Physics 200B


Final Exam 


21-Mar-06
Dr. Cebra

08:00 AM to 11:00 AM (sharp) 
Name:  _________________

Instructions: Work all parts of all five problems (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. Please write on only one side of each page, as at least one problem will be FAXed to Brookhaven Lab.
1. Consider two reference frames K and K’, where the relative velocity between K and K’ is v in the z direction. 
a) An infinitely long straight wire oriented along the z axis has a charge density . Find the electric and magnetic field in K and K’.
b) An infinitely long solenoid has n turns per unit length and carries current I in its rest frame and is oriented along the z axis. What are the electric and magnetic fields in K and K’?

c) 
Demonstrate that JJ is invariant under a Lorentz transformation for both of these configurations.
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Name:  _________________

2. A velocity filter can be constructed using crossed E and B fields:
a)  For particles incident in the z direction, perpendicular to both the E (in the x direction) and B(in the y direction) fields, determine the velocity which can propagate through the filter without being deflected.

b)  For particles incident from an arbitrary direction, and for |E| < c|B|, consider a transformation velocity  = (E X B)/B2. Obtain an expression for a charged particle’s trajectory in the boosted frame.
c)  Draw a sketch of the particle’s trajectory in the boosted frame, then draw a sketch of the particle’s trajectory in the laboratory frame for the special case with vy = 0.
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3. A long cylindrical shell of magnetic permeability  is oriented normal to an otherwise uniform external magnetic field B0. This shell has an outer radius of b and an inner radius of a.

a) Determine the magnetic field (as a function of the radial distance, , and the azimuthal angle, for the three regions (external to the cylinder, inside the magnetic material, and inside the empty core region).

b) Draw a diagram illustrating the behavior of the magnetic fields.
c) What at the induced magnetic surface currents on the inner and outer surfaces?
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4. Two dielectric media with permittivities 1 and 2 are separated by a plane interface. There is no external charge on the interface surface. A point charge, q, is embedded in medium 1 a distance d from the boundary interface. The electric field in medium one can be described the field from the point charge q and it’s image charge q’. The field in medium two can be described at the field from an image charge q”.
a) Determine the magnitude of q’ and write an expression for the electric field (as a function of x, y, and z) in medium 1.

b) Determine the magnitude of q” and write an expression for the electric field (as a function of x, y, and z) in medium 2.

c) Draw a diagram illustrating the behavior of the electric fields within the media.
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5. The complex dielectric constant of a material is calculated as function of the frequency of the electric field by treating the electrons and ions as classical damped oscillators:
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     where 0 is the binding or resonant frequency,  is the damping constant, and 
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 is the plasma frequency. The equation of motion for the motile charged carriers in this medium is given by:
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a) The imaginary part of the wave number is known as the absorption coefficient of the attenuation constant. Derive an expression for the attenuation constant as a function of frequency. Draw of plot of the behavior in the frequency region near the resonant frequency, but well below the plasma frequency.
b) In the low frequency limit, this model can be used to understand conductivity. Use Ampere’s law and Ohm’s law to develop an expression for the conductivity as a function of frequency.
c) In the high frequency limit (and), this model describes the behavior of a plasma. In a hot gaseous plasma, both the electrons (mass = me) and the positive ions (mass = M) are mobile. What is the effective plasma frequency in this case?
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