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1. Good Old Ray Tracing with Lenses
Complete the following ray trace problems. ALSO: write next to the drawing if the
image is: real, virtual, or no image (2 points each)

2. Good Old Ray Tracing with Mirrors
Complete the following ray trace problems. ALSO: write next to the drawing if the
image is: real, virtual, or no image (2 points each)

3. Telescopes
(a) Draw a diagram of a refractor telescope. For full points include the following in your
diagram: the objective lens, the eyepiece lens, a ray trace for four parallel light rays
entering straight into the telescope. (4 points)

(b) If the focal length of the objective lens is 10 meters and the focal length of the eyepiece
is 0.25 meters, what is the magnification of the telescope? (2 points)

(c) What kind of aberration does a refractor telescope suffer from? What affect does this
aberration have when you look through the telescope? (2 points)

(d) Reflector telescopes that use spherical mirrors suffer from another type of aberration.
What is this aberration called? Define it. (2 points)

4. Fermat’s Principle and the Law of Reflection
Fermat’s Principle says that light will always take the path with the least travel time.
In this problem, you will be deriving the Law of Reflection from Fermat’s Principle.

Your goal is to show that for a light ray shining from point A, bouncing off the surface
and traveling to point B, the angles𝜃𝑖 = 𝜃𝑟
(a) First, come up with an expression of the total length of the reflected path from A
to B. (5 points tie breaker)

(b) Since our speed of light is constant, the path with the least travel time will be the
path with the minimum total length. Use a derivative on your answer from part A
to minimize total length and use that fact to come up with an equation. From
that equation, show that sin𝜃𝑖 = sin𝜃𝑟 . From this fact, it follows that 𝜃𝑖 = 𝜃𝑟 (5
points)

5. Fermat’s Principle and Snell’s Law
As in question 3, Fermat’s Principle says that light will always take the path with the least
travel time.
Keep in mind that the speed of light is 𝑣 = 𝑐/𝑛 where 𝑐 = 𝑠𝑝𝑒𝑒𝑑 𝑜𝑓 𝑙𝑖𝑔ℎ𝑡 𝑖𝑛 𝑣𝑎𝑐𝑢𝑢𝑚.
In this problem, you will derive Snell’s Law (Law of Refraction) from Fermat’s Principle.

(a) First, come up with an expression for the total time it takes for the light to travel
from point A to point B. (Hint: use the fact that 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 𝑠𝑝𝑒𝑒𝑑 × 𝑡𝑖𝑚𝑒) (5
points tie breaker)

(b) To minimize time, take the derivative of the expression from part (a) with respect
to 𝑥, the vertical distance from A to the point at which the light ray enters the
other medium. From this equation, prove Snell’s Law. (5 points)

