DO NOT BEGIN THIS EXAM UNTIL TOLD TO START

Name: __________________________________________

ECE 2317

Applied Electricity and Magnetism

Final Exam

May 4, 2006

1. This exam is open book and open notes. You may use any material that you wish, except that no device that can be used for communications is allowed (this includes cell phones and computers).

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 spaces that are indicated. 

8. Double-check your answers. For simpler problems, partial credit may not be given. 

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

10.  Make sure you sign the academic honesty statement on the next page.

Academic Honesty Statement

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. 

​​​​​​​​​​​​​​​​​​_______________________________________________

Signature

Grading (for instructor use only)
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TABLE OF COORDINATE SYSTEM FORMULAS


[image: image13.wmf]cos

x

rf

=

 

[image: image14.wmf]ˆˆ

sincos/

xr

qf

×==

rx






[image: image15.wmf]sin

y

rf

=



[image: image16.wmf]ˆˆ

sinsin/

yr

qf

×==

ry






[image: image17.wmf]zz

=

   

[image: image18.wmf]ˆ

ˆ

cos/

zr

q

×==

rz





[image: image19.wmf]sincos

xr

qf

=



[image: image20.wmf]sinsin

yr

qf

=



[image: image21.wmf]cos

zr

q

=



[image: image22.wmf]22

xy

r

=+



[image: image23.wmf](

)

1

tan/

yx

f

-

=



[image: image24.wmf]zz

=



[image: image25.wmf]sin

r

rq

=



[image: image26.wmf]cos

zr

q

=



[image: image27.wmf]ff

=



[image: image28.wmf]222

rxyz

=++



[image: image29.wmf](

)

1222

cos/

zxyz

q

-

=++



[image: image30.wmf](

)

1

tan/

yx

f

-

=



[image: image31.wmf]22

rz

r

=+



[image: image32.wmf](

)

1

tan/

z

qr

-

=



[image: image33.wmf]ff

=




[image: image34.wmf]
Problem 1 

A spherical region of uniform volume charge density 
[image: image35.wmf]0

v

r

 [C/m3] with radius a is centered at the origin, as shown below. Determine the potential function 
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at a point inside the spherical charge region (r < a) assuming that the potential is zero at the origin. Use the “electric field method.”  That is, find the electric field first, and then use this to find the potential. 
[image: image1.wmf](

)

2

1cos2

cos

2

x

x

+

=


Please put your final answer in the space below, and show your work on the pages after this.

Final Answer:

_______________________________________________________________​​​​​​​​​​​​​​​​​​​ [         ]

Show work here.

Problem 2 

A circular ring of line charge density has a nonuniform charge density 
[image: image37.wmf](
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rff
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 [C/m]. The ring lies in the z = 0 plane, has a radius a, and is centered at the origin. Determine the electric field vector at the origin. 
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Please put your final answer in the space below, and show your work on the pages after this.

Final Answer:

_______________________________________________________________​​​​​​​​​​​​​​​​​​​ [         ]

 Show work here.

Problem 3

A current density vector that exists throughout all of space is described as 
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Determine the total current flowing out of a spherical surface with a radius a as shown below.
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Please put your final answer in the space below, and show your work on the page after this.

Final Answer:

_______________________________________________________________​​​​​​​​​​​​​​​​​​​ [         ]

Show work here.

Problem 4

A high voltage power line has a radius of a, with the center of the line located at a height h above the earth, as shown below. Assume that the earth may be modeled as a perfect conductor. 

Derive a formula for the maximum voltage Vmax  that the line can have (with respect to the earth) before the air surrounding the line will breakdown. Assume that the critical electric field for the air is Ec. 
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Please put your final answer in the space below, and show your work on the page after this.

Final Answer:

_______________________________________________________________​​​​​​​​​​​​​​​​​​​ [         ]

Show work here.

 Problem 5

An infinitely long wire has a radius a, and is carrying a current of I amps, as shown below.  Assume that the current is distributed uniformly throughout the cross section of the wire. The wire material is nonmagnetic. 

a) Determine the magnetic field vector at any point inside the wire (
[image: image40.wmf]a

r

<

).

b) Determine the magnetic stored energy per unit length inside the wire.
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Please put your final answers in the space below, and show your work on the page after this.

Final Answers:

_______________________________________________________________​​​​​​​​​​​​​​​​​​​ [         ]

_______________________________________________________________​​​​​​​​​​​​​​​​​​​ [         ]

Show work here.

Problem 6

A wire is infinitely long, and makes a right-angle bend as shown below. Determine the magnetic field vector at a point that is located on the x axis at x = - h. 
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Please put your final answer in the space below, and show your work on the page after this.

Final Answer:

_______________________________________________________________​​​​​​​​​​​​​​​​​​​ [         ]

Show work here.

Problem 7

Two coils are wrapped around a very long core of material having a relative permeability
[image: image41.wmf]r

m

, as shown below.  Coil 1 has N1 turns, while coil 2 has N2 turns. Coil 1 has a total length of L1, while coil 2 has a total length of L2. 

Determine the mutual inductance M12 between the two coils. 
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Please put your final answer in the space below, and show your work on the page after this.

Final Answer:

_______________________________________________________________​​​​​​​​​​​​​​​​​​​ [         ]

Show work here.
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