Calculate first order corrections to the field of a current loop slightly off center, but at z=0.
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for the current loop of radius a:
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so:
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Now, let’s look strictly at the zp=0 situation.
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Next:
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We can now put it all together:
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Next, define dimensionless quantities by dividing by a:
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This could be integrated in terms of elliptic integrals but the result is not very enlightening.

let’s develop a series expansion for this function for s small.
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So:
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Now since the integral is going to be over a circle, the even powers will always vanish. Thus, the first non-zero correction will look like this:
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This integral is well known to be ½. So:
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