Calculation of the skewed Solenoid Field from the Law of Biot-Savert
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Configuration: circles of radius a slightly skewed so that movement along the z-axis is from the angle:
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Although the x and y terms do contribute, we ignore them for now. Certainly for very slightly skewed coils, it is small so long as complete turns are considered.

In this approximation, this reduces to:
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Again, let’s wind from -n( to +n( and look at zp=0.
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But the length of the solenoid is:
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So:
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We can expand this in a binomial series for large n:

http://mathworld.wolfram.com/BinomialSeries.html
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Then to first order, the magnetic field is:
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which is exactly the result for an ideal solenoid from Ampere’s Law. Of course, now here n is the total number of turns present.

Next, now that we have confidence in the method, we are free to look at other z possibilities: we had:
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Now again let’s consider: wind from -n( to +n(
Then:
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Let’s look at one special case for zp: namely at then end. Here:
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Again, expansion of the quadratic shows:
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which is exactly ½ of the field at the center of the solenoid.
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