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Calculation of Mutual Inductance between a Circular Coil with
a Rectangular Cross Section in front of a Conductor Plate and

its Image Coil (lst report)-

Keiichi Topa and Hironobu NAGASHIMA

Abstract

For some measuring technics, such as a distance gauge and none destructive tesing, it is
important to know mutual inductance between a circular test coil with a rectangular cross section,
being faced to a metal plate, and its image coil. We calculated it by two double integrals of two
co-axial single circular loops, along radii and axes of the coils. But the result was an integral of
a Hankel inverse transform type with products of two same infinite series of Bessel functions. We
rearanged the series of the integrand in ascending powers of a2, which was index of the thickness
for the radial direction and was smaller than 1, and then integrated the 1st and the 2nd term
without approximate calculus. The result was tabulated numerically and compared with the measured
values. Unless the thickness of a coil for the radial direction is thick and the coil is near by the
surface of the conductor, then the mutual inductance to the image coil can be calculated by the

table in effective accuracy.
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Table 1 G1 (k) and Gs (k) for the normalized distance x

x (k] Gw | x [ Gw| GHm | x [ 6w 6 ®
0.01 | 1.3336 | — 0.39034 | 0.35 | 1.4951 | — 0.07744 | 0.69 | 1.8071 0.00748
0.02 | 1.3344 | — 0.33249 | 0.36° | 1.5027 | — 0.07436 | 0.70 @ 1.8177 0.00959
0.03 | 1.3356 | — 0.29856 | 0.37 | 1.5104 — 0.07134 | 0.71 | 1.8283 0.01169
0.04 | 1.3371 | — 0.27441 | 0.38 | 1.5182 | — 0.06837 | 0.72 | 1.8389 0.01377
0.05 | 1.3390 | — 0.25560 | 0.39 | 1.5262 | — 0.06544 | 0.73 | 1.849 0.01584
0.06 | 1.3412 | — 0.24016 | 0.40 | 1.5342 | — 0.06257 | 0.74 | 1.8604 0.01789
0.07 | 1.3437 | — 0.22703 | 0.41 | 1.5424 | — 0.05974 | 0.75 | 1.8713 0.01994
0.08 | 1.3464 | — 0.21560 | 0.42 | 1.5506 | — 0.05695 | 0.76 | 1.8322 0.02197
0.09 | 1.3494 | — 0.20545 | 0.43 | 1.5590 | — 0.05420 | 0.77 | 1.8931 0.02399
0.10 | 1.3527 | — 0.19631 | 0.44 | 1.5675 | — 0.05150 | 0.78 | 1.9041 0.02599
0.11 | 1.3562 | — 0.1879 | 0.45 | 1.5760 | — 0.04882 | 0.79 | 1.9152 0.02799
0.12 | 1.3599 | — 0.18033 | 0.46 | 1.5847 | — 0.04619 | 0.80 | 1.9263 0.02998
0.13 | 1.3638 | — 0.17324 | 0.47 | 1.5935 | — 0.04358 | 0.81 | 1.9375 0.03195
0.14 | 1.3680 | — 0.16661 | 0.48 | 1.6023 | — 0.04101 | 0.82 | 1.9487 0.03392
0.15 | 1.3724 | —0.16040 | 0.49 | 1.6113 | — 0.03847 | 0.83 | 1.9600 0.03587
0.16 | 1.3770 | — 0.15454 | 0.50 | 1.6203 | — 0.03596 | 0.84 | 1.9713 0.03781
0.17 | 1.3817 | — 0.14898 | 0.51 | 1.6294 | — 0.03347 | 0.85 | 1.9827 0.03975
0.18 | 1.3867 | — 0.14370 | 0.52 | 1.6386 | — 0.03102 | 0.86  1.9941 0.04167
0.19 | 1.3918 | — 0.13866 | 0.53 | 1.6479 | — 0.02859 | 0.87 | 2.0056 0.04359
0.20 | 1.3970 | — 0.1338¢ | 0.54 | 1.6573 | — 0.02618 | 0.88 | 2.0171 0.04550
0.21 | 1.4026 | — 0.12921 | 0.55 | 1.6668 | — 0.02380 | 0.89 | 2.0287 0.04740
0.22 | 1.4082 | — 0.12475 | 0.56 | 1.6763 | — 0.02144 | 0.90 | 2.0403 0.04928
0.23 | 1.4140 | — 0.12045 | 0.57 | 1.6859 | — 0.01910 | 091 | 2.0519 0.05117
0.24 | 1.4200 | — 0.11630 | 0.58 | 1.6956 | — 0.01673 | 0.92 | 2.063 0.05304
0.25 | 1.4261 | - 0.11228 | 0.59 | 1.7054 | — 0.01449 | 0.93 | 2.0754 0.05490
0.26 | 1.43:4 | — 0.10838 | 0.60 | 1.7153 | — 0.01221 | 0.94 | 2 0872 0.05676
0.27 | 1.4388 | — 0.10459 | 0.61 | 1.7252 | — 0.00995 | 0.95 | 2.0990 0.05861
0.28 | 1.4454 | — 0.10090 | 0.62 | 1.7352 | — 0.00771 | 0.96 | 2.1109 0.06045
0.20 | 1.4521 | — 0.05732 | 0.63 | 1.7453 | — 0.00549 | 097 | 2.1228 0.06228
0.30 | 1.4589 | — 0.09382 | 0.64 | 1.7554 | — 0.00329 | 0.98 | 2.1348 0.06411
0.31 | 1.4659 | — 0.09040" | 0.65 | 1.7656 | — 0.00111 | 0.99 | 2.1468 0.06593
0.32 | 1.4730 | — 0.08706 | 0.66 | 1.7759 0.00106 | 1.00 | 2.1588 0.06774
0.33 | 1.4802 | — 0.08379 | 0.67 | 1.7862 0.00322
0.3¢4 | 14876 | — 0.08058 | 068 | 1.7966 0.00536
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Fig.2 Variations of the effective inductance of

the coil, cross marks for the Cu plate and

black circles for the Al plate
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