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Plane Waves

Time domain (TD)

Spectral domains
Phasor Domain (PD)

Fourier Domain (FD)

Dispersive media: attenuation, distortion, phase velocity and group velocity

General expression of plane waves (PD)

Incidence
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Plane Waves

Spectral domains
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Plane Waves (Spectral Domains) sourcertee

Medium
- Linear
Phasor domain (PD) Fourier domain (FD) - Time non-dispersive
— . = - — — - Space non-dispersive
XE(I‘)Z—]COOB(I') VXE(r’a)):_]a)B(r’a)) - Isotropic
xH(F) = jo,D(F)+J(F)+Jo(F) VxH(F,0) = joD(F,0)+J(F,0)+Jo(F,0) - Homogeneous (Tl - SI)
D(F) = p(¥F)+ p, (F) V-D(F,0) = p(F,0)+ p, (F,0) L'a -
-B(F)=0 V-B(F,0)=0 Vv
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Source-free

Plane Waves (Spectral Domains)

Medium

- Linear

Phasor domain (PD) Fourier domain (FD) - Time non-dispersive

_ — — —— - Space non-dispersive
XE(r):_]a)OB(r) VXE(r’a)):_]a)B(r’a)) - Isotropic
xH(F) = jo,D(F)+J(F)+Jo(F) VxH(F,0) = joD(F,0)+J(F,0)+Jo(F,0) - Homogeneous (Tl - SI)

3 —_—
r)=p(F)+p,(F) V-D(F,0) = p(F,0)+ p,(F,0)
r)=0 V-B(F,0)=0
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Plane Waves (Spectral Domains)

Phasor domain (PD)

Fourier domain (FD)

B(F.0)= p(F.0)+ il
-ﬁ(f,a))=0
{jo =0
Po =0
D=c¢E g real
ﬁzyﬁ L :real
J=0cE o=0
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Source-free

Medium
- Linear

- Time non-dispersive
- Space non-dispersive
- Isotropic

- Homogeneous (Tl - Sl)

- Lossless
9_0_
ox Oy

é(F,t)=¢(z,1)

h(F./)=h(z.1)
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Source-free

Plane Waves (Spectral Domains)

Medium
- Linear
Phasor domain (PD) Fourier domain (FD) - Time non-dispersive
- -, — - — — - Space non-dispersive
V><E(r):_ja)0B(r) VXE(r’a)):_ja)B(r’a)) - Isotropic
Vxﬁ(f‘) = jwoﬁ(f)+j5(<ﬁi—§h@ Vxﬁ(f,a)) = ja)ﬁ(f,a))—I—J . —I—M - Homogeneous (TI - Sl)
T I _
v-D(F) = p(F) Zprel V-D(F,0) = p(F.0) + Sl
V-B(F)=0 V-B(F,0)=0
E(f): Ex(z)fx+Ey(z)fy+Ez(z)fZ Jo=0
L A - A PD P, =0
H(¥)=H (z)i,+H, (z);,+H, (z) L
- ; A A D=:E .
E(F,0)= E, (z,0)i, + E, (z,0)i, + E (z,0)i ST {”@“l
= e - . . FD B=uH U :real
H(Y,0)=H (z,0)i +H, (z,0)i +H_(z,0)i F o o

Stefano Perna — Universita Parthenope - Ingegneria Informatica, Biomedica e delle TLC Corso di Campi Elettromagnetici



Plane Waves (Spectral Domains)

Phasor domain (PD) Fourier domain (FD)
V xE(F)=—jo,B(F) (VxE(F,0)=—joB(F,0)
VxH(F)= jo,D(F) CHELLRAE]  |VxH(F,0)= joD(F,0)
< 1_ —
V-D(F) = p(7) EPriL V-D(F,0) = p(F.0)
V-B(F)=0 V-B(F,0)=0

N
.

E(f) =k, (z)fx +E, (z)fy +E. (Z)lz
ﬁ(f) =H_ (Z)fx +H, (Z)fy +H, (Z)fz

PD

N

E(F,a)) = E (z,0)i, +E (z,a))fy +E (z,0)i,
ﬁ(f,a)): H. (Z,a))fx +H, (z,w)fy +H (Z,C())lz

FD
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Source-free

Medium
- Linear

- Time non-dispersive
- Space non-dispersive

- Isotropic

- Homogeneous (Tl - Sl)

- Lossless
9_0_
ox Oy

Corso di Campi Elettromagnetici



Plane Waves (Spectral Domains)

Phasor domain (PD) Fourier domain (FD)
V xE(F)=—jo,B(F) (VxE(F,0)=—joB(F,0)
<vxji’(f):jwoﬁ(f)+}(<1;a{{ <Vx§(f,w):]wD( )
V-D(F)= p(F) EPrtEL V-D(F.0) = p(F.0)
V-B(F)=0 V-B(F,0)=0

N
.

E(f) =k, (z)fx —I—Ey (z)fy +E. (Z)lz

; A 5 PD
H(¥)=H (z)i,+H, ()i, +H. (z)

z

N

E(F,a)) = E (z,0)i, +E (z,a))fy +E (z,0)i,

L \ ) FD
H(Y,0)=H (z,0)i +H, (z,0)i +H_(z,0)i
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Source-free

Medium
- Linear

- Time non-dispersive
- Space non-dispersive

- Isotropic

- Homogeneous (Tl - Sl)

- Lossless
9_0_
ox Oy
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Source-free

Plane Waves (Spectral Domains)

Medium
- Linear

Phasor domain (PD) Fourier domain (FD) - Time non-dispersive
- Space non-dispersive

- Isotropic

—_— —_—

{V xﬁ(f) = —ja)OB(f‘) {V xE(f a)) —]a)B( a)) - Homogeneous (TI - Sl)

VxH(F,0) = joD(F,0)+ I [Ea) +Irbia) L'a -

—

VxH (F) = joo, D(F) + HETIAE]

E(f) =k, (z)fx —I—Ey (z)fy +E. (Z)ZAZ

= - ; ] PD _

H(F)=H, (2)i,+H,(2)i, +H.(z)L, Py =0

- ; - ) D=¢E .
E(f,0)=E, (z,0)i +E,(z,0)i +E.(z0)i S G
= o A R  FD B=uH U :real
H(F,0)=H (z,0)i +H,(z0)i +H (z,0)i = = o=
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Source-free

Plane Waves (Spectral Domains) —

- Linear

Fourier domain (FD) - Time dispersive

Phasor domain (PD)
- Space non-dispersive

- Isotropic

—_—

B - Homogeneous (Tl - Sl)

{VXE@ﬁ——ﬂ%Boﬁ {ngﬁcﬂ —JwB(Cﬂ oo

—

VxH (F) = joo, D(F) + HETIAE]

0_9
oy

3(F,1) = 8(z,1)
E(F)= ()i, +E,(2)h, +E. ()L oo {io=0 h(F.) = (=)
H(F)=H ()i + H, ()i, + H.(2)i £o =0
) A A . D=¢E el i
E(F,0)= E,(z,0)i. +E, (z,0)i, + E,(,0)}. N i
) t o " FD B=uH pegh ju,
H(f,a)):Hx(z,a))ix+Hy(z,a))iy+HZ(Z,0))Z'Z j=oF o0
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Plane Waves (Spectral Domains) "

Fourier domain (FD) - Time dispersive

Phasor domain (PD)
- Space non-dispersive

- Isotropic

- Homogeneous (Tl - Sl)

0_9
oy

é(¥,1)=¢(z,1)
E(F)= E (z)i.+E,(2)i, +E.(2)i o5 {%:0 h(F,¢)=h(z.1)
H(F)=H, (z)i + H, ()i, + H.(z)7 po=0
. ) i i D=¢E
E(F,0)= E,(z.0)i. + E, (z.0)i, + E.(z.0)] B L
] 5 A A FD B:/JH H=H—JH
H(f,a)):Hx(z,a))ix+Hy(z,a))iy+HZ(Z,0))Z'Z j=oF o#0
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Plane Waves (Spectral Domains)

Phasor domain (PD) Fourier domain (FD)

—_

VxE(F)=—jo,uH(F) VxE(F,0)=—jouH(¥,0)
VxH(F) = jo,cE(F)+oE(F) r

E(f): Ex(z)fx+Ey(z)fy+Ez(z)fZ - {jo =0
H(F)=H, (2) +H ()i, +H.(z)i po =0
_ A A . D=¢E
E(f,a))zEx(z,a))ix+Ey(Z,a))iy+EZ(Z,a))iZ .
(v 2 2 A FD B=uH
H(r,a)):Hx(z,a))zx+Hy(z,a))zy+Hz(z,a))lz = =
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Source-free

Medium
- Linear

- Time dispersive
- Space non-dispersive

- Isotropic

- Homogeneous (Tl - Sl)

0_9
oy

£=¢& ~J&,
M= = i,
o#0
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Plane Waves (Spectral Domains)

Phasor domain (PD)

(V xE(F)=—jm,uH(F)

VxH(F)= J@O{g_ﬁ}z(f)

@,

E(f) =k, (z)fx +E, (z)fy +E. (Z)ZA
H(F)=H, (2)i, +H,(2)i, + H.(2)i

E(f,a)) =E (z,a))fx +E, (Z,w)fy +E. (z,a)
H(f,0)=H. (z,m)i, +H, (z,w)fy +H _(z,

—_—

—_

VxH(f

PD

FD

) i

)= 10{

Stefano Perna — Universita Parthenope - Ingegneria Informatica, Biomedica e delle TLC

(o)
._Jo
(4]

Fourier domain (FD)

(v xE(F,0) = —jouH(F,o0)

}E(r,a})

E=§

Ezﬂﬁ H=H
j = o#0

Source-free

Medium
- Linear

- Time dispersive
- Space non-dispersive

- Isotropic

- Homogeneous (Tl - Sl)

-G_

£,y = 12
—J& - @
_lel2 jO'
£, =|E——

@,
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Source-free

Plane Waves (Spectral Domains) —

- Linear

Phasor domain (PD) Fourier domain (FD) - Time dispersive
- Space non-dispersive

- Isotropic

VXE(?):—ja)Oﬂﬁ(f) {VxE(f,a))——ja),uH(f, ) - Homogeneous (TI - Sl)
= .

VxH(F) = jo,e, E(F)

E(f) =k, (z)fx —I—Ey (z)fy +E. (Z)ZAZ

. ) ) ) PD -
H(F) = H, ()i, +H, ()i, +H.(2)] SIS L
jo
D=:¢E e ba T
E(F,0)=E, (z,0)i +E, (z,0)i +E.(z,0)i AR - n
_ A A . FD B=uH M= = | jo
H(Y,0)=H (z,0)i +H, (z,0)i +H_(z,0)i F o o %0 5eq__g_;0_
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Source-free

Plane Waves (Spectral Domains) —

- Linear

Phasor domain (PD) Fourier domain (FD) - Time dispersive
- Space non-dispersive

- Isotropic

VXE(?):—ja)Oﬂﬁ(f) {VxE(f,a))——ja),uH(f, ) - Homogeneous (TI - Sl)
= .

VxH(F) = jo,e, E(F)

E(f) =k, (z)fx —I—Ey (z)fy +E. (Z)ZAZ

. ) ) ) PD -
H(F) = H, ()i, +H, ()i, +H.(2)] SIS L
jo
D=:¢E e ba T
E(F,0)=E, (z,0)i +E, (z,0)i +E.(z,0)i AR - n
_ A A . FD B=uH M= = | jo
H(Y,0)=H (z,0)i +H, (z,0)i +H_(z,0)i F o o %0 5eq__g_;0_
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Plane Waves (Spectral Domains)

Phasor domain (PD) Fourier domain (FD)

—_

VxE(F)=—jo,uH(F) VxE(F,0)=—jouH(¥F,0)
VxH(F)= jo,cE(F)

E(f): Ex(z)fx+Ey(z)fy+Ez(z)fZ D

ﬁ(?):Hx(z)fx+Hy(z)fy+HZ(z)fZ {5=€1—j52
M= = J 1

E(Ff,0)=E, (z,a))fx+Ey(z,a))fy +E.(z,0)i,

L \ ) . FD
H(Y,0)=H (z,0)i +H, (z,0)i +H_(z,0)i
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Source-free

Medium
- Linear

- Time dispersive
- Space non-dispersive

- Isotropic

- Homogeneous (Tl - Sl)

0_9
oy
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Plane Waves (Spectral Domains)

Phasor domain (PD)

—_

{VXE(Z)—_ jo,uH(z)
\% XH(Z) = ja)ogﬁ(z)

Fourier domain (FD)

=1l

(z,0)=—jouH(z,0)
(z,0)= ja)gﬁ(z,a))

=

E(f) = Ex(z)fx —I—Ey (Z)fy +E. (Z)lAZ
ﬁ(f) =H (z)i, +H, (z)fy +H,(z)i,

E(f,a)) =E (z,w)fx +E, (Z,w)fy +E. (Z,a)
H(F,0)=H (z,0)i +H,(z,0)i +H, (z,0
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Source-free

Medium
- Linear

- Time dispersive
- Space non-dispersive

- Isotropic

- Homogeneous (Tl - Sl)
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Plane Waves (Spectral Domains) oueeres

Medium
- Linear
. . P - Time dispersive
FO U rl e r DO I I l a I n Py - Space non-dispersive
‘ ’ ’ - Isotropic
—————— /H
= - Homogeneous (Tl - Sl)

~ i A A »
(r,a))= Ex(z,a))ix —|—Ey (Z,a))iy +Ez(z,a))iz

ol

N

ﬁ(?,w):Hx(z,w)fx +H, (Z,w)fy +H (z,0)i,
Fourier domain (FD)

_ _ _ dE \. (dE )\
{VXE(Z"")“J'WH(Z,@) VXE:(_ dzy}”( dley

VxH(z,0)= jocE(z,0)
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Plane Waves (Spectral Domains) Sourcertres

Medium

- Linear

-x,¢ : /’ | ,//
. % 5 - Time dispersive
Phasor Domain
‘ g ’ - Isotropic
______ o
= - Homogeneous (Tl - Sl)

E(F)= E.(2)i +E,(2)i, +E.(2)i ol 4

Hx(z)fx +H, (Z)fy +H (Z)l

V4

msll
—~

-
N—

[l

V4

Phasor domain (PD)

_ . . dE. \. (dE -
{VxE(z)——ja)O,uH(z) VXE:(_ dzy]lx_i_( dzley

V x ﬁ(z) = ja)ogﬁ(z)
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Plane Waves (Spectral Domains) sourcertee

Medium
- Linear
= = = A A A - Time dispersive
VXE=-jouH E=Ei + Eyly % - Space non-dispersive
{ VxH = jocE H= [—[xfx + Hyfy + Z° - Isotropic

- Homogeneous (Tl — Sl)

9_9 _g

ox Oy
é(F.1)=¢(z.1)
h(¥,t)=h(z,¢)

E=H =0

z z
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Plane Waves (Spectral Domains) sourcertee

Medium
- Linear
— ) — E £ A £ h - Time dispersive
VXE=-jouH =L TE - Space non-dispersive
VxH = jocE H-= Hx;x +Hyi-‘y - Isotropic

- Homogeneous (Tl — Sl)

2y
oy
&(2,1)
(F.1)=h(z.1)

9
Oox
)=

ol
=

E =H_=0

z z
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Plane Waves (Spectral Domains) sourcertee

Medium
- Linear
— ) — — A h - Time dispersive
VXE=-jouH E=Ei + Eyly - Space non-dispersive
VxH = jocE H-= Hxix +Hyi-‘y - Isotropic

- Homogeneous (Tl — Sl)

=0

_0
oy
é(z1)

9
Oox
)=

ol
=

(F.1)=h(z.1)

%iIiiiiiiiiiiiii““““““““““‘\ i

\E,-H.
Independent

{ E., Hy} each other
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Plane Waves (Spectral Domains) sourcertee

Medium
- Linear
— ) — E £ A £ h - Time dispersive
VXE=-jouH =L TE - Space non-dispersive
VxH = jocE H-= fox +Hyi-‘y - Isotropic

- Homogeneous (Tl — Sl)

=0

_0
oy
é(z1)

9
Oox
F.t)=

ol
=

(F.1)=h(z.1)

“iIiiiiiiiiiiiiill“““““““““‘\ o

\E,-H.
Independent

{ E., Hy} each other
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Plane Waves (Spectral Domains) sourcertee

Medium
- Linear

\EoH, )

B, )

- Time dispersive
- Space non-dispersive

- Isotropic

- Homogeneous (Tl — Sl)

9_9_p
ox Oy
é(F,1)=€(z,1)
h(¥,t)=h(z,¢)
E =H_ =0
E H
{ V" x} Independent

{ E., Hy} each other
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Plane Waves (Spectral Domains) sourcertee

Medium
- Linear

\EoH, )

B, )

- Time dispersive
- Space non-dispersive

- Isotropic

- Homogeneous (Tl — Sl)

9_9_p
ox Oy
é(F,1)=€(z,1)
h(¥,t)=h(z,¢)
E =H_ =0
E H
{ V" x} Independent

{ E., Hy} each other
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Plane Waves (Spectral Domains) sourcertee

Medium
- Linear

- Time dispersive
- Space non-dispersive

- Isotropic

- Homogeneous (Tl — Sl)

Independent

each other
{Ex,Hy}
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Plane Waves (Spectral Domains) sourcertee

Medium
- Linear
o - Time dispersive
= W\ HE - Space non-dispersive
k=p-ja

- Isotropic

k : (complex) propagation constant - Homogeneous (Tl - SI)

=0

_0
oy
=&(z,1)
( ,t)=ﬁ( 1)

9
Oox

ol
=

E =H_=0

z z

\E,-H.
Independent

each other
{Ex,Hy}
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Plane Waves (Spectral Domains) sourcertee

Medium
(dE, E.H (dE, B | e
= —]a),tu { y} == jouH, { : } - Time dispersive
dz 2 k=w HE dz d2E . .
< JH d Ex CKE 20 9 JH Y LK2E =0 - Space non-dispersive
y yo_ —ja)gEx d=> x k= ﬁ—ja y Y= ja)gEy dz* g - Isotropic
L\ dzZ L dz

- Homogeneous (Tl — Sl)

=0

_90
e
é(z1)
(F.t)=h(z1)

9
Oox
F.t)=

E =H_=0
{Ey ,Hx} Independent

{ E., Hy} each other
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-

Plane Waves (Spectral Domains)

dE
~=—jouH
I JOHIT
dH | _
=—jwek
dz

d’E. .,
7 +kEx=0 kZ,B—jOl

dz

{EX’Hy}
k = w\| ue

<

"

(dE, o
=jo

Iz JORL
7)5 S

. = Joek,
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Source-free

Medium
{Ey ,Hx} - Linear
) - Time dispersive
d Ey 4 sz 0 - Space non-dispersive
22 g - Isotropic
- Homogeneous (Tl - Sl)
9_9_p
ox Oy
¢(r,1)=¢€(z,2)
h(¥.1)=h(z.r)
\ 4
E =H =0
{E,. .|

Independent

each other
{Ex JH, }
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