Optics Homework 2: Due Tues 1/15/08

Dr. Colton, Winter 2008

Note: problems 1 and 2 are very standard Physics 441-type problems.  If they seem unduly difficult to you, get someone who has taken 441 to help. If you’ve taken 441 and they still seem unduly difficult, then I’m not quite sure what to recommend…
1. Using Gauss’s Law in integral form, find the electric field produced by an infinitely long hollow cylinder (inner radius a, outer radius b) which carries a volume charge density  = k/s2 for a<s<b and no charge elsewhere, where s is the distance from the axis of the cylinder.* Find the field for each of the three regions:  s<a, a<s<b, and s>b.  Hint: For each region first draw an appropriate “Gaussian surface” and integrate the charge density over the volume to figure out the enclosed charge. Then use Gauss’s law in integral form and the symmetry of the problem to easily solve for the electric field.



2. A conducting cylinder with the same geometry as in Problem 1 carries a volume current density J = k/s z-hat (along the axis of the cylinder) for a<s<b. Using Ampere’s Law in integral form, find the magnetic field due to this current. Find the field for each of the three regions:  s<a, a<s<b, and s>b. Hint: For each region first draw an appropriate “Amperian loop” and integrate the current density over the surface to figure out how much current passes through the loop. Then use Ampere’s law in integral form and the symmetry of the problem to easily solve for the magnetic field.

3. If 
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 (a)  find  (x, y, z, t),  (b)  find  
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,  (c) determine if E is a solution to the wave equation, Eqn 1.43.
4. P&W, P1.9.   Additional part: Wikipedia says that Roemer’s actual experimental result was 22 minutes… what speed of light would one deduce from that value? 
Hint for P1.9: Find the Earth’s orbital speed from its orbital radius (given) and period (you should know!). You will need to determine how far Earth moves closer to Jupiter in the 40 ( 42.5 hrs observation period when it’s moving straight towards Jupiter (imagine straight-line motion during this time).  
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charge is located in the gray area








* I’m using s for this distance instead of  because  is already used to represent charge density.
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