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Plane Waves (TD)

Time domain - Differential form
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xe(r,t) Py
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Medium
- Linear

- Local (TND & SND)

- Isotropic

- Homogeneous (Tl - Sl)

- Lossless
d(¥,1)= £8(F,1)
b(¥,t)= uh(F,?)
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Plane Waves (TD)

X Medium
- Linear
- Local (TND & SND)
—— = - > - Isotropic
0 z
- Homogeneous (Tl - Sl)
y - Lossless
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Time domain - Differential form
” oh(¥,z)
Vxe(r,t)=—u————=
(1) =—u— O
_ oe(r,t) - ,_ >y
<Vxh(f,t):gg+j0(r,t) I
ot |
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§(F.t)=e, (F.0)i, +e, (F0)i, +e. (Fo)i =, (vnzt)i. +e, (3 2.0)i, +e. (3. 2,0)7)

» (f,t)fy +h, (F,t)fz =h, (m,z,t)z; +h, (M,Z,t)fy +h, (M,Z,l‘)lz
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- Linear

- Local (TND & SND)

- Isotropic

- Homogeneous (Tl - Sl)

- Lossless

0_@_
ox Oy
(7,1) = 8(z,1)

é(r,
h(¥,t)=h(z,t)
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v x8(F.1) = oh(¥,¢)
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______ L Source-free
z
I’
é(F.t)=e (F.0)i, +e, (F,t)i, +e (F.1)i =e (z,0)i +e, (z,)i, +e (z,1)i,

h(%,0)=h, (5,0, + b, (F,0)0, +h, (F,0)i, = b, (2,0)i, +h, (2,0)i, + b (2,0)i

z

Time domain - Differential form

oh(F,t)

Vxé(?,t) =—U

8t _ aey - 68 A
) G8(F,1) - Vxe=| —= lx+( ")ly
JVxh(F.0) = e 4 R0 ZNC:
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Medium
- Linear

- Local (TND & SND)

- Isotropic

- Homogeneous (Tl - Sl)

- Lossless
9_90_,
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(7.1)=8(z.1)
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E(F,t)zfl(z,t)
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______ L Source-free
z
I’
é(F.t)=e (F.0)i, +e, (F,t)i, +e (F.1)i =e (z,0)i +e, (z,)i, +e (z,1)i,

h(F.t)=h, (F.0)i, +h, (F,0)i, +h (F,2)i, = b (2,0) i, +h, (2,0)i, +h(2,0)i.
Time domain - Differential form

Vx(f,t) =)

ot ~ aey . oe ) »
3 86(* t) Vxe=|— zx+( x)zy
Vxh(F,t)=¢ Gt’ Oz Oz

AV E(5.1) =0 Wﬁ:(—%)f (L)

LV h(F.r1)=0
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Plane Waves (TD) —_—

Medium
- Linear

- Local (TND & SND)

- Isotropic

- Homogeneous (Tl — Sl)

- Lossless
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Plane Waves (TD) —_—

Medium
- Linear

- Local (TND & SND)

- Isotropic

- Homogeneous (Tl — Sl)

- Lossless

e,

e Independent
each other

{ex,hy}
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Plane Waves (TD) —_—

Medium
- Linear
):ex(z’t);x +e, (z,t)fy - Local (TND & SND)
- Isotropic
l_i(f,t) = hx (Z,t)ll + hy (Z,t)fy - Homogeneous (Tl - SI)

- Lossless

e,

e Independent
each other

{ex,hy}
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té(z.0) € - Linear
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e Independent
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e Independent
each other

{ex,hy}

Corso di Campi Elettromagnetici 27 Aprile 2020

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



Oh
Ot
Oe_
— g —
Ot

Source-free
Plane Waves (TD)
Medium
- Linear
e, oh. {ey : hx} - Local (TND & SND)
C = 1 ) E - 'UE azey B 1 azey 0 - Isotropic
N HE oh Oe oz ot - Homogeneous (TI - SI)
ka_zx =€ a_; - Lossless
9_9 _,
ox Oy
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e Independent
each other
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Plane Waves (TD) SERERE

Medium
- Linear
r de, ahy {ex ’ hy} i 8ey oh, {ey > hx} - Local (TND & SND)
oz _/JE O0’e. 1 0% - 1 oz ’UE 826y 1 6zey - Isotropic
L L — O 3 —— = 0
8hy oe oz ¢ or \HE oh ﬁey oz ¢ oF’ - Homogeneous (TI - SI)
—_— =g X X c—=L i
L Oz ot | & ot Lossless
o 0
= — = O
ox Oy
é(F,1)=€(z,1)
h(¥,t)=h(z,t)
e (z,t)=h(z,t)=0
e h
{ g x} Independent
{ex’ hy} each other
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Plane Waves (TD) Source-free

Medium
- Linear

’aex Oh, {ex,hy} rc’iey _oh, {ey’hx} - Local (TND & SND)
<E_ﬂu5 O’e, 1 O’e, _o c= 1 < o 'UE GZey 1 5‘2ey _d - Isotropic

Oh, Oe ozt ot \HE oh Oe, oz2 o - Homogeneous (TI - SI)

E - _88_; sz = 85 - Lossless

aF ar a a
0 10 = - _
fzt)=e'(z—ct) a=z—ct aez === 8€t oy 0

-

‘ 2
‘ {e hx}

Independent
each other
{ex , hy }
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Plane Waves (TD) Source-free

Medium
- Linear

’aex Oh, {ex,hy} r6ey _oh, {ey’hx} - Local (TND & SND)
45__;!5 O’e, 1 O’e, _o c= 1 < o 'UE GZey 1 G‘Zey _d - Isotropic

Oh, Oe ozt ot \HE oh Oe, oz2 o - Homogeneous (TI - SI)
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0 10 = - _
fzt)=e'(z—ct) a=z—ct 8ez === aet oy 0
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e, |
- - ?>")" Independent
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Plane Waves (TD) SERERE

Medium
- Linear

"aex B Oh, {ex’hy} rﬁi 3 % {ey’hx} - Local (TND & SND)

< oz _ﬂE O’e, 1 O’e, 0 c= 1 bz H ot GZey 1 G‘Zey 0 - Isotropic
— = - < — =

Oh, Oe_ oz ¢ or VHE oh, Oe, oz ot - Homogeneous (TI - SI)

—=—&— —_— = — .

L Oz ot \ Oz ot Lossless

o) =e (z—c) Fe' 13 _, e 1de' 9_9_y

o R 0z c Ot Ox 0y

-

G
_ _ ?>"*) independent
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Plane Waves (TD) —_—

Medium
- Linear

(e,  Oh, {eX’hy} rﬁi _ Oh, {ey’hx} - Local (TND & SND)

< oz _IUE O’e, 1 O’e, 0 c= 1 bz H ot GZey 1 5‘2ey 0 - Isotropic
— = - < — =

Oh, Oe_ oz ¢ or \ HE oh, Oe, oz ot - Homogeneous (TI - SI)

— ==& — =& — .

L Oz ot | Oz ot Lossless

o) =e (z—c) Fe' 13 _, e 1de' 9_9_y

o ozt ot 0z c Ot ox 0Oy

e,

e Independent
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Medium
- Linear

(e,  Oh, {eX’hy} rﬁi _ Oh, {ey’hx} - Local (TND & SND)

< oz _IUE O’e, 1 O’e, 0 c= 1 bz H ot GZey 1 5‘2ey 0 - Isotropic
— = - < — =

Oh, Oe_ oz ¢ or \ HE oh, Oe, oz ot - Homogeneous (TI - SI)

— ==& — =& — .

L Oz ot | Oz ot Lossless

o) =e (z—c) Pt 13 e 1de' 9_9_y
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e Independent
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Plane Waves (TD) —_—

Medium
- Linear
’aex _ 0Oh, {ex,hy} rEﬂey _oh, {ey’hx} - Local (TND & SND)
45_ _ﬂE O’e, 1 O’e, _o c= 1 < o 'UE GZey 1 82ey _d - Isotropic
Oh, de, ozt 2ot \ HE oh, de, oz2 o - Homogeneous (TI - SI)
E = _55 E = 85 - Lossless
flz,t)=e"(z—ct) e _10¢ =0 oe _ 18 Z-Log
e . oz c Ot ox  Qy
o o é(F,1)=¢(z,t
f(z,t)=e_(z+ct) pB=z+ct N ﬁ(i" t)=ﬁ(z t)
0z ¢ Ot g ?
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‘ {e hx} Independent
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Plane Waves (TD) Source-free

Medium
- Linear
réex _ 0Oh, {ex,hy} rEﬂey _oh, {ey’hx} - Local (TND & SND)
<E_ _ﬂE O’e, 1 O’e, _o c= 1 < o 'UE 528y 1 82ey _d - Isotropic
Oh, de, ozt 2ot \ HE oh, de, oz2 o - Homogeneous (TI - SI)
E = _55 E = 85 - Lossless
flz,t)=e"(z—ct) e _10¢ =0 oe _ 18 Z-Log
e . oz c Ot ox  Qy
e é(F,1)=¢(z,t
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Plane Waves (TD) SERERE

Medium
- Linear
(de. oh, {ex’hy} (e, o, {ey’hx} - Local (TND & SND)
<E:_ﬂ5 Oe, 1 O’e, _o c= 1 < o 'UE GZey 1 82ey _d - Isotropic
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| Oz B ot | oz o ot - Lossless
. det 1% gt 10e' 9_9_p
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e(r,r)=¢(z,t
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Plane Waves (TD) —_—

Medium
- Linear
’aex _ 0Oh, {ex,hy} r6ey _oh, {ey’hx} - Local (TND & SND)
45_ _ﬂE O’e, 1 O’e, _o c= 1 < o 'UE GZey 1 G‘Zey _d - Isotropic
Oh, de, o2 ot \ HE oh, de, oz2 o - Homogeneous (TI - Sl)
E = _55 E = 85 - Lossless
flz,t)=e"(z—ct) e _10¢ =0 oe _ 18 Z-Log
e ozt ot oz c Ot ox  Qy
e(r,r)=¢(z,t
e d’e 1 e 0 de  _10e #(# ) #(
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fzt)=¢€" (z—ct)

f(z,t)=¢ (Z + ct)

Plane Waves (TD)

{ex,hy} raﬁ_ % {ey,hx}
1 _ole=t & “a e 18
¢’ ot \ HE oh, Gey oz* ¢ ot

| Oz T ot
O’ 10 _ oe” _ 10e
o2 o oz ¢ ot
de” 1 0 oe 1 Oe”
= o =0 -
lo/4 c” Ot Oz ¢ Ot

e (zt)=e;

(z—ct)+e;(z+ct)
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Source-free
Medium
- Linear
- Local (TND & SND)
- Isotropic

- Homogeneous (Tl - Sl)

- Lossless
9_90_,
ox Oy

Independent
each other
{ex , hy }
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Plane Waves (TD)

e, __ 00, et 26, _oh, e
oz o de, 1 &%, _o c= ! | éz ot | O, 1 0%, 0
oh, de. 0z° cor VHE  \on. e, & o
| Oz ot L Oz ot
" o’e” 1 0%’ oe* 1 de*
,t = —ct — = O = ==
fan=e(z-a) 2 & o oz c ot
A _( .\ t) 828__ 1 &% 0 Oe _l@e‘
fzn)=e(z+¢ o2 oF &2 oy

e (z,t)=el(z—ct)+e, (z+ct)

e, (z,t) =e, (Z — ct) +e, (z + ct)
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0’e

X

0z*

fzt)=¢€" (z—ct)

f(z,t)=¢ (Z + ct)

Plane Waves (TD)

Source-free

Medium
- Linear
{ex’hy} e, _ oh {ey’hx} - Local (TND & SND)
L@zex _g c= 1 < oz — ot a2ey La2ey 0 - Isotropic
o)  HE oh Gey oz 2 o2 - Homogeneous (Tl - Sl)
E = E - Lossless
8Ze+_1 52€+_0 g:i:()
2 2 o ox Oy
e(r,z)=¢€(z,t
828__1826__0 q(q) q( )
. h(¥,)=h(z.1)

e (z,t)=el(z—ct)+e, (z+ct)

e, (z,t) =e, (Z — ct) +e, (z + ct)
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each other
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oe. __ Ny
0z a ot O’e,
ﬁhy oe 0z*
Y = 8—x
| Oz ot

Plane Waves (TD)

e, (Ge,  oh, e,
_L@zex_o c— 1 <E:’u5 azey_iﬁzey_o
o \/E oh, de, .

&z o

e, (z,t) =e, (Z—ct)+ey_(z+ct)

e (z,t)=el(z—ct)+e, (z+ct)

e, (z,t) =e, (Z — ct) +e, (z + ct)
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- Isotropic

- Homogeneous (Tl - Sl)

- Lossless
ox Oy

Independent
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Plane Waves (TD) Source-free

Medium
- Linear
e, oh. {ey : hx} - Local (TND & SND)
c = 1 J oz H ot azey ~ 1 Gzey 0 - Isotropic
N HE Oh, 53 oz ot - Homogeneous (TI - SI)
X — 8_ .
aZ ot Lossless
_ ﬁ 0_0 _,
z ct z + ct e 5 —

é(F,1)=¢(z,t
h(¥,t)=h(z,t)

LN

e Independent
each other

{ex,hy}
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Plane Waves (TD) —_—

Medium
- Linear
e, oh. {ey ; hx} - Local (TND & SND)
c— 1 < EZ'UE azey ~ 1 82ey 0 - Isotropic
\/E oh Oe oz ot - Homogeneous (TI - Sl)
a_zx = 85_; - Lossless
¢ == 8_0 _,
ex(Zﬂt)=e:(Z_Ct)+e;(Z+Ct) & ey(z,t)=e;“(z—ct)+ey_(z+ct) a_a_
Ch, (Z,t) =e’ (z—c é(f,t) =é(z,t
R(7./) = (z.1)
oe" 1 oe"
oz ¢ ot e (z,t)=h(zt)=0
ge 1o ) _—
0z ¢ Ot

Independent
each other
{ex , hy }
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Plane Waves (TD)

oe, b, et}
E_ 'UE 0e 1 e
. X — £ =(
%——5% oz° ¢ or
Lz o
co |2
ex(z,t)=e;(z—ct)+e;(z+ct) & ey(z,t):e;(z—ct)+e (z+ct)

Ch,(z,t)=e(z—ct)—e (z+ct)

oe" 1 oe"

0z c Ot

e _1de - -
Oz ¢ Ot
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- Isotropic

- Homogeneous (Tl — Sl)
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Independent
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(0, oh, e,
E:_ﬂﬁ O’e, 1 Oe, 0
oh, e, 0* o
R

e (z,t)=e (z—ct)+e (z+ct)

Ch,(z,t)=e (z—ct)—e, (z+ct)

Plane Waves (TD)

Source-free

Medium
- Linear
r&ﬁ_ oh, {ey’hx} - Local (TND & SND)
c= I ) oz s ot 82€y 1 5zey 0 - Isotropic
\ HE ahx aey Oz’ _0_2 ot? B - Homogeneous (TI - SI)
—_— = — .
| 62 ot Lossless
C = \/Z 0o 0 0
g ey(z,t):e;(z—ct)+ey_(z+ct) ax_a_

~Ch,(z,t)=e (z—ct)—e, (z+ct)
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Independent
each other
{ex , hy }
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Plane Waves (TD)

(de. _ 0Oh, {ex’hy} (e, _ Oh, {ey’hx}
<E__ﬂ5 52€x_ 1 azex:O Cc = 1 <E_ﬂ5 82ey_ 1 52%’:0
%:—5% oz ¢ or Oh, :gai oz ¢ or

| Oz ot

\ HE

| Oz ot
o=t
£

e (z,t)=el(z—ct)+e, (z+ct)

Ch,(z,t)=e(z—ct)—e (z+ct)

e, (Z,t) =e, (Z—ct) +e, (Z +ct)

—Ch,(z,t)=e (z—ct)—e, (z+ct)
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Source-free

Medium
- Linear
- Local (TND & SND)

- Isotropic

- Homogeneous (Tl — Sl)

- Lossless

Independent
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Plane Waves (TD)
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e (z,t)=e (z—ct)+e (z+ct)

Ch,(z,t)=e (z—ct)—e, (z+ct)

Plane Waves (TD)

Source-free
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- Linear
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~Ch,(z,t)=e (z—ct)—e, (z+ct)
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Plane Waves (TD)

t=t t=t, >t
X 0 2 0
t
0 < > z
Az=c(t,—t,) >0 "
y . . A c=—-> 0
e(z,to)—e (Z—cto)lx Az =1,

/_M,\

é(z.t,)=¢"(z—cty)i, =" (z—ct, +ct,—ct, )i, 4 ¢’ (z—cto—c[tz—to])ix

The electromagnetic perturbation propagates without deformation and with constant speed ¢ along the
positive sense of the z-axis
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Plane Waves (TD)

t=t, t=t,>t,

A

é(z.t,)=¢"(z—cty)i, =" (z—cty, +ct,—ct, )i, =¢’ (z—cto —clt, —to])i

X

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)
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t=t,>t,
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The electromagnetic perturbation propagates without deformation and with constant speed ¢ along the
negative sense of the z-axis
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Plane Waves (TD)

X !

t=t,>t,

:l‘o

- A
€(z,t,)=e (z+ct,)i, Az

N . —A
€(z,t,)=¢ (z+ct,)i, =e (z+ct,—cty+ct,)i, e (z+ct0 —clt, —tz])f

X

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

e (Z + ct
B is referred to as electromagnetic regressive plane wave
h (Z + ct)
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