Optics Homework 13: Due Tues 2/26/08
Dr. Colton, Winter 2008

16 total points
1. Use the matrix techniques of P&W section 6.8 to design an anti-reflection coating: 

a. Show that for normal incidence and /4 films (thickness = ¼ the wavelength of light inside the material), the reflectance of a single layer (n1) coating on a glass is 
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 (use index of refraction of air = 1).

b. Show that for a two coating setup (air-n1-n2-glass; n1 and n2 are each a /4 film), that 
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   (use index of refraction of air = 1).

c. If ng = 1.5, and you have a choice of these common coating materials:  ZnS (n = 2.32), CeF (n = 1.63) and MgF (n = 1.38), find the combination that gives you the lowest R for part (b). (Be sure to specify which material is n1 and which is n2.) What R does it give? 
2. Multilayer coating plots: Suppose you design a two-coating “anti-reflection optic” (each coating set for /4, as in the last problem) using n1 = 1.6 and n2 = 2.1. Assume you’ve got ng = 1.5 and normal incidence, as in problem 1. If you design your coatings to be quarter-wave for = 550 nm, in the middle of the visible range, the R that you found in problem 1(b) above will be true only for that specific wavelength for two reasons: the index changes with , but more importantly, the thicknesses used in the coatings will not be /4 for other wavelengths. Let’s ignore the index change with  and focus on the wavelength dependence. Use matrix techniques and a program such as Mathematica to plot R(air) for 400 to 700 nm (visible range). Do this for a single bilayer (one layer of each coating, like problem 1(b)), two bilayers, four bilayers, and 25 bilayers.
3. P&W P6.10. Please use the notation we used in class, rather than P&W’s notation. Don’t worry about deriving eqn 6.74—it’s exactly the same as the situation we did in class. But do derive eqns 6.75 and 6.76.
4. (a) P&W P0.28  (b) P&W P0.29.  Feel free to use Mathematica or equivalent to help with the integrals, if you’d prefer not to do the integrals by hand or use integral tables.
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