Arizona State University, Physics 311
Problem Set #8, Rev. A, due Wednesday, 2014-04-02

1. Thin wire—the Biot-Savart law can be integrated numerically by approximating a curved wire
with a sequence of discrete straight current elements of small, but finite length:
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where Al is the displacement vector from the beginning to the end of each current segment, and
2 is the displacement vector from the middle of each current segment r{, to the field point r. The
approximation is that all of the current is concentrated at r{, instead of spread out along the length
of the segment from rj — Al/2 to r(, + Al/2. In this problem we first calculate a correction term
to account for this difference, and then calculate the exact B-field due to each straight segment.
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a) To analytically integrate the Biot-Savart law along a single straight segment of the path,
parametrize the segment 7’(s) with the parameter s, ranging from s = —% at the beginning to
s = +% at the end of the segment. The parametrization should also include the constant vectors r,
(the center of the segment) and Al (displacement along the segment). Calculate the line element
dl = Cé—’;lds. Calculate 2 as a function of 2y, Al, and s. Substitute these into the Biot-Savart
formula and factor out the constant zeroth approximation of the field to obtain the form
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where the integral T'(«, 8) of s depends on the constants o = 2 - Al/23 and 8 = Al?/23.

b) Approximate the integrand of T'(c, B) to order s and integrate to obtain the correction term
T(a,B) = 14 (502 — B) for the case where all the current is at the center of the segment.

c) Calculate the exact integral T'(«, 5) and show that
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where 24 =7 — 7/ (i%) is the displacement vector from each end of the segment to the field point
and 2y = 24 /2. Show that this agrees with Eq. (5.35) of Griffiths, and is equal to
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[See |“Compact expressions for the Biot-Savart fields of a filamentary segment”, Eq. (9).]
Also, Griffths 3ed[4ed] Ch. 5, #3[3], 66], 717], 9[o], 11[11], 12[13].


http://web.ornl.gov/sci/fed/Theory/publication/pub2002/Biot-Savart_BC_reprint.pdf?origin=publication_detail

