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PLANE WAVES AT PLANAR BOUNDARIES

Amplitudes and phases of reflection and transmission:
Phase matching
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First consider TE waves 5}

g,

Ei =V E°e+jk><}‘—jkzz

E, =yT Eoe—jKXX—jkzz

E _w +jkyx—jk-Z
Apply boundary conditions at x 20 Et =¥T Eoe ™™ z
E, continuous: Eq+TEq =TE where
1+T =T k,,:i =kjcos§

ki = o s |, ki = ofuys

PLANE WAVES AT PLANAR BOUNDARIES (2)

(1) Epy continuous: 1+C=T Ei o o=0,

Ht
(2) Hy continuous: -cos8(Eq/mg)+cos§L(Ey/me) =—cos T(Eq /)

c0s6¢ Mg )
1-T'=—"ZT_"2T (Note:n=n
Tocose My ( n=n

(1) &(2)= T=2[1+(nocosy/ncose)] —>0as Bi—>%

1f 5
)= TI'=T-1 5>-1las6—>Z and— O Mo— <=Mt | for g = 0
1 1
2 -1for ng == ny

where cos6; =+/1-sin® 6y ; sin® = (ct/ci)sing; (Snell's Law)
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PLANE WAVES AT PLANAR BOUNDARIES (3)

For s =5 For st <Ljg:

Strong reflections
near grazing

)

_ _ X ik X~k
Ej = (X sin 6 +ZCOSBi)H0T|ie+J XXl

z Can use same method as for TE
waves (see above) or “Duality”

METHOD OF DUALITY

Note: for p=J=0 we have:

VxE =—jopH VxH = joosE
VxH = jocE VxE =—jopH
V'HE =0 VesE =0
VesE =0 VeuH =0

Claim: if given valid solution in zone where p=J=0
and we write E > +H ,H —» zE
L—E,8—>1

This “dual solution™ is valid (if the new fields satisfy the
new boundary conditions)
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EXAMPLE OF DUALITY
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A) If TE is solution in(1), then TMistoo if ¢ >, E—>H

p—g Ho-E
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B) Inregion @ use same transformation to find TM solution, always

C) TM solutions in@ ,@match boundary conditions (B.C.) too

only if B.C. are also dual.
Here: B.C. are E,H, continuous; they satisfy duality (E, <> tH,)
Therefore duality yields TM solution immediately when B.C. satisfy duality

L35

EXAMPLE OF DUALITY (2)

TE Solution: Dual TM Solution:

_ €08 Bt 4flLo B0 B cos 64 +/€0/lo
1T - 3/{1+ COs 8 /It /et J - Ims 3/{1+ COS&  jey iy ]

Ire=Tte-1 - Im=Tmm-1

Example: TM reflection and transmission maghitudes
HR

C, = c
Bl < £l

Eilly > €4l T|

0 /BIB >

“Brewster's Angle”
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PHYSICAL INTERPRETATIONS OF BREWSTER’'S ANGLE

Normal Incidence:

— 0 _ _
Ei Et Eil/AHi| = mi = /e
. s s Et|/Ht| = = m
! 1

T | L Ht

For NO reflection E ,H;s must be continuous.

For normal incidence this is possible only IF i, = 1,

Angular Incidence:
W% e E,

Ei\}/ei/&/ 6, If [Ht| = [Hil, and |Et| < [Ei|, then there is an
H incidence angle where impedances match.
eg Ifp=pande >¢g
Then: n < =i/5 , Et| <[Eil

ALTERNATIVE INTERPRETATION OF 6g

E If , = p; g # g = null for TM wave when
0, + 6 =90° (then 6, = &) .
a0 if What happens when g, =g, 1, = 1.?
vacuum 6, + 6, =°80
z Magnetic dipoles are included, and

electron || for TE wave when 6, + 6, = 90°

Recall, dipoles . :
motion (then 6. = 65)

have a radiation
null on axis
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Multilayer refraction:

e B

W e & i

e reflection phases cancel

1/_%.\ z e.g. ionosphere = no losses, 100% transmission
k,” 6,

=0




