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Notations

E: eectric field intensity (V/M)

H: magnetic field intensity (A/M)

D: electric flux density (C/ M?)

B: magnetic flux density (Weber/M?)

J.: impressed electric current density (A/M?)

J.. : conduction electric current density (A/M?)
J4 displacement electric current density (A/M?)
L - impressed electric current density (V/M?)
Uy impressed electric current density (A/M?)
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Notations (Cont’d)

0, VOlumetric electric charge density (C/M?3)
., . Volumetric magnetic charge density (C/M3)
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Historical Background

- Ancient civilizations knew the effect of magnetic

materials
Gauss' s law for eectric fields
ED.dS :IyqevdV =Q,,

Gauss's law for magnetic fields

fB.dS=0

\_/

Faraday’s law c’ r

| H-

fEd = -—HBdS
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Historical Background (Cont’d)

- Ampere'slaw
$H .dl =[[J.dS = total current dueflow of charges
C S

- Ampere'slaw initsorigina form could not be
considered general

I
S — A

fH.d =1

C

o —fH.d =07
C
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Historical Background (Cont’d)

- Ampere’ slaw is modified by introducing the
displacement current

PHdl = [[J.ds+2 [ Dds
C S ot’s
- |t followsthat the4 main laws are
{:S}QD.dS:ijqevdV:QeV
§B.dS=0
° 0
Ed =——([B.dS
! ot

iHd =[j3ds+2 [[Dds
C S ot's
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Maxwell’s Equations (the integral form)

 Maxwell’s eguations are made symmetric by the
Introduction of fictitious magnetic charges and currents

$D.dS=[[[q,,dV =Q, — {;fB.dS:jvﬂqmvdV:Qw
gH.dI :ngv.ds+%ng.ds — iE.dI :—jsj p.dS—%ijB.dS
J=7J,+ Jc

H=H+ U
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The Divergence Theorem

- Thedivergence of avector at apoint isdefined as

ffF.dS
divF = lim 22 =L.F
AV -0 AV

- Thedivergence of avector isascaar valuethat is
position dependent

Divergence Theorem converts a closed surface
Integral to avolume integral over the enclosed volume

f§F.dS = [[[O.F dv
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The Divergence Theorem (Cont’d)

A | skandar 1992

- For theith element we have §F.dS=divF AV,
AS

- Summing over the N volumetric e ements we get
S fF.dS=3divF AV,
=1

I=1A S

- Noticethat the flux cancels out between adjacent
elements leaving only external surface flux
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The Divergence Theorem (Cont’d)

- ASN- oo, weget ffF.dS=]|[|0.F dV
S \Y

- Asan application of the divergence theorem, we have
#DAS =g, dv = [[[0.DaAV =]]jq,,dV
S V
[0.D=4d, Gaussslaw indifferential form

- Similarly, for the magnetic field we have
(iBAS=[fq,dv =) [0BAV =g, dv
\% V \%

0B =q_
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Stokes Theorem

- The curl Isameasure of the rotation of avector

|skandar 1992 p g % /\_

® ) |

Mo rotation Rotation in positiva x Rotation in negative x
direction direction
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Stokes Theorem (Cont’d)

- The curl can measured through aline integral

A A T ‘ by 0 e 1 S I e A A
J'd__‘_:"_l | | i 2
e D el
| Ca

i Cq . Cz

| skandar 1992

| |

§Fdl =+ve §$Fd=0 {Fd =-ve
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Stokes Theorem (Cont’d)

- Thecurl iIsavector that have magnitude and phase

curl F=[curl F], a+ [curl F], a+[curl F], 3,

Az y / [ Yy
Ay' ]
X
fF.dl
[OxF], = lim =
Ay,Az - 0 AyAZ
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Stokes Theorem (Cont’d)

- Thistheorem relates the value of aline integral over a
closed contour to a surface integral over the enclosed

surface $F.dl =[[(OxF).dS

M plement of surfaca

$F d
- For theith dement we have |im & =curl F.n

AS; -0 AS
or §|: d=curlFAS

l
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Stokes Theorem (Cont’d)

Summing for all elements we get
> §Fd =3 (0xF)AS

Notice that the internal line integrals cancel out and only
Integration over the external contour remains

It followsthat asAS - 0, we get
§F.dl =[[(OxF).dS
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Applications of Stokes Theorem

- Starting with the Maxwell’ sintegral equation

FEdl = —jjudS——ﬂBdS

@ apply Stokes Theorem
IJ(Dx E) dS——jjpdS——jdeS

0B

ot

- Similarly, starting with §H.dl :QJ.dS+%gD.dS
oD~

ot

(UxE)=-p-

Weget (OxH)=J+
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Maxwell’s Equations

Integral form
g D.dS = j\{jqev dv =Q,,

fBds=]fq,dv=Q,
fEd =- p.dS—%ijB.dS

iH dl = [[3.ds+2 [[D.dS
C S ot's
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Differential form

1.D=q,

0B=q_

0B
UxXE)=—-H——
( )=-—H P

(D><H):J+Q9
ot
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The Constitutive Relations
- A material is characterized by its constitutive
parameters &, 1 and o
. For example, D(t) = [&(t—7)E(z) d7

- For frequency independent permittivity and for
frequency-domain analysiswe have D=¢cE

- For free space we have £=10%/(36m) F/M

- Similarly, B=t#H ——> B=uH (frequency
Independent or single frequency analysis)

- For free space we have y =41tx10" H/M
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The Constitutive Parameters (Cont’d)

- Also, J=0*E ——> J=0E (frequency independent or
single frequency analysis)

- For free space, 0 =0 S
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