Optics Homework 6: Due Tues 1/29/08

Dr. Colton, Winter 2008

1. Fermat’s Principle of Least Time. Fermat realized that if you imagine all possible paths that light rays could take between the source and the destination, the actual path is the one that takes the least amount of time. Consider a light ray traveling from point A to point B, from a lesser index of refraction (n1) to a higher index of refraction (n2). Show that the path that takes the least amount of time is the one that satisfies Snell’s Law.

Hint: Find the time it takes for a hypothetical ray to travel from A to B when it enters the n2 medium an arbitrary distance x from the left, in terms of the n’s and c. Then take the derivative and set it equal to zero; this will give you the condition for the x that produces the minimum time and will quickly lead to Snell’s Law.

[image: image2.bmp]
2. Huygens’ principle. Huygen’s principle says that each point of space can be considered a point source of circular waves. The circular wavefronts add up to form wavefronts of the real wave. It’s often used to describe/explain diffraction through a slits, but it can be also used to describe/explain refraction. 
In the Wikipedia article here: http://en.wikipedia.org/wiki/Huygens%27_principle the following picture is provided in order to graphically illustrate refraction. I want you to produce the same sort of picture, being as precise as you can with rulers/compasses/etc, to show that the graphical prediction of refracted angle from the Huygens’ principle picture matches the numerical prediction from Snell’s Law for at least one incident angle (you pick the angle). 

(cont on next page)
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Huygens—Fresnel principle

From Wikipedia, the free encyclopedia
(Redirected from Huygens' principle)
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Draw an interface between an n = 1 and an n = 2 material. Draw the wavefronts of a wave hitting the interface at an angle. Just like the Wikipedia picture, treat each point where the wavefronts strike the interface as the source of circular waves propagating into the n = 2 material. Key: the wavelength of the circular waves (distance between wavefronts) must be exactly half the wavelength of the incident light because  is reduced in the material by a factor of n. Draw many circular waves going into the n = 2 material from at least four point sources and connect the matching wavefronts by drawing tangent lines like the green lines in the Wikipedia picture. 

Then measure the incident angle and the refracted angle and (hopefully!) prove that the refracted angle constructed this way is the same as what Snell’s law would predict.
3. P&W P3.2. Follow the method we used in class for the other polarization. Just derive the right-most form of Eqns 3.17 and 3.18. Or leave in terms of ’s and ’s.

B





A





n2





n1





d





h





L-x





x





Stare at this picture until you can visualize that the green tangent lines connect “matching” wavefronts. That is, if you label the wavefronts 1, 2, 3, etc., from the top of the page on down, the first green line is tangent to all of waves originating from wavefront #11, the second green line would be tangent to the waves from wavefront #12 (if those were drawn in), and so forth. And for what it’s worth, the green lines should be spaced slightly more closely together.











