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Snell's Law:  n,sin6, =n,sino,

e

Iftn >n,, 6.<6, O =90° when sind, = (Critical angle, 6,)

h
What happens when 6, >6.?  Total Internal Reflection

FromB.C's, 6, =6. .= /p,.

n L When 6, > 6., B, >k,

Since B,.* + B,.7 = (n,k,)’
B <0

Let B,. =—ja, ﬂzxz —a’ = (n2k0)2

1

a= \/ﬂ2x2 —(n,ky)* =[(nk, sin 0,)" = (nyky) 1
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:\/59 n2: 1

Theta=50 deg

Evanescent wave, Surface wave
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Optical fiber
for optical communication
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Optical Communication Networks
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What is T for TIR?

n,cos —n,cosl

I - cos?@ = 1-sin’0), =1-(")2sin20
n,cos @ +n,cosb, - i
From Snell’'s Law: nsinf.=nsing: = €086, =d=("1)*sin?6)\"2
)

2
n ., . n :
n cosd, —n,(1-(—1)*sin’ )" cos 60, — (=% —sin’ 0)"”
n n

= 2 — 1
I -

N2 . 2 1/2 n 2 .
n cos +n,(1— (n—l) sin” 6,) cosd, + (% —sin’ 0)"”
2 n

1
cos 6, —[nz —sin’ Q]é .
= 7 with n =
cos b, +[n2—sin26?i] ? &
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1
cos@ —| n* —sin’ 6, % . _ . n
r = i [n ’] with n =22 sin@, >sin @, for TIR sin@, =—= =n

1 n
; 1
cos 6, + [nz —sin’ Q}A &

_cosl9i+][s1n249i—n2] |
R CL 0 N ey ey S

)

(Sin° 0, 1)" (g 70 R NC R

_ 1
L. |=1, ¢= tan"( c0s0 cosd cosd)

For TIR, only phase shift between incident and reflected waves

It can be shown for parallel polarization,

.2 A
(sin” @, —n")"?
n’° cosd

L= ej¢”, p=r+ 2tan” (

7,,7, can be determined from I' , T,
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=10 |, % _l(nzj o
:j/ ‘93: tan . ~34.8
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(sin’ 0, — nz)%

(sin® @, — nz)%

_ -1
n =1.44 =2tan” ¢ =7 + 2tan”( )
1 : 1 | n* cos 6
cos 6, i
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" n=—
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Applications of TIR ‘ﬁ:'i!l-:u:.ui

- TIR
6,6,
—1—
[ncident
A light

Dielectric Mirror

Dielectric waveguides (Fiber) |

Incident Reflected
light light

Optical tunneling =» Beam splitter
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Homework (Due 10/11)

An EM wave whose E—field given as E = ( x sin©@ +y + z E,) exp( jkx) exp(-jk,z) is
obliquely incident on the dielectric interface as shown below.

Ax

%
6¢y, 1, -

&> My

v

For the incident angle of 30 degrees, what is the the reflected E—field?
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