Lect. 13: Oblique Incidence at Dielectric Interface
(Cheng 8-10) =

E = ;El exp(_]lglxx) exp(_jﬂlzz)

l
E, =y TE, exp(—jB,x)exp(jf.2)

;= y_rEl- eXp(—j B, x) exp(=jf,.2)

&>

H, = (-xc0s0, +zsin6,) L exp(—j B, x)exp(—jB.z)
'h

— - - . I'E.
H, =(xcos@, +zsinb,.)—

exp(—/jB,.x)exp(jf.z)
"

H, =(-xc0s6, +zsin Qt);—E" exp(—j B3, x)exp(—j,.z)
2

Unknowns: I',7,8.,6,

Perpendicular Polarization
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lexp( JB.x)exp(—jp.z)
I'E; exp(—jpB.x)exp(jf.z)
TE exp(—jB,.x) exp(—jf,.z)
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B.C.'s at z=0

1) Etan continuous (E; +Er =Ey)

exp(-jf.x)+ T'exp(-jB.x) =7exp(-jp,.x)

" (a) ,le: B :,Bzx and (b) 1+I'=7

From g, = B =5, : L., all identical
sing=sin@. w145 5IN0, -0\ &, SN,

With 4 =4, and n= e

nlsinHl. :nzsin@t . Snell's Law
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Snell's Law: nlsinq. =n25inQ

=» Refraction
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B.C's at z=0

2) H,__ continuous
tan

_C0s0, , COS6, - COSO,
Th Th 7>
With 1+T =7,

Ty / cos Gt —771/ COS Hl.

H, = (—x COS 0; + zsin 0;) 5 exp(—jB.x)exp(—jp.z) L 75 / cos 0,+m / cos 2
'n
Hy = (0056, +25n )~ exp(-jA)exp(if2) g = 212!%%G
" 17, 1€086,+17, 1 c0s ),
T TE

H, = (-xC0s6, +zsin0,)—Lexp(—j3,.x) exp(- j 3,.2)
i)
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7y / cos et —nllcos 6?1.

I -
/5 / cos Ht +1 / cos ‘91‘

anlcose
T = L
- 71, 1€08 6, +1p / C0S 6,
_ X
Ei .
)—Z Remember for normal incident
- y
k r_le=th . __ 20
Hy + 1, Ny + 1,

For oblique incidence of perpendicular polarization, effectively

T T,
, —
cos 6, 7 cos 6,

=
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E :450’/10

For 6, =20° 6 =sin™ %sin(ZO") =0.85°

I =-0.3542, 7= 0.6458
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‘ For 6 =20° 6, =9.85
e =4¢,, y,

['=-0.3542, 7= 0.6458
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For 6 =20° 6, =9.85
e =4¢,, y,

['=-0.3542, 7= 0.6458

Total and Transmitted Waves .
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v' Parallel Polarization

0 =X

H_i = ;Hl. eXp(—j,lex) eXp(_jﬂlzZ)
H, =yH, exp(-jB, x)exp(jp,.z)

H, = yH, exp(-jf,.x)exp(-jf,.z)

E; = (xcos6; —zsin6,)H n, exp(—jB,,x) exp(-jp,.z)

. I E, = (-xc080, —zsin6,.)H i, exp(-jB,.x)exp(j},.z)
y Z

E, = (xcos0, — zsin 0,)H n, exp(-jB,,x) exp(- jf,.z)

A

E_p He__p oH_ Jn_.m

Ei Hi Hi Ei 7,
7,
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v' Parallel Polarization

7,
Hr_ Ht: 772_ 77_1

= =7
H, Hi Ei Uy,
s

E&M 2 (16/1)

;= yH  exp(—jp,.x)exp(-jf,.z)
= y(-I)H . exp(-jB,.x)exp(jB,.z)

= ;z—eri exp(—JjpB,.x)exp(-jpB,.z)
2

E; = (xc0s6, - zsin 6,) H 5, exp(~j B,,.x) exp(—j ;. 2)
E, = (-xC080, — zsin 6, ) H 1, (-') exp(~ j 3,.x) exp(j B,.2)

E, = (xcos6, —zsin 6,)H 7,7 exp(= jB,,x) exp(~j3,.7)
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B.C's at z=0
1) H __ coutinuous (H +H =H)
tan I v t

exp(-ia.x)— Texp(-in.) =" rexp(-p,x)
Uy,

@B = P =y, 0) 1-T= e
2

From ,le= B = ﬁzx: ﬁtan all identical

H—: yH exp(=jB,.x)exp(~jB..z) o sing =sin@ and @,/ 14 SN0 =@\ ¢, SING
H_ I”—lrﬂiexp(—jﬂzxx)exp(—jﬂzzn o ,
n, nsing -n,sing : Snell's Law
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B.C's at z=0

2) E.__ continuous
tan

COoS 01. +I'cos 6; - 7C0S @

With 1- = ‘A,
Uy,

1, cos&t =17, cosHl_

2n ,COS Hi

I 4t

1, C059t+771COSQZ_ 1, cos@t+771c039i

E; = (xc080, - zsin 6,)H 7, exp(-j B,,.x) exp(- j B..z)
E, = (-x¢c080, — zsin 6,)H n,(-T') exp(~ j 3,,.x) exp(j B,.2)
E_t (;COS@t—;SinQt)HlJ]lT€Xp(—jﬂ2xx)exp(—jﬂ222)
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1, cosé?t /A cosHi

2n ,COS Hi

1, cos&t+7ylcos¢9i

I 4t

1, cosHt+7ylcosé?i

Remember for normal incident

T M, — M _ 21,

= 1=
Ny, + 1y N, T 1y

For oblique incidence of parallel polarization, effectively

n, = n,co0s6., n,=n,CosH,
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de, =¢&,, 1, =, and 6. = 20°

Perpendicular Polarization ‘

0, =9.85",1'=-0.354,7 = 0.646
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2, =¢&,, =M, and @ :from0° to 90°

Incidence Angle : 0 Incidence Angle : 0

Perpendicular _ Parallel
Do you see any difference?
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2, =¢&,, M =M, and g :from0° to 90°
Reflected and Transmitted Waves only

Incidence Angle : 0 Incidence Angle : 0

Perpendicular _ Parallel
Do you see any difference?
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-1 External reflection
£ <& 0.8 -
0.6 -
Enlly | €., 04 _:% 8’ FH
o-
Z 02 =
-M'E ...'...
—0.6-1 F’s“
"0-8-,: 1 .g
R R R I R L L R
0 10 20 30 40 50 60 70 80 92
Incidence angle, 6,

For a certain incident angle, there is no reflection for parallel polarization

=» Brewster angle
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n./cosé, —n, [cosé.
ForT, - L 2 A K W)
/cosé’ +771/c059

\/5 cos& \/Zcose

'.nlcosel. =N, cosHt,

But nlsinel. :nzsin g, (Snell'slaw)

-.No ‘91' exists.
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cosé —n, cosé
ForT, RO TR g
1, cosé?t+nlcosé’i

\/;cosﬁt —\/;cosa. =0
& 2 !

.'.nzcosel.znlcosé’t and nlsmé’i =n23|n6?t

_ n 2 1’112 _1 n2
sinZ@. :222 and cos24. = St -0 =tan~ 4 <
L ) +n, L n+n, ! n

For the previous demo, 6’1. =tan—1(«/§j=54.7°

For dielectric materials, Brewster angle exists only for parallel polarization
(Assuming = ,u2)
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— Incident sun light has both perpendicular and parallel polarization
— At Brewster angle, only light with perpendicular polarization gets reflected

— A polarizer can block light with certain polarization
— Then, reflection of sun light can be entirely blocked
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