Physics 200C


Mid Term Exam 

7-May-04

Dr. Cebra






Name:  _________________

Instructions: Work all parts of both problems (each problem worth 50 points). No notes, calculators, etc. Please write your name on every page.

1. Consider the propagation of a monochromatic plane wave in a non-isotropic dielectric medium that is a uni-axial crystal such as calcite. Since ij is a symmetric tensor, there are three principle axes in which it is diagonal, that is Di = iEi, and here 
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. The x3 axis is then called the optic axis. Assume the wave vector k makes an angle  with this axis, and take k3 = kcos, k1 = ksin, k2 = 0. The x1x3 plane is then called the principle plane.

a) Starting from Maxwell's equations, find the set of linear homogeneous equations for the electric field components Ei. Then show that the two independent polarization states correspond to the "ordinary ray" for which Eo and Do are perpendicular to the principle plane, and the "extraordinary ray" for which Ee and De both lie in this plane but are generally not parallel. Find the index of refraction, no and ne, for each of these rays.

b) Describe how to construct a "quarter-wave plate" out of calcite. This quarter-wave plate can be used to convert linearly polarized light into circularly polarized light, or vice-versa. Derive an expression for the required thickness of the quarter-wave plate in terms of the frequency of the incident light, , and the two dielectric constants, 1 and 3.
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2. Consider a particular mode of an electromagnetic wave traveling inside a hollow rectangular metallic wave guide of high electrical conductivity. The wave guide is oriented so that the wave is traveling in the +z direction. The inside widths of the guide are a in x direction and b in the y direction. The electric field of this mode has only a y component and if given by 
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a) Use Maxwell's equations to derive the relationship between a, , and k. Show that this relationship implies a lower cutoff frequency for the wave guide.

b) Derive an expression for the magnetic field components associated with this wave.

c)   Make a sketch of the electric and magnetic fields inside this wave guide.


































_1145427317.unknown

_1145430135.unknown

