


Goos-Hanchen Shift
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Goos-Hanchen Shift

Consider two rays that passing 
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Goos-Hanchen Shift in LHM

TE polarization
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Goos-Hanchen Shift in LHM

Let’s check the boundary condition of electric and magnetic field
At the interface,

'' ' ,E E E+ = '
1 1'' ' 2 2 2k k ε μ ε μ

'' '

,E E E
H H H
+
− =

1 1'' ' 2 2 2

1 2 2 1 1

( ) sinx xk k
E E E i

ε μ ε μθ
μ μ μ ε μ

− = = − −

2 2 21μ 2 2 21
1 2''

2

2 2 21

x xk i k k k
ER
E

k i k k k

μ
μ
μ

+ − −
= = −

1
1 2

2
x xk i k k kμ

μ
− − −



Goos-Hanchen Shift in LHM

Due to the negative permeability, the phase shift of 
reflected beam is opposite to the RHMreflected beam is opposite to the RHM

Cause the Goos-Hanchen Shift in left direction 

Calculated 
Goos-Hanchen Shift 



Goos-Hanchen Shift in dielectric slab

Using the boundary condition at 
0 d t th h fx=0 and x=a, get the phase of 

transmitted beam
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Goos-Hanchen Shift in dielectric slab
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Phase contribution is,
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The multiple reflection also should be consideredThe multiple reflection also should be considered,
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So total change of phase is,



Goos-Hanchen Shift in dielectric slab

Then, Goos-Hanchen Shift is given as, 
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And the sign of the numerator determines the 
direction of Goos-Hanchen Shift,

- Left shift 

It can be converted into the necessary condition of incident angle,



Goos-Hanchen Shift in dielectric slab

So, left Goos-Hanchen Shift can be easily observed in dielectric 
media having large refractive index ,

Fixing the incident angle that satisfies the necessary condition,g g y ,
Goos-Hanchen Shift versus the thickness of the slab can be calculated



Goos-Hanchen Shift in dielectric slab

Also the phase change of the reflected wave can be derived as below,

Phase change of reflected 
and transmitted beam 
versus thickness can beversus thickness can be 
calculated,


