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Problem 1 (25 pts.) 

Consider the electric fields given below. Some of them correspond to a valid electrostatic field in a vacuum region with no charge density, while the others do not. Determine which of them is a valid electrostatic field in a vacuum region with no charge density. In order to receive credit, you must justify your answer. 



a) 


b) 


c) 


d) 


e) 


f) 


g) 


h) 


i) 








Room for Work 


Solution

To be a valid electrostatic field in a charge-free region, the field should have both zero curl and zero divergence. 

The fields that have zero curl: (a, c, f, g).

The fields that have zero divergence: (b, c, e, f, g).

Hence, the valid fields are: (c, f, g).

Problem 2 (25 pts.) 

A circular ring of uniform line charge density l0 [C/m] with radius a lies in the z = 0 plane as shown below. The potential at the center of the ring (the origin) is zero volts. 

(a)  Calculate the potential on the positive x axis, at a point (x, 0, 0). You may leave your answer in the form of an integral.

(b) Calculate the electric field vector on the x axis at the point (x, 0, 0), starting from your solution to part (a). You may leave your answer in the form of an integral. 


 (
x
y
z
a
r
 
l
0
)





















Room for Work 


Solution

Using superposition (Coulomb’s law), we have


.

Hence, we have


.

This can also be written as


.

Setting x = 0, the constant C is given by 


.

Hence, we have



or


.








Problem 3 (25 pts.) 

A wedge-shaped capacitor is shown below. Assume that we can ignore fringing at the inner edge ( = a)  as well as at the outer edge ( = b) of the capacitor. (The electric field will thus be purely in the  direction.) Between the plates is a material with a relative permittivity r. 

Calculate the capacitance between the two plates, assuming a one meter length in the z direction. 




 (
x
y
b
a
)




















Room for Work 

Solution
The potential is found from Laplace’s equation, and is




The electric field is




The charge density on the top plate is 



The total charge of the top plate is 




The capacitance is then




Problem 4 (25 pts.) 

A 60 Hz power line is over the earth at a height h above the earth as shown below (the height is measured from the center of the wire). The radius of the wire is a. The voltages of the wire with respect to the earth is




where  = 2 f and f = 60 [Hz]. 

Assume that the frequency is low enough so that electrostatics may be used. This means that at any instance of time, the voltage on the wire may be assumed to be constant for the purposes of calculating the field from the wire. Assume that at this low frequency the earth can be modeled as a perfect electric conductor, which is at zero volts. Assume that the effects of the tower and supporting structure can be neglected. 

Calculate the electric field vector as a function of time at a point that is on the surface of the earth (z  = 0) at x = x0.
 (
Power line
z
Earth
x
)



Room for Work 

Solution
The potential line charge is given by 


.

Using image theory, the electric field is 




where




and





.

This gives us 



or


.
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