Graduate Preliminary Examination, Thursday, May 6, 2010 - Part I 5

Section B. Electricity and Magnetism

1. Birefringent material

A “birefringent” (doubly-refracting) crystalline material is a material with an anisotropic
dielectric tensor, so its index of refraction depends on the plane of polarization of in-
cident electromagnetic waves.

For a certain material, the dielectric tensor is given by

1 A O
€ij =€ A1 0
0 0 1

where €, A are real, and 0 < A < 1 —¢7!, which means that the constitutive relations

of the material are
Di=e) €;F;, Bi= poH,
J

where €y and po are the vacuum permittivity and permeability.

(a) Find the two possible frequencies w,,(,lc) and corresponding polarization directions
(of Ep) of a plane wave
E = Eycos(kz — wy,(k)t)

propagating parallel to the z-axis inside the material with a given wavevector k
= (O> 0, k) A :

(b) The plane z = 0 is the surface between the vacuum (z < 0) and the birefringent
material (z > 0). A plane wave with wavenumber k = (0,0, ko), frequency w, and
with linear polarization along the z-axis, coming from the vacuum, is normally
incident on the surface of the birefringent material. What is the direction of
polarization of the reflected wave? ‘

Note: you may find it convenient to change to a different Cartesian coordinate system
wn which the dielectric tensor is diagonal.
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