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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 (Phasor Domain)

Time nondispersive & lossless
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Source-free

Plane Waves (Spectral Domains)
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Medium
(dE , E  H (dE _ E H - Linear
de - _]a)O'UHy { y} _ de :_]a)’UHy { y} - Time dispersive
JH a’ZE)C PCE -0 k= oy e JH dzEx PE =0 - Space non-dispersive
Yo joeE, a2 k=Bja | S jaep g2 N T isotropic
dz dz - Homogeneous (Tl - Sl)
+ —Jjk - Jjk é, \/7 i 7
E (z)=E/e ' +E " =E (0)e " +E, (w)e’® 9_0 _,
(H,(z)=E/e’ -E " gHy(z,a)) =E; (w)e ™ -E (0)e” o o
é(F.r)=¢€(z.1)
{g(wo):‘gl(a)o)_jgz(wo) {g(a)):gl(a))—]gz( ) ﬁ( 9t) ( t)
/U(a)o):/u (a)o)_jluz(a)o) ;U(a))::u1 a))_j/uz(a)) ‘
E =H =0
k(a)o):a)o\/y(a)o)g(a)o) =a)\/,u(a))g(a))
k(”O):ﬂ(wo)_ja(a)o) k(a)):ﬂ(w)_ja(w) {E H}
Phasor Domain Fourier Domain »?""*) Independent

each other
{Ex JH, }
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Plane Waves (Fourier Domain) sourcertee

Medium
(dE . EX,H - Linear
de =—jou { y} - Time dispersive
k=o\us | ; d°E,. - Space non-dispersive
k=p-ja H, = — jweE. d=> tHE =0 Isotropic
L dz - Homogeneous (Tl - Sl)
;e \f g
=E (w)e ™ +E_(w)e™ 0_0_,
gHy(z,w) B (0)e* —Ei(w)e= ¥
¢(F.1)=¢(z1)
{ew) (@)= 72, (0) B(7.0) = R(=.1)
(@)= (@)= ju (o) \ 4
E =H_ =0
= a)\/,u(a))g(a)) S

k(@)= () - ja(o)

Fourier Domain {Ey’H"}

Independent

each other
{Ex JH, }
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Source-free

Plane Waves (Fourier Domain)

Medium

dex . Ex,H - Linear
P i =—jouH { y} - Time dispersive
= W\ HE 7 d’E, 42 - Space non-dispersive
k = ,B—jOl Y _ — jweE dz* i Ex =0 - Isotropic
dz g

- Homogeneous (Tl - Sl)

;= H M
\/: El(z,0)=E"(w)e’™ 0

k(a))za)\/y(a))g(a)) -
k()= (o) ja(o) {

- O b
Fourier Domain o
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Independent

each other
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Rationale

Phasor domain Phasor domain

Nondispersive & lossless media Dispersive & lossy media

Fourier domain
Time domain
Dispersive & lossy media
Nondispersive & lossless media

Fourier domain

Nondispersive & lossless media
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Rationale

Phasor domain Phasor domain

Nondispersive & lossless media Dispersive & lossy media

Fourier domain
Time domain
Dispersive & lossy media
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Fourier domain

Nondispersive & lossless media
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Source-free

Plane Waves (Fourier Domain)

Medium

Time dispersive (lossy) ( dEx _ {Ex’Hy} - Linear
e(w)=¢(0)-j&, (o) - @ ,u.g . 0 d’E, TR pace non-dispersive
) ﬂ:ﬂl(a))_jﬂz (0)) kZ,B—]O( dZy :—ja)gEx dz* ¥ - Isotropic
o : real 7 g
L
JO .
o) -2 © B (me)=E ()¢

CH (z,0)=E" (w)e ™

Fourier Domain

\E, .|
{E H} each other
x2°7y
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Source-free

Plane Waves (Fourier Domain) -
edium
Time dispersive (lossy) ( dEx _ {Ex’Hy} - Linear
—OVHE 3 dzEx - Space non-dispersive

£(0)= & (0) - j& (o) ,
<,u:,ul(a))—j,u2(a)) k=p-ja dZy =—jowekE, dz* ol E":O - Isotropic
o: real )
& (a))—g(a)){l— Jo } é/:\/g

“ we (o)

k(@)= ()~ ja(o) L
Fourier Domain h(¥,7)=h(z,7)
Time nondispersive & lossless ‘
g real E =H =0
L :real Eg =€
o =0
E H
{ 4 x} Independent
k(a)):a)\/ﬁzﬁ(a)) {E H } each other
x? ¥y
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Source-free

Plane Waves (Fourier Domain) -
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geq(a))—g(a)){ a)g(a))} E;(z,a))zE+(a))e Jpz
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Source-free

Plane Waves (Fourier Domain)

Medium
{Ex,Hy} k(a))=a)\/E=,B(a)) -L.inear . .
E; (z,a)) =E" (0)) e /F? - Space non-dispersive

§H+(Z 60)=E+ (a))e_jﬂz 4’= ﬁ - Isotropic
y b

Time nondispersive & lossless

& real

Independent

{ E., Hy} each other
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Source-free

Plane Waves (Fourier Domain)

Medium
{Ex,Hy} k(a))=a)\/E=,B(a)) - Linear
E; (z,a)) =E" (0)) e /P* - opace non-dispersive
§H+ (Z w) _ g (a)) e_j'BZ 4/ — \/Z - Isotropic
y\™ & - Homoaeneo

e:(z=0,t)=i [E* (w)do = £ (1)

Independent

each other
{Ex,Hy}
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Plane Waves

t=t t=t,>1
X 0 2~ b0
t
________ 0 VA AA > z
=c(t,~t,) >0
Y é(z.1,)=¢" (z—ct,)i, =1y
é(z.t,)=¢"(z—cty)i, =" (z—cty, +ct,—ct, )i, =¢’ (z—cto —clt, —to])f

X

The electromagnetic perturbation propagates without deformation and with constant speed c¢ along the
positive sense of the z-axis

+
e (Z —ct
{h* ( ) is referred to as electromagnetic progressive plane wave
z—ct
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Source-free

Plane Waves (Fourier Domain)
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Source-free

Plane Waves (Fourier Domain)
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Source-free

Plane Waves (Fourier Domain)

Medium
{Ex,Hy} k(a))=a)\/ﬁ=ﬂ(a)) - Linear

E; (z,a)) =E" (0)) e /F? - space non-dispersive
4’ s

CH' (z a)) = (a)) o I & - Isotropic
y \ % .

E =H_=0
{Ey ,Hx} Independent

{ E., Hy} each other
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Mathematical tools

f(®) F(®) f(@) real =|F(0)=F (-o)

FT
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Mathematical tools

*

F(o) f(@) real = F(0)=F (-o)

Q)

FT
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Source-free

Plane Waves : dispersion

Medium

Eva B B . - Linear
{ y} k(w)=o\u(w)e(w)=p(0)-jo(o)

E; (z,a)) =E" (a)) e /F? - space non-dispersive
£ = H - Isotropic

CH (z,00) = E* ()& "
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Source-free

Plane Waves : dispersion

Medium

Eva B B . - Linear
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Source-free

Plane Waves : dispersion

Medium

Eva B B - Linear
o oA
= opace non-dispersive

E (z,0)=E" (w)e "
§H+(Z a)) =E" (a))e_jﬂz 4 =\/Z - Isotropic
. , & = Homodaeneo

- Lossless
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Source-free

Plane Waves : dispersion

Medium

Eva B B - Linear
o oA
= opace non-dispersive

E! (z,0)=E* (w)e """
. _ |H - Isotropic
CH? (2,0)= E' (o) P 2 el

- Lossless
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Source-free

Plane Waves : dispersion L
(E.H,) (@) =oyu(@)e(@) - A(0)

E! (z,0)=E* (w)e """

_ - Isotropic

JH; (Z’ w) =E" (w) e_Jﬁ(W)Z - Homogeneous (Tl — SI)
- Lossless

2(0)=4 (o)

(@) =p (o)

o= 0

Corso di Campi Elettromagnetici 7 Maggio 2020

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



Plane Waves : dispersion sourcertee

Medium

ExaH _ _ - Linear
{ y} | k(a))—a)«/y(a))g(a))—ﬂ(a))
E;r (Z, a)) = FE* (a)) e_fﬂ(“’)z - Space non-dispersive
CH (0= E* (@)
y AT - Homogeneous (Tl — Sl)

- Lossless
Aa)

(e(w)=¢ (o)

2Aa)‘ &

—> Yy =
A s (@)
nondispersive : = o\ e

dipersive : f = w\ p(w) ()
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Source-free

Plane Waves : dispersion

Medium
- Linear

- Time dispersive
- Space non-dispersive

- Isotropic

- Homogeneous (Tl — Sl)

- Lossless

(e(w)=¢ (o)
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Source-free

Plane Waves : dispersion

Medium
- Linear

- Time dispersive
- Space non-dispersive
- Isotropic

- Homogeneous (Tl — Sl)

- Lossless

(e(w)=¢ (o)

(@) =m(@)

1
v —
. (. Ay
1% ) 1 ""0[”7] o J[th"
_J‘E+(a))ejﬁ()ejwtda) — e » J.E (600+77)e < dn ’ _ o,
72'0 T —Aw p_IBO
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Plane Waves : dispersion

F @y e 4 u
ijE+(”)e_jﬂ(w)zewa'w -1 (t } jE+(a)o +77)e{ ] dn
7[0 T -Aw
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Source-free

Medium
- Linear

- Time dispersive
- Space non-dispersive
- Isotropic

- Homogeneous (Tl - Sl)

- Lossless

(@)= (o)

(@) =p (@)

@
v, =—"
B
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Plane Waves : dispersion sourcertee

Medium

Eva B B - Linear
o R
= opace non-dispersive

z
——

e (z,t)=Re lej%[ v"J Af) E*(a, +77)e]{tvzg]nd77}

E! (z,0)=E* (w)e """

- Isotropic

CH; (z,a))zE*(a))e_jﬂ(“’)z 7 v

- Homogeneous (Tl — Sl)

- Lossless

(e(w)=¢ (o)

L1

g ﬁ’(a)o)
0)0

y =—2

p ,Bo
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Plane Waves : dispersion sourcertee

Medium
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——
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Plane Waves : dispersion Sourcertres

Medium
Eva B B - Linear
S CRono
E? (z,a)) =FE" (a)) g Pk ol e | Ao {,_z - Space non-dispersive
" v ~jp()z e;(zt)=Re %e”’o[ VJ I E" (e, +’7)e{ vg]ndﬂ - Isotropic
;Hy (Z’ a)) =E (w)e A - Homogeneous (Tl - SI)

- Lossless

(e(w)=¢ (o)

L1

g ﬁ’(a)o)
0)0

y =—

p ,Bo
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Plane Waves : dispersion Sourcertres
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Plane Waves : dispersion

f" e’ (z,t) =%f[t—iJcos[a)o (t—%ﬂ v, = ,B’(la)o)

2Aa)t @,

B, B

nondispersive : f = w\/ ue

dipersive : f = w, /,u(a))g(a))
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Plane Waves : dispersion

v, :tan7/1 ej(Z,If):lf[f—iJCOS[wo(t_vi]:l Vg = ﬂ!(l ) :a)l(ﬁo)
@,

T Vg »

v, =tany,
v, =—

2Aa)tj—/

hir

Py

dipersive : f = w, /,u(a))g(a))
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Plane Waves : dispersion sourcertee

Medium

ExaH _ _ - Linear
{ y} | k(a))—a)«/y(a))g(a))—ﬂ(a))
E;r (Z, a)) = FE* (a)) e_fﬂ(“’)z - Space non-dispersive
CH (0= E* (@)
y AT - Homogeneous (Tl — Sl)

- Lossless
Aa)

(e(w)=¢ (o)
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—> Yy =
A s (@)
nondispersive : = o\ e

dipersive : f = w\ p(w) ()
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Plane Waves : dispersion

"(a’o)
e _ i =ilale=a)E v : L B (o, | Ao’z << 27
- (2%)(0)—600) z ~1
e = Channel &
carrier frequency
0

2Aw

h"

Py

nondispersive : f = @,/ ue
dipersive : f = w\ p(w) ()
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Plane Waves : dispersion

()
o POz _ iB@)z B () o-a)z =< % B (o, Aoz << 27
e—j (2%)(60—600) z ~1
~ Channel &  Bandwidth
carrier frequency
0

2Aw

h"

Py

nondispersive : f = @,/ ue
dipersive : f = w\ p(w) ()
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Plane Waves : dispersion

. . o ~L()
G IBO: _ Bl - iB e o-a): ) 7= . % p'(@,) Aoz k< 27
e—j (2%)(60—600) z ~1
~ Channel &  Bandwidth  Distance
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2Aw
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Py
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Plane Waves : dispersion

()
o B0z _ jmiB(@)z miB (@) e-wy)z 7 =< 1 B (@) Ao’z << 27
e_j (2&)0)(0)_(00) zZ ~1 \
~ Channel &  Bandwidth  Distance
carrier frequency
0

2Aw

h"

Py

nondispersive : f = @,/ ue
dipersive : f = w\ p(w) ()
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