UPW AT A PLANAR BOUNDARY

Cas_e I: TE Wave
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+jKyX—Jk,Z

Reflected: Hy = ——(-Xsin0; + Zcos 6, )e‘jkxx‘jkzZ

Transmitted: H —5(2 sin6; +2cos6;)e

Nt

HKixX - [KtzZ

TE Wave
ki X




IMPOSE BOUNDARY CONDITIONS

E//and H,, are continuous at x = 0:
Ei/y +Er// = Eyy, and Hyy, +F|r// =Hy, forally,z
Therefore
JEq e+jk;< j(koSin®; )Z+yFE o jk/( j(kosinB; )z
—yT Eoeﬂ'ktxf - j(k¢sinBy)z
Sinet B kO
I Sinei B kt

= K,SinG; =k, sinB, =k¢sinB; =k, = 6; =6
=E,(1+[)=E,T = 1+C=T

(Snell's Law)
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SOLVE TE BOUNDARY EQUATIONS

We found:
140=T T Lkl
T o — T 1 COoS0b;
Solving yields:
r(,) = N, C0sH, —m,cos6, n, '—1 where ' 2 N, COS 0,
n,Cco0s6. +n.cosb, n_ '+1 M, COS 0,

Normal incidence: 6 =0, cos6 =1, and n, =n/n

- Ju,/
r(0)=2n__ 1 Where R R o

M, +1 ' Jui /€,

Glass has ¢ = 4¢,son, = 0.5 = [ =-1/3 when light hits glass

Reflected power fraction = [['|? = 1/9 (from both surfaces)
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SOLVE TM BOUNDARY EQUATIONS

TM Wave

Option A: Repeat method for TE (write field expressions with unknown
I and T; impose boundary conditions; solve for I" and T)

Option B: Use duality to map TE solution to TM case
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DUALITY OF MAXWELL'S EQUATIONS

By making these Our original Become these:
substitutions to equations :
our TE solution: = =
E-_,oH H-E
. . VxE = e —> VXH_S@’[
_> — —
-9 _yxE=y9H
H . _E VXH_S&t —> VxE—uat
£ <> U VeeE =0 —  VeuH=0

V’MI:I = O —> VOSE = O
Are they valid?

Under what circumstances does the solution to the resulting
set of equations satisfy Maxwell's Equations?

They ARE Maxwell's Equations, just reordered, so the
solution to the first set works if € <> nand ....
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DUALITY: TM WAVE SOLUTIONS

For TE waves we found:

nn —1 , a 1, COSH, \/ﬂ
[e(8) = T where n'= —n coso. and M=4/¢

For TM waves :

Duality swaps u <> ¢ to yield:

nt‘1 cosf,
n; ' coso, N — 1 : M, COs 6.
0.)=— = ——"— where = — '
TM( ) T] COSO +1 n TMn_1 n TMn nt CcOS et
N, coso,

But this swap requires the boundary conditions to be
dual too. They are dual here because both E,and
H, are continuous across this boundary.
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TE AND TM WAVE REFLECTIONS
ﬂCriticaI

Brewster’s angle 0; Brewster's angle 05

High power v o  Horizontally
laser beam |<(_ )= polarized glasses

oV cut glare
Brewster’'s angle
laser window

No reflection
at O Ocean wave
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