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1. Polarization of a transmitted extraordinary wave

Consider the refraction of electromagnetic waves on a surface separating vacuum from an optically uni-axial dielectric
depicted below:
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FIG. 1: Refraction of an electromagnetic wave £€; incident to the surface separating vacuum from an optically uni-axial dielectric.
The polarization of the incident electric field, the wave-vectors k; r+ and the optic axis lie in the yz-plane.

a. Retrieve k. and 6, . by matching the wave-vectors oriented tangential to the refraction surface. (6 points)

b. Calculate the angle o which defines the polarization of the transmitted electric field of the extraordinary ray.
(6 points)

2. Optically uni-axial crystals as polarization converters

Consider an electromagnetic wave normally incident to a surface separating vacuum from an optically uni-axial
dielectric, depicted in Fig. (2). The incident electromagnetic wave is generated by two orthogonally polarized Nd:Yag

laser beams emitted at 1064 nm.

a. Determine the polarization of the electric field in the dielectric for the ordinary and extraordinary waves.

(6 points)
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FIG. 2: Refraction of an electromagnetic wave normally incident to the surface separating vacuum from an optically uni-axial
dielectric. The incident beam consists of two orthogonal polarizations £; ||y and &;,s||2. The optic axis is parallel to &; s.

b. Determine the ratio |€; s|/|E; | so that |Ey | = |E¢,0]. (6 points)
c. Assume that the incident wave in the complex representation has the form

Eip(r,t) = &mei(“*“”y and Eis(r,t) = 81»7561'(]“””7“’””/4)2, (1)

with aratio |€; s|/|€: p| leading to | € c| = |E+,0|. Determine the planes x = d for which the total electromagnetic
wave in the dielectric becomes circularly polarized. Counsider that n, = 1.8 and n. = 2.0. (6 points)
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