD'+[ H(B)dB' | H"B w1
_Global form in non- dg . AWern T
linear static bodies y = d'tjz =R+ dt Fen _izTem ‘nds

Local form in linear
moving bodies

op
J+rpn+Z£ =0
(J+pv) p

Z

f:fe+fm:pVE—E2 (grad ¢)

2

+J x B—H7(grad i)

P _
g:m :d|V(T em)— fem,gem =DxB
or =
Ztge”‘ —div(r x T em)—F x f,.,

ot

Dg (1)

Global form in Ja+pvydA= _ dw ©w (F sk o lod
linear moving Z=0Ds Pe = Prec + P+ dt ?t %( o ”) e Gam = [, GentlV
bodies op d(rG,. .

B I —dv Pmec :J.D f 'VdV dt :§zrx(-|-em'n)ds_erem
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&I noal EM field thermal effects -

LIViN summary

3
 Conduction p=E-J  [Wim']

T -
+ Electric hysterezis W= E-dD [Im’] (cycle area) =
5he = Whe /T = f\Nhe W/ms]

» Magnetic hysterezis , :j;H.dB [J/m?®] (cycle area) =

ﬁhm :Whm/T = f Vvhm [W/ms]
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EM field mechanic effects -

summary
« Forces densities [N/m3]: Generalized forces:
/
— lom
Coulomb f. = p,E W,
_ E2 Kel =~ ox
fe< — Temp. polarlz. ftp :_T(Qrad 5) K 1 g=const
oo E® d¢ an
__— Electro-striction f, =grad [715} kag - ox
K | ®=const
— Laplace f =JxB oW,
2 Xkel = Ax
frﬁ — Temp. magn. f :—7(grad ,u) K Tu=const
-~ Magneto-striction ms = 9 Py k mg OX |
f,,=f +f =div(T), T, =T, +T +T, +T_
_ _ 2 _rc2
Te —EAD' —WeT, T, =H"B' _WmT’ T :THTTa_/u’ T :T%Ti_g
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4. Theorems related to the

LMIN problem of EM field analysis

Fundamental problem of EM field theory. Known data:
« Geometry (shape and dimensions) of the computational domain
« Material behavior, value of material constants anywhere

» Internal sources of the EM field: permanent polarization, magnetization, intrinsic
current, etc. in any point of computational domain

« External sources of the EM field: boundary conditions
« Anterior sources of the EM field: initial conditions

Unknown data (solution of Maxwell equations):
- EM field: E,D, B, H, J, p in any point of computational domain, for any time t>0

Correct formulation (theorems related to):

« Solution existence Other theorems are related to:
« Solution uniqueness * Solving methods
« Solution continuity « Solution characteristics
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Theorems related to the solving
methods

Problem formulations:
« EM field formulation based on first order PDE equations
* PDE - strong formulation for potentials
* Weak (Galerkin - projection) formulation
« Variational (Ritz - minimization) formulation
« Formulation based on integral equations
Solving methods:
« Analytical methods
« Variables separation, Green function, Coulomb/BSL, Complex, etc.
* Numerical methods
* Finite Element Method (FEM)
» Finite Difference Methods (FDM), Finite Integration Technique (FIT)
* Boundary Element methods (BEM), Integral Equations Method (IEM-MoM)
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v Theorems related to the solution

[Mm characteristics

Solution dependence w.r.t space, time, domain size, material constants, field sources.
 Linearity theorem

In linear media, any local or global quantity which describes the field solution is linear
dependent w.r.t. field sources (internal, external or anterior)

* Reciprocity theorem http://en.wikipedia.org/wiki/Reciprocity (electromagnetism)
In linear reciprocal media (with symmetric material tensors), the relation between field
sources and solution is a symmetric one

» Passivity theorem
i linear passive media (with positive material constants or tensors), the field energy is
positive

 Affinity (monotony) theorem
In media with affine (monotonic) characteristics, the relation between field sources and
solution is an affine (monotonic) one

 Stability theorem
In linear passive, dissipative, reciprocal media (with symmetric, positive defined material
constants or tensors), the solution due to bounded excitation has bounded time variation
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Unigueness theorem

Maxwell equations in linear media with u, €, >0 and permanent sources:

rotE——(Z—B , divD=p, : D=gE+Pp J=c(E+E)
rotH = J+aa—? . divB=0 | B:yH+yoMp

have a unique solution in D bounded by X for any 0<t<T, if there are known:

« Field internal sources (CS): Pp(r,t); Mp(r,t), reD , te [0,T];
Ji(rt)=cEi(rt), reD , te][0,T];

« Boundary conditions on = (CX): E(nt),r e Sg; H(rt),r €S, =2- St €[0,T];

* |nitial conditions (CO): E(r,0); H(r,0), r €D, for t=0.

The prove is based on the lemma of trivial solution:
Maxwell equations with zero CS, C2, CO have only zero solution

[ oE-Edv+ —j [/‘HH gEzEjdv - Exav- foz[“o %+E-§&jdV—§z(E§\H)-ndS

j cExdv + 19
2 ot

(uH?+6E?)dv =0=0< [ (uH?+2E2)dV =-2[ [ oE*V <0=H=0,E=0=

D=0,B=0,J=0,p=0
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gy SR Scalar and vector potentials
LIViN theorem

According to Helmholtz-Hodge theorem, any vector field G can be decomposed in
G =—gradV +rotA+ h;= divG =-AV = f;
rotG = rotrotA = graddivA+ AA= g = rotG = AA=g;

a curl-free, a div-free and a harmonic filed (curl and div free). It is unique, if the
boundary conditions (V=0, A =0) are added. The third component is necessary only
in the bounded domains. So any field G has two potentials: scalar V and vector A,
generated by its div and its rot, respectively. The harmonic component, which can
be expressed using an additional scalar or vector potential, describes the external
-sources (boundary conditions). If G is div-free (as B is), it has only a vector
potential, if it is curl-free (as E is in static regimes), it has only a scalar potential.
Potentials may be computed from the field sources, by solving a Poisson equation.

divG = V(-VV +Vx A+h) = f = AV = —f =N () = [ G(x, ) f(ndx+ [ FoPv (y)ds,
- 0G(X,
curlG=Vx(VW +VxA)=g=>AA=0= A(X) =JQG(X, y)g(y)dx+.aQ (n Y) A(y)dS

In the whole space R3, the Green function G(x,y) is

AG = 5(x - ) :-lG(x, y)= m#V(X) = [, GO N F(y)dx; AX) = | ,G(X,y)g(y)dx
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Electro-dynamic potentials

LIViN theorem

The time varying electromagnetic field (E, D, B, H) can be described by two
“electro-dynamic” potentials: scalar V(r,t) and vector A(r,t).

divB =0 =B = rotA] rotE :—%—?: rot(E +%j —|E = —gradv - 22,

ot ot

D=¢E; H=B/u=B; J=cE+J
They are solutions of hyperbolic (d’Alambert type) PDEs:

rotH =3+ 22 — rot(vrotA) oA
ot ot ot*

divd = a@'(t) = dlv(og radV + o %’?j _9P div(ogradV)= %—'f if div(cA)=0

ot
In vacuum, with Lozrenz gauge conditions (for div A) S
o0 A oV 1 0°A

rot(rotA)+ u.en —— + usqrad — = 1, J. = =1J.;c=1/ g

( ) Ho&y pYe Ho€09 o = HoJi Z o0 HoJ; Ho&y

2
] 10 i . OA 1 o0°V
divVA=—-——dIVD = p = AV +diV-—=—p/ gy =|-AV + ——-=pl¢
& ot |d £ o e 2o P
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I.W Retarded potentials theorem

The solutions of d’ Alambert equations of ED potentials in vacuum are

1 6°A ¢ Ji(r',t)
—~AA+= J. t) =2 dvit =t—|r—r'/
t o7 = Hod :>|A(r ) = ||-£3 P r—ri/c

2
_AV +i8_V pley =V (rt)= 1 p(rt )d G(x, y,t):—é(t—Hx—yH/c)

Here G is the Green function of d’ Alambert operator (zero outside past light cone)
In the static case (eIIiptic Poisson type) PDEs (Lorentz = Coulomb gauge: divA=0

“AA= ,J. = A(r) = : j‘]i(r)dv'; CAV = ple, =V (r) = — | PUT) gy
T Arey s |r—r|

By using Coulomb gauge in time dependent fields:

2
aa LA iv(a\/j:quiiA(r,t): 1 IvXB(r t)d
C

c® ot? ot Ar 2 |r=r]
LAV = ple, =V (nt) = 1 o(r t) 1 ¢ VE(I t)
4y o |r—r| “lar o r—r]
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Theorem of fields superposition

Fundamental problem of the EM field analysis: find field solution: F = [E, D, B, H, J, p]
of Maxwell equations in a domain D with boundary = SE + SH, knowing (internal,
external and past) field sources: C = [CS, CS, CO0]

In linear media with p, g, >0 this causal relation is a linear operator.

n n
S: C 2 F is a well defined operator in any S 1CY=N"15C )
correct formulated field problem. (kZ:; Cr) kZ:; S(Cy)

It is well defined due to the field n n

uniqueness: O — Zlka —> Z/Ika
~ Any two solutions F1 and F2 of the same k=l k=l

problem must be equal, because F=F1- C= Cl + C2 —>F = F1 + F2

F2 satisfy the same equations with zero

sources (C=0), hence F=0 =& F1=F2. AC — AF Sum of causes give

S(0)=0 sum of effects. But only

. . In linear problems.
« J and p are here field solutions not sources ! P

*The superposition may be applied only to sources. Domains superposition is mistaken.
As well as boundary partitions S= SE + SH.
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g i 5 Circuit element with multiple

[MN terminals

It is defined as a simply
connected domain with
terminals and b. conditions:

A: no magnetic coupling

B: electric coupling only
through terminals

terminals

C:. eqi-potential terminals

: n-w:O@n-VxE:O; MeX
ot i
k=n I Z—I J+a— -ndS
B: n-VxH=0 , MeS,=2\J_S k= Js, ot
U (t) = o BN

C: nxEM,t)=0 , MeS, , k=12..,n
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-
ey laboratorul de
& modelare
1 numerica

[m Circuit’s fundamental theorems

On the boundary surface:

oD .
e total current §Z (J+Ejﬂds =§2 (rot H)ndS :JDE [dIV(rOt H)]ndS =0

conservation
e zero e.m.f. (A: =)

Global characteristic

frcz E-dr= L (rotE)

oB

Sr

ndS=—-| —-ndS=0

quantities: I, =gef §r H-dr=— (rot H).ndg =—. [JJ“%?)”O'S
« Terminal current: “ k

_ U, (t)= E-dr = E -dr=v, (t)-v.(t
* Terminal voltage: kj( ) aef J.ijeZ Cyjes t k( ) J( )
C: > Juncs E-Ar=[  Ep-dr=v(M,t)-v(N,t)=0

Kirchhoff Laws:

KCL (B:=) O:L (JJ’%_?]'MSZL (rotH)-ndS+Zn:L (rotH)-ndS_O+i(—ik)4Zib =0

KVL (A:)

I'cx

E-dr=0>

> u,=0

beX
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Theorem of electric power
[ N transferred by a multi-polar element

.[CABCz E-dr= —[CABcz E,-dr=v(At)-v(B,t) independent of C,z cZ=

@)V:= >R, st.E, =—gradv rot(vH)=(gradv)xH+v(rot H)

P, = §E (ExH)-(~n)ds = _§z [(—gradv)xH]-(-n)dS =

f [rot(vH)]-ndS —§ [v(rot H)]-ndS =

O+2Lk [v(rotH)|-ndS = Zv Lk (rotH)-ndS =

k=1

ZVKL (rotH)-ndS=kaik > F’Z:Z:vkik
k=1 k k=1 k=1

P has the conventional sense of i
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The constitutive relation of the
multi-polar circuit element

The case of voltage excitation

Excitations (input signals): -[Cknei E,-dr=v, (t) Known fork=1,2, ...,n-1
Responses (output signals): ik = H-dr Computed from the field
I solution, fork=12, ...,n

Let consider D a linear domain without permanent sources ( D=cE, B=uH, J=cE)
with zero initial field and boundary conditions given by A, B, C and excitations.

The fundamental problem may be simplified: input signals: v =[v1, v2, .., vn-1],
response — output signals: i =1[il, i2, ..., in-1].

The input-output relation i =Y v is described by the admittance Y. Itis a linear, well
defined operator due to the solution unigueness and superposition. These theorems
are based on the lemma of the trivial solution for a circuit element: zero excitations
produce zero responses v=0=>i=0:

| aEdV+——I (H? + £E?)aV = §, ExH)-(=n dS:Zn:vkikO:
k=1

0<[ (uH?+eE2)av =—2[ [ oE%dV <0=H=0=i, =0

The dual case of current excitation: v =Z |
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6. Theorems related to EM
modeling and design

Fundamental problem of EM modeling. Known data:

« Geometry (shape and dimensions) of the computational domain

« Material behavior, value of material constants anywhere

« Type of system excitations: boundary conditions and initial conditions
Unknown data:

« Relationship between system response and it excitation

Solution is represented as a LTI dynamic system (electric circuit), which
approximate I/O relationship. The (complexity) order of this system should be as
low as possible, keeping an acceptable accuracy and saving other characteristics
(e.g. passivity and stability).

Model reduction of EM devices includes extraction of lumped circuit parameters (R,
L, C) and equivalent schemes for elements with distributed parameters.

Other theorems are related to:

Optimization and inverse problems in Electromagnetics. Where the problem has as
unknown data: geometric or material characteristics of studied EM devices.

EM Field Theory — 1. EM Quantities © LMN 2007




Not so easy questions for
curious people

1. How looks like the local form of the charge conservation theorem on a surface
carrying superficial current J¢ ?

2. What form has the charge conservation theorem in several field regimes?

3. Is the Ampere law (in its original form, without displacement current) consistent
with the conservation of charge? Is the expression of displacement current a
consequence of the charge conservation ?

How are the current lines in steady state ?

Is the charge destroyed by an atomic explosion?

4
5

- 6. Who is more general, mass or charge conservation ?
7 How is related Kirchhoff law to the charge conservation theorem?
8 In charge relaxation, the initial charge decays to zero. Where is it disappears?
9 Does the charge conservation implies Maxwell’s equations ?
10. How looks like the theorem of EM energy conservation in nonlinear media ?

11. How looks like the theorem of EM energy conservation in moving media ?
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