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TABLE OF COORDINATE SYSTEM FORMULAS
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Problem 1 (25 pts.) 
Give short answers to the questions below.
1) If lightning hits a building, is it more likely or less likely to hit a well-grounded lighting rod that is attached to the building, compared to hitting the rest of the building?  Explain why.
It is more likely, since the strong electric field and ionized air near the lightning  rod will launch a strong streamer that will have a high probability of connecting with the stepped leader. 
2) If lighting hits your car and you stay inside, you are usually safe. Also, if lighting hits a commercial airliner the passengers inside are usually safe. In both cases there is little electric field inside the vessel since it is almost a closed perfectly conducting shell. What is the name of this principle? 

The Faraday cage effect. 
3) Sharp points tend to create regions where the electric field is stronger than in surrounding regions. What conducting system was used in class to provide a derivation that illustrated this effect? (That is, give a brief description of what this system looked like.) 
A system of two metal spheres of different diameters, connected to each other by a conducing wire. 
4) If a magnetic field is changing with time, then there must be an electric field present.  What is the name of the law that guarantees this?
Faraday’s law
5) Give a simple explanation of why the relative permittivity of most materials is usually greater than 1.0. 
The relative permittivity is usually larger than unity because the electric dipoles tend to align in the same direction as the applied electric field, so that the dipole moments and the electric field vector point in the same direction.
6) When using image theory to solve a problem, where is the solution valid? Where is it invalid? 
The solution is valid in the region where the original charge is. It is invalid in the region where the image charge is. 
7) How much energy does it take to make a single point charge of charge Q [C]? 

It takes an infinite amount of energy. 
8) Give an example of a system of charges for which one cannot put the reference point at infinity when calculating the potential. 

One example would be an infinite uniform line charge. Another example would be an infinite sheet of uniform surface charge density. 
Problem 2 (25 pts.)
A ring of uniform line-charge density 
[image: image77.wmf]0
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 [C/m] with radius a is centered on the z axis at a height of h/2 above the z = 0 plane. Another ring with radius a and a uniform line-charge density -
[image: image78.wmf]0
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 [C/m] is centered on the z axis at a distance of h/2 below the z = 0 plane.
a) Find the potential function at any point on the z axis between the two rings.

b) Use your answer to the previous part to find the electric field at any point on the z axis between the two rings. 

c) Find the voltage drop VAB between the centers of the rings, where A is at the center of the top ring and B is at the center of the bottom ring. You may use your answers to the previous two parts in any way that you wish in order to help you. 
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Room for Work 
Part (a)

Use the formula
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Adding the results from he two rings, we have
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Hence, we have
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Part (b)
From the gradient we have
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Since the electric field is purely z directed along the z axis (by symmetry), we have
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Part (c)
Using the result from part (a), we have
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This gives us the result
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Problem 3 (25 pts.) 

A small conducting sphere of radius a is suspended above the floor of a very large room as shown below. The center of the sphere is at a height of h meters above the floor, which is assumed to be conducting. The floor is large enough to be considered as infinite. Assume that the sphere is small enough that the charge density on the sphere may be assumed to be uniform. The air has a critical breakdown field strength of 
[image: image88.wmf]c
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 [V/m]. 
a) What is the maximum charge Qmax that can be placed on the sphere before dielectric breakdown of the air occurs at some point in the room?

b) What is the maximum voltage Vmax (with respect to the floor) that can be placed on the sphere before dielectric breakdown of the air in the room occurs at some point?

c) Calculate the capacitance between the metal sphere and the floor.
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Room for Work 
Part (a)
The image picture is as follows:
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Breakdown will occur at a point on the bottom of the top sphere. Hence we set 
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This gives us the result
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Since a is small compared to h, we can write the final result as 
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Part (b)
Since the floor is at zero volts, the voltage difference  is the voltage at the bottom of the top sphere. Using the potential formula for a point charge, we have
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Hence we have
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This can be written as
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Since a is small compared to h, we can write the final result as 
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Part (c)
Use
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This gives us the result
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Hence, we have
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Since a is small compared to h, we can write the final result as 
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Problem 4 (25 pts.) 
A spherical shell of uniform surface charge density has a radius a and a total charge of Qa. This shell is inside of a larger shell of uniform surface charge density having a total charge Qb and a radius b. 

Calculate the energy stored in this system using the potential formula for stored energy. 
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Room for Work 

The potential formula for surface charges is
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Since there are two spherical shells of surface charge density, and the potential is constant on each one, we have
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The potential outside the two sphere acts like a single point charge at the center. Hence we have that
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The potential at r = a may be found by using 
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Hence, we have that
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We thus have 
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This simplifies to
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