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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)

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
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—————— /H
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Fourier domain (FD)
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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
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Phasor domain (PD)
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{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)

dE
~=—jouH
I JOHIT
dH | _
=—jwek
dz
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dz
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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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E . H
dE, = —jouH, { x y}
<dchZI IE g =0 e
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| dz
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dz
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Plane Waves (Spectral Domains)

= jouH

= Joeck,

Source-free

Medium
- Linear
{E,.H. |
- Time dispersive
- Space non-dispersive

d’E
= +k2Ey =0

dz - Isotropic

- Homogeneous (Tl — Sl)

ot _—jkz — _jkz
E =E.e’™ +Ee
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E =H_=0
{Ey,Hx} Independent

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

Medium
{Ex,Hy} dE, P {Ey,]—]x} - Linear
k= dz - O, ) - Time dispersive
TE dzEx PE -0 —OVHE JH d Y LB F = - Space non-dispersive
y L — —joeE . dz> N =Y k=p-ja y L~ ja)gEy dz’* g - Isotropic
Z L az
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- Lostfese.
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c e e . Ind dent
¢ : intrinsic impedance of the medium ndependen

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

Medium
dE - Linear
de - _]G)'UHy - Time dispersive
9 - Space non-dispersive
dHy =—jweE - Isotropic
L dz - Homogeneous (TI - SI)
7,
=2 | -
E =E'e’™ 1 E-ol* E, =Eje’" +Ee o 0
—_— = O
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ol
=

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

E =H_=0
{Ey,Hx} Independent

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

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

— jk — ke
"+ E e

d’E

dz

CH, =Eje’® —E "

\EoH, )

X +k°E =0

k = w\| ue
k=p-ja

E

Source-free

Medium
rdEy _ {Ey,]-[x} - Linear
dz - JG)'UH" 5 - Time dispersive
dH d Ey +kXE =0 - Space non-dispersive
d ~= joek, dz’ g - Isotropic
- - Homogeneous (TI - Sl)
]kz Jkz
+E e o 0 ;
—(H_= E;e—sz _ Ey‘ef"z ) ox Oy
¢(F,1)=¢(z.1)
h(F.t)=h(z.1)
E.=H. =0
{E,,H,|
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Independent

each other
{Ex JH, }
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Plane Waves (Spectral Domains) Sourcertres

Medium
dex . {Ex,Hy} - Linear
=—jouH - Time dispersive
dZ D k = H i
J JH d Ex CRE -0 . - Space non-dispersive
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each other
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Plane Waves (Spectral Domains)

-

dE
de = JOuH,
y d’E
dH,
=—jwek dz
dz
E =Ele’ +E "

H =E'e’™ —E ™
é/ y X X
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Source-free

Medium
dex | {ExaHy} - Linear
dz - _]COIUHy - Time dispersive
d°E,. - Space non-dispersive
dHy =—7 2 ol =0 - Isotropic
=—jwsk dz p
e - Homogeneous (TI - Sl)
Ee’™ +E e o_0_,
(H, =Ele’™ —E e ) x Oy
¢(F,1) =&(z,1)
h(F.7) =h(z,1)
E.=H_=0
By )

Independent

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

Source-free

Medium
{Ex,Hy} (dEx . {Ex,Hy} - Linear
= —]CO/JHy - Time dispersive
k = o\ ue J dz d*E - Space non-dispersive
L L K2E =0 . aH CLRE =0 i
_ g J ) +k X k = IB— ja Yy _ja)gEx dZZ % - Isotropic
d [ dz - Homogeneous (Tl - SI)
_ M
— jk - ke & _\/: + —jk - jkz
E =E e’ +E_¢ &€ E =FE e’ +E_¢ o 0
—=—=0
| | . . ox oy
é/Hy _ E;-e—]kz _ Ex—e]kz é’Hy — E;'e—]kz _ Ex—e]kz ) A
é(r.1)=¢€(z.2)
h(F,r)=h(z,1)
E =H =0
| | \E,. 1.
Phasor Domain Fourier Domain U CEEIE
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each other
{Ex JH, }
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Plane Waves (Spectral Domains)

Source-free

Medium
{Ex,Hy} dex | {ExaHy} - Linear
= _]a)/tu - Time dispersive
k=wJue | dz 5 ) .
N 2E _0 . X JH d Ex N sz _0 - Space non-dispersive
Y — i dz? tEE, = k=p-ja L =—jweE, dz> Z - Isotropic
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_ M
— jk -k 6= \/: + —jk -k
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E =H =0
_ _ {E,.H_}
Phasor Domain Fourier Domain Independent
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each other
{Ex JH, }
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Source-free

Plane Waves (Spectral Domains)

Medium
dex , E  H (dEx _ E H - Linear
- _]a)O'UHy { y} . = _]a)/tu { y} - Time dispersive
dz ) k=wJue | dz ) S
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Independent

each other
{Ex JH, }
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Plane Waves (Spectral Domains) Sourcertres

Medium
dex , E  H (dEx _ E H - Linear
= _]a)oztu { y} = _]a)/'lHy { y} - Time dispersive
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Plane Waves (Spectral Domains)

(dE _ E . H
| dur d°E,
Y i o FE +k"E_ =0
dZ — ] 0 b Z

E (z)=Ele’™ +E "

(H,(z)=Eje’™ —E.e*

Phasor Domain
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k = w\| ue
k=p-ja

e
R

Source-free

Medium
dex | {ExaHy} - Linear
dz - _]a)quy - Time dispersive
d°E,. - Space non-dispersive
dHy =—7 2 +hE, =0 - Isotropic
i JOEE dz p
Z

- Homogeneous (Tl - Sl)
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e’ +E e o

H =El e’ —E "
é/ y X X
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Fourier Domain Independent
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Source-free

Plane Waves (Spectral Domains)

Medium
(dE , E  H (dE _ E H - Linear
X _ _]a)oltu { y} L = —]CO/JHy { y} - Time dispersive
J dz d*E k= ps J dz d*E - Space non-dispersive
dH, SHEE =0 p_p_in |dH, X +k’E, =0 .
= —]a)OgEx .~ = J = —Ja)gEx dz - Isotropic
dz L dz - Homogeneous (Tl - Sl)
7
o c-
E (z)=Ele’™ +E " & E (z,0)=E! (w)e”™ +E, (w)e’* E—Q—O
CH, (z)=E'e™ - E-e* H (z,0)=E (0)e’ -E; (0)e" ox Oy

E =H =0
E ,H.
Phasor Domain Fourier Domain { g } Independent

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

k()=
k(@)= B(

d’E

dz

(dE
= =—jw,uH
dZ ] Oll’l b%
dH .
=—],&
dZ ] 0 X
E (z)=Ele’™ +E "

— jk: - Jjk
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A
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w,)— jo ()

Phasor Domain

[ — jouH VEo H )
dz > 5
dH, . . ddsz +k’E, =0
dz 2 ) -
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Fourier Domain
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Source-free

Medium
- Linear

- Time dispersive

- Space non-dispersive

- Isotropic

- Homogeneous (Tl - Sl)

|

I
Q)|Q)

o

E =H_=0
{Ey’Hx} Independent

each other
{Ex JH, }
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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

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



Rationale

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

Phasor domain

Nondispersive & lossless
media
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Plane Waves (Phasor Domain) sourcertee

(dE E.H
—= _ja)oztu { y}
|| e PE k =\ ue
dH x _ .
~=—jo,cE, dz* thE =0 k=p-ja
| dz
L f
E (z)=Ele’™ +E " g
¢H, (Z ) =E'e/* —~E ™" o _é_(_z_l_l_)‘\ =
J |
{5((00) =& (a)o) - j&, (a)o)
/u(a)o) =,ul(a)0)—jy2(a)0)
fenh .
k(@) =, \/ p(@,)e(@,) ' h(f)
k(@)= p(ay) = ja(a,) T F—
Phasor Domain , L()
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Medium
- Linear

- Time dispersive
- Space non-dispersive
- Isotropic

- Homogeneous (Tl - Sl)

: é(F.r)= (Z t)
h(¥,7)=h(zr)
\ 4
.S E.=H =0
7 é(a)
[
h() { 2 x} Independent

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

(dE , E.H
d = _]a)O/LlHy { y}
d]—Z[ d’E 2 k=oyus
dy:_ja)ogEx dz* +hE =0 k=p-ja
L az
U
=
E (z)=Ele’" +E. " £
(H,(z)=Eje’™ —E.e*

{5((00) = gl(a)o)—jez(a)o)

ﬂ(a)o):/ul(a)o)_j,uz(a)o)

k(w,)= a)o\/u(a)o)g(a)o)
k(@)= B(a,)— jar(@,)

Phasor Domain
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Source-free

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) S—
Euth ] k(o) =m0 2(0) = Blor) - ja(o,
E. (Z) = E;e_jkz + Ex—esz ,u((oo) - Space r-ion-lsperswe
CH,(z)=Efe ™ - E e Ca)= o) Eee
Time dispersive (lossy) aﬁ _ % —0
(e(w,) =& (@)~ j& (@)

ﬂ(a)o):M(a)o)_jﬂz(a)o)
\0'7&0
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Independent

each other
{Ex,Hy}
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Source-free

Plane Waves (Phasor Domain)

Medium
E H . - Linear
(B A, k(@)= aJu(@,)e(@,) = B@,) - ja(a,)
Ex(Z)=E;e_ij+E;ejkz - 'Space non-dispersive
+ - Jjkz - Jkz < (0) )= ,u(a)o) - Isotropic
CH,(2)=Eie™ ~Ere o)

Time dispersive (lossy)

(e(w,) =& (@)~ j& (@)
,U(a)o) :M(a)o)_jﬂz(wo)
o#0

Independent

each other
{Ex,Hy}

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




Source-free

Plane Waves (Phasor Domain)

Medium

- Linear

VEo H ) k(@) =, (3 ) 2 (%) = B(@,) =Feka;)
= opace non-dispersive

E (z)=Ele™ +E "

X

é’(x) — m - Isotropic
Lo

(H,(z)=Ele’™ —E e

£ ()

Time nondispersive & lossless

& real

Independent

{ E., Hy} each other
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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 _— —_— _ -
(H, (z)=Ele’ —E e p ¢=4=

Independent

each other
{Ex,Hy}
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Plane Waves (Phasor Domain) Mediu:“"’e'"ee
E H @)= o c = W - Linear
{ * y} k( 0) o\/ﬂ_ ,3( o)
E. (Z)=E;e_jﬂZ+E;ejﬂZ = Space non-dispersive

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

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

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\//u_ :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
X
Progressive plane wave

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
{ * y} k( 0) o\/ﬂ_ ,3( o)
E. (Z)=E;e_jﬂZ+E;ejﬂZ = Space non-dispersive

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

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

0
X
Progressive plane wave

E =H_=0
{Ey ,Hx} Independent

each other
{Ex,Hy}
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Plane Waves (Phasor Domain) ="
{ExaHy} k(a)o)zwo\/Ezﬂ(wo) - Linear

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

é,Hy (Z) _ E;-e—jﬂz _ E;ejﬂz vV =— 4' ﬁ - Isotropic

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

0
) ox Oy
Progressive plane wave

;ejﬂz —>e;(z,t)= E cos(w0t+ﬂz+¢—)=e;(z+vpt) : ]_i("

E =H_=0
{Ey’Hx} Independent

each other
{Ex,Hy}
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Plane Waves (Phasor Domain) Lo
{E H} k(a)o)=a)0\/E=,B(a)o)
E. (Z) = E;e_jﬂz + E;ejﬂz = Space non-dispersive

(H, (z)=Ele "’ —E" T ¢

x?2 ¥y

H - Isotropic

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

0
) ox Oy
Progressive plane wave

e e (z,0)=|E; cos(a)ot+,Bz+(p’)=e;(z+vpt) | ﬁ(i‘,t)zﬁ(z,t)
. ¥
E =H_=0
{Ey’Hx} Independent

each other
{Ex,Hy}
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Source-free

Plane Waves (Phasor Domain)

Medium
- Li
{Ex,Hy} k(a)o)zwo /18=,3(0)o) inear
“
E (Z) = W - Space non-dispersive

D H - Isotropic

e e (z,0)=|E; cos(a)ot+,Bz+(p_)=e;(z+vpt)

Independent

each other
{Ex,Hy}
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Source-free

Plane Waves (Phasor Domain)

Medium

-Li

k(a)o)=co0 /18=,3(a)o) inear
“
E (Z) = - Space non-dispersive

a% .

: =0 ’,U - Isotropic
= . - _jpz 1% = (= P
é’Hy(Z)__Ee p ﬁ 4’ g = MOInoaened

Independent

each other
{Ex,Hy}
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Source-free

Plane Waves (Phasor Domain)

Medium
_ _ - Linear
k(a)o) = Wy HE —ﬂ(wo)
E (Z) = - Space non-dispersive
Do - Isotropic

_ _ Lo o, 1 _ _|u
CH,(z)=-E€e” "~ 5~ Iz Jm . 4—\E

= MOInoaened
- Lossless

Independent

each other
{Ex,Hy}

Stefano Per Corso di Campi Elettromagnetici




Plane Waves (Phasor Domain) Sourcertres

Medium

{Ex,Hy} k(a)o)=a’o\/E=,3(wo) - Linear

E (Z) = - Space non-dispersive
Dy @ 1 H - Isotropic
— S Ao _]ﬁZ Yy = = = =C = e P
CH (z)— E e "B apJue Jue “ \/g

y

M10Aerned
- Lossless

HS —j,BZ =F _ + _ +\)_ + .
E'e € (Z’t)_‘E ‘Cos(a)ot ﬂz+(p )_ex (Z th) Time nondispersive & lossless

Progressive plane wave g :real 1
:real €= [
Eol _)e;(zjt)=‘E“cos(a)ot+ﬂz+(p‘)=e;(z+vpt) g:ga HE

Regressive plane wave

Il
X

N

v He) g H )
i =1 Xi Independent
y CRE E H each other
lx = ly X lZ Corso di Campi Elettromagnetici



Plane Waves (Phasor Domain) Sourcertres

Medium

{Ex,Hy} k(a)o)=a’o\/E=,3(wo) - Linear

E (Z) = - Space non-dispersive
Dy @ 1 H - Isotropic
— S Ao _]ﬁZ Yy = = = =C = e P
CH (z)— E e "B apJue Jue “ \/g

y

M10Aerned
- Lossless

HS —j,BZ =F _ + _ +\)_ + .
E'e € (Z’t)_‘E ‘Cos(a)ot ﬂz+(p )_ex (Z th) Time nondispersive & lossless

Progressive plane wave g :real 1
:real €= [
Eol _)e;(zjt)=‘E“cos(a)ot+ﬂz+(p‘)=e;(z+vpt) g:ga HE

Regressive plane wave

Il
X

N

v He) g H )
i =1 Xi Independent
y CRE E H each other
lx = ly X lZ Corso di Campi Elettromagnetici



Plane Waves (Phasor Domain) Lo
{EX’Hy}

k(a)o):a)()\/;:ﬂ(a)o) -L-inear - .
El(z)=E'e’” E (z)=E "

é/H;(Z)zEJre_j'Bz ;H;(Z)Z—E_ejﬂz Vp = = = =c é’: % - Isotropic

4e _jﬂz s _ + _ +\_ + _
Ee €, (Z’t) o ‘E ‘Cos(wot 'BZ 4 )_ €x (Z vpt) Time nondispersive & lossless 0 0

_ ox Oy
Progressive plane wave

g :real o 1 E(F,t):_é(z,t
G Jue  B(Rr)=h(z)

o =0

Ee” —e(zt)= ‘E“cos(a)ot + Bz +q0‘) =, (z+vpt)

Regressive plane wave

k(a)o):a)o\/E:,B(a)o) {Ey,Hx}
Independent

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

k _ — - Linear
(e
E® (Z) = E'e /- =Space non-dispersive

: Lo o 1 _ M - Isotropic
CH (2)= B " e e I

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

Time nondispersive & lossless i — i —
: ox Oy
Progressive plane wave . veoal ~ ~
&.red 1 é(F,1)=€(z,t
:real C= _ ~
- Jue  n(E)=h(z?)
7 3
E =H =0

k(“’O)ZQ’O\/E:ﬂ(COO) {Ey,Hx}
Independent

each other
{Ex JH, }
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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 B /,u u:real c=
y =— = = =C = —
"B wonus Jue d £ o=0 VHE
2

Memo cos(2zvx)= cos(— xj
N X X
- v: frequency
. 1 .
- X X = " : period
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Plane Waves (Phasor Domain)
{Ex,Hy} (wo):wo\/E:ﬂ(a)o Time nondispersive & lossless

& . 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,

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



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)

{Ex,Hy} k(a)o) — 0)0\/; — ﬂ(wo) o, = 27;f0 Time nondispersive & lossless

: & :real
El(z)=E'e’” _
x w, L :real

vy = = 0)0 = 1 =c é’:\/z
CH(z)=E'e’” "B wnfue Jue £ o =0

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

Progressive plane wave

® The term e /**

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

C =

is related to the propagation along the (positive sense of the) z-axis
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Plane Waves (Phasor Domain)

e;(z,t)=‘E+‘cos(a)ot—ﬂz+(o+):e;(z—vpt) vy =%

:a)():l:
"B anJue ug

A
v
~
Il
~
\S)

v
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Plane Waves (Phasor Domain)

k(a)o) = @)+ | e = ,3(0)0) w =2rf, Time nondispersive & lossless
g real 'Y
1 a=r_C
_ @, 1 Ry L :real c= L f
y =— = = =C g_ —_— 0
"B wonue ue & c=0 VHE

E'e’” —>el(z,t)= ‘E*‘cos(a)ot - Bz + (0*) =e. (z—vpt)

Progressive plane wave
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Plane Waves (Phasor Domain)

{Ex,Hy} k(a)o) — 0)0\/; — ,3(600) o, = 27;f0 Time nondispersive & lossless

g real

E; (Z) =E"e’” w, w:real c=

Lo @ 1 :\/Z
é’H; (Z) — E+e—jﬂz [ ﬂ CC)O\/E \/E C é/ - =0 \/%

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

Progressive plane wave

® The term e/ 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
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