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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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Rationale

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

Phasor domain

Nondispersive & lossless
media
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Plane Waves (Phasor Domain)

{Ex,Hy} k(%) _ 0)0\/; _ ﬂ(wo) w, =27 f, Time nondispersive & lossless

g real

El(z)=E'e’”

Lo o 1 _ :\/Z U :real c=
é/H;(Z)=E+e_j’BZ [ B 0)0\/% \/E c é/ - {JO \/E

Ete’ —el(z,t)= ‘E*‘cos(a)ot—ﬂz +(p+) =e! (z—vpt)

Progressive plane wave
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Plane Waves (Phasor Domain)

{Ex’Hy} k(@,) = oy ue = B(@,) @, =27 f, ,1:2”_%

o,
v =

?_
RN _ &
§H+(Z)=E+€_jﬂz p B _wo\/E_\/E—C é/ \/Z w, =271f,

Ete’ —el(z,t)= ‘E*‘cos(a)ot—ﬂz +(p+) =e! (z—vpt)

Progressive plane wave

Time nondispersive & lossless

g real |
u:real C=—F—
o =0 He
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Plane Waves (Phasor Domain) Sourcertee

Medium
{ExaHy} k(a)O):a)O\/E:ﬂ(wo) 1_27[_ C - Linear

B
. 0
EI (Z) = E+e_Jﬁz 1 - AL T
600 a)o |
. Vv = = — =C é/ = - _ i |sotrop|c
é/H;(Z)zEJre 1 g O\ HE ] HE \/5 w,=2rxf,

- Homodeneous (Tl — SI

- Lossless

Ete’ —el(z,t)= ‘E*‘cos(a)ot—ﬂz +(p+) =e! (z—vpt)

Oox
Progressive plane wave

Time nondispersive & lossless
z z
g real

1
u:real Cc=

o =0 \/E {Ey’Hx}

Independent

each other
{Ex JH, }

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



Plane Waves (Phasor Domain) Sourcertee
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- Lossless

Ete’ —el(z,t)= ‘E*‘cos(a)ot—ﬂz +(p+) =e! (z—vpt)
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Progressive plane wave

Time nondispersive & lossless
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g real
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u:real Cc=

o =0 \/E {Ey’Hx}

Independent
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Plane Waves (Phasor Domain) Sourcertee

Medium
{ExaHy} k(a)O):a)O\/E:ﬂ(wo) 1_27[_ C - Linear

Ak
E;(z)= E*e™” o » | {,U =Space non-dispersive
§H+(Z)=E+e_jﬂz Vo = ﬂO :0) (jllé':\/ﬁ =C é/: ; o, =27xf, - Isotropic
Y 0V

- Homodeneous (Tl — SI

Ete’ —el(z,t)= ‘E*‘cos(a)ot—ﬂz +(p+) =e! (z—vpt)

Oox
Progressive plane wave

Time nondispersive & lossless
z z
g real
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u:real Cc=

o =0 \/E {Ey’Hx}

Independent

each other
{Ex JH, }
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Plane Waves (Phasor Domain)
{EX’Hy} 2t _ ¢

. Bk
El(z)=E'e’”

Q,

0wy 1
CH (z)=E*e’” vP_ﬂ_a)O\/E Jue A \/7 @, =27 f,

EtoiP Sel (Zt ‘E ‘cos(a)t ,BZ+(p ) (Z . t) Time dispersive (lossy)
o _ | e(w,)=¢ (@) j& (@)
rogressive piane wave .
P Ll @y) = (@)= jas (@)
o real

Time nondispersive & lossless

g real

1
u:real Cc=

o =0 \/E
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Source-free

Medium

- Linear
- Space non-dispersive
- Isotropic

- Homodeneous (Tl — SI

E =H_=0
{Ey’Hx} Independent

each other
{Ex JH, }
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&

Ete’ —el(z,t)= ‘E*‘cos(a)ot — Bz + (p*) =e! (z—vpt)

Progressive plane wave
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Plane Waves (Phasor Domain) sourcertee

Medium

k(a)o):C"O\//"(wo)g(a)o):ﬂ(wo)—ja(a)o) a=2E_C _inear

77
- Space non-dispersive
= ﬁ - Isotropic
< @, =21 f,

- Homodeneous (Tl — SI

Time dispersive (lossy)
_ ) = = O
&(m) =& (o) je, (@) ox

ula)=p (@)= jm(@)  &(F,1)=¢(zt
o: real

N

Time nondispersive & lossless
z z
g real

1
u:real Cc=

o =0 \/E {Ey’Hx}

Independent

each other
{Ex JH, }
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NAH
CH (z)=E*e’” :

Ete’ —el(z,t)= ‘E*‘cos(a)ot—ﬂz +(p+) =e! (z—vpt)

Progressive plane wave
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Plane Waves (Phasor Domain) sourcertee

Medium

k(a)o) = a)o\/y(a)o)g(a)o) :ﬂ(a)o)_ja(wo) - Linear

- Space non-dispersive
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o real
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Time nondispersive & lossless
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Independent
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{Ex JH, }
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Plane Waves (Phasor Domain) Sourcertee

Medium

Bt k(o) = apu(@,)e(@,) = Ba,) - ja(a,)
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CH (z) _ e it g(wo) = 5(0)0) o =27f, - Isotropic

- Homodeneous (Tl — SI

Ete ¥ —>e;(z,t)=‘E*‘cos(a)ot—ﬂer(p*):e:(z—vpt) Time dispersive (lossy) o ~ P -
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Progressive plane wave

N
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o real
g
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Independent
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{Ex JH, }
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Plane Waves (Phasor Domain)
k(a)o):a)o\/y(a)o)g(a)o) =p(@,)- ja(a,)

w,=2rxf,

Time dispersive (lossy)
(5((00) = & (a)o)_jgz (a)o)

ﬂ(a)o):ﬂl(wo)_jﬂz (a)o)
o: real

Mz —e (z,t)=[E" (‘no(%é‘o?-'ﬂFng" \I:ej(\z—v t)

Progressive plane wave

N

Time nondispersive & lossless

1

& real
u:real C=—F=—
o =0 HE
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Source-free

Medium

- Linear
- Space non-dispersive
- Isotropic

- Homodeneous (Tl — SI

E =H_=0
{Ey’Hx} Independent

each other
{Ex JH, }
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Plane Waves (Phasor Domain) Sourcertee

Medium

. - Li
k(o) = apu(@,)e(@,) = Ba,) - ja(a,)
E’ (Z) —Ee/* 1 =Space non-dispersive
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o =27
Yy & ((2)0 ) [ f;)
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o: real
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E =H_=0
g :real
u:real Cc= 1
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Independent

each other
{Ex,Hy}
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Plane Waves (Phasor Domain) sourcertee

Medium

= = — 7 27 - Linear
k(o) = anyu(e)e(@,) = (@)= ja(a) = _m
) ﬂ(a)o) ~Space non-dispersive

_ - Isotropic
£ ( o, ) w,=2rxf,
- Homodeneous (Tl — SI

E'e™ — e (zt)=e“|E" cos(a)ot— ﬂz+¢+) Time dispersive (lossy) P 0
&(@y)= ¢ (m) - jer (@) Gx_éy_
u(oy)=m (@) - jm (@) é(f,t) =é(z,t
(78 e h(F,1)=h(z,)

Time nondispersive & lossless

E =H_=0
g real
L rea —\/—
_ He E . H
o=l { g x} Independent

each other
{Ex,Hy}
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Plane Waves (Phasor Domain)

(E.H ) k(@) = oy [1(@,)2(@,) = B(@,) - jar(@,) 1:%
E!(z)=E"e’™ o, (@)= ()
CH (z)=E'e" "B e (ay) ©, =27,
Ete e e+(Z’t):e—az E* cos(a)ot—ﬂz+(p+) Time dispersive (lossy)
. (8((00)281(0)0)—]82((00)
Progressive plane wave

ﬂ(a)o):ﬂl(a)o)_j/uz (a)o)
o: real

Time nondispersive & lossless

g real

1
u:real Cc=

o =0 \/E
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Source-free

Medium

- Linear
- Space non-dispersive
- Isotropic

- Homodeneous (Tl — SI

E =H_=0
\E,-H.

Independent

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

® )=, w)elw)=0(w)-ja(w 2z v,
k( 0) 0\//”( 0)(0) :B( o)J(o) ﬂ_ﬂ_f)

(@)

cos(a)ot — Pz + ¢+) Time dispersive (lossy)

Ete ™ S e+(z,t)=e_az E"

_ r‘5'(@0):‘5'1(@0)_].‘92(0)0)
Progressive plane wave

ﬂ(wo)::ul(a)o)_j:uz (a)o)
o: real

L

Time nondispersive & lossless

& real

1
u:real c=

o =0 \/E
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Source-free

Medium
- Linear

- Time dispersive
- Space non-dispersive
- Isotropic

- Homodeneous (Tl — SI

0 O
o Gy
€(F,1)=€(z,t
h(F,¢)=h(z.1)
4
E =H_=0
\E, .|

Independent

each other
{Ex,Hy}
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Plane Waves (Phasor Domain) sourcertee

{EX’H“V} k(a)o)=a)0\//,z(a)0)8(coo):ﬂ(a)o)—ja(a)o) 1= e

-
E’ (Z)=E+e_jkz ’ =Space non-dispersive
x @ £(ay) = [HA2) - sotrop
CH!(z)=E'e" "7 V7 e (@) @, =21}, ——
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o: real
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g real
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Independent

each other
{Ex JH, }

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



Plane Waves (Phasor Domain) Sourcertee

(2.} Ha)=anful@)e(@) = flo,)-jalo)  o2x e e

p
E;- (Z) = E+e_jk2 ) & é/(a) ): /u(a)O) - Opace non-aispersive
CH;(Z)=E+e_ij PR 0
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- Homodeneous (Tl — SI

) Time dispersive (lossy)
Ete’® e*(z,t):E+ cos(a)ot—,Bz+(p+) &(m))=¢(m)-je, (@) 0 0
ﬂ(wo):M(a)o)_jﬂz(wo) OX N oy -
o real é(r,t)zé(z,t
E;(Z)=E+ —Jjpz k(a)o)za)o\/ﬁzﬂ(a)o) a)0:27zf0 h(i:’t) :;(Z’t)
CH;(Z) =E'e’” v “o é’ _ |H /1—2—7[—‘}—” Time nondispersive & lossless
5 RV - - E =H =0
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Independent

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

Time nondispersive & lossless medium

e/ (z,t) :‘E+‘cos(a)ot—ﬁz+go+):e:(z—vpt)

i S \ 7 i=1,
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Plane Waves (Phasor Domain)

Time dispersive & lossy medium
e (z,t)=

E+

e cos(a)ot —pz+ g0+) =e “e! (z — vpt)
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Plane Waves (Phasor Domain)

Time dispersive & lossy medium
e:(z,t)z

E+

e cos(a)ot — Bz + go*) =e “e; (z — vpt)

A

cos(a)ot — pz +¢)+)
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Plane Waves (Phasor Domain)

Time dispersive & lossy medium
e:(z,t)z
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e cos(a)ot — Bz + go*) =e “e; (z — vpt)
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Plane Waves (Phasor Domain)

Time dispersive & lossy medium
e:(z,t)z

E+

e cos(a)ot — Bz + go*) =e “e; (z — vpt)

cos(a)ot — pz +¢)+)
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Plane Waves (Phasor Domain)

Time dispersive & lossy medium
e;(z,t)z

E+

e cos(a)ot — fz+ go*) =e “e! (z — vpt)
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Plane Waves (Phasor Domain)

Time dispersive & lossy medium
e;(z,t)z

E+

e cos(a)ot — fz+ go*) =e “e! (z — vpt)

t=t,

\ \/ O\
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Plane Waves (Phasor Domain) sourcertee

(2.} Ha)=anful@)e(@) = flo,)-jalo)  o2x e e

7
E’ (Z) = Ete /* ﬂ(a) ) ’ - Space non-dispersive
0

CH (z)=E'e’

- Isotropic

- Homodeneous (Tl — SI

Time dispersive (lossy)
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ﬂ(a’o):M(a)o)_j:uz(wO) ox Oy
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e
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o=0 \/E {Ey’Hx}
Ete? —el(z,t)= ‘E*‘cos(a)ot—ﬂﬂ go*) =e' (z—vpt)

Independent

each other
{Ex JH, }
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{E..H,|
El(z)=E'e’™
CH (z)=E'e’

Ete’™

e (Z,t) =e “|E”

cos(a)ot — fz+ (p*)

Ete? —el(z,t)= ‘E*‘cos(a)ot — Bz + go*) =e' (z —vpt)
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Plane Waves (Phasor Domain)
k(")o):a’m//"(a)o)g(a)o) =p(@,)- ja(a,)

Source-free

Medium

- Linear
- Space non-dispersive
- Isotropic

- Homodeneous (Tl — SI

Time dispersive (lossy)
e(a,)=¢&(a,)-je (o) 0

(o) = (@)= ju (@)

o real

Time nondispersive & lossless

E =H_=0
g real
U :real Cc= 1
LO Jue {Ey,Hx}

Independent

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

Medium

k(a)o) = a)o\/y(a)o)g(a)o) :ﬁ(a)o)_ja(a)o) - Linear
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- Homodeneous (Tl — SI

Time dispersive (lossy)
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LO Jue {E,.H_}

Independent

each other
{Ex JH, }
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B, )

El(z)=E'e’™
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Ete? —el(z,t)= ‘E*‘cos(a)ot — Bz + go*) =e' (z —vpt)
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Plane Waves (Phasor Domain) sourcertee

Medium

k(a)o) = a)o\/y(a)o)g(a)o) :ﬂ(a)o)_ja(wo) - Linear

- Time dispersive
1 - Space non-dispersive

:Re \/:u(a)o)g(a)o)} =Vp(a)0) onene

- Homodeneous (Tl — SI

Time dispersive (lossy)
e(a,)=¢&(a,)-je (o) 0

,u(a)o) :M(a)o)_jﬂz (a)o)
o : real

Time nondispersive & lossless

E =H_=0
g real
U :real C= ,—1
{‘70 He {Ey’HX}

Independent

each other
{Ex JH, }
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Plane Waves

Time nondispersive & lossless medium v,=c

t=t,
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Plane Waves
Time dispersive medium
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