
ECE 3318
Applied Electricity and Magnetism

Exam 2

April 28, 2026



Name:  SOLUTION


Instructions


1. This exam is open-book and open-notes. 
2. Cell phones, laptops, ipads, and any other devices that have communication functionality are not allowed during the exam.
3. Show all of your work. No credit will be given if the work required to obtain the solutions is not shown. 
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. 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. 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.) 


A power line over the earth is shown below. The line has a voltage  and the earth is assumed to be at zero volts. The line has a radius of a and is centered at a height of h above the ground. 




a) Find an expression for the potential  for  (directly below the line) for .



b) Use your result from part (a) to find an expression for the y component of the electric field vector   for  (directly below the line) for .

You may use any formula from the class notes that you wish (no need to re-derive anything in the class notes).

[image: ]
Solution

Part (a)

From the class notes we have that the potential form a line charge in free space is


,

where b is the reference distance where we have zero volts. When we account for the original power line and the image, we have


.

This gives us


 .


Part (b)

We have


.

Therefore, along the vertical line below the power line we have 


.

Taking the derivative and using the chain rule, we have


.

Simplifying, we have


.
Problem 2 (40 pts.) 





A transmission line consists of two parallel wires as shown below (infinite in the z direction). The wires have a radius of a, and the wires are separated by a distance h between centers. Each wire is coated with a dielectric layer of radius b (so that the thickness of the coating is ). The coating material has a relative permittivity of  and a breakdown field strength of . The surrounding air has a breakdown field strength of .



The left wire has a charge density of  [C/m] and the right wire has a charge density of  [C/m]. For each wire the surface charge density may be assumed to be distributed uniformly around the surface of the wire. 

a) 


Find the electric field vector on the x axis in these three regions: , , .
b) 



Find the voltage drop  between the two wires in terms of  and the given parameters. The point A is on the x axis at  and the point B is on the x axis at 
c) 
Find the capacitance per unit length  between the two wires.
d) 
Find the charge density  before the air breaks down.
e) 
Find the charge density  before the dielectric breaks down. 


Important Notes
Inside the dielectric region of each wire, you may neglect the field coming from the other wire. In the air region between the two wires, make sure that you include the fields from both wires. Also, for the breakdown calculations, you may neglect the field coming from the other wire.

[image: ]

Solution

Part (a)

We use Gauss’s law to find the electric field from each wire. The general formula for an infinite line charge is


.

When we apply this, we choose the appropriate formula for the distance  from each line charge, and make sure that we get the unit vector correct.

This gives us in the three regions:





Part (b)

We have


.

Therefore, we have


.

This gives us


.


Part (c)

We have


.

This gives us 


.




Part (d)

We use


,

so that


.



Part (e)

We use


,

so that


.




Problem 3 (30 pts.) 


A power line lies in the yz plane. The power line runs in the y direction at a height h above the earth, as shown below (the surface of the earth is at ). The power line produces a magnetic field in the yz plane that is given by


,
where


.



Directly below the power line is another inactive line at height d above the earth. This line carries no current. This line is connected to the earth through a grounded vertical line at . This inactive line has length L in the y direction, and it is open-circuited at .


a) Calculate the open-circuit voltage  between the ends of the inactive line and the earth. 



b) Assume that the inactive line has a resistance of R. Assume that the open-circuit voltage from the previous part has the form . Find the maximum average power that the inactive line can supply to a load (in terms of ). 


[image: ]
















Solution

Part (a)

We use Faraday’s law to find the open circuit voltage. Using a clockwise path C that loops around the inactive wire, have


,

where, from the right-hand rule, 


.

Hence, we have


.

We also have


.

Hence, we have


.

This gives us


.

We then have


.

This gives us


.

We then have


.



Part (b)

From circuit theory, we maximize the power to a load resistance when the load resistance is equal to the Thevenin resistance (assuming here a real Thévenin impedance), which will be R. In this case, half of the open-circuit voltage will appear across the load.

We then have 


,

or


.
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