Problem 3.1: Suppose that a 60-Hz single phase power line and an open-wire telephone line are parallel to each other and in the same horizontal plane. The power line spacing is 5 ft; the telephone wire spacing is 12 inches. The nearest conductors of the two lines are 20 ft apart. The power line current is 100 A (assume this is rms current). Find the magnitude of the induced “loop” or “round-trip” voltage per mile in the telephone line. 
Solution: Let’s draw the situation below.


[image: image1.emf] 

20’   5’   1’  

Power line   T’phone line  

1   2   3  4  


We want the total induced voltage. To get it, we need to compute the flux linking the telephone line from the power line, and from that, we can get voltage from Faraday’s law.
Recall that we obtained an expression for the flux density produced by any current-carrying conductor as 
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where i is the current producing the flux, and x is the radial distance from it. 

Then we found we can find the flux linkage by integrating B over an appropriate area.
We only want the flux linking telephone wire #3. We do not want the flux linking telephone wire #4 because this flux will also link #3, so that for this flux linkage, the voltage induced in #4 will exactly cancel the voltage induced in #3.

For flux linking only telephone wire #3, there are two components, from the left-hand power conductor, and from the right-hand power conductor.

(a) flux linking telephone wire #3 from the left-hand power conductor (#1):
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(b) flux linking telephone wire #3 from the right-hand power conductor (#2) (we need a negative sign to account for the power line current being in direction opposite to that of (a)):
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Therefore:
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With μ=4π10-7, 
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With i(t)=100sqrt(2)cos(ωt), we have:
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And 
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Dividing by Λ, we get units of peak volts per meter:
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We can shift to rms volts per meter by eliminating the sqrt(2).
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With 1609 meters in a mile, we obtain
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