Optics Homework 4: Due Tues 1/22/08

Dr. Colton, Winter 2008

12 total points

FYI: If you use Mathematica to do complex number arithmetic, things can be greatly simplified via these commands (read about them in the Mathematica help file):

· Abs[ ] and Arg[ ], for converting into polar form

· Re[ ] and Im[ ],  for converting into rectangular form

1. P&W, P2.2.  In case it’s not clear, 0 is the resonant wavelength.

2. (a) Use Mathematica or similar computer graphing program to plot n and  as a function of frequency—obtain plots such as the ones in Fig 2.4(a). Use these parameters to keep things simple: p = 1, 0 = 10, and  = 1; plot your function from  = 0 to 20.
(b) Plot n and  as a function of frequency for a material that has three resonant frequencies: first: 0 = 10,  = 1, oscillator strength 50%;  second: 0 = 15,  = 1, oscillator strength 25%;  third: 0 = 25,  = 3, oscillator strength 25%.  Let p = 1 again for all three resonances, and plot your function from  = 0 to 30. Comment on your plots.
3. P&W, P2.3 parts (a) through (d) only. Feel free to use Mathematica or similar program to help do the complex arithmetic. Hints: For part (a), your answer should be much less than an angstrom (the typical spacing between atoms in a solid). For part (d), most of your answers should end up between 0.1 and 2. And I don’t know what the textbook means by saying “you have to solve two equations for the real and imaginary parts…”; I didn’t have to solve simultaneous equations when I did the problem, I just used Mathematica’s Sqrt[ ] function.
Extra Credit: Explain how/why n can be less than 1 in e.g. Fig 2.4(a) and in some of your answers to problems 2 and 3d.  Since v = c/n, doesn’t that mean speed of light would be larger than c? Didn’t Einstein say that was impossible? What’s going on?  You will likely have to do some research for this one—on the internet, in other textbooks, or perhaps even in this textbook. Points will be awarded based on the quality/clarity of your answer. Don’t kill yourself, though—we’ll be revisiting this type of situation later in the semester. 

