Problem 1 (40 points)

An x-polarized optical beam is propagating in z direction inside a semi-infinite dielectric slab (&
= 16) placed in free space. The dielectric slab has rectangular sidewalls (as shown below) with
dimensions much larger than the optical beam size.

a) If the optical beam is normally incident on one of the slab sidewalls in the xy-plane,
determine the propagation direction and portion of the optical power that is transmitted
from the slab to air.
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b) If there is a possibility of polishing the slab sidewalls, find the slab sidewall angel, a, at
which maximum optical power is transmitted from the slab to air.
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c) For part (b), determine the propagation direction and portion of the optical power that is
transmitted from the slab to air.

d) For the slab sidewall angel, a, calculated in part (b) and assuming a y-polarized optical
beam propagating in air in -z direction toward the slab, determine the propagation
direction and portion of the optical power that is transmitted from air to the slab.
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Problem 2 (35 points)

A plane wave traveling in medium 1 with & = 9 is normally incident upon medium 2 with & =
2.25. Both media are made up of non-magnetic and non-conducting materials. If the electric field

of the incident wave is given by
E; = 21.5 sin (2w x 10°t — 20mx)

a)  Obtain the time domain expressions for the electric and magnetic fields in each of the two
media.

b) Determine the average power densities of the incident, transmitted, and reflected waves.
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Problem 3 (25 points)

An optical beam at a 1550 nm wavelength is normally incident on a non-magnetic dielectric slab

with a thickness of 500 nm and &, = 4. Both sides of the dielectric slab are filled with air.
Determine the percentage of the optical power that is reflected back from the slab.
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