
Lect. 5: Total Internal Reflection
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Consider k-vector diagram:

Direction: Direction of wave propagation
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- Direction: Direction of wave propagation

- Magnitude: ω με
As θ changes k k k traces on a circleiθ x

z
- As θi changes, ki, kr, kt traces on a circle
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What happens if ?i cθ θ>

2n

1n
θ

tθ

x

2 2 2
, ,t t z t xk k k= +

2 2 2 2 2

, 1 0( sin )t z z ik k n k θ= =Q

iθ x

z
0<2 2 2

, ,t x t t zk k k= − 2 2
2 0 1 0( ) ( sin )in k n k θ= −

,t xk jα∴ = −

tx tzjk x jk z
t iE tE e e− ⋅ − ⋅∴ =

1
2 2 2[( i ) ( ) ]k k kθ

,( )( ) t zjk zx
itE e eα −−= Attenuation in x-direction!

Total internal reflection
2 2 2

, 1 0 2 0[( sin ) ( ) ]t x ik j j n k n kα θ= − = − −

1
2 2 2

0 1 2[( sin ) ]k n nα θ∴ = −

Optoelectronics (10/2) W.-Y. Choi

0 1 2[( sin ) ]ik n nα θ∴



Lect. 5: Total Internal Reflection

1 2 1 22 ,   and : from 0  to 90
Incident and Transmitted Waves for perpendicular polarization

iε ε μ μ θ= = o o

Incident and Transmitted Waves for perpendicular polarization
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Homework
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Frustrated Total
Internal Reflection
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Beam Splitter
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