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Applied Electricity and Magnetism
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Morning Section

1. This exam is closed book and closed notes. No materials are allowed other than something to write with. A formula sheet is included with the exam. 

2. Show all of your work. No credit will be given if the work required to obtain the solutions is not shown. 

3. Perform all your work on the exam in the space allowed. 

4. Write neatly. You will not be given credit for work that is not easily legible.

5. Leave answers in terms of the parameters given in the problem. 

6. Show units in all of your final answers. 

7. Put your final answers in the space that is indicated. 

8. If you have any questions, ask the instructors. You will not be given credit for work that is based on a wrong assumption.

9. You will have a total of 90 minutes to work the entire exam. 

10.  Make sure you sign the academic honesty statement on the next page.
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I agree to abide by the UH Academic Honesty Policy during this exam. I understand that the punishment for violating this policy will be most severe, including the possibility of getting an F in the class and/or getting expelled from the University. 
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TABLE OF INTEGRALS 
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TABLE OF COORDINATE SYSTEM FORMULAS
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Prob.1 

There are two spherical conductors of radius a, separated by distance h between the centers. Assume that the left sphere has a total charge of Q [C] on it, and the right sphere has a total charge of –Q [C]. Assume that the two spheres are far enough apart (h >> a) so that the charge density on each sphere may be taken as uniform.

Determine the capacitance between the two spheres. Leave your answer in terms of h and a.
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Final answer for capacitance (circle answer):
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ROOM FOR EXTRA WORK

The electric field along the x-axis between the two spheres is 
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where
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The voltage drop is
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This yields
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Hence 
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We then have
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Prob. 2. 

Because of a changing magnetic field, an electric field exists that has the following curl:
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.
Determine the energy that the electric field gives to an electron (with charge q = -e) as the electron moves counterclockwise around a closed circular path C of radius a. Leave your answer in terms of a and e.

Note: this principle is how the “betatron” (a type of particle accelerator) works. 
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Final answer for energy (circle answer): 
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ROOM FOR EXTRA WORK

The energy picked up by the electron is 
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where 
[image: image56.wmf]AB

V

 is  the voltage drop going counterclockwise around the complete circular loop path. 

From Stokes’ theorem,
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Integrating, we have
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Prob. 3

A parallel-plate capacitor is filled with two different charge densities as shown below. The charge densities are in air (there is no dielectric material). The charge density within each region (top and bottom) is uniform, but the values of the charge density are different for the top and bottom regions, as shown. 

It may be assumed that the potential is only a function of z inside the structure. Also, the potential at the center of the structure is assumed to be zero Volts. 

Starting with the Poisson equation, solve for the potential (1 (z) in the top region (0 < z < h) and the potential (2 (z) in the bottom region (-h < z < 0). 
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Final answer for potentials (1 (z) and (2 (z)  (circle answer): 
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ROOM FOR EXTRA WORK

In the bottom region,
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Hence,
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This yields 
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Similarly, solving for the potential in the top region,
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Since the potential is zero at z = 0, 
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Enforcing the boundary condition on the top plate,
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Similarly, enforcing the boundary condition on the bottom plate, 
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