Physics 200B


Final Exam 


16-Mar-07
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 any additional sheets to their respective problems. 
1. Consider a system of two thin, concentric, perfectly conducting spherical shells of radii a and b. The region between the two shells (a < r < b), has dielectric constant  and conductivity . Consider an initial condition with a charge of +Q0 on the inner conductor, -Q0 on the outer shell, and (r,0) = 0 in the dielectric.
a) Use Maxwell’s equations, the continuity equation, and Ohm’s law in differential form to derive a differential equation for the charge density as a function of time ((r,t)). Solve this equation.
b) Determine Qa(t) and Qb(t).
c) 
What is the total resistance R of the dielectric medium between the two conductors?
d) What is the total capacitance C of the system?
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2. Consider the following modifications of the vacuum Maxwell equations:
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      Where  is a positive constant and everything else has its usual meaning.

a)  Consider a point charge at the origin. Solve for (r) and derive an expression for the force between two point charges.

b)  Consider now the general case of empty space ( = J = 0).  Derive an expression for the phase velocity of a transverse plane wave as a function of frequency. 
c)  Is there a cut-off frequency?
Recall that 
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3. A plane electromagnetic wave (E(r,t) and B(r,t)) propagates in a vacuum with a wave number k and angular frequency .

a) Obtain two general relationships between E and B in terms of k, , and c from the Maxwell’s equations.

b) A particle of charge q and mass m is acted on by an electromagnetic wave. What is the relationship between the rate of chance of the kinetic energy, dT/dt, and the velocity, v(t) , charge, q, and mass, m,  of the particle? (Ignore the radiation produced by the particle)
c) Give the equation of motion for the particle in the general field of the wave. Use one relationship from part a) to eliminate the B field, and thereby obtain a connection between dT/dt and dpz/dt, where pz is the component of the particles momentum in the direction of propagation of the wave?
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4. Consider an infinite conducting cylinder of radius R which is held at a potential V0. The axis of the cylinder is parallel to and a distance d away from a grounded conducting plane.
a) The conducting cylinder can be replaced by an image line change  which is a distance d’ from its axis. Express  and d’ in terms of R, V0, and d.

b) Write an expression for the potential for all regions of space (inside the cylinder, between the cylinder and the plane, and on the other side of the conducting plane.
c) What is the force per unit length between the cylinder and the grounded conducting plane?
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5. Consider two long parallel wires separated by a distance 2a and bearing equal and opposite line charge densities + and –. In the frame S, at rest with respect to the wires, there is no current flowing in either wire. 
a) Write the electric and magnetic field at a point P halfway between the two wires.
b) Consider a frame S’ which is moving with a velocity v in a direction parallel to the lines. Determine ’ and I’ for the positive and negative wires.
c) Determine the electric and magnetic field at a point P’ halfway between the wires in from S’.

d) Determine E’ and B’ and P’ by transforming the fields found in part a). Does your answer agree with that given in part c)?
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