Problem A: Refract Facts

2015 Mid-Atlantic Regional Programming Contest
Draft November 3, 2015

Problem A:

A submarine is using a communications
laser to send a message to a jet cruising over-
head. The sea surface is flat. The submarine is
cruising at a depth d below the surface. The jet
is at height h above the sea surface, and a hori-
zontal distance = from the sub. The submarine
turns toward the jet before starting communica-
tions, but needs to know the angle of elevation,
¢, at which to aim the laser.

When the laser passes from the sea into the
air, it is refracted (its path is bent). The refrac-
tion is described by Snell’s law, which says that
light approaching the horizontal surface at an
angle ¢,, measured from the vertical, will leave
at an angle 6, given by the formula
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where n; and ns are the respective refraction indices of the water and air.
(The refraction index of a material is inversely proportional to how fast

light can travel through that material.)
Input

Input will consist of one or more datasets.
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Each dataset will consist of one line with 5 floating point numbers.

In order:

e d, the depth of the submarine (specifically, of the laser emitter) in feet, 1 < d < 800

h, the height of the plane in feet, 100 < h < 10,000
x, the horizontal distance from the sub to the plane in feet, 0 < x < 10,000

n,, the refractive index of water, 1.0 < n; < 2.5,

® N9, the refractive index of air, 1.0 < ny < ny

A value of 0 for d will signal the end of input.
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Output

For each dataset, print a single line containing the angle of elevation in degrees, to two decimals
precision, at which the submarine should aim its laser to illuminate the jet.

Example

Given the input:

600 600 1000 1.333 1.01
600 1200 4000 1.5 1.01
000O00O0

the output should be:

44 .37
11.51
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