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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 (PD)
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Incidence on a dielectric half-space: 1 polarization

k= oy & 4, =5

r s By \/ 2 5
J___ . _ .
EI FJ_:COSlgI (lul//uZ) (kZ/kl) S 191 TJ_=1+FJ_ kzza) &, k1Sin191=k25iIl19T
E " _sin® ko =ks
Tiéi COSSIJr(M/ﬂZ)\/(kZ/kl) 4 " /\lrsm‘sjlgl by, = k2 —kZsin> 8,
1, =k, cos

[Hx,Ey,HZ] Perpendicular Polarization L
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Incidence on a dielectric half-space: 1 polarization

E ki = @\ €, 9, =9
FJ_ é—R 9 . \/ k k 2 ol 23 1 R
EI FJ_ _ COS vy (lul/IUZ) ( 2/ 1 )2 SIn- oy TJ_ =1+FJ_ k2 = W\ L&, kl Sil’llgl _ k2 Sil’llgT
& B \/ —sin? k. =k, sin
T, —E cos & +( 4/ 112 (kz/kl ) sin” kx _]i g k.. =\/k22 _isin? 9
12 =k cos G
[Hx,Ey,HZ] Perpendicular Polarization L _ B Ix
Ky H, Kk
E.®. E,
Hx :LaEy, HZ = kx Ey 19R e Q{ R
jou oz o), K‘gl/,, 1?1‘ -
l—{’I P T
& ®
H
A " o=0 & My
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e on a dielectric half-space:

| polarization

. - . — _.l_(' = == _-k _~k k = E. —
NS @ F B /KTt L | o /Ret Ee /" =E e /e /F ! Hhér g =5
L o b - e e . .
kxH=—-wecE 1 I R e — % k2=a) &, k1s1n.9l =k2 SlIl:.gT
< — — = E -] R'r =E ]xx leZ
= = _ —]le' Re Re e .
K-E=0 E,=E;e k. =k sing
o=k 2. =Ky — ki sin” G
1= =k cos G
Arx

—
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Incidence on a dielectri
Ele_ JR T _ Ele_ jkex = iki2

— — _ .E =3 — _ .k
E =Ee /™ 4 E e/
_ij'i: — ERe_jkxxejklzZ

=
=
Q

c half-space: || polarization

ky = o e 3 =9,
ky = o\ 11,6, k,sin 9, = k,sin 9,
k =k sin
< =fhisin by, = k2 —kZsin® 8
k, =k cos§
Arx

—

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

Corso di Campi Elettromagnetici 15 Maggio 2020



Incidence

dielect

ric half- space | polarization

_ . L kx —jkiz ky = 0\ €, 4, =9
E, =B /% + B e/t Ele =E,e /e =%
| I : E k —E. o ox ik ky = 0\ 11,8, kysin$ =k,sin 9,
= = K e =E,e :
E,=E.e JKo T R R k. =k sin . \/k2 2 sin? g
= k. . , = —k{ sin
ETe JKT r = ETe J xxe JroZ klz — kl coS '91 2 2 1 I
[Ex,Hy,EZ] Parallel Polarization |
z=0,x)=H, (z=0,x 4
. o (2=0.0)=Hy, (+=0,%) -
E=———2; E =- ~H, - —
joe Oz we L (z=0,x)=E, (z=0,x) Eg/k'
H,,
G ‘1 >
MEMO z
ix(¢,-¢)=0  Fjelds at boundaries @
fix(h, ~k, )=
(d.=d,)-i=p, o L &1 H =0 & Hy
(b,-b,) n:o3 }7};/ 1 ‘\;/\:\\/\\
(k-3)8=-2 ‘

Corso di Campi Elettromagnetici 15 Maggio 2020

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



Incidence on a dielectric half-space: || polarization

[Ex,H y,EZ] Parallel Polarization [

NI
ky = o\ 11,6, k,sin 9, = k,sin 9,
k, =k sm§

k, =k cos§

by, = k2 —kZsin® 8
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Incidence on a dielectric half-space: || polarization

— = & o= = ~ E _]EI r — E —Jjk.x _—jk .z kl = W\ th &, 191 _ lgR
E =Ee /™" tEge /™ T1° i©
1= I R ~ b= p . ~ .
- o ke _ o —jkx k.2 2 thés k sin 9, =k, sin 3,

n /KT ERe = ERe e .

E2 =ETe B kx:kISIIl.gI . PR 2‘91
— —jkT-f _ — —jkxx —ijZZ 27 =\/ ) — 1 Sin
E e =E.e e ki, =k  cos 3,

[Ex,H y,EZ] Parallel Polarization [

1 oH k ’
E-———2 E=———tH
Jjoe Oz we x(2=0,x)=E, (z=0,x)
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Incidence on a dielectric half-space: || polarization

— = & o= = ~ E _]EI r — E —Jjk.x _—jk .z kl = W\ th &, 191 _ lgR
E =Ee /™" tEge /™ T1° i©
1= I R ~ b= p . ~ .
- o ke _ o —jkx k.2 2 thés k sin 9, =k, sin 3,

n /KT ERe = ERe e .

E2 =ETe B kx:kISIIl.gI . PR 2‘91
— —jkT-f _ — —jkxx —ijZZ 27 =\/ ) — 1 Sin
E e =E.e e ki, =k  cos 3,

[Ex,H y,EZ] Parallel Polarization [

1 oH k ’
E-———2 E=———tH
Jjoe Oz we x(2=0,x)=E, (z=0,x)
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Incidence on a dielectric half-space: || polarization

7 Fé_HR ky o E, k 7 - ki ky = o & 9 =%
1-T==LT H, 'b? ﬁIV ! e, k= 2 ; ;
Z, = éa“)_ 1% ) 2 = O\ h&; k,sin 9, =k, sin 9,
a ZyHy BB ) k k. =k sin
b=t O N @  Z=—= «~heind ko, =l — I sin”

c=0 £t e k,, =k, cos

[Ex,H y,EZ] Parallel Polarization
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Incidence on a dielectric half-space: || polarization

ky = o e 3 =9,
ky = o\ 11,6, k,sin 9, = k,sin 9,
k, =k sm§

by, = k2 —kZsin® 8

k, =k cos§
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Incidence on a dielectric half-space: || polarization

7 Fé_ﬂ r:ZZ_Zl leklz
1—F=Z—;T H, Z,+7, wE,
1+P=T 72 %t T-_2%% 7. =X

Z,\H, Z,+7, 2 e,
[Ex,H o E ] Parallel Polarization [
oH
B L% p_ kg
jowe 0Oz ws 7
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ky = o\ 148, 9 =%
k, sin 9 =k, sin g,

ky = oy 18,

k, =k sm§
k, =k cos§

by, = k2 —kZsin® 8




Incidence on a dielectric half-space: || polarization

7 ré_ﬂ r:ZZ_Zl leﬂ
1—F=Z—;T H, Z,+7, wE,
1+P=T 72 %t T-_2%% 7. = %2

Z\H, Z,+7, 2 e,
[Ex,H o E } Parallel Polarization [
oH
E--L1 %% p__ kg
jowe 0Oz ws 7

B _cosSI —(81/82)\/(k2/k1 )2 —sin® 9

cos & +((91/82)\/(k2 /k, )2 —sin® §
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NI
ky = oy 158,

k, =k sm§

ko]

9 =%

kysin$ =k,sin 9,

|k22 = 1/k22 — ki sin® ‘91|




Incidence on a dielectric half-space: || polarization

Z,—7Z ki,
‘ r=-2-1 ‘ Z = .

Z,+Z,
k
Z — 2z IW
: %) I klz=klcos.91| 22 2 ki sin” 5
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Incidence on a dielectric half-space: || polarization

— k = _
r_Zig Fé_% r-4-4 Zl:a]?; 17 ON A5 % =
_Zz I Ty A s 1 k, = 0\ 1,¢, k;sin§, =k, sin g,
AZZHT 2Z k k_=k sin
1+I'=T T= 71 T=Z ZZ Zzzﬁ o= S kzzz\/kf_kfsinzgl
e | W&, k. =k cos Y

[Ex,H y,EZ} Parallel Polarization [

OoH
B L% p_ kg
jowe 0Oz ws 7

B _cosSI —(81/82)\/(k2/k1 )2 —sin® 9

T, =1+T

cos & +(8l/6‘2)\/(k2 /k, )2 —sin® §

®
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Incidence on a dielectric half-space: || polarization

Z, r.22-4 k= oé S =g
1—F=Z—2T ZI+Z2 k2 = O\ 1r &, klsinlgl :k2 sinlgT
3 27 k_=k sin
1+I'=T T:Z 2Z »=hsnd kzzz\/kzz—klzsinzélI
1 T4, k, =k cos§

|E.,H,E.|  Parallel Polarization I ra_ e, _ k.

H, : W&,

E 1 aHy E k H T é ZZHT Z kZZ

= —— ; =4 5 =
Y jwe Oz ws 7 4 “é

B _cosSI —(81/82)\/(k2/k1 )2 —sin® 9

T, =1+T

cos & +(81/82)\/(k2 k, )2 —sin® §

®
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Incidence on a dielectric half-space: || polarization

T ZlT FZM

- _Z_2 £, +7Z,
27

1+ =T T= 2
Z,+7Z,

[E H EZ] Parallel Polarization |

H,,(z,x)=He Tzt g @
H k
I, = _FR Z, =-k
I 0
Z,H
T” é 27T Z2 — kZz
Z\H, &,

cos 9, —(81/82)\/(k2 /k, )2 —sin” §,

cos &, +(51/52)\/(k2 /k, )2 —sin” 4
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Ly=-

ky = oy &,

ky = o\ 11,8,
k, =k s
k,, =k, cos &

9 =4
k, sinY, =k, sin g,

ky, = k2 kP sin® 9,
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Incidence on a dielectric half-space: 1 polarization

T ZlT FZM

- _Z_2 £, +7Z,
27

1+ =T T= 2
Z,+7Z,

By, (2.x)=Ere /*7e @
Fl é& 7 A

EI : klz

E w
T &=L Z, = k“2

EI 2z

_ cos _(ﬂl/ﬂz)\/(kz/kl )2 —sin” 4

2
cos +(u1/,u2)\/(k2 [k, ) —sin® 9
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ky = oy &,

ky = o\ 11,8,
k, =k s
k,, =k, cos &

9 =4
k, sinY, =k, sin g,

ky, = k2 kP sin® 9,

~ X
Ky H, Kk
ER : ETQ/
T s 40 X
(% fi, z
— L7 T
Kk,
] ®
H
€1 H L o=0 & My
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Incidence on a dielectric half-space

I-r=2i7 r-2-2
_22 £, +7Z,

27

1+T=T T= 2
Z,+7Z,

E
FléfR lea)lul
1 klz
T éﬁ Zzza)u2
+ EI kZz

2
. cos _(ﬂl/ﬂz)\/(kz/kl ) —sin” 4

2
cos +(u1/,u2)\/(k2 [k, ) —sin® 9
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ki = o\ 1€ 9 =5

ky = o\ 11,8, k, sin§ =k, sin g,

k, =k s
k,, =k, cos &

ky, = k2 kP sin® 9,

[Ex,Hy,EZ] Parallel Polarization |

H

— _.jklzZ jklzZ _.jkxx
1y(z,x)—[l—lle + Hge ]e

H,,(z,x) = Hye /e 5 @
H k
Ly =-——* Z, =—=
H, W&,
Z,H
T” a Loldy Z, - k,.
Z\H, e,

_ _cosl91 —(81/82)\/(k2 /k, )2 —sin® 9,

cosJ +(6‘1/6‘2)\/(k2 k, )2 —sin® 9,
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Incidence on a dielectric half-space

I-r=2i7 r-2-2
_22 £, +7Z,

27

1+T=T T= 2
Z,+7Z,

[Hx,Ey,HZ} Perpendicular Polarization |

7= i
klz

Z, = WO,
kZz

2
. cos _(ﬂl/ﬂz)\/(kz/kl ) —sin” 4

2
cos +(u1/,u2)\/(k2 [k, ) —sin® 9
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ki = o\ 1€ 9 =5

ky = o\ 11,8, k, sin§ =k, sin g,

k, =k s
k,, =k, cos &

ky, = k2 kP sin® 9,

[Ex,Hy,EZ] Parallel Polarization
Z, :&
e,
Z, :&
e,
2 .
- :_cosé*I —(51/82)\/(k2/k1 ) —sin® 9,

I
cosJ +(6‘1/6‘2)\/(k2 k, )2 —sin® 9,

Corso di Campi Elettromagnetici 15 Maggio 2020



Incidence on a dielectric half-space

T ZlT rzﬁ

- _Z_2 £, +7Z,
27

1+ =T T= 2
Z,+7Z,

[Hx,Ey,HZ} Perpendicular Polarization |

Z = a]zﬂl r cos _(M/ﬂz)\/(kz [k )2 —sin” 4
1z I
2 .
Z, - CZﬂz cos +(y1/,u2)\/<k2 [k, ) —sin® 9
2z
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ky = oy &,

ky = o\ 11,8,
k, =k s
k,, =k, cos &

[EoH,.E |

F”

9 =4
k, sinY, =k, sin g,

ky, = k2 kP sin® 9,

Parallel Polarization |

_cosSI —(81/52)\/(k2 k, )2 —sin® &

cos g, + (51/52)\/(k2 /k, )2 —sin® §
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Normal Incidence

T ZlT FZM

- _Z_2 £, +7Z,
27

1+ =T T= 2
Z,+7Z,

[Hx,Ey,HZ] Perpendicular Polarization |

U 2
212?1 . COSSI—(yI/yz)\/(kZ/kI) —sin® 9
z n = >
7 O c0s91+(y1/y2)\/<k2/k1) —sin’ 4,
? k2z
Normal incidence
. b k. =k
— . 4, =0° —)
@ . ky, =k,
g K I o=0 & Hy
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ky = oy &,
ky = o\ 11,8,
k, =k s
| k,, =k, cos & |

|E,.HE, |
Z, = ki
(2o 1“”
Z2 — kZZ
we,

9 =5

k, sinY, =k, sin g,

hzng—ﬁgﬁg |

Parallel Polarization |

_cosSI —(6‘1/6‘2)\/<k2 k, )2 —sin® &

cos g, + (51/52)\/(k2 /k, )2 —sin® §
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Normal Incidence

T ZlT FZM

- _Z_z i A
27,

1+T'=T =
Z,+7Z,

[Hx,Ey,HZ} Perpendicular Polarization |

k, =k s
k,, =k, cos &

ki = o\ 1€ 9 =5

ky = o\ 11,8, k, sin§ =k, sin g,

ky, = k2 kP sin® 9,

[Ex,Hy,EZ] Parallel Polarization |
Z, _he cosd —(& /¢ )\/<k k )z—sinzg
05 - 1 —(&1/& | k2 / R : 1
z, - ky. cos 9, +(51/52)\/(k2 /k, ) —sin® §
we,

)7, 2
212?1 . COSSI—(yI/yz)\/(kZ/kI) —sin® 9
z n = >
7, - 2 cos +(y1/,u2)\/<k2 [k, ) —sin® 9
kZZ
Normal incidence
E o k,=k) z = a/zﬂl - C‘Z‘l
_ 91 —(° ‘ 1z 1
k z = k 0)
@ l21 ? ? ZZ :ﬁ:gZ
g I o=0 SN k22
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Normal Incidence

k = ue
Z F:M ! Fhé
1_F:Z_ZT Zl+22 kzza) &,
1+T=T T= 22 k. =k sing
Z,+7, ki, =k, cos 9,
[HxaEyaHz} Perpendicular Polarization L [ExaHy,Ez]
(0) 5 . k
Zl:k—lu1 Cos'gl_(/%/ﬂz)\/(kz/kl) —szgl lei
- L= we | r
2 2 I
Z, _ Ot c0s91+(y1/,u2)\/<k2/k1) —sin” 9, z,- ky.
kZZ a)gz
Normal incidence J_
" . k,=k| z= O _of, ol A _¢,
— ~ 4 =0° — k. Kk oyue 8
k, =k
@ 121 2z 2 22 :% _ gz
& M o=0 & b kzz
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'91 :‘gR

k, sinY, =k, sin g,

ky, = k2 kP sin® 9,

Parallel Polarization |

_cosz91 —(6‘1/6‘2)\/<k2 k, )2 —sin® &

cos g, + (51/52)\/(k2 /k, )2 —sin® §

Z = ki, _k_oyHE _ ﬂ:é,
wé,  we, we, & !
k

Z,=—%-=¢,
WE,
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Normal Incidence

, 7Z,-Z, k, = o\ 1€ 9 =5
—~ - 5
2
27 k. =k sin$
14T =T T=—"22 x = S k. =\Jk2 — k2 sin’
= —k{ sin” 9
Z+2, ki, =k cos$, * \/2 1 I

In the case of normal incidence, perpendicular and parallel polarizations
behave the same

Normal incidence J_ ||
Ky K, kl _ kl Z - R Y & Z = ki, ke oypeE _ /ﬂl =
z - - - - - - 4l T 51
— ~ 4 =0° — ki ki oy me &1 s w8 & &
k, =k, U
® & ) Z,=—*== _ s _
& A c=0 5@ g kZZ gz Zz - B gz

e,
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Normal Incidence

Perpendicular Polarization L Parallel Polarization |l
k
z; z:
¢ H & Hy

O

& Hy o=0 & Hy & M oc=0 & Hy
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Normal Incidence

Perpendicular Polarization L Parallel Polarization |l

In the case of normal incidence, perpendicular and parallel polarizations
behave the same

~l

=y
—
TWL
—
=
el !
acfl
=
H
w
—
v

O

& Hy o=0 & Hy & M oc=0 & Hy
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Limit angle

Lr—7

n n / _Z2 71
=k, +k,.i, 1-T'=—-T =2
S\ kT i< 1ZZ i
(F)=Ee /™ 1+T=T T= 2
Z,+7Z,

[Hx,Ey,HZ} Perpendicular Polarization |

ou 7
le—k . . cosgl—(yl/yz)\/(kz/kl) —sin’ 4,
1z I
2 .
Z, - CZﬂz cos +(y1/,u2)\/<k2 [k, ) —sin® 9
2z

k,=ki +k.i
kR - kxix - klziz
kT — kxix + kZZlZ
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ki = o\ 1€ 9 =5

ky = o\ 11,8, k, sin§ =k, sin g,

k, =k s
k,, =k, cos &

ky, = k2 kP sin® 9,

[Ex,Hy,EZ] Parallel Polarization |
A _hy cos,SlI—((91/52)\/<kz/k1 )Z—SinzwgI
== >
z, =22 cos 9, +(51/52)\/(k2 /k, ) —sin® §
we,
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Limit angle

k, = o\ e _
— A X Z, 1_,=Z2—Z1 1 Hi& 9 =5
ky =k, +ky.i, ===l Z, +2, k, = o\ ¢, k sind, =k, sin 4,
iy 2
E (¥\=F o /KT 27 = 1
E I.)_]ETeJ 1+T'=T T= 2 kx_kISIn'gl ‘ k =\/k2—k25in219 ‘
Z,+7Z, ki =k cos 2z 2 — K I
[Hx,Ey,HZ] Perpendicular Polarization L [Ex,Hy,EZ} Parallel Polarization |
OH, 2_~, k 2
s RO O - (/e PG
- rL=cos (/1) ( . 2 sin® 9, ' e rII=_cos191 (&/€;) (kz/k : in” 9,
Z, :% cos & +(:ul/ﬂ2)\/(k2M2 4 V= ky. cos Y +(€1/6‘2)\/(an2 G
2z e,
o k2 =y . . =y kz
if =<1, anangle § exists such that sin g, = -
1

1
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Limit angle

k, = o\ e _
ky =k, + k.1, ===l Z, +Z, ky = oy e, k,sin 9, = k, sin 9,
- 2
=\ o KT 27 = 1
2(r)_ETeJ 1+T =T T= 2 k, =k s ‘ ) =\/k2—kzsin29 ‘
[Hx,Ey,HZ] Perpendicular Polarization L [Ex,Hy,EZ} Parallel Polarization |
_ () 2 o 9 k 2 .
7 =L 9 — \/kk _sin 9 7 == _ \/ _ sin?
sy r, - cos 3 — (/1) ( 2 [k )2 SN vy ' e r =_005191 (/&) (kz/kl )2 sin” &
z, =2 005‘91+(ﬂ1/ﬂ2)\/(k2/k1) —sin® g, LY cosl91+(51/82)\/(k2/k1) —sin® §
k. " os
o k2 =y . . =y kz
if =<1, anangle § exists such that sin g, = -
1

1
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Brewster angle

z Z,-Z, k) = 0\ € 9 =5
1—F=Z—2T Z +Z2, ky = 0 ¢, k,sin, = k,sin 9,
2Z k. =k sin 9
1+I'=T T=—"2 x = K Sy k %2 — k2 sin?
= —ksin” 9
2yt 2y ki, =k cos 9 o \/ 2 :
[Hx,Ey,HZ] Perpendicular Polarization L [Ex,Hy,EZ] Parallel Polarization |
_ 0l 2 ., k 2
7, =—1 g - \/k k, ) —sin” 4 Z, =—= - \/ —sin?
1 k. rl:cos (/) (z/ 1)2 SI” vy 1 s, - cosd —(&/¢,) (kz/k1 )2 sin” 9
z, =2 c0s91+(#1/ﬂ2)\/<k2/k1) —sin® 9 Zzzki c0s191+(51/52)\/(k2/k1) —sin® §
k. iy

Let us explore the possible existence of an incidence angle such that there is no reflected wave.
Let us consider the simplest, yet important, nonmagnetic case (x,=1,). Of course, discontinuity implies in this case g#s,

kR : ------- 1‘16,\'2\‘ kxix _____________________ _kT

& M c=0 & 1
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Brewster angle

Z, B M ki = o\ 1€ 9, =4,
1—F=Z—2T Z +Z2, ky = 0 ¢, k,sin, = k,sin 9,
2Z k, =k s
1+T'=T T=—2- e |k =\Jk? —k?sin* 9 |
Z,+7Z, Iklz:klcos‘gl I 2z \/ 2 T K I
[Hx,Ey,HZ] Perpendicular Polarization L [Ex,Hy,EZ} Parallel Polarization |
_ 0l 2 ., k 2
Z, =—— S — \/ k, k| — 4 7, =—1 — \/ —sin?
'k r, - cos 3 — (/1) ( 2 [k )2 SN vy ' e r - _005191 (/&) (kz [k )2 sin” &
% :% cos +(,U1/ﬂz)\/(kz [k, ) —sin® 9 z, _ k. cos S, +(£1/(92)\/(k2 /k, ) —sin® §
2z e,

Let us explore the possible existence of an incidence angle such that there is no reflected wave.
Let us consider the simplest, yet important, nonmagnetic case (x,=1,). Of course, discontinuity implies in this case g#s,

This condition cannot be enforced, since 1=y, and ¢ #¢,
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Brewster angle

1-r=2L7 r-2—-
_Zz L, +7Z,

27
1+ =T = —
Z,+7Z,

[Hx,Ey,HZ] Perpendicular Polarization |

Z, =% . cos 4 —(,ul/,uz)\/(k2 k, )2 —sin® 9
1z I >

Z, :% cos G "‘(ﬂl/ﬂz)\/(kz [k ) —sin’ §
2z

k, =k s
k,, =k cos§

ky = o\ & 4 =9,

ky = o\ 11,8, k,sin 9, = k,sin 9,

k. =k} —k?sin®

[Ex,Hy,EZ] Parallel Polarization |
Z L cosd —(& /¢ )\/(k k )2 —sin® 9
0)51 | __ 1 1/ <2 2 1 2 I
z, _ k. cos 9, +(€1/6‘2)\/(k2/k1 ) —sin® §
we,

Let us explore the possible existence of an incidence angle such that there is no reflected wave.
Let us consider the simplest, yet important, nonmagnetic case (14=1,). Of course, discontinuity implies in this case &#s,
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Brewster angle

z Z,-Z, k) = 0\ € 9 =5
1—F=Z—2T Z,+2, ky = 0 ¢, k,sin, = k,sin 9,
2Z k. =k sin 9
1+I'=T T=—"2 x = K Sy k %2 — k2 sin?
= —ksin” 9
2yt 2y ki, =k cos 9 o \/ 2 :
[Hx,Ey,Hz] Perpendicular Polarization L [Ex,Hy,EZ] Parallel Polarization |
_ 0l 2 ., k 2
7, =—1 g - \/k k, ) —sin” 4 Z, =—= - \/ —sin?
1 k. rL:cosl (#4/ 1) (2/1)2 SI” vy 1 s, r”:_cosgl (&/) (kz/k1 )2 sin” 9
22:% cos91+(ﬂ1/ﬂz)\/<kz/k1) —sin® 9 Zzzki cos191+(51/52)\/(k2/k1) —sin® §
k. iy

Let us explore the possible existence of an incidence angle such that there is no reflected wave.
Let us consider the simplest, yet important, nonmagnetic case (x,=1,). Of course, discontinuity implies in this case g#s,

_ } | ;
Sil’l2 193 = ) —) F“ =0 kngk,ﬂfx kx;‘ _____________________ .kT A
& +8& I' #0 k1. ("91? ky.i.
; P : - ki ("9’ z
An unpolarized plane wave incident at angle 93 is reflected with i g
perpendicular polarization @ EI Ztkli @

& M c=0 & 1
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Brewster angle

k. =k cos 3 ki = o ue,

k,, =k —ksin* 9, K = o’ ue,

Z
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