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The Local Characteristics of Earth-Currents 

By T AKASABURO Y 0SH1MA’rsu 

CHAPTER II 

UNIVERSAL EARTH-CURRENTS AND THEIR LOCAL CHARACTERISTICS 

§ 1. Introduction 

In this chapter we d飽 Itwith th位 localcharacteristics as well as their world-wide 

m仇E倍。fso・伺lledu凶ve四al伺r也・Cぽrentsin r白戸ctto their spatial dis仕ibutionsand 

time variations. Since the vぽybeginning of the history, many obs町vationsof出ispart 

of earth-currents have been伺rriedout in various刷コaliti伺 andin different epochs of 

出esun司>0tc~cle. But owing to both def配tof radical considerations of observational 

method and technique, and the complicated local nat山伺 of出e伺此h’scrust at出e

plai偲 where出eo~町vation is made, we are obliged yet to have little knowledge of 

出eirphysical meanings, and even of their morphological basic facts as a world-wide 

phenomena. Therefore, in ord町 topromote quickly this slow progress, as it holds 

gO<泊forthe cas笛 ofothぽ branchesof詑 iencedeveloped recently, it is strongly d笛ired

to ob町 vethem by 凶 ngmore modern techniques and apparatus at more well的住ibuted

S包tionsall over the world. And仕ienshould be伺tablishedtheir phenomenistic backbone 

of出isbranch of science. Unfortunately, it is a fact that even tlus seH・evident require-

ment wa.s not初旬silyrealized. It is grateful, howevぽ， tohave had r目entlymany 

valuable matぽ包lat several plac白 inthe world. 

In the following paragraphs it is intended to make better understanding of remark-

able local characteristics of universal earth-curren旬 byusing these available material as 

many as possible together with some data of earth-r回istivityand geomagnetism, and then 

to con凶buteto the investigation of earth-cぽrentsas a world-wide phenomena. 
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§ 2. Principal, or res仕icteddirection of the variation of earthァcurrents.

1. Distribution of the Princt・Paldirection deduced fiグomthe diurnal vm’iation. 

In the first place, in order to glance the genぽalfeature of the spatial dis出bution

of univ釘sal earth-currents, so-called principal dir舵 tions of potential gradients at 

sev，ぽalplaces ov釘 theearth’S surface are summanzed in Table 11, and shown in Fig. 17. 

H町e,the principal direction is expressed by the nearest round number of degr田sof the 

angle subtained between the geographical north and the direction of the major axis of a 

hodograph of the mean diurnal variation at each station, since available data at hand are 

all confined to the diurnal variation only. At some places, each hourly vector do邸 not

always converge to any closely res位icteddirection, but makes more or less an oval figure, 

and somewhat di丘町sthis direction仕omthat deduced from various kinds of short p町iod

variations mostly prevailing d町ingthe disturbanc匂. We may be, however, satisfactory 

to demons甘atethe gen町altendency, if any, of the spatial dis出butionof the direction 

of potential gradients. As it is詑enin the figure, we have not so many points as a 

whole, and none in the middle parts of the North Am出 ca,A合icaand Asia, though 

relatively num釘ousin two regions, the eastぽnp訂tof U.S. A. and Japan. 

In the next paragraph we will first discuss the mode of distribution of the principal 

directions in these two regions from the topographical and geological points of views. 

Table 11. Princi開ldirection deduced from the diurnal variation. 

Place I Princi開Idirection [ Lat. Long. 

So血nkyUic20 N 90° w 67・24' N 26。30' E 
Haparanda cm N 80 w 65 50 N 24 08 E 
Lundα8) N 60 w 55 42 N 13 11 E 
Paris αOJ N 40 w 48 42 N 2 22 E 
Berlin cwJ N 20 w 52 30 N 13 25 E 
Greenwich αの N 10 E 51 44 N 。。
Ebro c20J N 20 w 40 49 N 。33 E 
Watherooα0) N 5 w 30 19.1 s 115 52.6 E 
Fairbanks (2oJ N 30 w 64 54 N 147 48 w 
’Tucson 0の N 20 E 32 14.8 N 110 50.l w 
Huancayo C29l N 50 w 12 02.7 s 75 20.4 w 
Toyohara cm N 80 w 46 58 N 142 45 E 
Kakiokaαη N 60 E 36 14 N 140 11 E 
Chesterfield E則 N 50 w 63 20 N 90 42 w 
Toledo cs~J N 60 E 39 53.l N 4 02.7 w 
一一一一 一一一一一 一
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2. Pri・nciPal direction observed in Japan. 

(A〕 Recentobservations of earth-currents in Japan. 

In recent y回路， onthe occasions of the total solar eclips倍 anddestructive国民h-

qu成田 we.have had several lucky .opportunities to obtain numerous available data of 

e紅th-cぽrentsat fixed and temporary stations all ovぽ theJapan Island. They could 

afford a chance to understand more precisely and more synthetically the charactぽistic 

distribution of earth-curren~s in different localities. These stations and their principal 

directions are shown in Fig. 18-33, and tabulated in Table 12. The values in this table 

Table 12. M回nprincipal direction deduced from short period variations. 

Place I ~t. N I Long. E 1 ~~~~l ぬ Period 

4i内AnoA－RM《onthonヨnυ’An4向。a4FDnO円tne噌A噌A1・1＆噌i1占噌A噌i唱i

Shirutori csu) 48・36' 142" '501 N 84・w N 76・w June 19-20, 19お
Toyo hara 46 58 142 45 N 78 E N 70 E 恥far.,~~· June, 1934 Sept., 

Memanbetsu 43 55 144 12 N 43 E N 43 E June, 1936 
Koshimi釦（35) 43 52 144お N 30 E N 20 E June 19-20, 1936 

Nemuro c:m 43 20 145 35 N 40 W N 29 W Jan., Feb., 1943 

Obihir。 42 55 143 03 N 18 W N 49 W J担.， Feb:, 1943 
Ikutora 43 10 142 35 N 84W N 37 E 1947 
Asa:mushi oの 40 53 140 52 N 43 E N 63 E June 19-20, 1936 

Morioka 39 43 141 侃 N 54 E N 74 E Dec., 1946-Dec., 1947 

Sendai C~6J 38 15 140 52 N 39 W N 61 W June 19ー20,1936 

Haranomachi 37 37 140 36 N 56W N 88 W Dec., 1946-Dec., 1947 

Kakioka 36 14 140 11 N 73W N 82 E Dec., 1946-Dec., 1947 

Miya.konojo 34 58 138 46 N 77 E N 78 E Dec:, 1946-Dec., 1947 

Heda 34 関 138 46 ~A~NおW N 25 W Aug., 1944 B N79W N 79W 

Owashi 34 04 136 12 N 76 E N 66 E Dec., 1946-Dec., 1947 
Shikano (3GJ 35 27 134 04 N 13 E 。Sept., 17-0ct., 2, 1943 
Tanabe c4oJ 33 38 135 22 N 52 E N 43 E Jan.-Feb., 1947 

Muroto c~o) 33 17 134 17 
N 55 E N 55 E I姐.－Feb.,1947 後（N73 E) 

Kanoya 31 25 139 54 N 75 E N 69 E Dec.，＿~~. Jan. , 1950 
Yamakawa c39J 31. 12 130 38 N 15 E N 15 E May, Sept .. 1950 
Ishigaki cm 24 20 140 10 N 邸 W N 50W Sept., 1941 
Yon.必runicasJ 24 28 1お 00 N 34 E N 30 E Sept., 1941 

Re bun 45 20 141 03 N 24 B N 24 E May, 1948 

Fukui 36 6.9 1お 11.4N 45 W N 59 W July, 1948 (KawaiJlllll"a) t-lt) 
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are almost deduced仕'Om出emean directions for many short period variations on account 

of the unpublished hourly values at most of stations and also troublesome gradual 

time variations of contact potentials. As it is seen in the table, since the epochs of 

observatio;J.s are inevitably scattered in the interval of more than fifteen ye紅色 itmay 

be hardly possible to avoid some町四回dueto time variations, if any, of the principal 

directions. 

The short period variations adopted here are meant by ordinary fluctuations of 

universal earth・curre:its acco;npanied with simultaneous variations in the geomagnetic 

transient field. Most of the selected variations have so simple form that they make 

approximately linear changes lasting a few minutes to their ex位emepoints. At Ikutora,. 

however, the direction was exceptionally computed from the time variation between two 

succesive hourly values during so disturbed intervals that they were hardly affected by 

the diurnal variation field, while at Rebun evぽyten minut邸 vah邸 wereutilized. 

〔B〕 Principaldirection and topography in japan. 

As it is clearly舘 enin the figures above-mentioned, the mean principal direction 

in the Japan Island shows a characteristic distribution in r白P回tto the topography in the 

vicinity of the station, or部 contrastedwith the relative dis仕ibutionof land and sea. 

That is to say, for the most stations being 

situated ne紅 the~oast, the directions are much 

more ne訂lyat right angles to the coast line 

than along it. At some points in a nぼrow

peninsula their principal directions coincide 

generally with the directions of shortest pathes 

of the land at that points; Ne:nぽo, Heda, 

Yamagawa and so on. The similar mode can 

be al旬開enat a station in a small island when 

the adjacent sh~llow portion of .the sea is taken 

into account ; Rebun, Ish也叫王i,Yonakuni and 

so on. 

a: 
I! 

・守

(o .• , 

わ~~七ー M ムム一一 ?in{).

w 

Fig. 34. Relation between On and Oc 

Furthermore, in ordぽ toshow the above-mentioned fact clearly, the observed princi・ 

pal direction On, which is reckoned from the geographical north, is compared with the 

calculated angleθc sustained between the north and the line connecting the station to its 
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ne紅白tpoint on the coast line, provided that at a station near白etop of a narrow 

peninsula the latter line is taken perpendicularly to the length of the peninsula. The 

res叫tis shown in Fig. 34. As mentioned above, the angles 80’s are approximately equal 

to 8o' s in spite of wide range of 80’s except. only one station, Ikutora, which is situated 

M血ehigh mountained part of the Hokkaido Dis住ictand far remote from the鵠a。ide.
It may be, howevぽ， worthyto note that the direction of出eshortest linear path in this 

dis住ictpa部ingthrough Ikutora is N7<f'W, while 80 is N 84。w.
It may be worthy further to remark that the residual，。。－8c詑emsto be dis凶buted

more or le詣 inre思ilarmanner as shown in Fig. 35. ・ That is to say, 13 positive valu国

out of 24 points are appeared・ in the larger p紅 tof the islands, while 7 negative on笛

‘J汐

Fig. 35. Distribution of尚一Be・
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are all crowded in the limitted zone in the middle and northeastern parts of Japan. The 

r回t4 are zero or ne訂lyZぽo.In the Sagalien all stations show positive values in spite 

of its northerly elongated figure like that of the Tohoku Dis甘ict. On the other hand, 

it can be noted that the negative area of Q0.-Bo seems to coincide approximately with 

the well-known geological structure zone in Japan，“North-East Japan・' 

it may be then sugg鎚tedthat these facts may a妊orda clue to investigate the relation-

ship between earth-curren胎 andgeological structure in rather 1紅・gescale, though it is 

desired to have more stations to decide it, especially・ both on the coasぬ ofthe Sea of 

Japan and Seto Inner Sea, tegeth町 withthose in the cen位almountained regions. 

3. Princtpαl direction observed 拘 theeαstern Part of U‘S.A. 

In the preceding article, we described obs町vationalfacts regarding characteristic 

local distribution of the principal direction in Japan and her vicinity. As an another 

example to examine the minute feature of the mode of distribution of the principal 

direction, in this paragraph are treated the results obtained in the eastern United States. 

Dttring the second polar year, 1932 -1933, G. C. Southworthc4~l observed the earth-

current potentials at about a dozen points crowded in this region. According to his repart, 

near the coast, &"'Pecially near and in the peninsula Florida including Key West, which 

is located in a small island laid between the peninsula and HavanaくCuba),eirth-current 

potential gradients mostly tend to direct perpendicularly to the near白tco1st-lirie, or to 

the length of the peninsula including the adjacent shallow part of the seヨ（l<'ig.17). 

This general tendency of the distribution of the principal direction is very ei n i.l .rr with 

白atobtained in Japan, although the directions here are deduced from the diurnal varia-

tions. It is to be noted, however, that at two. points, Denmark and Houlton, the 

potential. gradients are of relatively small amplitude and their principal directions deviate 

markedly from this general tendency. They sugg白tapparently some local behaviours 

of the electrical conductivitiea ne釘 thestation~， though we have no data of resistivities 

of their subterranean ma邸es.

At an inland station, Wyanet (Illinois) the hourly vectors do not show the similar 

northwest-southeast direction, but make mδre rot訂yvariations出an出0田 ato出er

stations. It is somewhat notable .that along this section of Mi部issippiValley as painted 

out by Southworth the principal direction seems to become more northerly, or more 

perpendicularly to the coast-line of the Gulf of Mexico. But the latter paint should be 
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discussed. from other po鎚iblepoints of吋ews.

4. Principal directions at sume other Places. 

Here is al鈎低aminedwhether any apparent relation -do儒 existbetween their 

principal directions and topographi田 atsome of the well-known o民ervatorieswhich紅 e

already given in Table 11. 

At Ebro and Ch田terfield. which訂er笛 P配tivelylocated . ne訂 theMediterranean 

Sea and the Hudson Bay, their principal directions are more perpendicular than p訂allel 

to the coast. And it is also noted出atthe principal direction at the former place is 

n飽rlyalong the part of the riv釘 Ebronear it. The s抑制訂 modecan be found at San 

Miguel in ArgentineくFig.36). Haparanda is situated near the coast of the so jugged 

Gulf of Bothnia ・that its prindpal direction seems to be not so simply relatable to出e

topography, but takes more or le弱 similarmode wi出 thatat a station near the coast 

(Fig. 37)*. The principal direction at・Greenwich is not directed to the mouth of the 

Thames, but deviates slightly from the north. It coincides approximately with the direc-

tion of the shortest pa出 inthe island at也estation, from the English Channel to the 

North Sea, including i匂 adjacentshallow part of the S飽くFig.38). But it is possible 

to suppo時 thatthe principal dir民tionmay be controlled by the southern, or-north－朗stern

hilly region provided iぉlargerresistivity in the northern direction than that perpendicular 

to比 At Lund出.edirection runs no吋hw部t・sou自白stぽlyaero田 thetop of the pe凶nsula

in the direction of approximately the shortest path of the landくFig.39). 

In the next place~ we will examine the subject at回meother stations more remote 

from the coぉt. At Paris the principal direction runs tow釘dsN 40° W along the route 

of the river Seine. However, it may be considぼedto be rather perpendicular to the coast 

of the English ChannelくFig.1'η. The well-known r白ultat Berlin by Weinstein also 

shows the similar mode With that at a station n儲 rthe coast (Fig. 17). The principal 

也・rection,N Z(f W, at this place does not point to 出egenぽaldir田tion,no此hwest-

south白.st,of the topographical featur偽 that・is, routes of the rivers Elbe and Oder, or 

mountain rang白 inthe sou出ぽnpart of Bぽlin.

At Huancayo in Peru, where the high mountain system of Andes runs northw白t-

southeasterly along the ∞ぉt,the principal direction is directed towards N 50° W along 

僑 Evenat a s凶ionas high as Scoreby Sund, Greenland (Lat. 70。30'),its principal 
direction shows血istype. 
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Fig. 37 
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Principal dlr民tionof earth-current potential gradients. 

E 

this trend, or the valley of the river Mantaro, but not perpendicular to the coast line. 

It is more or less similar with that at Toledo in Spain, where the principal direction, 

N60。E,is nearly along the general trend of the river Tajo, or mountain chains in this 
vicinity. The result of the舘：condpolar year’s observations at Fairbanks shows the 

similar. manner as those given above. The principal direction, N 3<>° W, at this place 

merely remains in the same northwestern quadrant as the general direction of the Tanana, 

a branch river of the Yukon, or its valley, but deviat田 ratherby large angles from it. 

At Watheroo the principal direction, N 5°W, coincides approximately with that of 

the mountain-ranges running along the coast of the Indian Sea, at which eastern margin 
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being situated the observatory. But the principal direction do路 nottend towards the 

general direction of the rivers, or their valleies, which are mostly originated in these 

mountained regions. TheJ., in出iscase the direction of the river, or its valley, itself 

seems to take no imPortant role for the ・distribution of the principal direction. It is, 

howevぽ， tobe noted出atthe rivers in出isregion are all of minor scale. On the other 

hand, according. to the resistivity s山veyrmnear the obsぽvatoryぬevaluea in the northern 

part are about three times larger than those in the eastぽnoneぉ itmay be exp民ted

from the topographical views. Then it is not surprising that we have such order of 

amplitude ratio of the north-comPonent to the伺stone. In the vicinity of Tucson 

the Rocky moun包insgenerally app回目 to run nor出erlyor northeasterly, and joins the 

Sierra Madre Occidental running northw回terlyon the coast of the Gulf of California. 

The principal direction, N 20。E,is rather parallel to the running direction of the 
former mountains. 

At SodankyHi位iemode of the diurnal variations on quiet days訂equite different 

from those on disturbed days，也atis, in the former case the east-component is predomi-

nant, while north-component so in the latter C路e. Then, any further descr句tioncan 

not be done based o~ the same idel.槌 thatregarding the stations in the middle or low 

la ti旬des.

5. Summary of the observational results regarding tire Principal dfrection. 

From the topographical卯恒tof view, general featur回 ofthe distribution of出e

principal direction above-mentioned are summarized as follows. 

Coast-type. At a station located near出ecoぉtits principal direction ap開ars

frequently to be more pぽpendicularto the near笛tcoast line than along it. 

Peninsula-type. When a station is situated in a ・naηow peninsula its principal 

direction runs appoximately perpendicularly to the length of it. And similar manner 

can be田enat a station being situated near the top of a peninsula, or in a small island, 

when the adjacent shallow p訂tof白e鵠ais taken into consideration. In other words, 

the principal direction coincid回 approximatelywith direction of the short鎚tpath of the 

region considered 抑留ingthrough that Point. 

Inland-type. The principal direction at an inland station far remote from the 

coast seems to take its own way characterized by the surrounding topography, probably 
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electrical conditions of the subterranean ma路. As a whole, however, the principal 

direction is apt to be parallel to the general trend of the mountained regions in rather 

vast area including the station ; say, Huancayo, Toledo, Fairbanks, Watheroo and鉛

on. 

It is a fact that at pr邸entthere are few local measurements of resistivity, and it 

is much difficult to make so large scale electrical survey that effective portions of the 

earth controlling the earth-current flow at the very point can be satisfactorily examined 

and located. Of cour記， itis not seldom to have remarkable distortron of the potential 

gradient due to the heterogeneous distribution of the electrical conductivity in the adjacent 

p訂tof one electrode or one component only. But, actually above-mentioned cla鎚ifica-

tion based on ・so many available data at 芦田ent伺npicture up more substantially the 

locality of the principal dir配tionthan hitherto done. 

On the other hand, a mathematical treatment being d邸cr.ibedlater will help us 

tom叫cemore quantitatively出eabove-mentioned statements. 

くtobe continued) 


