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Name:  SOLUTION

General Instructions


1. This exam is open-book and open-notes. 
1. Cell phones, laptops, ipads, and any other devices that have communication functionality are not allowed during 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. Write neatly. You will not be given credit for work that is not easily legible.
4. Leave answers in terms of the parameters given in the problem. 
5. Show units in all of your final answers. 
6. Circle your final answers. 
7. Double-check your answers. For simpler problems, partial credit may not be given. 
8. If you have any questions, ask the instructor. You will not be given credit for work that is based on a wrong assumption.
9. Remember the UH Academic Honesty Policy. You must not receive or give assistance to anyone else during the exam or communicate with anyone other than the instructor during the exam.
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Problem 1 (30 pts.) 

An infinite nonuniform line charge density on the z axis is described by


.



a) Find the potential  at an arbitrary point  in cylindrical coordinates, assuming the potential is zero at infinity. You may leave your answer in the form of an integral (it is not necessary to evaluate any integral that you have).


b) Using your answer from part (a), show how to find the electric field component  at the observation point. You may leave your answer in the form of an integral (it is not necessary to evaluate any integral that you have). However, please evaluate any derivatives that might appear in your formula. 














	 












Solution

Part (a)

From the potential formula we have
 

.

Hence, we have


.


Part (b)

We have
 

.

Hence, we have


.

Therefore, we have


.


Because the integration variable is  (not ), we can write 


.

Performing the derivative, we have



Hence, we have


.





Problem 2 (30 pts.) 

A thin conducting sheet of width w in the x direction carries a current I in the z direction. The sheet is infinite in the z direction and is located at y = 0. Above and below the conducting sheet are slabs of conductor, each having a thickness h and each carrying a current of I/2 in the negative z direction.

Assume that w is large enough so that so that you may neglect fringing. 


a) 
Find the magnetic field vector H above the top slab, for .
b) 
Find the magnetic field vector H in the upper slab region, for .
c) 
Find the magnetic field vector H inside the top part of the air gap region, for . 










Solution


If we neglect fringing, the magnetic field is purely in the x direction, . 

Part (a)

Because the total current in the z direction (from the sheet and the two slabs) is zero, the magnetic field above and below the structure is zero. 

Hence,
 

.


Part (b)


We use a rectangular Amperian path that runs counterclockwise, with the top of the path in the air region above the structure (call it point A) and the bottom of the path inside the top slab at . 

We then have

.

This gives us


.

Part (c)


We use a rectangular Amperian path that runs counterclockwise, with the top of the path in the air region above the structure (call it point A) and the bottom of the path inside the air region at. 

We then have

.

This gives us


.
Problem 3 (40 pts.) 

A power line is modeled as an infinite wire carrying a DC current I that has a 90o bend in it, as shown below. The power line is at altitude h above the surface of the earth (at z = 0) as shown below. Because the earth is assumed to be nonmagnetic in this problem, it has no effect on the magnetic field produced by the DC current of the power line. Therefore, the earth can be neglected for the purpose of calculating the magnetic field from the power line. 



a) Find the magnetic field vector H at the point  on the surface of the earth from the first part of the power line, which runs parallel to the x axis. 


b) Find the magnetic field vector H at the point  on the surface of the earth from the second part of the power line, which runs parallel to the y axis.






	




	 


















Solution

We use the Biot-Savart law,


.

Part (a)

We have:








.

Therefore,













Next, we use


.


This gives us


.

Hence, we have


.


Part (b)

We have:








.

Therefore,









Next, we use


.

We then have





.





Bonus Problem (30 pts.) 


Two coils are wound on a square core as shown below (note how the coils are wound and the current reference directions). The lengths of all four sides of the core are the same, called . The right side of the core has an air gap in it. All of the segments of the core have a cross-sectional area of A. 


a) Draw the magnetic circuit for this structure, assuming that both currents are arbitrary. (Make sure that you show the polarity of the voltage sources in your circuit.)


b) Find a formula for . 
	 



[image: ]

Solution

Part (a)

The magnetic circuit model is shown below. 



[image: ]






















where








Part (b)



The mutual coupling term  corresponds to exciting coil 1 with current  and looking at the flux through coil 2. 

We have: 


.

From the magnetic circuit we have


.

The minus sign is due to the fact that the unit normal for coil 2 points opposite to the direction of the magnetic flux coming from coil 1. 

We thus have


.
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