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On the Relations between the Variations of Earth

Potential Gradient and Terrestrial Magnetism."”

By M. HIRAYAMA.

1. Introduction

The telluric currents have been measured at
many places on the earth so far. There have
been not a few studies on their relation to the
geomagnetic field, the atmospheric electricity,
the sunspot number or various meteorological
factors etc. In particular, the relation to the
geomagnetic field is known to be very close. G.
B. Airy®, W. Ellis® and so on noted that
variations of the east-west and north-south
components of the telluric current are very

similar to those of the north-south and east-west

components of the geomagnetic field,
respectively. S. Chapman and T. T.
Whitehead” calculated the east-west and

north-south components of the geoelectric
potential difference from variations of the
vertical geomagnetic component.
E. Forbush®

variations of the vertical geoelectric component

Recently, S.
also pointed out that rapid

are often associated with the simultaneous
of the geomagnetic
The by W.

Bemmelen(6), L. A. Bauer and so on can be listed

variations horizontal

component. studies van

as the research on the relation as well.
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Variations of the geoelectric potential
difference and the geomagnetic field have been
recorded continuously at this observatory since
last August. The chart records show that the
relation  between the geoelectric
geomagnetic fields is difficult to recognize in
the north-south geoelectric component, because
its sensitivity is very small compared with that
of the -east-west component. However,
of the geoelectric
component almost always correspond to those
of the geomagnetic field as an example shown
in Fig. 1, except for very limited periods at the
time of rain- or snow-fall. If the horizontal
geomagnetic component increases,
geoelectic potential gets higher.

The author, therefore, tried to reveal the
relation between them using the data of the past
one year.
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Fig. 1 A part of the chart record on July 7, 1933. It is
noteworthy that variations of the geomagnetic field
(upper) and the geoelectric field (lower) correspond
well with each other. From 17 through 18 GMT,
variations of about 3-min period are superimposed
on those of about 30-min period. It is a good
example of the intense period dependence of the
amplitude ratio of the geoelectric field to the

geomagnetic field.

2. Method of Investigation and the Results
Variations appeared in the chart records
were classified into periodic and aperiodic

variations. The amplitude and period
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of the former were determined as the respective
averages of a series of periodic variations.
Those of the latter were regarded as the averages
of AB and BC for amplitude, and the time
The

amplitudes and periods thus defined were read

interval AC for period (see Fig. 2).

from the chart records. However, there were

not a few aperiodic variations that were difficult
to distinguish them from periodic variations as

manifested in Fig. 2. The close resemblance of

the two emerged especially in the variations with

periods longer than 60 min.
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Fig. 2 (No captions were given in the original text.)

Variations of the geoelectric potential
difference and the geomagnetic field have been
recorded continuously at this observatory since
last August. The chart records show that the
relation  between the  geoelectric
geomagnetic fields is difficult to recognize in the
north-south geoelectric component, because its
sensitivity is very small compared with that of
the east-west component.
of the east-west geoelectric component almost
always correspond to those of the geomagnetic
field as an example shown in Fig. 1, except for
very limited periods at the time of rain- or

and

However, variations

snow-fall. If the horizontal geomagnetic
component increases, the east geoelectic
potential gets higher.

The author, therefore, tried to reveal the
relation between them using the data of the past
one year.
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Fig. 3 This figure shows the averaged daily variations of

January 5 and February 17.

3. Theoretical Calculation
The chart records of the geoelectric
potential difference showed that its east-west
accompanied by
of the
with

component was mostly

simultaneous short-period variations

horizontal = geomagnetic = component

negligible variations in other geomagnetic

components, while the declination and the
downward geomagnetic component also varied
simultaneously at longer periods especially for

daily variations. I, therefore, proceeded to my

calculation by assuming the east-west
geoelectric component being induced solely by
those of the northward geomagnetic

component” (here I also assumed that the
geographical north and the geomagnetic north
were identical.). 1 applied the results of my
calculation to relatively short periods (shorter

than 80 minutes).

(7) Dr. Terada calculated the amplitude ratios and phase differences
between the northward and downward components of the short-period
geomagnetic variations assuming them being induced in the Earth.

T. Terada: Journ. Coll. Sci. Tokyo Imp. Univ. Vol. XXXVII, Art. 9.
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First, suppose the ground surface to be an
infinitely large plane, and take x-, y- and z-axis
to the northward, westward and downward
directions, respectively. Also assume that the
upper half-space (z < 0) is occupied by vacuum,
while the lower (z > 0) is a uniform conductor
with a permeability of u. 1 further assume that
the electric field, E, is independent of x,
whereas the magnetic field, H, is independent
of both yand z. It follows that £, =0, H, = H,
= 0, which gives the following Maxwell

equations;
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where Ei, Ey, E, and Hy, Hy, H, are the x-, y-
and z-component of E and H, respectively.
Egs. (1) and (2) are combined to give:
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Suppose Hycce P07 then it is readily
shown:
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thus very uncertain.
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Hence, the amplitude ratios are given by:
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If we consider the case of very weak decay (p =
0), the former ratio becomes:

E 1 -
HZ =m4}/m“+167r”/c2/1{"q2 G (10)
Now I assume u = 1, and consider kK =
5 x 10"emu adopting the results of

measurements by W. J. Rooney and O. H.
Gish® who claimed that x varied between 107"
and 10"*(emu) in the vicinity of the Earth’s
surface.

According to the record by S. E.
Forbush, the ratio of the downward geoelectric
component (£,) to the northward geomagnetic
component (Hy) is approximately 8 x 107
mV/km/y>. It follows from Eq. (9) that the
wavelength A (= 27/m) becomes 1.3 x 10*km.
If m is thus small, m* is negligible compared
with 167 *k*u’q® so far as the period in
concern is not very long.  On the other hand, if

E L
m =0, Eq. (10) is reduced to Fy « T 2, which

X

: E -04
is close to the observed curve of —L oc T77%.

X

21%q* is the

leading term while m” is the correcting term.

This also supports that 167 *k

.

) E,
Hence, using —— o
4rx

derived from Eq.

(10), the amplitude ratio is calculated as

follows:

(8) W. J. Rooney and O. H. Gish: Earth-resistivity survey at Huancayo.
Revu. Terr. Mag. 35, 61-72 (1930).

(9) This value is based on not only few data but also rough reading, and
However, it is considered to be enough for rough

order estimation.
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*This tabulates periods in minute (the upper row) and the ratios E,/H,
inmV/km/nT. No captions were given in the original text.

To compare the tabulated values with
the observation, I derived the following values
for A using the expanded form of Eq. (10);

E, 7EK 1w >
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H, V 471 4 16 T’ q’
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by substituting the observed values for —~ on
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*This table shows periods in minute (the upper row) and the
wavelengths in 10° km. No captions were given in the original text.

These values are very close to the
value of 1200km which Dr. Terada calculated
from the ratio of the northward to downward
components of the short-period geomagnetic
variations.

Now assuming the wavelength to be
1600km, comparison of the observation with
E\/Hy calculated from Eq. (10) gives very good
agreement as follows:

T~ To»
ﬂ(r‘_n/-y) - 5 10 20 30 40 50 60 80
Hy N AN
Eig 23 182 131 096 083 076 072 070 067
iy hill] 1-80 134 098 ’ 086 077 072 069 064

*This compares the calculated (the middle row) and observed (the
bottom row) ratios Ey/H, in mV/km/nT. The upper row shows periods
in minute. No captions were given in the original text.

The relation between the two,
therefore, can be approximated by Eq. (10) in
the case of relatively short-period variations.
However, as for long-period variations such as
daily variations, Hy and H, terms should be
further added to the fundamental equation,
whereas the Earth should be treated as a sphere
at the same time.
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4. Conclusions

Everything described above can be
summarized as follows:

Variations of the east-west geoelectric
component are closely related with those of the
horizontal geomagnetic component, and the ratio
of the former variation magnitude to the latter is
dependent on their periods, i.e., approximately
proportional to 7 %  The calculated ratios
assuming that those wvariations of the two
components are tied with each other by the
Maxwell equations coincide well with the actual
observations.

In the end, I would like to express my
sincere thanks to Dr. Okada, Head of the
Meteorological Observatory of Japan who
kindly made a critical review of the present
manuscript, Dr. Hatakeyama, Director of the
Toyohara Temporary Geomagnetic Observatory,
whose comments were very useful throughout
this study and Dr. Kuraishi who were helpful
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enough to read through this paper.
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