DO NOT BEGIN THIS EXAM UNTIL TOLD TO START

Name: __________________________________________

Student Number: _________________________________

Instructor (circle one):       (     Jackson          Wilton      )

ECE 2317- Part A

Applied Electricity and Magnetism

Final Exam

May 2, 2002

1. This exam is closed book and closed notes. A calculator and three crib sheets ( 8.5” X 11”) 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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TABLE OF COORDINATE SYSTEM FORMULAS
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Problem 1 (25 pts)

The spherical conducting dome of a Van de Graaf generator has a radius a, and the center of the dome is a distance h above the ground. Assume that the ground is modeled as an infinite perfect conductor. Also, assume that the surface charge density on the dome is uniformly distributed. 

a) Derive a formula that gives the electric field Ez at the bottom of the dome (point A) for a given surface charge density 
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s

r

 on the dome. 

b) Derive a formula that gives the voltage on the dome V, relative to the earth, for a given surface charge density 
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s

r

 on the dome. 

c) Assume that the air has a breakdown field strength Ec [V/m]. Derive a formula for the maximum voltage that can be placed on the dome (relative to the earth) before the air breaks down at point A. 
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ROOM FOR EXTRA WORK
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Problem 2 (25 pts)

Two busbars (wires) in a power station have a rectangular cross section, and run parallel to each other as shown below. The top busbar carries a current I [A] in the z direction, and the bottom busbar carries a current I [A] in the -z direction. Assume that the width of the busbars is large compared to the spacing h so that fringing may be neglected. Assume also that the current density within each busbar is uniform. The busbars are made out of copper, which is nonmagnetic.  

Calculate the magnetic field as indicated below (it is recommended that you perform the calculations in the order indicated). 

a) Determine the magnetic field vector H in the region y > h + t.

b) Determine the magnetic field vector H in the region h < y < h + t.

c) Determine the magnetic field vector H in the region 0 < y < h.
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Problem 3 (25 pts)

An approximate formula for the capacitance per unit length between a power line of radius a and distance 
[image: image33.wmf]h

above the earth (assuming the earth is a perfect conductor) is 
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A power line has the following parameters: 

h = 10 [m] 

a = 1 [cm]

Assume that the air has a conductivity of  
[image: image35.wmf]10
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 [S/m]. 

a) Calculate the total resistance between the line and the earth, assuming the length of the line is 1000 [m].

b) If the line voltage is 13 [kV] (relative to the earth) find the power loss in Watts due to the dissipation within the air. 

c) Assume the power line wire is made of aluminum, which has a conductivity of  
[image: image36.wmf]7
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 [S/m]. Determine the resistance of the 1000 [m] length of line. Assume that the current density is uniform within the wire. 

d) If the line is carrying 100 [A] of current, determine the power loss is Watts due to the dissipation within the power line wire. 
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DO NOT BEGIN THIS EXAM UNTIL TOLD TO START

Name: __________________________________________

Student Number: _________________________________

Instructor (circle one):       (     Jackson          Wilton      )   

ECE 2317- Part B

Applied Electricity and Magnetism

Final Exam

May 2, 2002

10. This exam is closed book and closed notes. A calculator and three crib sheets ( 8.5” X 11”) are allowed. 

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

12. Perform all your work on the paper provided. 

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

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

15. Show units in all of your final answers. 

16. Circle your final answers. 

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

18. You will have a total of 180 minutes to work the entire exam. 
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Problem 4 (25 pts)
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A loop of wire consists of two circular and two straight line segments carrying a current 
[image: image37.wmf]I

, as shown in the figure.  Find 
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at the center 
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 of the circular arcs.
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Problem 5 (25 pts)

A long filament of current 
[image: image41.wmf]1

I

 passes by a rectangular coil of 
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 turns carrying a current 
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.  The filament and loop both lie in the plane 
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=

.   Find the mutual inductance 
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.

Note that the current I1 can be thought of as a current loop, with the loop closed at infinity. 
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Problem 6 (25 pts)

A cut-away view of a rectangular toroid (showing the cross section and one-half of the toroid core) is shown in the figure to the right.  The toroid winding has 
[image: image47.wmf]N

turns, each carrying a current I. A top view is shown below.
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a. Find the inductance of the toroid.
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_________________________  [   ]
b. If 
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=====

, what is the stored energy in the inductor? (You may use the answer from part (a) if you wish.)

stored energy: ______________________________   [   ]
ROOM FOR EXTRA WORK
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