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Plane Waves

Time domain
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Plane Waves (TD)
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Plane Waves (TD)

t=t, t=t,>t,

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

h(z- ct)
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e’ (Z —ct
is referred to as electromagnetic progressive plane wave



Plane Waves (TD)

X !

t=t,>t,

:Z‘O
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The electromagnetic perturbation propagates without deformation and with constant speed ¢ along the
negative sense of the z-axis

h™ (Z + ct)
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e (z +ct
{ is referred to as electromagnetic regressive plane wave



Plane Waves (TD) —

Medium
- Linear

- Time non-dispersive
iF U _ - — 5 -S -di i
{e+ h+} {ex (Z,t) =€, (Z Cl‘) {e_ h_} {ex (Z,t) =e (Z+Ct) pace non-dispersive
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t .m. fi t L =1 ' e ~ -
e e.m. field propagates along i, =1, the e.m. field propagates along il I h(?,t) _ h(z,t)
® the e.m. field lies on the plane xy orthogonal to the propagation direction ‘

® The Poynting vector is directed along the direction of propagation

L ‘é‘ and‘ﬁ‘ are proportional through ¢ {e h }
° é’ﬁ = fp X @ Independent

each other
{ex , hy }
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Plane Waves

Spectral domains
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Source-free

Plane Waves (Spectral Domains) —

- Linear
Phasor domain (PD) Fourier domain (FD) - Time dispersive
- Space non-dispersive
- Isotropic
VXE(Z)Z—jwoyﬁ(z) VxE(z,a))z—ja)yﬁ(z,a)) - Homogeneous (Tl - Sl)
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E(F,0)= E (z.0) +E, (z.0)i, + E.(z.0)i , , J
i (F ; ; . FD | oo <
H(r,a)) =H (Z,a)) i, +H, (z, a)) i, +H, (z, a)) I e
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Plane Waves (Spectral Domains)

dE
~=—jouH
I JOUIT,
dH | _
=—jwsk
dz
E =E’e

— jk — ke
"+ E e

d’E

dz

H =El e’ —E "
é/ y X X

\EoH, )

X +k°E =0

k = w\| ue
k=p-ja

E
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Independent

each other
{Ex JH, }
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Plane Waves (Spectral Domains) sourcertee
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Medium
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- Time dispersive
- Space non-dispersive
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- Homogeneous (Tl - Sl)
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Plane Waves (Spectral Domains)

-
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Medium
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Plane Waves (Spectral Domains) Sourcerree

Medium
{Ex,Hy} dex | {ExaHy} - Linear
k= dz - _]a)quy - Time dispersive
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Plane Waves (Spectral Domains) Sourcerree
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Plane Waves (Spectral Domains)
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Fourier Domain



Plane Waves (Spectral Domains) Sourcertres
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Phasor Domain Fourier Domain



Source-free

Plane Waves (Spectral Domains)

Medium

dex , E  H (dEx _ E H - Linear
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Source-free

Plane Waves (Spectral Domains)

Medium

(dE , E  H (dE _ E H - Linear
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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
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Plane Waves

Phasor domain
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Rationale

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

Phasor domain

Nondispersive & lossless
media
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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
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Plane Waves (Phasor Domain) sourcertee

(dE E. H

- :_ja)OﬂHy { y}

) dz IE k = o\ us
dH Z

+K°E =0 g _ :
dyz—ja)ogEx dz’ § k=p-Jja
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- Time dispersive
- Space non-dispersive
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- Homogeneous (Tl - Sl)
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k(a,) = @, \/ (@) (@) ' ﬁ(zf ) J " L f( 2,.0) —
. | ) -
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e 4 2,1y E H
Phasor Domain / L(z,) y / h() { ) x} Independent
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x? ¥y
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Plane Waves (Phasor Domain) sourcertee

(dE , E.H
d = _]a)O/LlHy { y}
d]—Z[ d’E 2 k=oyus
- =—jagE,  dZ HOE=D k=p-ja
. dzZ
MU
- oo
E (z)=Ele’* +E " €
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Phasor Domain
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Medium
- Linear

- Time dispersive
- Space non-dispersive
- Isotropic

- Homogeneous (Tl - Sl)

E =H_=0
{Ey’Hx} Independent

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

B, )

x? y
E (z)=Ele™ +E "
(H,(z)=Ele’™ —E e

Time dispersive (lossy)

(e(w,) =& (@)~ j& (@)

(@)= (@)= j (o)
o: real
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& (@)
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Medium
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- Time dispersive
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e
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{Ey ,Hx} Independent
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Source-free

Plane Waves (Phasor Domain)

Medium
E H . - Linear
(Bt} K@) = ou(@)e(@) = A(a,)-ja(a,)
E. (Z)=E;e_jkz +E;ejkz - Space non-dispersive
+ - jkz - ik < (0) )= ,u(a)o) - Isotropic
Q’Hy(z)zExe —E e ’ 8(0)0) .
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,U(a)o):M(a)o)_jﬂz(wo)
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Independent

each other
{Ex,Hy}
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Source-free

Plane Waves (Phasor Domain)

Medium

- Linear

VEo H ) k(@) =, (3 ) 2 (%) = B(@,) =Feka;)
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E (z)=Ele™ +E "

X
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Lo
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Independent
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Source-free

Plane Waves (Phasor Domain)

Medium
- Linear
klo,)=o c=0lw
GRS,
- Space non-dispersive
é’ = ﬁ - Isotropic

Time nondispersive & lossless

& real

Independent

each other
{Ex,Hy}
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Source-free

Plane Waves (Phasor Domain)

Medium
- Linear
klo,)=o c=0lw
GRS,
- Space non-dispersive
é’ = ﬁ - Isotropic

Time nondispersive & lossless

& real

Independent

each other
{Ex,Hy}
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Source-free

Plane Waves (Phasor Domain)

Medium
{Ex,Hy} k(a)o)zwo /18=,3(0)o) - Linear
“
E (Z) =E'e /" + E e/ - Space non-dispersive
) 1 x ) H Isotropic
0 . v _— —_— _ -
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Independent
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Plane Waves (Phasor Domain) Mediu:“"’e'"ee
E H @)= o c = W - Linear
{ * y} k( 0) o\//T ,3( o)
E. (Z)=E;e_jﬂZ+E;ejﬂZ = Space non-dispersive

CH, (z)=E'e" — B Ch ) I GE|  -'sotropke
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E =H_=0
{Ey ,Hx} Independent

each other
{Ex,Hy}
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Plane Waves (Phasor Domain) Mediu:“"’e'"ee
E H @)= o c = W - Linear
{ } k( 0) o\/z :B( o)
E. (Z) = E;e_jﬂz + E;ejﬂz = Space non-dispersive

(H, (z)=Efe’” - E;e" T ¢

x?2 ¥y

H - Isotropic

Efe’” —>el(z,t)= ‘E;‘cos(a)ot - Pz + (p*) = ;(z—vpt)

0
= —= O
: ox Oy
Progressive plane wave

E =H_=0
{Ey ,Hx} Independent

each other
{Ex,Hy}

Corso di Campi Elettromagnetici 22 Aprile 2021

Stefano Perna — Univ



Source-free

Plane Waves (Phasor Domain)

Medium
{Ex’Hy} k(0,)= o ue = B(@,) e
“
E (Z) =E'e /" + E e/ - Space non-dispersive
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Independent

each other
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Plane Waves (Phasor Domain) ="
{ExaHy} k(wo)zwo\/ﬁzﬂ(wo) - Linear

E. (Z) = E;e_jﬂz + E;ejﬂz - Space non-dispersive

é,Hy (Z) _ E;-e—jﬂz _ E;ejﬂz vV =— 4' ﬁ - Isotropic
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0
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{Ey’Hx} Independent
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Plane Waves (Phasor Domain) ="
{ExaHy} k(wo)zwo\/ﬁzﬂ(wo) - Linear

E. (Z) = E;e_jﬂz + E;ejﬂz - Space non-dispersive

CH, (z)=E'e" — B Ch ) I GE|  -'sotropke

Efe’” —>el(z,t)= ‘E;‘cos(a)ot - Pz + (p*) = ;(z—vpt)

0
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E =H_=0
{Ey’Hx} Independent

each other
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Plane Waves (Phasor Domain) ="
{ExaHy} k(wo)zwo\/ﬁzﬂ(wo) - Linear
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Progressive plane wave
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Plane Waves (Phasor Domain) Lo
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k(a)o):a)()\/;:ﬂ(a)o) -L-inear - .
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Plane Waves (Phasor Domain)

k(a)o) = @)+ | e = ﬂ(a)o) w =2rf, Time nondispersive & lossless
g :real

o, w, 1 _\/; u:real c=
y =— = = =C = —
"B wonus Jue d £ o=0 VHE

o Memo g cos(27rvx) = cos(— xj
E7e " 2 ’ X *
- v: frequency
Progressive plan : 1 :
ogressive plane wave y X =—: period
,Dj o V
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period: T = 1

0
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Plane Waves (Phasor Domain)
{Ex,Hy} (wo):wo\/E:ﬂ(a)o Time nondispersive & lossless

g real
L :real

o =0

. cos(2zvx)= cos(z—ﬁ xj
:(z,t):‘E+‘cos(a)ot—ﬁz+(p+): ;(z—vpt) A Tx X
- v: frequency
Progressive plane wave x=L. period
“ )Ck - v :

frequency: v =

2 2x c

A :wavelength period: 4= B onue f,
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Electromagnetic spectrum

Wavelength
(metres)
Radio Microwave Infrared Visible Ultraviclet X-Ray Gamma Ray
} } | | } } l Free space (Linear, isotropic,
o3 102 s 108 toré S local, homogeneous)
)
I NZE N WAVAVATLTATITN :
A=—
Frequency f
(Hz)
“ 1 J: frequency
1012 105 1016 08 1020 A. wavelength
t c: light speed
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Plane Waves (Phasor Domain)
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Progressive plane wave

® The term e /**
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Time nondispersive & lossless
& :real 1

L :real c=
o =0 VHE

is related to the propagation along the (positive sense of the) z-axis
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Plane Waves (Phasor Domain)
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Plane Waves (Phasor Domain)
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g real 'Y
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y =— = = =C g_ —_— 0
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Plane Waves (Phasor Domain)

(E.H,} k(ay)=anue = Blay)  @=2af,
El(z)=E'e’” .

y =% __ % 1 _c 42\/2
CH (z)=E*e’” "B woJue Jus £

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

Progressive plane wave

® The term e /**

Time nondispersive & lossless
& :real I

L :real c=
o =0 VHE

is related to the propagation along the (positive sense of the) z-axis

® When z is small with respect to A, the propagation effects become negligible

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

Corso di Campi Elettromagnetici 22 Aprile 2021



