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TABLE 1-3 Boundary conditions on instantaneous electromagnetic fields

Finite
conductivity media, Medium 1 of Medium 1 of
no sources or infinite electric infinite
charges conductivity magnetic
01,02 3 00 @1 =%,=0) conductivity
$.=09 =0 o=occ5m2#cc F =% =0
General M, =0 7..=0 M, =0 7. =0 . =0 7, =0
Tangential ~fix (& —-C)=M, Hx@B ~€)=0 Ax$ =0 —fi x €7 = M,
electric field
intensity
Tangential Ax(#H-H)=2% ax(FE-%¥)=0 Ax¥#,=9% Ax¥#, =0
magnetic field
intensity
Normal electric ﬁ-(%z—%1)=g&g i- (@ -B)=0 ﬁ'gbz:?’es A-B =0
flux density :
Normal magnetic  fi- (B, ~B) =g i-(B;—B)=0 - B =0 nRy=g

flux density
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TABLE 1-5 Boundary conditions on time-harmeonic electromagnetic fields

Finite
conductivity media, Medium 1 of Medium 1 of
no sources or infinite electric infinite
charges conductivity magnetic
01,02 F 00 (Ey=H; =0) conductivity
=M, =0 op=00;0Fo0 (Eg=H; =0
General Ges = qgms =0 My =05gms =0 Js =05, =0
Tangential
electric field ~Ax(E—-E}=M; #nax(E-E)=0 ftxE; =0 —if x E; = M;
Intensity
Tangential Ax(H~H)=J fAx(H—H)=0 AxH =] fi x Hy =0
magnetic field
intensity
Normal electric i (D2 — D) = g -0 —-D)) =0 fi-D; =g, fi-D, =0
flux density
Normal magnetic . (B, - B|) =g, 8- (By—B;)=0 fi-By =0 fi- By = g
flux density

Advanced Engineering Electromagnetics (Second Edition), Balanis, Wiley, 2012, ISBN-10: 0470589485,
ISBN-13: 978-0470589489.
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TABLE 1-6 Relations between time-harmonic electromagnetic field and steady-state a.c. circuit

theories

Field theory

Circuit theory

I. E (electric field intensity)

2. H (magnetic field intensity)
3. D (electric flux density)

4. B (magnetic flux density)

5. J (electric current density)

6. M (magnetic current density)

.+ (electric displacement

7 da =jock current deniity)
(magnetic displacement
curtent density)

9. Constitutive relations

o0

.My =jouH

_ (electric conduction
@ Jo = oF current density)
(b) D = ¢E (dielectric material)

(c) B = uH (magnetic material)

10. f E-dt = —jw[[ B.ds (Maxwell—Faraday
C 5 equation)

11.ﬂ Jf(.-ds=—jwﬂ[ qwdv:—aQe
s v ot

(continuity equation)
12. Power and energy densities

1

(a) 5 ﬂ (E x H") - ds (complex power)
s

1

(b) 2 fff olEizd v (dissipated real power)
14

1 2 , (time-average electric

© 4 [[/v ¢IE| dy stored energy)

1 2, (time-average magnetic
@) 4 ff/v M| dv stored energy)

1. v (voltage)

2. i (current)

3. gy (electric charge density)
4. qm, (magnetic charge density)
5. i, {electric current)

6. i,, (magnetic current)

(current through a

li=joCy capacitor)
. . (voltage across an
8. v=joli inductor)

9. Element laws

1
a)i =Gv= Ev {Ohm’s law)
(b) Q. = Cv (charge in a capacitor)
(¢) ¥ = Li (flux of an inductor)

(Kirchhoff’s

10.2 v = —joli =0 voltage law)

1. i=—jwQ, = —jwCiv =0
(Kirchoff’s current law)

12. Power and energy
(v and i represent peak values)
1 _ -
@ P = ~vi (powiar voltage-current
27 relation)
1,5, 12 (power dissipated
(b) Py = EGU T 2 R in a resistor)
I . , (energy stored in a
© ZCU capacitor)
1, (energy stored in an

(d) A_LLI inductor)
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