Physics 200B


Final Exam 


18-March-09
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 could be separated. Staple additional sheet to their respective problems.
1. Consider a sphere of radius a which has a charge distribution (r,). The potential outside the sphere is found to be 
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, where Q is an

experimentally determined constant and Y2,0 is the spherical harmonic Yl,m with l=2, m = 0, which is 
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. The charge density (r) is zero outside the sphere and is proportional to r times a function of  inside. Find (r,).
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Name:  _________________

2. Attached to the starting motor of your car is a solenoid switch. When you turn your ignition key, current I from the battery runs through the solenoid with radius a, length l and n turns per unit length, creating a magnetic field which acts on partially inserted steel plunger (radius a, length l, permeability ), thereby engaging the motor. Calculate the force on the plunger as a function of x, where x is the distance that the plunger is inserted into the solenoid. (Although the force on the plunger is due to the fringe fields, you can neglect the details of the fringe field for this calculation. Also, assume length is much greater than radius.)
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Name:  _________________
3.  Consider two conducting hemispherical shells of radius a. These shells are joined by an insulating ring. One shell is held at potential +V0 while the other shell is held at potential –V0. Using Green’s functions with Dirichlet boundary conditions determine the electric potential and field both outside and inside the spherical shell.
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Name:  _________________
4. Consider two charged particles each of mass m and charge +q separated by a distance d in all the cases below (note d is the distance of closest approach).
a) Determine the electromagnetic force in the case where the two particles are not moving.

b) Determine the electromagnetic force between the two particles when both are traveling parallel at a relativistic speed . (Determine the force in the lab frame)

c) Determine the electromagnetic force between the two particles which are traveling in opposite directions both at relativistic speed . (Determine the force in the lab frame)

d) Determine the electromagnetic force between the two particles which are traveling in opposite directions both at relativistic speed . (Determine the force in rest frame of one of the two particles)
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Name:  _________________
5.  Consider two concentric shells of radii a and b. The outer shell of radius b is a grounded conducting sphere. The inner shell of radius a holds a surface charge which can be described by () = k cos(), where k is a constant. Find the electric scalar potential for all regions of space. Make a diagram of the electric fields for the case where b = 2a.
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