Problem 5

Let the radius of the sphere be 1, and let the screen be distance b from the center of the
sphere. Consider a ray from the source at angle 6, ending at radius r on the screen.
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For the ray to be transmitted, we need § < arcsin(1/n). In this case, ¢ = arcsin(nsin(6))
and r = sin(260) + (d — cos(260)) tan(¢). Qualitatively, this function has a local maximum
with value r; before dropping to —ry at 6 = arcsin(1/n).
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The local maximum causes a caustic, so 7 is the radius of the bright inner circle. Then, the
radius of the outer circle is r,. We measure r; = 0.295, 7, = 1.386, leading to n = 2.17,r =
3.71. Because the scattering rate is low, light leaves by scattering iff it was initially reflected,
so the proportion leaving by scattering is cos(arcsin(1/n)) = /1 — 1/n2 =[0.887|.
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