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by 
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Abstract 

HourIy valu回 ofearth current potentia1 gradient observed at Kakioka， J apan， 
for the period 1962-1973， have been analysed to determine the lunar and solar 
daily variations in the earth current. The r白ultsfor these variations in the earth 
current are compared with each other.τb凶eresults are also compared with the 
lunar and solar daily variations in the geomagnetic field at the same observatory 
for the same period. 

1. Introduction 

τ'he lunar daily variation (L) in the geomagnetic field is quite definitely established. 

This variation at Kakioka and other two observatories in Japan has recently been 

determined and discussed by the prl郎entauthor (Shiraki， 1977). Because of the close 
connection between earth current and geomagnetic field， lunar daily variation in the 
earth current is also expected. Really it has already been found by Yokouchi (1939) 

at Kakioka. However， the amount of data used in his analysis is of only two years 
and is not enough for the prl民 isedetermination of L. Moreover the relation between 

L in the geomagnetic field and that in the earth current at this observatory has not 

been examinedぉ yet.

It is therefore of inter回tto reanalyse the lunar daily variation in the earth current 

at Kakioka from a large amount of data (12 years from 1962 to 1973). The result 

for the lunar daily variation has been compared with由atfor the solar daily variation 

(S) which can be obtained at the same time as a byproduct. Moreover， the lunar and 
solar daily variations in the geomagnetic field at the same observatory have been 

ana1ysed for the same period by the same method， too， and the relation between earth 
current and geomagnetic :field has been examined and discussed briefly. 

2. Analysis 

If (ln，ん)and (Sn，σn) are the amplitude and phase of n・thharmonic for L and 
S variations， respectively， one may write， 

L=ILn=Iln sin (nt-2ν+えn)

S=ISn=ISn sin(nt+σn) 

( 1 ) 

(2) 
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where t is the local mean solar time and νis the age of the mean moon. Usually， by 
the method of Chapman and Miller (1940)， the first four harmonics for S and L are 
simultaneously determined from hourly values of earth current or of geomagnetic 

field. Their vector probable errors are a1so ca1culated by the manner described by 

Malin and Chapman (1970). 

Earth current at Kakioka has been observed槌 thepotential gradient between 

two electrodes of the span of about 1 km in a direction 50 west of north and its 

rectangular direction. These two coniponents are temporarily desゆlatedas N' and 
E'， respectively. The hour1y values for each of N' and E components were first 
analysed as a whole and then reanalysed after subdivision into three Lloyd's seasons; 

winter (January， February， November and December)， equinox (M arch ， April， Septem-
ber and October) and summer (May， June， July and August). Any days on which 
data are incomplete have been omitted from the analysis. The percentage of such 

days to total ones is 2.7% for N' component and 2.3% for E component. To com-
P訂eL (or S) in earth current with that in geomagnetic field as precisely部 possiblein 

later discussions， results of the analysis for N' and E components are converted into 
those for the geographic componen臼 northwardcomponent N and eastward com-

ponent E. The results of the analysis for N and E componen臼 aregiven in Table 1 

Table 1. Lunar harmonics in the earth current potential gradient at Kakioka. 
U凶t:0.01 mv/km. 

11 p.e. ..t1 12 p.e. ..t2 13 p.e • ..ta 1. p.e. ..t. 

Northward component N 
all 13 6 148 13 3 78 14 2 123 5 2 350 
winter 55 15 194 41 8 59 15 5 194 7 4 42 
equ1sOX 11 3 54 12 3 136 17 3 92 7 2 314 
summer 28 5 64 9 3 231 24 3 109 6 2 332 
Eastward component E 
all 27 14 106 124 9 299 55 5 95 15 6 331 
winter 197 27 217 182 14 324 73 11 136 22 7 342 
equ1sOX 46 14 43 105 16 288 50 13 66 4 7 338 
summer 188 24 58 117 15 273 68 11 75 18 11 314 

Table 2. Solar harmonics in the earth current potentia1 gradient at Kakioka. 
Unit: 0.1 mv/km. 

81 t11 82 t12 88 t1a 8. t14 

Northward component N 
all 6 293 18 208 11 44 2 264 
winter 10 244 14 186 8 19 3 204 
equ1sOX 7 295 20 206 15 38 5 240 
summer 9 354 21 224 13 66 4 338 
Eastward component E 
all 44 282 52 174 27 349 3 127 
winter 50 244 35 167 25 305 13 110 
equ1sOX 50 2卯 61 181 39 349 11 160 
summer 49 312 62 172 30 25 12 318 

/ 
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for L and in Table 2 for S， respectively. It is noted that the potential gradient is 
expressed in millivolt per kilometer (mv/ km) and the current flow in the N (め com-

ponent is reckoned positive when the flow is towards the north (east) and negative 

when in the opposite sense. 

Moreover， the hourly mean vaIues for declination D， horizontal intensity H and 
vertical intensity Z of the geomagnetic field at Kakioka have been analysed for the 

same interva1 as that of the data of earth current by the same method， too. The 
number of missing days is three for Z at the most. The results of the analysis for 

D and H a1so have been converted into those for the geographic componen臼 of由e

field; north component X and east component Y.τbe r民ultsof the analysis for X 

T'able 3. Lunar harmonics in由egeomagnetic field at Kakioka. Unit: 0.01γ. 

11 p.e. A1 12 p.e. A2 13 p.e. A3 1. p.e. A. 

Northward component X 
a11 46 16 226 
winter 129 26 275 
equinox 59 22 161 
summer 53 35 171 
Eastward component Y 
a11 34 8 卯
winter 20 14 269 
equinox 31 17 110 
summer 91 14 83 
Vertical component Z 
all 29 7 194 
wInter 53 10 43 
equinox 45 9 204 

summer. 88 11 205 

82 7 71 
134 12 1∞ 
53 12 47 
92 16 43 

101 4 295 
121 7 8 
91 9 286 
203 10 265 

34 4 286 
86 7 222 
44 6 308 
63 7 355 

54 3 234 
69 7 259 
44 10 205 
63 10 227 

45 4 109 
53 5 208 
53 6 90 
98 9 89 

37 3 250 
40 6 321 
44 5 226 
62 6 232 

9 4 95 
17 5 99 
4 5 359 
12 8 110 
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Table 4. Solar harmoniωin血egeomagnetic field at Kakioka. Unit: 0.1γ. 

S. c14 81 c11 

Northward component X 
a11 21 58 
winter 31 351 
equinox 32 74 
summer 28 99 
Eastward component Y 
a11 111 28 
winter 34 37 
equinox 119 28 
summer 178 26 
Vertical component Z 
all 69 89 
winter 54 75 
equinox 71 88 
summer 84 98 
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and Y components are presented in Table 3 for L and in Table 4 for S toge出er

with the results for Z component. 

In Tables 2 and 4 the vector probable errors for S harmonics are not given be-

cause they are very small in comparison with the amplitudes and they訂every close 

to the vector probable errors for the corresponding L harmonics in Tables 1 and 3. 

3. DiscussioJ1S 

The amplitudeιor 品 isconsidered to be significant at the five percent level 

when it exceeds 2.08 times its vector probable error (Leaton， Malin and Finch， 1962). 
Using this criterion， all S harmonics in Tables 2 and 4 are significant. For L harmonics 
al1 but 4 out of 32 determinations in Table 1 and all but 5 out of 48 determinations 
in Table 3訂'esignificant. 

Figs. 1 and 2 show the smoothed L and S variations of earth current， respectively. 
Such variations (called daygraphs) are drawn from synthetic hourly values derived 

from Eq. (1) or (2) using harmonic coefficients in Table 1 or 2， respectively. 百四
daygraphs泊 Fig.1 refer to the epoch of new moon and are drawnぉ江 thesun 
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Fig. 1. Daygraphs for the annual (y) mean 
and seasonal (w: winter， e: equinox， 
s: summer) mean lunar daily vari-
ations of N and E components in the 
earth current potential gradient at 
Kakioka. The curves refer to the 
epoch of new moon. 
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Fig. 2. Daygrョphsfor the annual (y) mean 
and seasonal (w: winter， e: equinox， 
s: summer) mean solar daily vari-
ations of N and E components in 
the earth current potential gradient 
at Kakioka. 
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Fig. 3. Horizontal vector diagrams for the Fig. 4. Horizontal vector diagrams for the 
annual (y) mean and seasonal (w: annual (y) mean and se部onal (w: 

winter， e: equinox， s: summer) mean 
lunar daily variations in the earth 
current potential gradient at Kakioka. 
The curves refer to the epoch of new 
moon. 

winter， e: equinox， s: summer) mean 
solar daily variations in the carth 
current potential gradient a1. Kaki-
oka. 
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Fig. 5. Daygraphs for the annual (y) mean and seasonal (w: winter， e: equinox， s: 
summer) rnean lunar daily variations of X， Y and Z components at Kakioka. 
The curv白 referto the epoch of new moon. 
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Fig. 6. Daygraphs for the annual (y) mean and seasonal (w: winter， e: equinox， s: 
summer) mean solar daily variation of X， Y and Z components in the geか
magnetic field at Kakioka. 
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Fig. 7. Horizontal vector diagrams for the Fig. 8. Horizontal vector diagrams for the 
annual (y) mean and seasonal (w: win- annual (y) mean and seasonal (w: 
ter， e: cquinox， s: summer) mean lunar winter， e: equinox， s: summer) mean 
daily variations in the geomagnetic solar daily variations in the geo. 
自eldat Kakioka. The curves refer to magnetic field at Kakioka. 
the epoch of new moon. 
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and the moon remained on the same meridian during the lunar day centered at new 

moon. ln another way L and S variations may be i1Iustrated in Figs. 3 and 4， re-
spectively， by the horizontal vector diagrams， too， combining the daygraphs of N 
and E components. Similarly the daygraphs and the horizontal vector diagrams for 
the geomagnetic field are shown in Figs. 5-8 corresponding to Figs. 1-4， respectively. 

It is c1ear from Figs. 1 and 2 that the range of N component is much smaller 

than白atof E component for both L and S variations. Consequent1y the vector 

diagrams in Figs. 3 and 4 are great1y elongated in the east-west direction. Such a 

restriction in direction of earth current is found often in the world and is attributed 

to the effect of the local gωlogical structure. 官ledirection of elongation is usually 

called the prinCIpal direction of earth current. 

The seasonal change of earth current for L in Fig. 1 or 3 is strikingly remarkable. 

At first， the seasonal relation of ranges is， roughly speaking， 

L(equinox)くL(winter)くL(summer)

and it is very different from that of S s白 nin Fig. 2 or 4. Secondly， the type of 
variation for L also shows a remarked different seasonal change as compared with that 

for S; the type of variation for L in winter is rather in opposite phase to that in 

summer， though the type of variation for S changes slightly among three seasons. 
Such an anomalous seasonal change for L in the earth current is similarly c1ear in由e

geomagnetic field comparing Fig. 5 or 7 with Fig. 6 or 8， respectively. The anomalous 
seasonaI change of range is much c1earer for earth current than for geomagnetic 
field. 

The ratio of the magnitude of S to that of L is very variable among three seasons 

for both earth current and geomagnetic field. This is because the se錨onalchanges 

of L and S are very different from each other. The ratios of the range of daygraph 

for S to出atfor L are given in Table 5， only for the annua1 mean variations which 
are most precisely deterDUned. In this table the ratio for N (め componentof earth 

current is rou位lyequal to由atfor Y (め∞mponentof geomagnetic field. According 
to the induction theory in the plane earth model of homogeneous conductivity， the 

¥hor包ontalcomponent of magnetic field (X， Y) is related to the horizontal component 

of electric field or 即 thcurrent (N， E) by the formula (Rikitake， 1966)， 

Table 5. Ratios of the range and the' amplitude of the s民ondharmonic for S to those for L. 

Earth current 

ratio of range (S/ L) 
s2/12 

Geomagnetic field 

ratio of range (S/L) 
s2/12 

N 

10.2 
14.0 

X 

4.77 
5.21 

E 

4.86 

4.21 

Y 

14.7 
15.7 

Z 

14.7 
11.4 
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(;)=(がて-~) (3) 

where ωis the angular frequency and σis the cO'nductivity in the earth. TherefO're， 

the abO've-mentiO'ned cO'rrelatiO'n O'f the values O'f ratiO' between X and E O'r between 

Y and N is approximately explained by this thωry. Such a cO'rrelatiO'n is a1SO' seen 

fO'r the amplitude ratiO's O'f the secO'nd harmO'nic O'f L and S; the amp1itude ratiO's O'f 

the secO'nd harmO'nic for S tO' that fO'r L are given in Table 5， tO'O'. Taking this fact 
intO' cO'nsideratiO'n， it is cO'nc1uded that the ratiO' O'f S tO' L O'f earth current are rO'ughly 
equal to thO'se O'f geO'magnetic field. This cO'nc1usion dO'es not coincide with the previO'us 

O'ne O'btained by YO'kO'uchi (1939). His cO'nc1usiO'n is that the ratiO's O'f e紅白 current

are much smaller than those O'f geO'magnetic field. HO'wever， his conc1usiO'n was ob-
tained by the cO'mparisO'n between the earth current at KakiO'ka and the gωmagnetic 

field at O'ther O'bservatO'ries， and such a cO'mparisO'n may be insufficient. YO'kO'uchi 
repO'rted that the amp1itude ratios O'f the secO'nd harmO'nic fO'r S tO'出atfO'r L shO'W 

similar values fO'r bO'th N and E compO'nents， though in the present resu1t the ratiO' 
fO'r N compO'nent is much larger than that fO'r E compO'nent. This may be explained 

by the reasO'n that his determinatiO'n O'f N cO'mponent was incO'rrect due tO' the much 

small amp1itude O'f variatiO'n. MO'reO'ver， the present much different va1ues O'f ratiO' 
fO'r N and E cO'mpO'nent may be explained by the reasO'n that the relative lO'catiO'n 

O'f KakiO'ka tO' the center O'f the equivalent O'verhead current system fO'r L is much 

di百erentfrO'm that fO'r S (Shiraki， 1977). 
LO'O'king again at the hO'rizO'ntal vectO'r diagrams O'f earth current in Figs. 3 and 

4， it is c1ear that the principal directiO'n fO'r L is different frO'm也atfO'r S. Because 
the earth current is c1early connected tO' the geomagnetic field as described above， 
it should be taken into consideration that the vector diagrams of the geomagnetic 

field are alsO' somewhat elongated for both L and S in different directiO'ns. However， 
even after this consideration， the principal direction of earth current fO'r L is different 
from that for S by about 25 0

• Such a fact is also seen when O'nly the second harmonic 

O'f L and S is concerned. The difference of the principa1 directiO'ns fO'r L and S may 

be attributed partly tO' the error of the determination of L variation， but may be 
mainly explained by the fact that the L variations in earth current and geomagnetic 

field have two parts due tO' the ionospheric and oceanic dynamO' origin (Malin， 1970). 
The principal direction of the ionospheric d 
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柿岡の地電流の太陰・太陽日変化の解析

白木正規

概要

柿岡で観測された1962-1973年の地電位差の毎時値を用いて，地電流の太陰・太陽日変

化を解析した。そして，これらの日変化を比較し，議論した。更に，同じ期聞の柿岡の地磁

気の毎時値から，同じ解析方法により，地磁気の太陰・太陽日変化についても解析し，地電

流の日変化と比較議論した。


