DO NOT BEGIN THIS EXAM UNTIL TOLD TO START

Name: __________________________________________

Student Number: _________________________________

Instructor: ________________________________________

ECE 2317

Applied Electricity and Magnetism

Final Exam 

Spring 2001

1. This exam is closed book and closed notes. A calculator and three crib sheets (3  8.5” X 11” pieces of paper) are allowed. 

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 paper provided. 

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. Circle your final answers. 

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 180 minutes to work the entire exam. 
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_____/25  Prob. 4


_____/25  Prob. 2
_____/25  Prob. 5


_____/25  Prob. 3
_____/25  Prob. 6

ROOM FOR EXTRA WORK 

Problem 1 (25 pts)

A hollow conducting sphere of radius a has a uniform surface charge density 
[image: image18.jpg]


 [C/m2] on it. Outside the conducting sphere is a uniform volume charge density 
[image: image2.wmf]v
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 [C/m3] that exists in free space, in the region b < r < c. 

Calculate the potential at r = b, given that the potential is zero at r = 0.
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ROOM FOR EXTRA WORK

Problem 2 (25 pts) 

A high-voltage power line runs above the earth as shown below. The power line carries a current of 1,000 [A] in the z direction. The power line is at a height of 50 [m] above the earth. The earth may be assumed to be nonmagnetic, so that it does not affect the magnetic field of the power line.

[image: image9.wmf]v
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Calculate the magnetic flux density vector B at a point that is on the surface of the earth (the hollow dot), at a horizontal distance of 200 [m] from the power line. Express your answer in rectangular coordinates.

ROOM FOR EXTRA WORK

Problem 3 (25 pts) 

A constant current I [A] flows in the negative y direction, from the point (0, L, 0) to the origin, as  shown below.

[image: image10.wmf]0
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Determine the magnetic field vector H at a point (0, 0, z) on the z axis. You may leave your answer in terms of a single integral. 
ROOM FOR EXTRA WORK

Problem 4 (25 pts) 

Consider a one-meter length of coaxial cable as shown below. The inner conductor has a radius  a, the outer conductor has a radius  b, and the plastic material between the two conductors has a relative permittivity 
[image: image3.wmf]r

e

. Assume that the outer conductor is at a potential of Vb and the inner conductor is at a potential of Va.

a) Solve for the potential function 
[image: image4.wmf]F

 for 
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. Leave your answer in terms of Va and Vb. 
b) Find the electric field vector inside the coax. Leave your answer in terms of Va and Vb.

c) Find the total charge on the inner conductor. Leave your answer in terms of Va and Vb.

d) Using your answer to the above parts, find the capacitance of the one-meter length of coaxial cable.

e) Now assume that the plastic material has a conductivity 
[image: image6.wmf]s

[S/m]. What is the resistance between the two conductors?

Note: The Laplacian in cylindrical coordinates is
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ROOM FOR EXTRA WORK

Problem 5 (25 pts)

An infinitely long solid wire of radius a carries a current I [A] in the z direction, as shown below. The current density may be assumed to be uniform inside the wire. The wire is made of copper, which is nonmagnetic (
[image: image8.wmf]0
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).

a) Determine the magnetic field vector H at any point inside the wire.

b) Determine the amount of magnetic energy stored inside a one-meter length of the wire. 

c) [image: image12.wmf]r
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[image: image13.jpg]


Determine the “internal inductance” of the one-meter length of wire. This is the inductance that accounts for magnetic energy stored inside the conductor only.

ROOM FOR EXTRA WORK

Problem 6 (25 pts)

A rectangular-shaped conductor has a width W and a thickness t. This conductor sits above another conductor that has a width W and a very small thickness (which can be neglected). Both conductors are infinite in the z direction. The top conductor carries a total current of I1 [A] in the z direction. The bottom conductor carries a total current of I2 [A] in the -z direction. The width W is very large compared to the distance d, so that edge effects may be neglected.

Determine the magnetic field vector H in the following regions:

a) y < 0

b) y > d + t
c) 0 < y < d

d) d < y < d + t
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ROOM FOR EXTRA WORK
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