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On the Air - Earth Current
By

G. Kondo
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During I. G. Y.(July 1957-1958), the air-earth current was observed directly by
Kasemier’s method at Kakioka Magnetic Observatory (36° 14’ N, 140° 11’ E). The
results are reported here briefly. ‘ )

1. Equipment.

The outline of this equipment is shown in Fig. 1. As to the more detail, see
reference (1).
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Fig. 1. Equipment of air-earth current measurement.
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2. The difficulties in the observation.
We had met with the following difficulties in this observation.

(1) The effect of the field change is not negligible. The time constant
of the input impedance of this equipment is shorter than the expected
from the relaxation time in the lowest atmosphere. But, this effect
may be small in the hourly mean values which are estimated and
used in the usual studies.

(2) The leakage. The atmospheric electrical observations are always
accompanied with these difficulties because of out-door equipments.
In this observation, the receiving plate is mounted near the ground,
so this trouble is severe especially.

(3) An abnormal change at night. An example of this change is shown
in Fig. 2. As the record shows, the air-earth current is negative
during night and change, rapidly into positive at sunrise. This seems
to be caused by dew deposit on the receiving plate.
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Fig. 2. An example of abnormal change, 16. Aug., 1958, Kakioka.

(4) The contamination of receiving plate with radioactive substance.
The receiving plate was polished by sand-paper once or more a
month. But this effect could not be neglected as it will be described
afterwards.
3. Ohm’s law
By the simultaneous observation of three elements, atmospheric electrical poten-
tial gradient, conductivity and air-earth current, it may be made sure whether atm-
ospheric electrical change is done in accordance with Ohm’s law or not.
Ohm’s law : I=AXE (1)
I: Air-earth current; A : Conductivity; E : Potential gradient.
Differentiating with time, the following equation is obtained.

L4l _ 1 v, 1 dE 23
1 dt A dt E di

Therefore, if the change is in accordance with Ohm’s law, the variation of the
three elements will satisfy the equation (2). The percentage variations of the ten day’s
mean of each elements in the undisturbed daytime (12h-14h L. M. T.) are shown in
Fig. 3. Fig. 4 is a scatter diagram which shows a relationship of(E—7I)and A. It may
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Fig. 3. percentage variation of the ten day’s mean.
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Fig. 4. The Relationship of (E-i) and .
QO : first group (no contamination)
@ : second group (contaminated)

be seen that 1) there are two groups
and 2) Ohm’s law is held in both
groups.

The radioactivity of fall-out dust
in Japan during 1958 is shown in Fig.
5. In this figure, the hatching indicates
the periods which the second group in
Fig. 4 was observed. These periods
correspond roughly to the periods of
strong radioactivity. So, it may be
supposed that the receiving plate is
contaminated with some radioactive
substances when the second group is
observed.

4. Convectional air-earth
current.

One of the subjects of this obse-
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Fig. 5. The radioactivity of foll-out dust in Japan 1958. hatching : the second
group (in Fig. 4) was observed.

rvation is a research of convection current. But, by some difficulties in the observation,
it is not able to discuss satisfactorily the convection current. Here, its diurnal vari-
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Fig. 6. The diurnal variation of conduction, convection current,
and space charge and convection air-flow at Kakioka,1958.
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ation is discussed briefly.
The convection current is calculated as follow;
i=]—(EXN\) : (3)

i : convection current; I : observed air-earth current;

E XX\ : conduction current.

The data at the time when it is not disturbed by hydrometeor, thunder and
sand storm are used. And, the mean value is obtained by graphically estimating with
an assumption that the distribution of occurrence frequency of each element are same
to Gaussian error distribution. These results are shown in Fig. 6. In this figure, the
conduction current which have been calculated by T. Sekikawa (2) is also shown
for comparison.

Generally, convection current is expressed as follows

.__,dp
i= k-“dt (4)

p : space charge, k :exchange coefficient.

Since the gradient of space charge was not observed, as the first approximation,
the convection air flow is calculated and used as follows,

i=—wp (5)

W : convection air flow.

The observed space charge and the air flow are shown in Fig. 6.

The air flow is up-ward and about 0.05 m/sec.

These matters are very interesting,but, by some difficulties in observation, it is
not able to discuss sufficiently. The author hopes to have next chance to observe the
air-earth current without any difficulties.
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