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Wave incidence We will look at...

« For many applications, like

’ I.
it's necessary to know what happens ; 5
to a wave when it meets a different Wave arrves at 0° from normal _
medium. Standing waves

\,

How much is transmitted? ‘ S II. ﬁ
Wave arrives at another angle

How much is reflected back? .

Snell’'s Law and Critical angle
Parallel or Perpendicular
Brewster angle

Reflection at Incidence Now in terms of equations ...

E,
H; 1—’ a
‘ﬁL— ES(Z) = Eioe‘}ﬁz)’z Incident wave

|:iis(z) = Hioe-ylzy :59'}/119
7
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o Incident wave

Normal Incidence
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Reflected wave
o It's traveling along -z axis E
s *é H,

Reflected wave

ETS(Z) = Efﬂeylz)’z

AL(@)=H 275 = 22ey

1

Transmitted wave
E

Ets(z) = Etoe_yzz)’\( H, é_'ak

Transmitted wave

l:its(z) =H,e"'y= %e—yzzy

2

The total fields

I, [T
I
I
L+
m
N
I
Im

E(©0)+E (0)=E(0
H,(0)+H, (0)=H,(0)

PE 10.8

Define
Note:
r= Ero = P
E, 7+ el+ =1
eBoth are
dimensionless
and may be
complex
r:E‘O: 21 e 0<|I|=1
Eo M2t
Case 1:
. . 17, =0,
Halla impedancias int.

. f=-17r=0
Refleccion, _ ) A
Transmision E, =-2jE,sinBzX
Y campos E, = 2E,sinBzsinat X

http://www.phy.ntnu.edu.tw/java/waveSuperposition/waveSuperpo
sition.html

Normal Incidence
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The EM field forms a
Standing Wave on medium 1

E, =2E_sinBzsinat X

Conducting
material

Standing Wave Applets

http://www.phy.ntnu.edu.tw/java/waveSuperposi
tion/waveSuperposition.html

http://www.ngsir.netfirms.com/englishhtm/Statw
ave.htm

http://www.physics.smu.edu/~olness/www/03fall
1320/applet/pipe-waves.html

Case 2:

Medium 1 = perfect dielectric g;=0
Medium 2 = perfect dielectric 0,=0
If 17, >, E.=E,+E;

r>o, =E, (€% +Te'h?)
randr arereal. = E, e 5 1+ Te?A?)

-2z, = 0,2mAmT6I... __hn__nA n=0123

or — 8,2, = 0, 1,271,37,.... Zmax B 2
__@+hn __ (2n+HA n=0123

Standing waves due to reflection
E =E +E =E,; (67 +Ie"/7) = E ;e (L+ &™)

1E41
Eio (1T

0,=0

Lossless
L2 %) Medium 2

in Zﬁl 4
Case 3:
Medium 1 = perfect dielectric g;=0

Medium 2 = perfect dielectric 0,=0

If n, <n,,
' <0O,7 andrl” arereal.

(@n+n __ (@2n+DA n=123
2B 4

Zmax =

Standing waves due to reflection
E, =E +E =E, (€ +Me"¥) = Ee @ (1+Te™™)

Lossless Medium 1 ,72 <,]1 (=] i 5
Ejo (1]
3 1 : o
(L)
z B
@n+1) ‘Lossless
=_T1 n=0,1,2,3 Medium 2

Normal Incidence
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Standing Wave Ratio, s

Measures the amount of reflections, the
more reflections, the larger the standing
wave that is formed.

The ratio of |E4|maxt0 |1E1lmin

(Bl [Pl 241

|E1|min |H1|min 1_|r|

Ex. Antenna Radome

A 10GHz aircraft radar uses a narrow-
beam scanning antenna mounted on a
gimbal behind a dielectric radome.
Even though the radome shape is far
from planar, it is approximately planar
over the narrow extent of the radar
beam.

If the radome material is a

, choose
its such that the radome
appears transparent to the radar beam.
Mechanical integrity requires d to be
greater that 2.3 cm.

PE 10.9

Power Flow in Medium 1

The net average power density flowing
in medium 1

Pan(d) =S RE[E xH, ]

= % R{)A(Eio(e_m1Z + rejﬁlz)x 95; (eiﬁll + r*e-jﬁlz)j|

Power Flow in wave

The net average power density flowing
in medium 2

1 *
Pae2(2) ZE Re[E,xH, ]

=% Re{f(r E.e P x 97 Eejﬂzzj|

2

2
o 2|Eo & o
=27 — .
41 o, s e
7 E
where a =z a <—é Wl

Reflected wavé

) i 2

Normal Incidence

I/
E ‘ i
=2l ) T S
1 . Transmitted wave
=Pl +Pl, ad,
Reflected wavk
Power in Media
iZ
P9 =22 oo | fe)

cl

i12

E
Paeo(2) = 21|’ —;e‘z”zz R{;]

c2

where

r=7\/?ﬂ_\/?°2 and eczzzsz—jﬁ
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We will look at...

Normal incidence

Oblique incidence (

Normal Incidence



