Optics Homework 5: Due Thurs 1/24/08

Dr. Colton, Winter 2008

1. Use Mathematica or similar computer graphing program to plot n and  as a function of frequency for a conductor—obtain plots such as the ones in Fig 2.4(b). Use these parameters to keep things simple: p = 1 and  = 0.02; plot your function from  = 0.6 to 2.

2. P&W, P2.7
3. P&W, P2.9

4. I was originally confused with P&W eqn 2.47—it seemed to contradict the equivalent equation in Griffiths, given in the section where Griffiths similarly discusses electromagnetic waves in conductors (section 9.4.1). Griffiths’ equation is (when r and r = 1):
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(Griffiths eqn 9.124)

which, since 
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 = N/c, also leads to a very different equation for N2 compared to P&W eqn 2.48.  However, eventually I realized that Griffiths is using Ohm’s Law, J = E,* whereas P&W make the point that Ohm’s Law is most applicable for DC fields, and not for high frequency AC fields. Although the traditional Ohm’s Law J = E is mentioned in P&W on page 43, they use a different version of Ohm’s Law (P&W eqn 2.45) when actually deriving their eqn 2.47.
(a) Show that Griffiths eqn 9.124) arises directly from the wave equation (P&W eqn 2.39) if you use the traditional Ohm’s Law, J = E.
(b) The difference between P&W’s modified Ohm’s Law and the traditional Ohm’s law is that to derive the traditional Ohm’s law you assume that the electrons have 
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 equal to 0. This is more or less equivalent to saying there’s so much damping that the electrons cannot change their velocity. Show that in the limit of large damping (large ), P&W eqn 2.47 does in fact become Griffiths eqn 9.124.
5. (a) Show for the opposite limit (i.e.  = negligible), that if  is below the plasma frequency the index of refraction is purely imaginary, with 
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, and that the skin depth (the point where the energy has fallen off by 1/e) is given by 
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(b) I had to design a device to reflect 10 GHz microwaves (this is f, not ). I used a silver coating because silver is an excellent conductor but I wanted to make the coating fairly thin because silver is expensive. What does the equation for  say about the thickness I should have used? (You can estimate p for silver from the reflectivity curve I showed in class; p is the wavelength where the reflectance has dipped to zero.)
* Some of you may be surprised to see this as Ohm’s Law, being more familiar with the “V = IR” version. The two are equivalent, though: V is proportional to E, I is proportional to J, and  is inversely proportional to R.
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