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TABLE OF INTEGRALS 
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TABLE OF COORDINATE SYSTEM FORMULAS
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Prob.1 

A high-voltage power line has a radius a. The center of the line is at a height of h above the earth, which may be modeled as an infinite ground plane. Assume that the voltage on the line is V0, and that the earth is taken as zero Volts. The radius of the wire is much smaller than the height of the wire above the earth, so that any change density on the wire may be assumed to be uniform. 

(a) Find an expression for the equivalent line charge density 
[image: image47.wmf]0

r

l

 [C/m] on the line. Your answer should be in terms of a, h, V0, and 
[image: image48.wmf]0

e

. 

(b) Assuming that 
[image: image49.wmf]0

r

l

 is known on the line, find an expression for the voltage at an observation point directly below the line (on the y axis), at a height d above the surface of the earth. (Leave your answer in terms of 
[image: image50.wmf]0

r

l

.)

Note: even if you do not do part (a), you can still do part (b). 
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Final answer for part (a) (circle final answer): 
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Final answer for part (b) (circle final answer): 

ROOM FOR EXTRA WORK

In the image problem, we have two equal and opposite line charges. The electric field on the y axis between the two line charges is
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The voltage on the line is
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Hence,


[image: image54.wmf](

)

(

)

00

0

00

00

22

haha

Vdydy

hyhy

rr

pepe

--

=+

-+

òò

ll

.


[image: image55.wmf](

)

(

)

(

)

(

)

(

)

(

)

00

0

00

lnlnln2ln

22

Vahhah

rr

pepe

=-++--

ll


or


[image: image56.wmf]

[image: image57.wmf](

)

(

)

(

)

0

0

0

ln2ln

2

Vhaa

r

pe

=--

l


or


[image: image58.wmf]0

0

0

2

ln1

2

h

V

a

r

pe

æö

=-

ç÷

èø

l

.

Hence,
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The voltage at the point d above the surface of the earth is then 
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Hence,


[image: image63.wmf]0

0

0

ln[V]

2

hd

V

hd

r

pe

æö

+

æö

=

ç÷

ç÷

-

èø

èø

l

.

Prob. 2 

A square loop of uniform line charge density 
[image: image64.wmf]0

r

l

 is shown below. The side length of each side of the loop is a. 

Find the potential at any point (0,0,z) on the positive z axis, assuming that the potential is 10 [V] at the origin. Use the potential-integral formula. 
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Final answer for potential (circle final answer): 
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ROOM FOR EXTRA WORK

First assume that the potential is zero at infinity, and then we will add  a constant to the answer. 

Consider the segment at x = a/2. Assume that the potential from this segment is labeled at 
[image: image65.wmf]1

F

. Then, by symmetry,
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From the potential integral formula,
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Evaluating this integral, we have
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Hence,
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Adding a constant to the answer gives the final result as 
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or
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Prob. 3 
A coaxial cable has an inner radius of a and an outer radius of b. Between the two conductors is a material with a relative permittivity 
[image: image72.wmf]r

e

 and dielectric breakdown field strength of Ec [V/m]. The cable has a fixed voltage of V0 between the inner and outer conductors. 

Assume that the cable is operating at the point of dielectric breakdown, and that the inner radius a is known.  Derive an expression for the outer radius b. Your answer should be in terms of a, 
[image: image73.wmf]r

e

, and V0.
Note: your answer will represent the smallest value of b that is allowed before dielectric breakdown occurs. 
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Final answer for radius b (circle final answer): 

[image: image98.wmf]0

0

0

ln[V]

2

hd

V

hd

r

pe

æö

+

æö

=

ç÷

ç÷

-

èø

èø

l


ROOM FOR EXTRA WORK

Assume a line charge density 
[image: image74.wmf]0

r

l

 [C/m] on the inner conductor.  We have that 
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The voltage drop between the inner and outer conductors is 
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Hence, we have that 
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This yields the result
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