Negative Lateral Shift of a Light Beam Transmitted through a Dielectric Slab
and Interaction of Boundary Effects
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It is found that when a light beam travels through a slab of optically denser dielectric medium in air,
the lateral shift of the transmitted beam can be negative. This is a novel phenomenon that is reversed in
comparison with the geometrical optic prediction according to Snell’s law of refraction. A Gaussian-
shaped beam is analyzed in the paraxial approximation, and a comparison with numerical simulations
15 made. Finally, an explanation for the negativity of the lateral shift is suggested. in terms of the
interaction of boundary effects of the slab's two interfaces with air.
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Consider two rays that passing
through the slit
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Goos-Hanchen Shift inLHM
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At the boundary, x=0 k, =k, =Kk,
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In the region of incident angle that exceed the critical angle,
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Goos-Hanchen Shift inLHM

Let's check the boundary condition of electric and magnetic field

At the interface,
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Goos-Hanchen Shift inLHM

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

‘ Cause the Goos-Hanchen Shift in left direction
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Goos-Hanchen Shift in diglectric dab
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Goos-Hanchen Shift in diglectric dab
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The multiple reflection also should be considered,

d =2kacosd+nr =2k a+nr=27N

So total change of phase is,
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Goos-Hanchen Shift in diglectric dab

Then, Goos-Hanchen Shift isgiven as,
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And the sign of the numerator determinesthe
direction of Goos-Hanchen Shift,

K2 (k2 + K'2) k< sin(2k ja)/2k'ga - Left shift

It can be converted into the necessary condition of incident angle,
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Goos-Hanchen Shift in diglectric dab

S0, left Goos-Hanchen Shift can be easily observed in dielectric
media having large refractive index ,

Fixing the incident angle that satisfiesthe necessary condition,
Goos-Hanchen Shift versusthe thickness of the dab can be calculated
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FIG. 2 Dependence of the lateral shift s on the thickness a of
the slab, where the denser medium is chosen to be perspex of
refractive index n = 1605 at wavelength A = 32.8 mm, the
incidence angle is #; = 80.2°, a is rescaled by kla.
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Also the phase change of thereflected wave can be derived as below,
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FIG. 3. Dependence of the phases ¢’ and ¢ on kia. where
A=328mm, n = 1605, # =80.2°. ¢' is shown by the real
curve, and ¢ is shown by the dotted curve.



