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2. A Fresnel rhomb is an optical device used to convert linearly polarized light into circu-
larly polarized light. As shown in Fig. 2, light hits the surface of the rhomb at normal
incidence, it then undergoes two total internal reflections inside the rhomb, and then
leaves the rhomb again normally.

Figure 2: Fresnel rhomb.

The total internal reflections are such that each reflection generates a phase difference
of 45° between the component of the light-wave that is parallel and the component
that is perpendicular to the plane of incidence (the plane of the page in Fig. 2), and so
after two internal reflections a lightwave that was originally linearly polarized at 45°
with respect to the plane of incidence becomes circularly polarized.

(a) For a single internal reflection, find the phase shift that the reflected wave acquires
relative to the incident wave assuming the electromagnetic wave is polarized in
the plane of incidence.

[Hint: Let r be the ratio between the complex amplitude of the reflected wave and that of
the incident wave. At total internal reflection, one has |r| =1, sor = € for some ¢.]

(b) Calculate the phase shift that the reflected wave acquires relative to the incident
wave when the electromagnetic wave is polarized perpendicular to the plane of
incidence.

(c) If each of the two total internal reflections in a Fresnel rhomb occurs at an angle
of incidence of #; = 53.3°, calculate the index of refraction n of the Fresnel rhomb
relative to that of the surrounding medium.

[You might find useful the following trig. identity:  tan (o & ) = [anedtans

lFtanatan g °
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