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Electric Charge Leakage from a Concentric Spherical
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At an electric field, whose intensity is a tenth to a fifth of the dielectric breakdown strength
of the air, electric charge leakage from a concentric spherical air condenser has been studied.
An outer spherical metal shell has been earthed and an inner metal sphere has been initially
charged. Measuring the decay of the sphere potential, it has been found that the electric
charge leaks very slowly. Electric charge leakage can arise from two factors, they are an
electric current flowing through insulators which support the inner sphere, and an electric
charge neutralization due to charged particles in the air. The purpose of this paper is to
calculate separately the leakage current through the insulator and electric conduction through
the air. Two kinds of time constants due to two factors of charge leakage can be estimated
separately, after the measurement of charge-decaying-time constants for varied numbers of
supporting strings. It has been found that the intensity of the leakage current through the
air is a ten times of that of the electric conduction current through the insulators. As a result,
the electric charge leakage is mainly caused by electric charge neutralization due to charged
particles in the air. The density of leakage current is not exceed over 10~17 A/cm2. The decay
of positive charge is faster than that of negative charge. The charge leakage dependent on
the polarity, can be well explained by a difference between the areas of two negative electrodes.
As the conclusion, the electric conduction through the air at a moderate strong electric field,
whose intensity is a tenth to a fifth of the dielectric breakdown strength of the air, has proved
to be dominant.
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Fig. 1 Experimental apparatus.
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Fig. 2 Equivalent capacity diminished by the withdrawal of lines of electric flux originated

in the charging electrode.
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Fig. 3 Ball-headed charging electrode with current
limiter for prevention of recharging.
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Table 1 Charge-decaying-time constants [s] (radius: 62,5 mm, applied voltage : 15 kV).
Positively charged Negatively charged
Theak (3) Teak (30) Tair Tstr Theak (3) Tleak (30) Tair Tsic
2,94 x108 1. 74 %108 ©3.18x%108 11.5x 107 3,02x108 1.90% 108 3.23%108 13.8x107
2.61 1.13 3.06 5.38 2.08 1.13 2.29 6. 68
3.66 1.29 4.60 5.38 3.87 1.48 4.72 6.47
3.82 1.98 3.70 11.1 4.38 2.63 4.73 17.8
3.53 1.73 3.99 9.16 3.40 0.701 5.95 2.39
3.68 1.27 4.49 5.31 3.63 1.79 4.10 9.52
3.19 2.13 3.38 17.3 3.26 1.71 3.62 9.71
Average: 3.77 %108 9.30x107 Average: 4,09 %108 9.48x107
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constant through the air and the initial
voltage.
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Table 2 Charge-decaying-time constants for various charging voltage [s] (radius: 62.5mm).

Positively charged Negatively charged

Ueh
Tleak (3) Tleuk (30) Tulr Tstr Tlenk (3) Tleak (30) Tair Tstr
10kV  2.27x108 1.54 % 10¢ 2.40%10¢ 12.9%107 2.00% 108 1.25x% 108 2.14 %108 9.00x107
1.35 0.712 1.50 4.09 1.69 0.590 2.13 2.45
2.29 1.19 2.55 6.75 2.13 0.629 2.90 2.41
2.47 1.15 2.83 5.74 2.72 1.09 3.26 4.91
3.16 2.18 3.33 19.3 2.92 1.53 3.25 8.71
Average : 2.52%108 9.76 %107 Average : 2.74%108 5.50x 107
Ny 2.93%105 st N 2.69%x105 s71
13kV  2.43x108 0.684x108 3.39%10¢ 2 57 x 107 2.95% 108 1.56x 108 3.27x108 8.94x 107
2.59 1.66 2.76 12.5 3.04 1.01 3.91 4.09
3.39 2.01 3.67 13.3 3.44 2.07 3.71 14.0
3.7 2.09 4,06 12.9 3.75 2.28 4.04 15.7
2.19 7.7 2.74 3.25 2.62 1.00 3.20 4,37
Average : 3.32% 108 8.90 %107 Average : 3.62x10¢ 9.42x107
Ny 2.88x105 s7! N-: 2.64x105 s1
18kV  2.96x108 1.21x108 3.53 %108 5.53 %107 3.26% 108 1.77 %108 3.60%108 10.5x107
2.81 1.30 3.22 6.54 3.25 1.72 3.61 10.0
3.76 1.46 4.55 6.45 3.85 1.37 4.82 5.74
5.10 2.81 5.61 16.9 4.17 2.80 4.41 23.1
4,98 2.68 5.50 15.6 4.10 1.23 5.54 4.75
Average : 4,48 %108 1.02x108 Average : 4,81 %108 8.42%107
Ny 2.94%X105 st N_-: 2.74%x105 s1
20kV  4.47%108 2.78 %108 4,80x108 2.00x 108 4,65%108 2.57 %108 5.11x 106 1.55x 108
5.18 2.72 5.76 1.54 4.68 2.56 5.15 1.53
5.26 2.96 5.76 1.82 5.28 2.00 6.46 0. 900
3.32 1.57 3.79 0. 801 4.52 1.83 5.40 0. 828
3.03 1.31 3.91 0.624 3.10 1.10 3.88 0. 458
Average : 4.80%108 1.36%108 Average : 5.20x108 1.05x 108
N+ 3.05%x10% s1 N-: 2.81x105 st
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Table 3 Measured values of 6 and B at various
voltage applied to inner sphere (radius:

62.5 mm).

Uen [kV] 8[m—3s-1] Blm~2s-1]
10 2.06x107 1.04x105
13 2.02x107 1.04x105
15% 2.08x107 0.957x10%
18 2.11x107 0.870x10°%
20 2.16x107 1.04x10°%

* KRR OEFEE

U'=Uo(b—a")/(b—a) (21)
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% 4 WEIR (LR 75.0mm) OBEHMNEEER
Table 4 Charge-decaying-time constants [s] (radius:75.0 mm, applied voltage : 12. 5kV).

Positively charged Negatively charged
Tieak (3) Tieak (30) Tair Tstr T1eak (3) Tieat (30) Thair Tste
4.02x108 1.27 %108 5.29% 106 5.01x107 4.38x108 2.27 %108 4.88%108 12.7%107
3.35 2.51 3.48 27.0 3.11 2.13 3.28 18.4
3.73 1.90 4.18 10.5 4,10 1.32 5.05 5.26
3.90 1.52 4,72 6.75 4,29 1.96 4.95 9.75
3.62 1.71 4,13 8.74 3.91 1.19 5.24 4.62
3.90 1.67 4.58 7.87 4,27 2.21 4.76 12.6
4,34 1.49 4.90 6.14 4.44 1.38 5.89 5.40
Average : 4.47x108 1.03x 108 Average : 4.86x10° 9.82%107
Ny 2.89x10° st N - 2.66%x105 st

%5 BEIR (B 100.0 mm) OBHBhRELR
, Table 5 Charge-decaying-time constants [s] (radius: 100.0 mm, applied voltage : 8.5kV).

Positively charged Negatively charged
Tieak (3) Tieak (30) Tair Tstr Tleak (3) Tlesk (30) Tair Tstr
6.18%108 3.45%108 6.78%108 2.11x108 7.38x108 3.48% 108 8. 44 %108 1.78% 108
8.24 3.66 9.57 1.78 8.89 4.17 10.2 2.12
9.95 3.73 12.2 1.61 7.65 3.28 8.98 1.84
7.88 3.85 8.92 2.03 8.05 3.78 9.22 1.93
6.16 3.10 6.92 1.68 7.07 3.03 8.31 1.43
4,57 2.29 5.14 1.24 5.30 2.52 6.04 1.30
5.12 2.45 5.83 1.27 6.75 2.78 8.04 1.27
Average : 7.91 %106 1.67x108 Average : 8.46x 108 1.67 %108
Nyt 2.24%x105 s™1 N - 2.10x105 s-!
% 6 WEEROLEE O WIU B ORNEM (1987) 1243
Table 6 Estimation of & and B for three different 2) FEEER, SEE: HEAEKTMEEOR, 1978, p.
inner spheres. 110 B
3) MerkZE—: BEKFESE, 18 (1994 250
a[mm] Uen[kV] 5[m=8s-1] Blm-2s-1] 4) J.J. Thomson and G.P. Thomson : Conduction of
Electricity through Gases, p. 17, Cambridge Univ.
62. 5% 15.0 2.08x107 0.957 108 5 1;;68; §92;iﬁﬁ@£ I 4 o8
H CBCEBELS, p. 23, -4 198
5
7.0 12.5 2.15X107 L. 11x10 6) V.F.Hess and G.A.O’Donnell : J. Geophys. Res.,
100.0 8.5 2.07x107 0.914x 108 56 (1951) 557
7y TR M SRR, p. 473, ZMR (1986)
* AR TS g A. Okada, S. Higashi, K. Honda, K. Kobaya-
kawa, Y. Minorikawa, M. Shibata, H. Shibata
~ N va z ~ > 3 > s
PLEOBFR LY, EROHBHRBELD 1/10~1/5® Y. Kamiya and Y. Teramoto : Forsch. der Physik,
BESKESOERTY, GEERMSNDINZEHFT 4 (1984) 135
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