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On the Relations between the Variations of Earth
Potential Gradient and Terrestrial Magnetism.
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3. HRmHEAE 3. Theoretical Calculation
ML ZDFLRM A ] 51T, HPE43 ) D i) The chart records of the geoelectric
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potential ~difference showed that its east-west
component was mostly accompanied by simultaneous
short-period variations of the horizontal geomagnetic
component with negligible variations in other
geomagnetic components, while the declination and
the downward geomagnetic component also varied
simultaneously at longer periods especially for daily
variations. |, therefore, proceeded to my calculation
by assuming the east-west geoelectric component
being induced solely by those of the northward
geomagnetic component (here | also assumed that the
geographical north and the geomagnetic north were
identical.). | applied the results of my calculation to
relatively short periods (shorter than 80 minutes).

(1) FFEE T HBRE O LR R IR T DRIy 1 L ShiE S (1) Dr. Terada calculated the amplitude ratios and phase differences
DO ONIFEZEZFIT A ICEE L 2 E OB LITHF OEHIZHK  between the northward and downward components of the short-period
Hb0ELTHAEINTHS.

T. Terada: Journ. Coll. Sci. Tokyo Imp. Univ. Vol. XXXVII, Art. 9.

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 x |
further assume that the electric field, E, is independent
of x, whereas the magnetic field, H, is independent of
both y and z. It follows that Ex = 0, Hy = H; = 0,
which gives the following Maxwell equations;

aH*:aET’__;’_‘?L......‘...‘.......‘...‘.(1)
b8t =73z oy

dEy, , AE.

By+z?z @

where Ex, Ey, E; and Hx, Hy, H, are the x-, y- and
z-component of E and H, respectively. Egs. (1) and
(2) are combined to give:

dH, 0°Hxz  0°H,
TR EPe + Eye )
Suppose Hyoce PHiMy*a+az then it is readily shown:
o= mi—darp(p—ig) e -(5)

If we write ¢ = -(a¢’ +1i 87), a’ andpg ’ are
respectively given by:

r— 1
o= VE {v’(m‘-' —driep p)+16 KR+ (mP—d i 13)}
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It follows from Eq. (2) that;
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4
or by taking the real parts of E and H;
H,=e¢~ 0+ eog(my—3'z+qt) ‘
Ey=— ¢ e—(Bl+a’z) cos(my—B’z+qt+a-) e (T)

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

(2) Z DMEIXEN O data LT b rough ZFEAE D BHLZLO
T, IEFWICAHE TIIH 508, KB order 215 11~

LES.
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Hence, the amplitude ratios are given by:

E ¢ 1 . 5 oo

A L L TR T

. (9)
__m

H, 4w

If we consider the case of very weak decay (p = 0), the
former ratio becomes:

B, 1 -
Vo — 4 ML I (10)

H: 47k
Now I assume =1, and consider k=5
X 10"*%emu adopting the results of measurements by W.
J. Rooney and O. H. Gish® who claimed that « varied
between 10*® 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 (E;)
to the northward geomagnetic component (Hy) is
approximately 8 x 10> mVV/km/y. It follows from Eq.
(9) that the wavelength 4 (= 2z/m) becomes 1.3 X
10*km. If m is thus small, m* is negligible compared
with 16 72x 24292 so far as the period in concern is not

very long.  On the other hand, if
1
m = 0, Eq. (10) is reduced to H—yocT 2 which is

X

Ey 0.4 .
close to the observed curve of H—ocT “. This

X

also supports that 167 2x242g? is the leading term

while m* is the correcting term. Hence, using
E

—Y M derived from Eq. (10), the amplitude
H Ak

X

ratio is calculated as follows:

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

(2) This value is based on not only few data but also rough reading, and
thus very uncertain. 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 Ey/Hx in mV/km/nT. No captions were
given in the original text.

To compare the tabulated values with the

054 | 047

observation, | derived the following values for 4 using
the expanded form of Eq. (10);

B, 'TLq_(
st ¢ 14+—
H, l/ 47K

1 __m'__)
4 16 mu’q?

m

by substituting the observed values for H—y on

L.H.S. and the calculated values above for ,/——— .
Ak
~ | . | - | . | . | -
ACGHE) ) i 10 i 20 ‘ 30 40 : 50 1 60 80
) i7 138 ) ; ;: 7‘ 14 17 1777 17 - 17 B 71"9

*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 Ey/Hy
calculated from Eq. (10) gives very good agreement as

follows:
T T8 ‘
2 | &
Ey (m/?) 5 10 {1] | 30 40 50 60 80
o \ET N
>~ i : I
Eid n 182 1-31 096 083 076 | 072 070 067
- R _ _ ]
® il | 180 ‘ 134 098 0:86 o077 ‘ 072 069 064
|

*This compares the calculated (the middle row) and
observed (the bottom row) ratios Ey/Hy 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.

HYHR S B (1934), HIFE N M OHIRE RSB L O T O BRI EEV T, GRS, 5 208, & 12 %, #5175, 16-22 H.

(& 150)
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