Physics 200C


Final Exam     

11-June-07
Dr. Cebra






Name:  _________________

Instructions: Work all parts of each problem (each problem worth 50 points). No notes, calculators, etc. Please write your name on every page – they WILL be separated. Staple additional sheet to their respective problems.
1. Two concentric conducting spheres of inner and outer radii a and b, respectively, carry charges +Q and -Q. The empty space between the spheres is half-filled by a hemi-spherical dielectric shell of  permittivity .
a) Find the electric field everywhere between the spheres.

b) Calculate the surface charge distribution on the inner sphere.

c) Calculate the polarization surface-charge density, P, induced on the inner surface of the dielectric.
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Name:  _________________

2. Determine the magnetic field at all points in space for the following three cylindrical configurations. In all three configurations the magnetic materials are within an otherwise uniform magnetic field, B0, which is oriented perpendicularly to the axis of the cylinders:
a. An iron ( = infinity) cylinder.

b. A type I superconductor (= 0). 

c. A shell of magnetic material (with permeability ) of inner radius a and outer radius b.
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Name:  _________________

3. Consider a fused-silica optic which has been coated on its front surface to have a reflectivity of 50% for an s-polarized UV laser beam incident at 45 degrees. The rear surface has an anti-reflection coating for the same UV laser. In order to align the laser system, the operator introduces a HeNe.; (red, = 633 nm) which is co-linear with the incident UV laser. The optic has thickness t. The index of refraction of the optic is n1 for UV and n2 for the red laser.
a) Indicate the locations of all of the outgoing laser beams. There should be two exiting UV beams and an infinite number of red beams (only demonstrate the first four red beams). For the red beams, indicate their displacement from the UV beams.
b) Assume that the coatings only affect the UV beam. Determine the intensity of each of the exiting beams with respect to that of the incident beam, I0.
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Name:  _________________

4. Consider the diffraction of a plane wave by an opaque circular disk.

a. Using the free space Green function for radiation,
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and Green’s theorems (which can be derived from the divergence theorem) to develop an expression for the Kirckhoff Integral Formula amplitudes for Dirichlet boundary conditions (general – not specific to a circular disk).

b. Consider Fraunhofer diffraction (far field limit). Determine the amplitude for the case of an opaque disk of radius R.
c. Diagram the Intensity as a function of theta indicating the locations of the maxima and minima.

Some possibly useful information:
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Name:  _________________

5. A particle of charge ze and mass m moves in external electric and magnetic fields E and B.
a) Show that the relativistic result for the instantaneous power radiated can be written as, 
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             where E and B are evaluated at the position of the particle

b) Show that the expression in part a can be put into the manifestly Lorentz-invariant form,




[image: image7.wmf]lm

l

n

mn

pe

F

p

p

F

c

m

r

z

P

2

0

2

0

4

6

=




      where r0 = e2/mc2, the  classical charged particle radius.
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