




























































































































































UNIVERSAL EARTH-CURRENTS AND THEIR LOCAL CHARACTERISTICS 
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APPENDIX 

THE MEASUREMENT OF EARTH-CURRENT POTENTIALS AND ITS RELAIABILIT'l 

§ 1. Introduction 

Superficially the method of the earth-cw rent measurement is simplicity itself and 

do也 notdiffer in principle from an ordinary physical measurement of potential difference 

in the・むstkind or民 condkind of conductor. We must, however, take s釘iouslyinto con-

siderations !ollowing some charactぽisticpaints in th偲efields of science. 

In the first place, the伺rthmay be probably considぽedto be a complex semi-

conductor ; especially the electric state of its upper layぽ， inwhich some of the main p紅ts

of the m組側ringequipments訂einstalled, is mainly governed by its constituen胞 and

quantities of electrolytic substanc邸 contained. And genぽallyit is apt to vary ovぽ

rather wide limjts beyond our control, so that it tends to rise various eλtraneous effects 

at the electrod白. Much efforts, therefore, have been done by many investigators to 

get d配trodeafree台omany such contact potentials. but, unfortunately no satisfactory 

succ邸 hasbeen done, at least in the permanent installation, though the non-polarizing 

llquid electrode is surely superior for the t回nporaryobsぽvationin r白P氏tto its small 

contact potentials. We must, therefore, allow for some of these contact potentials and 

甘yto minimize them as possible as we can, and more practically as constant as possible 

compared with other portions of potentials considered(lJ. Although these state.n1ents 

see:n to be rather negative for us, in practice even this last requirement is not so easily 

realized as it is the c部 e. These anomalous variations, however, are used to be distin-

gt.iished from other portions of potentials by comparing two or more inrlependent bas白 in

the same direction. One of the most fundamental and urg釦tnecessity for earth-current 

me鎚ur卸nentis to improve .the method of electrode installation to be suited for the p町－

manent routine observation in出ev町yplace. 

As toothぽ requirementsfor the satisfactory me;:isurement, similar carefu I practice3 

m田tbe done for the installation of the und釘・groundwires prot配tedfrom any fault insu-

lation and natural corrosions, and sometimes for the construction of some suitable she¥ped 

electrode3 of small contact resistances compared with that of the remainder of the 

circuit. Th回etwo requirements seem to be more or le~~s eぉierto artificially control 
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than contact potentials, but various initial testing and practice of the former should be 

most carefully carried out as well as that. of ・electrodes themselves, because of the diffi・ 

culty of testing their ∞πect order of function at any time when once hurried in 出e
ground. 

B邸id白 ofthese points, 

and the diffぽentgeological, topographical and hydraulic at the very station. 

From these poin旬 ofviews, in this paper 訂egiven some obsぽvationalsimple experi・ 

men胎 andnotes on the e部entialpom匂， on which the accuracy of the measur自nent

depends mainly but not so syst白naticallyhave been甘eated,and general d笛criptionof 

廿l~ method and equipment made at出eKakioka Magnetic Observatory,, through which 

important data used in this paper are supplied. 

§ 2. Some experimen旬 andno旬son曲emeasurement 

of ear世i-currentpotentials 

1. Base length 

Genぽallyspeaking, it is difficult to say in a word how long and in what directions 

出ebase lin白 shouldbe installed. The matt釘 differsfor different subj~ぬ ofinv・伺 tigation

and localit問。fthe subterranean structUre in the neighbourhood of the station. For 

instance, at the ordinary observatory recording of such sorts of earth・currents as the world・ 

wide and rath也・ short period variations, one to ten Km lin偲 runningin northward and 

eastward directions are usually installed (2〕． On long lin田， runningscor鎚 or・hundred

kilometres long, we have some advantag白 insuch poin給路thenegligible釦tallelectrode 

potentials compared wi也 universalearth-current potentials, low s~nsibility of instru・ 

men飴 used,more repr鎚entativefeatur・倍。fthe current flow in出e吋cinity.of the station 
and so on. For the permanent routine work, howev町， it may be more d偲irableto 

construct cheaply and to keep permanently血elines in satisfactory conditions, even it is 

required to use somewhat high町 sensitiveinstruments ・or recording apparatus. Hence, 

from only tl出 pointof view, and furthぽ fromthe need of uniformity of the .structure 

in世iearea・ included in the measurement,・ it may be apparently said that the more出e

line is short, the be枕町 itgo田． Of ~ourse, we may台equentlyencountぽ withtrouble・ 

some and diffic1.dt even飴toover℃ome fo:r the s~tisfactory m伺sureme~旬。fsmall quanti吋伺 ・
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considered〔3〕，ぜ undulyshort lines w町eopぽatedwithout any sensible pr舵 autionagainst 

various extraneous effects. In order to harmonize those merits and failures, at an ordinary 

obsぽvatoryit may be錨feto choose the ba~ length as long as a few kilometres at most, 

pr-0vided c訂efullpr舵autionand patient endeavour for maintenance of all par飴 ofthe 

equipment. 

On the o血ぽ hand,at a place whぽethe subterranean 柑 uctureis so complex that 

血edis凶butionof i飴 elぽtricalconductivity becom白 heterogen的 usor even・ aniso仕opic,

we may have a’few base systems with di任erentbase length and direction of the line. 

The need of也回eaux:ili紅yequipmen包 canbe justified by the precise knowledge about 

the distribution of也eα.trrentflow in resp配tto that of conductivity in both horizontal 

and vertical dirぽ tions. A more imPortant pomt m some sense i.s that th田eduplicate 

or m叫tiplesystems can manif白tthem鵠lv偲卸 apowerful tool for the inv，白tigationof 

local or sometim信 regionalcharactぽ of伺rth-curren飴．

2. Geomagnetic and atmoゆhericelectric. induction on the overhead line . 

It is unqu田tionablyd偲irableto use the highly insulated cable lin鎚 forconnection 

between the recording instruments and electrod飽， b配ausewhen the aぽiallinesむeu提d

the following poin結晶ouldbe cared of; electromagnetic induction on them due to the 

time chang倍。王 thegeomagnetic field or m舵ha凶α1motion of出elin田 inthe p町manent

geomagnetic field, el即位ostaticinduction em対sof atmospheri~ electricity, and some 

mechanical damages of l伺.dingwir偲 andtheir supPo此ぽs. But frequently紅eused 

ぬeOV町h伺dlin白 insteadof cabl回， becauseof the expen鉛 entailedand民riousinjury 

、 uoontheぽops.

(A）~ Geomagnetic induction on the line 

くi) • Induction due to出.etr剖lsientgeomagnetic field chang偲

Two t白tha関 linesw釘eset泊 thecompound of也eKaf9oka Magnetic Obs町－

vatぽy,one of which formed a vertiαl rectangular loop o1出earea 100 m3 with its ov，町h飽d
line and the ground, while an insulated wire for another base was i討ddown on出e

surface of the ground in a s仕叫ghtline, running in the same dir配討onas the formぽ base.

Ear也・currentpotentials for匂.chb~田 W町e photographiαlly recorded by m鎚nsof two 

sensitive ga,lvanomet・ぽ SW泊 the銅meins仕umen旬lconstants as shown iq Table 1: 
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Table I. 

I Period C. D. Res. .Coil R回. Cun・ent sens. S回levalue 
Galvanometer ：－一一一一
｜問 UM I帥 1川－eain伽 m 2. B. io-5volt/100m/mm 

Speed of I 
Recording I 6・ O mm剛山

Considering the fact that ~he mortf the magnetic field changes quickly, the more induced 

current in a loop beco’nes large, the amplitudes of the same short period variations with 

their time duration ranging仕omten seconds to one minutes were read out from the two 

records. The amplitude.!;I of出e田lectedvariations訂egiven i 11. three groups in Table 2. 

・rable 2. Co岨parisonof amplitude of potentials, A, of the univers3l shゅはperiodvariations 
observed with two se旬 oflines; the one ~kes a verti伺 lloop with the ground, 
while another makes no loop. 

A: exp目指edin mm unit. 

Range j A"! An j Ran酔

I 4.0 4.0 ·~ 
2.0 2.1 

5.0 5.0 
2.8 2.8 

I 3.0 2.8 o-5.0 I 
I 5.0 5.0 

I 4. 0 4.0 

1 4.0 4.0 
・5.0 5.0 

I 3.3 3.2 

Aγ ： Li~e with a loop・. 

G・・ 

’ 

A"! An Range A"! . An 

一一一一一一
5.2 5.?. 12.1 12.3 

7.0 7.0 13. 9 14. 0 

6.0 6.0 10. l 10. 3 

'7. 0 '7. 0 10.2 10.2 

8.0 8.0 >IO. 1 22.8 22.5 

6.0 6.0 16.9 lti.7 

'7. 0 '7. 0 15.8 16.0 

8.1 8.0 14.0 13. 9 

10.0 10.1 11.0 11.0 
22.2 22,U 

11.2 11.0 

An: Line with no loop. 

一－・ ・
0-5.0 3.81 3.79 

5.1-・10.0 7.14 ・7.16 

>IO.I 14.56 14.54 

Total 
Mean 
8.75 8.74 

As it ~ad been expected before the experiment, we could not detect any appreciable 

difference .in amplitude between two sets of base lines a:s f訂 asthe accuracy of the mea 
surement was concerned. We could also釘ndno ph部ed出町encesbetween two records 

in the limit of e汀or,four seeonds. From the ・theoretical standpoint of view, however, 

the magnitude of induced electromotive force. V, in ~ coil due to the varying magnetic 

force, H, which passes" perpendicularly through the coil can, be expressed as follows. 

dH V=S.N.一一一.10-s volts, 
dt 

where S and N are the area and number of turns of出ecoil. Then, in theαse of the 

above experiment. V can be calcul~ted as V = 10-7 volts for S= 100 m3, and 4. 5.10-s volts 
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dH for S=4500 m3, r回p配tively,when N=l, =10-5. 
dt 

The maximum紅 eaof the loop in the艶 nsesaid above is approximately 4500 m2 

for the r句ular伺 stbase line of one and ha,lf kilometers long at Kakioka. At any rate, 

出町efore,it ・is clear that induction effect due to the varying geomagnetic field with 

p町iod.as low as ten鈴condsis not so important. 

( ii ) • Induction due to the motion of the line in the permanent geomagnetic 

field 

On the o也ぽ hand,we have an ano也erequivalent induced elec甘0・motiveforce 

due -to the relative motion of the ovぽheadline to the permanent geomagnetic field when 

出ewind and o出町 mechanicalfore伺 acttoo詑illatethe line in favourable conditions. 

The line is・ more or le誌 flexibleand ・not always bound on the insulators in the same 

manner at each. point and, moreover, the external mechanical forces, of which most ef・ 

fective one is wind, usually change their directions and magnitudes with respect to time 

and space. ・ Consequenly, the loop formed between the line and the ground changes its 

area with time, and then the induced E.M.F. will become so irregular and indefinite that 

it would not be so・easyto grasp the・ exact mode of the matt町. Neverthle既日ieordぽ

of magnitude of世ieinduced E.M.F. may b~ estimated as follows. For example, at the 

Kakioka Magnetic Observatory we have an eastward line of one and half kilometer lo~g 

as・ above・ mentioned of which wire is fixed at f迂tyone points on the insulators. The 

mean area of each segment of the line formed between it and the horizontal line connect・ 

ing two consecutive points amounts to about 3.10' cm2. For simplicity’s sake，託 we

a部umethat each segment has the same紅白祖国 aboveand as a rigid body oscillates 

about the horizontal axis in the plane perpendicular to the geomagnetic meridian with the 

組mephase, then the induced E.M.F. in the whole line can amount to the ordぽ of

millivolt. The magnitude estimated in this id回 lizedcase is not so small-enough to be 

neglected compared with other kinas of .universal earth-cu町en胞. In practice, however, 

such an idealized uniform condition can not be realized, and moreovぽ， owingto tl砲

rapidness of the motion of the segment, only a few pぽ・centof this amount. will be actu・ 

ally recorded by an ordinary galvanometer or such like apparattぉwithits proper period 

of a few舘conds. Actually, during the long pぽiodof ob8ervation at Kakioka we could 

n,Qt detect anv remarkabl~ trace on the electrogratn even when rather strong wind blew 
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It is nece誌ary.however, to take出鈴eeffec匂 intoaccount when the sm~l and rapid 

variations such as micropulsations comparable with tho詑 of也eearth ground訂eto be 

recorded. 

〔B〕． Atmosρheric electric.e・元（ectszゆonthe line 

Accompanying with the disturbances in atmospheric elec仕icityin such bad weathers 

as thunderstorms, heavy rains, snowfaJling, solid precipitation and etc, we have freque11tly 

recorded some irregular and rather larger . variations in bo出 componen飽 atKakioka. 

The amplitudes of these variations differ markedly in different localities, and・ depend upon 

the prevailing meteorological conditions, topography, height of血eOV，釘headline and etc‘ 

On the mete。，rologicallycalm-days,. .. however 1 no such remarkable abnormal changes 

can be observed Therefore, such kinds of local effects-due to the ~hanges of atmos・ 

pheric electricity, of which major pむtmay due to・theantenna-earth cぽrent,are only 

occurred in very specified time i川町vals,and then fYla.ν8. IQ5D 

gi•re no serious handicap for the discu回ionof也e

general aspects of伺 rt:p.-currents.

Gen町allyspeaking, however, we have some pc)穏i・

bilities to suppo関 moreextended spatial correlation, 

or rather world-wide relation between earth-currents 

and atmospheric electricity世iroughth~ 住ansf，ぽ of

一ー一一一一~－t,
_)AJ e}co> 

～…♂十一一tJ 
C" 

J (I) 

electricity between the air and the e紅白， butthe 戸、

discussion for these problems are out of the scope to 

be仕eatedin the pre詑ntpaper. 

An example at出eK~oka Magnetjc Observatory 

is shown ~q Fig. 1, which was ac~ompanied with the . ,, 

precipitation of hailstone of moderate intenSity. The 

I( I/ 

・，Fig.1. Abnormal variation of 
earth-ct町佃tpo旬ntialsaα刀im・
戸niedv.rl也hails句n伺 ofmod・
ぽatein旬nsi弘（A). Arrows 
show the dir町tion.of ・curr阻 t
flow. 

maximum ranges of this. variation recorded_ by some lines are given in Table 3. It shows 

how much differ these variations in different localities.. In re知 ・ence:to thおよthe topo・

graphical and geologi伺 Ifeatur倍 n鎚 rthe ob縮・vatoryru:e shown in Fig: 2 toge・白ぽwi出

the site of the observatory. For convenience’S担kefor廿iefurther statement，釦meof 

the ·re~ul訂 and temporary base lines drawn・ in the figure紅enumbered ~nd . their ba鈍

lengths訂ealso given in Table 4. 

／ 



亡コ Loam
陸掴 Po・叩hyriぬ跡地 Grani飽

Eヨ~昨Schi悦

Fig, 2. A吋ang.釘n回 tof re伊larand怯m仰向ry崎rth-currentlin関， and
g白logi回Iand topographical sketch n回rthe Kakioka Magnetic 
Ob:ぽ va旬ry,

l、able・3. Lo也Iabnormal variations of伺rぬぐurrentpotentials acc:ompnied with hails加n関
at Kakioka 

Ba舘 length ぬx.range, m V /km . Amplitude ratio ef 

Base line* univぽ鶴IcmTents 

BW NS BW  NS EW  NS ． 
－く0) l.l>Okm 1.lOkm 79.8 36.8 1 1 

(1) lQOm lOOm 0.6 一 0.70 o.92 

く9) loom lOOm 0.6 160.5 1. 24 0.64 

後 Refer飴 Table4. 

_/  



、、‘

8 

1主主ble4 . 

.Base line 
Desc!rf沼t田ed1~回mber 

Component length 

EW l.50km (0) 
.NS 1. lOk:rμ 

ew ・100D1 (9.) ns lOOm 

e’w' lOOm. (1) 
n's' lOOitt 

EiW1 350m 仁3)

E'W' l.85km (2) 

E2W1 l.05k立1 (4) 

e,w, .2rom 
く5・〉n1s1 210m 

In connection with this・ pheao:ne'1a, it sho叫dbe remembered that’some abnormal 

variations in bad weather.s•are. often mistaken as those due to atmosphぽicelectricity. but 

they are really caused by fault insulation of the line and insulat，の・rS.

3. lnsul ation 

It is one of the most important r伺凶remeコtfor the satisfactory measure:nent of 
e包・th・cu汀entsto keep the total circuit in adequate insulation throughout the measuring 

period notwithstanding any unexpecte:i changes in the natural and artificial circu nstances 

under which the measurements訂eregularly carrieヨon. The difficulties in・ obtaining 

adequate insulation are mainly encountered in the field equipments, thatお， overheadand 

underground Iinea, togefh町 withirJ.sul~tors ・and le~ds joining t恥 electrodesto the lines. 

Sometimes the faulty insulation of the overhead line3 may be in仕oducedunconsciously 

by touching and iniuring their coating wi也 somethinglike branches of仕e鎚. except 

the gradual decrease o~ insulation resistanc倍。f出eline－~ and insulators due to the changeョ
of their materials over a period of y，伺rs. As to the und也・groundlead joining the 

elec位。d回 prop町 to血elines, the matter is v町y位。ublesome,for i旬 insidiouseffect~ 

are influenced by various kinds of changes of physical a吋 che'Ilicats白tesof the surface 

layer of the earth. The following experimental re:mlお maygive an idea of the order 

of error to be introducP.rl in the ・measurements due to faulty instilation. 
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(A). Error due to faulty insulati0J1 of the line and insulator 

( i). Simple circuit 

The simpl回tcase of m伺 suringarrange~ 

men飴 will be considiぽ・ed;ロiorecomplicated 

onesαn be位eatedin th~ similar manner. Iμ 

Fig. 3，位ieoverhead line is supPosed to be伺r出－

edもetweenPx and Qx through the to包1・resis-

tance X, then the current i3 flowing in the line 

can be expr~ed as follows; 

1 x+c「~，
v l ’ v I 

li; ＝寸「（ ("' ｝三β百一，
品。 IX+C,.{1一党）I 川

伽~ ，［~~ . 
!c. ix ピユ二j .lc2 

~~~高~＇~お6淑可保町側同公匂入可~／
E，ほ Ez
V1 Vx V2 
Fig. 3. Simple gavanome加・cirer恥
R: Highman伊ninseri槌 r伺 is旬nee.
G: Coil r回忌匂neeof galv却 ometer.
C1,C2:'Con匂ctr田istanceat the el回・
trode E1ぽ E2・

S: Universal shunt resis恒n回．

v=v1-v'l, vtl)=vx-V2 

GS 
R0=R＋万平喜一＋c.+ea

where・ V1, v2 and vtl) are伺 r位1・cu町entpoten白lsat the poin旬 ofelectrodes E1・E, and 
伺 rthedpoint Px; C1 and C:i也econtact:'.resistances at the respective electrod笛． Since 

the condition β~l is usually fulfilled for C1/Ro~l in practice，日iough也ecase of Vz>v1 

when v1>V:1 can be possible along some path of the overhead line, iir will become gen-

ぽallysmall compared with the case when the line. is kept in perfect insulation, i.e., 

hく仙＝ζー。
It is .to be noted出atthe reduction coefficient βis almost determined by the ratio of血e

con包ctr回包抱neeat the el＜詑trodeto the insulation r倍istanceat仕iepole or some point 

on仕ieline. 

くii) • Model experiment 

T.b回econ.c;iderations wぽeillustrated in 出e

following simple model. experiment of wh~ch arrange-

ment is show~ 記hematically in Fig. 4. Two similar 

rec旬ngularcoppぽ el配甘odeP1andP，く2.0cm×2.0cm)

wasimmぽsedat a hoFizontal distance 1 ap訂tin the 

cone en住icCuSO, solution in which an approximately 

llniform elec位icfield was舘tup between copper elec-

位。βesE1andE:i・All叩lie回 joiningP 1 and P 2 to h回.vy

rubber doubly coated wires m1 ana m3 was thickly coat-

ed by high quality pitch to be impぽviousto 出e

し

V: Glass v民;sel,
18αn×21αn×21αn. 

S: ・ Wooden pla-旬 oovぽ．
E’s: Copper pla恰 el町trod田．
m’s:H回 vyrub~ wire. 
p’s: Copper plates. 
n : Copper wire. 
K : rorcelain insulaぬr.
l=P1P2, x=P.ln. 

s 
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solution. A copper wire n, 1 mm  h占aineter,was then :dippeci ~rito the soiutlon ・at 
the distance z仕'OmP3 on出eiine joi凶ngP1 and ・P:i・ The凶πent~pa剥ng through 

a galvanometer G, i包 sensibilitybeing 1. so.10-s Amp; I>& mm  . and P&io.d 2 .舘 conds.

W鈎 m伺 suredfor two伺総awhen n was conn配給d.to・ the ・.base line L and・ ・ di8conn配ted

from it, corresponding to the actual伺飽sof faulty ・and. Pぽf舵 t・good insulation. Sonie 

examples of the results thus ob包inedandαIeulated valu倒 bythe出抑倒sionof i" inくi)

訂egiven in Table ~. The example-A shows出e.lin伺 rfunctional relatio~ between 
ig anq x. The鉱 amplesB1 and Ba wぽ・ecarried out to .ch舵k白e錨.ymptotic・var担tion 

of iir by in・αeasing X/C1・alltabular・ values of curren旬 .being・偲pr回sedby divisions of 
the deflection. 

Table 5A. Relation betw館aig.and x 

18.5" 6.1 16._4 ・16.6
18. 4 5.8・ 15.5 15:6 

18.4 4.4 .14.9 14.,7 

18.4・ 2."9 13.1 13.l 

Table 5B1・Relation恥tweeni1組 dX/C1 

a
 

hu 

向

UAU
 
－A
 

噌

A

a

d

 

－d
岨

竃

一

ト

4
s再

m
q
Gす

一

一

戸

十

X

C
－

R
 
1 =8.0cm 
.one必v=0.. 6.l0-3 volts. 

去る（n) ’5.102 1. 5.10' 

lg 
obs. 

cal. 

16.1 

15.9 

18.8 
0.75 

17.0 

17.2 

18.8 
e.20 

3.5.lOS 7 .. 10’ ~.10' 
17.8 18.2 18.'4 
17.8 18.8 18.4 

18.6. 18.7 18.6 
5.10 10.15 29.o 

くig）個
X/C1 

C1=690n,. 

X=Xo+Cn, 

R=l4000n, 

Cn=l'.lri; 

・1=8.0cm, x=5.5cm 

oon'b:は r田is鎗neeat n. 

τ'able 5B:a・

Xoくめ 102 5.103 10' 5.103 IO' 5.10・8.105 ~os 

18.3 14.0 14.8 17.0 17.8 18.5 18.9 19.0 
lir . caJ. 13.2 14.0 14.7 17.0 17.8 18.7 19.0 19.0 

くig）同 18.9 18.9 18.9 18.9 18.9 19.0 19.0 19.0 
X/C1 0.04 0.17 0.34 1.67、 3.32 16.7 99.5 382 

C1=3014n, R=l~OOO!l, 1=8.0αn, x=4.5cm. 
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~the aboveぽPぽimen包 con也.ct.r邸istanc回 atP1 and P, '!Nぽeassumed to be 

equal and one half of也eeffぽtiveresistance betw~en P1 and P2・ Thecon匂ctr~iS包nee

at n wasαleぬte4in血e’鈍meway by sub仕acting也econtact resis也neeat P1合・omthe 

eff1舵tiveresis組問ebetween Pi and n. The good 

coincidence betw~n the回申ぽimentand calcula-

tion proved that the uniform elec位icfield was 

fairly well established in the solution, and it was 

not disturbed by the aπangemen包 ofthe・ ex開ti-

ment and ．出ecurrent flowing in血ecircuit; 

ぬowingno appr舵 iablepol訂izationeffect at 

el配位od回． Indeed，泊 itis鈍enin Fig. 5出e

potentiat drop between the d配位。deP1 and. n 

Y1-Vz) was inぽ・easedlinearly wi也theincreas-

lg dis包neebetween them. 

（泌｝.Field位:periment

16 (Vr-VxJ 

14 

12 

10 

8 

6 

4 

2 

時C

2

 

R
U
D
E
U
 

ヴ
f6
 
5
 

d

－
7
 3
 

『

J
4．，， o

p
 

，I
 

Fig. 5. Potentiat drop between P1 
釦 dn, (V1-V.,), and distance 
between P1 and n. A similar field eJ中erむnentwas carrie4 

out for the east component of血eu凶V釘泊Iearthセ出Ten包atKakioka. Some experimental 

details are given in Table 6 where all resistance3 were measured by the Kohlrausch’s 

bridge,' notations being ・to be .ref，ぽr~d to Fig. 3。rthe expression of i＂・
Table 6. 

、
C1 X 

I. 2.10sn. 1. 2. I03n 

Distance 
E1 E, 
1oom 

Distance 
E2 Px 
57m 

Ro 

301.1.103n 

1、hedecreament of the amplitude of the short period variations when X was con-

n側海dto the line is clearly鉛 enin Fig. 6, where the amplitude is plotted referred to 

the回mevariations recorded by an another independent adjacent eastward line of equal 

le昭也錨areference ba詑.・From白e3etwo linear relations we ob阻inedthe coefficient 

β＝O. 80, while the calculated value is β＝0.79. 

When the measurement is under fear of low accuracy by large contact resistances 

or low insulation resistances, the記ale・ value, or vottsensibility of the electrogram is 

frequently calibrated by impressing the known electromotive force in. the total circuit 

including the伺 rthinstead of substituting it only aαoss.出egalvanometer unit in place 

of Jines (Fig. 7). In the former method of記aling,scale value is apt to be disturbed 
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T回trbase 
s 

4-

J 

2 

／ 

。

< fJX Qmneded 
<2> o Disconnected 

2 3 

(2) 

4 5調周

吋erencebase 
Fig. 6. Deぽeamentof amplitude of the universal 
earth-curr，回tpo・旬ntialswhen the line is 
artificially回rthedt~rough the insulating 
res is包neeX. 

C2 
Fア，

E1 - J..G E Yi E2 
Ia R ~ .-=i~ 
c,rJX← rYYY- • • v ti v・ きC2
I IP/ ~ / / / / / 7 / / 7 / / ／芝／／

E1 ヒ2
Fig. 7 • . GaJvanome飽rmethod wi出 theαlibrating
circuit for the旬ぬIresistance including 
出e回目h.

during the time of operation by the short pぽiodicfluctuation of出euniver錨 Jcurrents 

themselves, and sometimes polarization curren旬. If we keep the re与istanceof the circuit 

GS r;r 
iu such a way that, R ＋百玄勺芯；~ Ci+C,, 

the scale value determined by the latter method becomes approximately independent of 

contact resistances・ C’s and X. 

At any rate, from these considerations it can be concluded that the contact resis-

tances at electrodes should be minimized・舗 po鑓ible槌 wecan in order to avoid both 

unstable potentials due to the variations of contact resistances and insidiousぽrorscau鎗d

by the fa叫tyinsulation of the lines and insulators, provided no unstable con組.ctPotentials 

are con民quentlyin位。ducedin the circuit. 

〔B).Errors due to J aulty insulation UJ measuring a紗 aratus

Although it seems apparently to be much easier to keep the measuring app紅atus 

in the room than to keep the outdoor equipments in adequate insulation, we must t紘e

care of血eoccurrence of faulty insulation effects during the Ioi:m penod of ob田rvat1ons,

especially when potentials are to be recorded photographically by means of記凶悩ve

galva:nonteters in a dark room. Most of events happened at Kakioka and other places 

were due to the unsatisfactory conditions of the galvanometer詑 t, that is, damage of 
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insulation between two terminals of a galvanometer, leakage through the tripods and 

leading wires connected from the shunt resistance to the galvano泊eter,and so on. 

Tb回eunsatisfactory conditions were all caused ,by the accumulation of very small dust 

particles on the surfa白sof insulators in the coぽ舘 oflong time recording in a dark 

room, of course, the events beeing promoted by the moisture content in the air. 

The rest minor parts were due to the faulty insulation at terminals of various connections 

and natural decreament of insulation resistance of insulators used. 

These insidious errors due to faulty insulation, however, can be detected and 

preventable by the effort of constant and careful cleaning the main portions of galvanometer 

舘tsand all terminals in the circuit and checking for the constancy of daily scale 

values, jointly using the suitable devices for protecting the all app訂atus fro .n the dust 

aαごumulation,variations of剖rhumidity and te;nprature. For exa;nple, coating bare.:l 

portions of the leading wire near the terminals and tripods with high quality liquid 

insulator, sealing the wax on the surface of concrete block on which the galvanometers 

were set, and sometimes setting the galvanometers in a suitable thermostat, or in a 

semi-underground house in which temperature and humidity were kept approximately 

constant, and etc., were all experienced to be simple and useful for the present 

.Problem. 

At last, it is not to be forgotten出atin someαse all dry cells or batteries, 

usually t～6 volts, used in the calibrating circuit or Potentiometer circuit should be 

carefully insulated. 

4. Contact resistances and their time variations 

Some examples of the eff，舵tivecontact resistance:s between two electrodes and 

their time variations measured at Iμkioka釘egiv~n in Tab.le 7, which were all measured 

by the Kohlrausch’s bridge wi白 thealternating current sdurce of ten thou回 ndcycles. 

As is 舘~en· in the table, their mean values extend台omthe minimum five hundred 

ohms of ew component to the maximum舘 venhundred ohms of ns, while f Qr each base 

he・ maximum deviation from its mean in出ecourse of the ye訂 approximatelyamounts 

~O 20%. Thus, in出sca関 theeffective ・contact resistance of EW, or ns component 

above-mentioned only amoun飴 toless than one percent of the high series resistance 

in鈍rtedin the circuit, and at least the seぉon.alvariations of all comPonen包 canbe 

neglected in the measurement of potentials. A~ it is well known, the contact resis飽nee
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is principally controlled by the surface紅白 ofthe eiectrode, closeness of contact 

between the surface of the elec位oaeand its ad1acent part of the soil, amount of moisture 

content, kinds of salts contained in it, and so on. Then, at different plaiα~ and by 

different proce.路 ofinstallation, we may have sometimes so large contact resistances, 

or their remarkable time variations出atthe accuracy and stablen回sof the measurement 

訂eprincipally decided by the unavoidable changes of chemical and physical ・ states of 

the ground. .In practice, however, it may be more important to keep the constant 

contact resistance in long period than to make itぉ smallas Po路ible,if we can not 

realize simultaneously the詑 twoconditions. Any extraneous effect at the electrode, which 

may be accidentally mtroduced by rnakmg mechanically the contact resistar :e as sma~l 

as po回ible，ぬouldbe avoided, b民auseany unstable contact Potential is usually much 

troublesome to甘eatthan to avoid the ・effect. due to a rather large contact r缶詰，tance.

Table 7. Eff民tivecontact r回is加 lC回くめ insome indepndent base lines at曲eKakioka 
Ma伊eticOb記rva旬ry.（玄103の

Date 1948 <t) <2) m 1949 
19/IV ~9/V 28/Vl 31/Vll 28/¥fil 31/Wl 16/J玄17/JX19/JX 30/X 24/Xl 8/Xll 22／工 22/1123/Dl 

EW 0.64 0.62 0.弱 0.600.63 0.60 0.55 0.45 0.48 0.54 0.51 0.54 0.55 0.60 0.63 

Ba~.e*J ew 0.57 0.55 0.50 0.49 0.44 0.45 0.42 0;44 0.44 0.49 0.50 0.53 0 .. 58 0.59 0.60 
ns 0.82 0.78 0.67 0.64 0.59 0.59 0.54 0.56 0.57 0.60 0.65 0.68 0.75 0.75 0.76 

Remarks j く1)after rain；く2)heavy rain；く3)after heavy rain 

併 Referto Table 4. 

Ref erring to the further continued data(4〕． the contact resistance .generally 

undergoes a rather simple seasonal variation with a maximum in the interval from ・the 

later spring to the early summer, and a・minimum in the autumn months, though some 

irregularities are found in the period from the later s凶nmerto the early aut山nn

(Table 7). And the mean amplititude of the seasonal variation鵠倒nsto make no 

remarkable change from year to ye訂 asf訂 asthese electrodes紅 econcerned. On the 

occasions of heav:v rains, however, the contact resistance of the regular eastward base, 

くOトline, decreased rapidly and recovered gradually, of which mechanism may be 

:onnected to the irregularities appe訂edin the period from the latter summer to the 

early autumn above・rnentioned. 

Although we have no need in this paper tυtouch the further details of the 

contact resistance, it may be worthy to see a similar seasonal variation of the earth’s 
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Fig, 8. Seasonal variation of effective contQct resistanc回 andearth・resistivitiesat Kakioka. 

目出stivityof the upper layer of the earth. In Fig. 8 are shown the seasonal variations 

ofbo出effectivecontact r伺is阻ncesくR)and resistivities (p) which were measured by the 

me出.odof Wennぽ ・Gish-Looneywith a megger type ratiometerくL・10type reaistivity meter 

by出eYokogawa Elec甘icWorks). In the vicinity of the observatory the uppermost 

layer up to the depth about one hundred met釘sbelow the surface has a rather uniform 

r伺istivityof about 10'0. cm. It may be ex開ctedfrom this ~igure that the記鎚onal

V副・'iationof the contact resistance can be principally controlled by that of re3istivity, but 

de pen也locallyupon the physical and chemical state3 in the adjacent part of the ground 

to the electrodes. 

5. Variations of contm;t potentials 

From the electrochemical point of views, there should be no仰 tentialdifference 

existing between two electrodes which訂eidentically eョualin their phycical and chemic沼l

s也tesand niade to contact with a homogeneous and isotropic medium. However, this 

is not ptactically realized in回目h・currentmeasurements, even if we use two identically 

equal electrodes. Theref9re, it is a common sense among the earth・curr.entists that 

one of the most important points in the earth・current measurement is how to minimize 

the contact potentials and how long to keep 1t m a constant state, becau舘 itis 
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practically impossible to hurry the electrodes in the ground without some contac 

potentials between any two electrodes. In order to get a pair of el即位。desto meet 

d児島位ouble鈎med佃 iands,skilful methods have been propo詑dby鉛 meauthers・【5〕．

In our routine works it wぉ frequentlyeff舵tivein practice to・hurry加 thelec・ 

trod.es in some artificially prep訂edsubstanc偲 inplace of the natural soils. At KAkioka 

two elec位。d回 werehurried in large volwne of charcoal fine gravels, of which some 

details of performance will be described in the next paragraph. For an another出 ample,

at Owashiくλ＝136° 12’E, '}'=34。04’N),a branch station of出eMagnetic O恥ぽvatory,
by replacing the very sandy ground of about three cubic met，ぽswi出世iefine clayey soil, 

in which double・αrbon electrod邸 Wぽeins泊lied.・J arge contact potential variations were 

almost di担.ppea~ed·inthe eastward line (Fig. 9a). Before th:"s reconstruction of elec位。d凶

the record of this base showed the very typical and larg~ contact potential variations due 

to the rainfall as shown in Fig. 9h. For the northward base, however,. there was seen 

no remarkable improvement, because we made no replacement of soil for. the south elec・ 

2t/c旬。

29700 

2?600 • 
G花 B官i
135＇。'E.M.T

Owashi 

NS 

olt q也t

置rWKm
100 

吋 80

的

。九

Fig. 9a. An example showing improvement of electrode performance by replacing the 
natural ground with other substances at Ow鵠hi.
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This improvement for trode o叫y.

the eastward M誕 maybe eJ中l垣間d

by the very small change of moisture 
ふな！？：

同
一帆

the carefully compacted content in 'A'i 

clayey volume回idabove due to its 

permeability 

compared with出atof the very鈍ndy

part surrounding it. 

of coefficient smallぽ

An another低 ampleof simi-
＼ 

el舵仕odeelaborate mη，re but 1ぽ．
Pr 

100m111 

{I performance was car討edout at Kaid-

oka for the equipment of the sub-

o' 4tJ... 
(/JS・E.MM.T.)

Fig. 9b. Large and rapid abnormal changes of ear也・
cuπent potentials due句rainfallat Owashi. 

Jd  2時d01. 

of (2）・line,e智twardline, regular 

This base was situated on the line e泣endedwhich recording was started. in April, i950. 

and it~ east-pole was set down about く0)-line,westwards of the regular eastward line, 

Theel低位。deused is schematically ten meters eastwards to the west-pole of the latter. 

Tw<' tarbon rods shown in Fig. 10. 

Carbon 
-rod 

ma  

charcoal gravels, 

packed 

m 

carefully 

hurried 

were 

were 

which 

enclosed 

by田ndlayer, and connected p訂 allel 

wi也 theovぽheadline. 

cylinder concret~ hollow 

L句，：dca.bte 

Concrea.t 
Cf!linder ~ 

All outer 、

surface of the・ concrete cylinder and 

士。i包 cov町 werecoated wi也 pitch

protect出ev白田1仕omthe p釘℃ora-

tion of moisture仕omthe surrounding 

t/O' 

A“pot”el即位。debuπied upside 
down. 

Fig. 10. 

For 

明ras

soil, except the bottom side. 

羽nreunderground leading 世ie

As it is used出elead cable wire. 

variations of daily mean values of potential gradien飽 obsぽvedby世話sseen in Fig. 11, 

。出ぽ

whole, 

国 ch

As a 

accordance 

ago. rears 
good fairly in 

down about sixteen 

are く0）ーline,

being set 

EW line, 

in spite of the la.tter base 

reg叫arthe and line 



18 

m係H Apr Ef 50 陥y 1q50 
40 I 
I 1、J¥_IJ>J'、J、ハ』／、ψ、 l九ー I II. Fペ l
IO I I ....., I 1・ 1 -I ~ -I..，，可寸

・20E ’ P I I El.13 I • • I I. 八 l 入 ...1 』九－1- I 1'.. _ I八／、J
I l『 kノー¥V" - J＇＼／ 』d y 一可－1可 『 1、 可 I 

・5οl I I I・ l I I I 

H2'l叩0写
125'- E 宇 A 且

!001 I d 
泊 Ii A ぺ＼十d v 、 11~ I 可 l
50 I IV、／ーl I .. , I I I 

40mm 

明 II I ,I Pr I I I I I 
－－~I I I I 11 11 I. I 11. I I I . I 
I 10 20 I 10・ 20 .JO 

Fig. 11. Com開ri回，nof daily m回nvalu回 oftwo maependent ba駒 lineswith. diffぽent

el民trod時． “pot”elec回 deand coppぽ田charcoalel舵trode.

位teymade al$0 no appr悶 ablelong開nodvariations due to some舷甘aneo凶 eff1配旬

n回 Z血eelectrodes, showi~ hardly connぽtionwi也neithぽ thecorr回pondingdaily means 

of the horizontal intensity of geomagnetism, nor amount of rainfall. 

The~ examples, therefore, tell us that if we can pay Oぽ carefuland proper 

considerations to bo出 constructionand installation of electrodes, and togethぽ wiぬ to

the circumstance of the place, we can exp配ta po鵠ibilityto get a fairly・ good condition 

of electrodes, and consequently stable contact potential!3. 

Coneぽ凶ngto’也ed配位。deperformance, it must be al鈎 noted也atthough 

it is frequently le弱 emphasizedto protect splices join凶ngthe undぽgroundwire to 

the el艇なodepropぽ仕omper租eationof soil moisture, remarkable con包.ctpoten討als

can be ap開aredespecially when出e回ld1ぽedjoin旬 are.ini開ぽ倒ly伐卯詑dto也e

ground. Ref erring to this point，世iefollowing simple expぽimentw.錨 αrriedout. 

By the田mearrangemehl: shown in Fig. 4, contact卯 tentialbetween. P1 and P :a w錨

measured when鈎idぽed joint~ poinぬ betweenm's and p’S W釘e 偲戸田d ~o 出e

鉛 lutionby tearing o丘thepitch layぽ Scoated on出eir・surfaces. Some of世ier伺叫旬

are given in the following Table 8. 
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Table 8. Variations of con包ctpoぬntialdue旬 imperf配tinsulation at splic回．

Pitch layer Conぬdpo包ntial恥tw白nP1 and P!l 

く1) 回iston加也 sideof P1 and P, 0.06mv P1 negative 

くの no layer on one side of P1 only and P~ unchanged 19.60 P1 negative 

(S) no layers on one・ side of both P1 and P2 0.35 P1 positive 

ての no layers on ho也 sid回 ofP1 and one side. of Ps 15.33 p, n句ative

く5)no Jaye時価防白 sid回 ofP，組dP, 0.18 P，卯sitive

’Therefore, when we have some diff~rent mat・釘ialswi出 di丘町・entphysical and chemical 

S旬t白紙 somepar旬。felectrod1伺 orits underground wires，田~rious pr町autionmust be 

paied for the elec位。depぽfonnan，偲， forin坑組ce,when the lead electrodes紅eu舘d.

As it is e総ilyundぽstoodby the above expE到riment,similar precaution sho叫d加

paied for the perfect prot舵 tionof underground wires台om血eabrasion and ~oπ倒on,

even no diff e,rent mat，ぽialsbeing contained in them. If a part of the copper wire 

directly or・位U"oughlow insulation is e却O健dto出.esoil, at which depth it mi~ht has 

different physi但 land chemical stat飽食om也0鎗 atthe el白色吋epropぽ， thevery 

pむtof the wire would take a roJe of an ano也町 electrode. The contact pate凶 als

出回 producedmay be apt ~o varr especially n伺 r白念伺r出’asurface, accompanying 
wi白出e var抱討onsof various.恒nclsof meteorological elemen旬， i.e., temperature, 

amount of rainfall, content d 鈎 ilmoi詑ureand鉛 on. An actual以 amplewill be 

shown in Fig. 12 in which allαJrVes are drawn by the original millimetぽ ・readings. In 

血ecomp<>~nd of the Kakio~a Magnetic ・ 0泊町vatory,a t釘nporarye鎚W紅 dline, 100 

me旬四 lo~. w槌 installedin October, 1倒4,adjacent to也esub-regul訂 base, (1）・line.

In也iscase as the underground wire W槌 U提da ・simple Ie~d cable, thickn笛sof出e

outぽ leadCOV1釘 andinner single lay;ぽ g凶nwere 0. 6 mm  and 1. 0 mm, respectively. 

At first, registrations were found・ normal, but se~med gradually to become out of order 

before not so Ipng t泊iepa鎚edaft町 installation. In the figure D’S curves wm be 

r偲ponsiblefor也e担.mplesshowing these different pr9C白 S回. The curvta, D’s, are 

calculated・ from也eho町 ly.valu田 ofbo也 sub-regularba詑 and怯mporaryone by the 

following回中1ression,

D~ 三 ei一α：ea.=s,(1.-1,/.s), β－ ~， ~ .• 81 -1 ~ 一一一ー α＝ー一一一ーーーーーーー-Alt’企｝9.s, .βs，’ 

where 
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忽｝

e,: hourly absolute values of the sub・regular base line. 

e, : hourly absolute values of the temporary base. 

I,: length of ordinate in mm on the recording pa酬とrfor e, 

l!I : length of ordinate in mm on the recording paper for e3 

~I •. : mean len~h of ordinate in mm corresponding to the amount of changes of 

short-period variations of the univer鵠le訂仙・cu訂entsfor the sub-regular 

base line . 

.iii,: corresponding value to ~. for the temporary ba鵠 line.

S1：舘alevalue (mv/km) for the sub・regular base line. 

s，：配alevalueくmv/km)for the temporary ba鵠 line.

Since it is reぉonableto ~uppose 出at the el~tric conductivity of the earth is constant 

during the, time interval, now two days, as far as the present ba・鵠sare concerned, D1 

can be responsible for・ a kind of residual potential which depends upon the local 

potentials, mainly contact potentials. Then，百世iecurvP. D1 shows a s仕aightline. 

both ba詑srelatively have no variable contact ootentiats, wbile when it does not so, both 

or .eith~ of th~m contain some VC!1'iaple potentials in the interval of time concerned. 

In the figure the uppぽ D1C町ve(Dec. 19・20,1944), which corr・回pondsto the normal 

state －批 thebiginning of the installation，ぬowsalmost a straight line in the limit of 

error, while on the con仕ary,the low・ぽ o.くDec.9・10,1950) changes with a large 
diurnal variation. On the othぽ hand,we have no・sucha .diurnal variation in the D:i 

curve which is calculated in a similar wayぉ donefor Di by combing the sub-regular 

ba艶，く0・line.and regular EW ba鑓，（0）・line. Then this large qiurnal variation of D, 

must be originated in t~e temporary base only. Indeed, it is vぽyreasonable to see 

an intimate correlation between D, (Dec. 9・10, 1950) and the simultaneous variation 

of鈎 i1temperat町 e部 shownin the lowest curves, b舵au艶 thereexamination of 

the undぽgtoundlead wires showed clearly faulty insulation at 'two p訂tsof the W回t

pole wire. It is to be回D配iallynoted here that the “r偲idualpotentialsぺ or
“D・curve ”me出od.propo路dhぽewill be useful for the detection of various kinds of 

local changes superposed on other p紅白。fpotentials, which may othぽwi鈍 beovぽ－

looked even by a keen・ obsぽverdue to their small amplitude or indefini旬。αurrence（句．

6. Comparison of um'versal earth-current potentials observed with 

different kinds of electrodes and apparatus 
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Fig. 12. An example showing ah10ilaal variations o（回rth・potentialsdue旬 fa叫tyinsu: 
lation of a undergro凶ldhading wire. 

(A). Galvanometer method with different ・kinds of electrodes 

In order to check whether some independent r配ordsobtained. by the凶 ua

iimple galvanometer method with different kinds of electrod飴 anddiff，釘entorder・ of 

magni加deof Q町rentflowing in the circuit do accord with each otnぽs, or not，出ree

temporary continuous observations wereηariied out in the compound at the Kakioka 

Magnetic O恥ぽvatory.Each of the lines is equally of 100 meters・ long and laid almost 
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in the錨mee旬；t・w邸tvertical plane. In order to get accurate readings avoiding any 

ぽror・due芦ogradual .change of. absolute values, only shqrt. period vむiationscontinued 

le錦 thanthlrty minutes were selected on出er舵 ords. TJ>.e calibration of potentials 

was made for the total circuit focluding・也eground. The electrod~· used were. of fol-

lowfog three kinds，鍋.t'ura~ed CuSO, nori·polari~in.g sin~le electrode(7), carbon rod double 

el配trodes(8) and copper plates burried in charcoal powdぽ； theirs甘uctures紅 esche・ 

matically shown in Fig. J.3. Some details of the .in伺sure.meI¥tand. mean rela~ive ampli-

。

εtectro~tic毛仰v
Cyli叫.er

toC悦

qubon-rod El~rode 

ぬli~伽pooM

f.u詑dLead 
Copperwi叩

Pam.ff.in知ked
・Ch.amber 

Fig. 13a. C.uSO,, non-polarizing国mellia・bottle

electrode. 
Fig. 13b. Carbon rod el~ode. 

Fig. 13c. 
Copperぐ：harcoal
electro~e. 

. tude ratio which 訂ederived. from the mean valil飽 of

. t>otentials for .. each speeified・intぽval of .. amplitude range 

訂egiven in the following Table 9. As it may be位pected

only台om白etable, we can find no . stati~tical significant 

difference between any two mean v叫U白 of・potentials. among 

the three -Obsぽ同tions..It. adqition to the above白φeri.Il).ent,

f~町 t邸t obsぽv_atiohswぽeαrriedout for. sho此釘 lines

down to ten meters long, and th~. fQrmer r回i1itwas泊.tsfactori・ 

ly just凶ed.As it is・ reasonably偲 pected,ther~ore, it. may ~ 
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Table 9. M伺nrelative ampli加deratio for short period variations of univer飽I白此h・αE阻 its.

Amplitude range: mp  /km 'Sc Ea h 
M 鈎 12・，00-3.991ι00-5.99 >6.00. (Amp/nlln) (Amp.) （~） 

N田nberof obs. 12 8 3 2 

ー euso, 1 ・1 1 1 1. 0.10・9 2.5.10-3 20 

'El即位吋eQuo＇以m 0.97 0.98 0.95 0.98 12.0.10-a 4. O.I0-8 町

Copp官 。 0.99' 0.99 0.97 0.98 ・i.s.10-1 1. 2.10--0 350 

Sc: c町田t卸nsibilityof galvan個 et町．
Ea: Mi阻 Eabsolu飴 valueof 伊飴ntialsexpre部eciby Ct町 ent.
h : dep・出 ofelec市odeat their . middle 卯＿ints. 

調1e!y.担idthat血eme曲。dof . continuous galvanome仕icrecording of e紅白『current

PQ.tentials can afford也esame result y.rithin the limit. of error when the field equipment 

is in favodrable conditions, notwithstanding that the nature of・ material, ~imension and 

aπangem回itof d配色・odesthemselves and, m a. certain. case, the magnitude of the 

curr伺 tflowing up・ the circuit, are all. different in wide range. 

〔B〕.Micromax se/f..."recording potentiometer. method 

At Kakioka we compared the amplitudes of the umv，ぽsal回此h-cu町ents m飽sured

by two inqependent methods, the one was the simple galvapome仕icmethod above-men 

tioned and 出·~ 0出ぽ．也atof the健lf-recorqingpotentiometer of miぽomaxt~9〕． τ'he 

current舘 nsibilityof the galvanometer attached to出epotentiometer is about 10司 7

amp/mm~ which corresponds to 0. 6 mv/mm 

on也er舵ording・ papeど， andthe ・ balancing 

operation can be rep回tedev1世ytwo紙記onds.

τ'he potential d丘町・en，αョsto be m伺sur~ 訂e

intermittently marked . on the d時etevery 

'.{ourty five. ・seconds by synchronous devi伺s.

The ba鑓sused for comparison 訂etwo 30 . -20 

．伺.stwardlines of which one is也e尚早tlar

line, (0）・line,an~ 也e other ~nning 1. 05 km 

long 但 sterly.from the point 150 metぽ・s・

羽 tto the east pole of the former base. 

An低 ampleof comparison for the diurnal 

・ro.

明Wk訓

章。

Etos~ 

10 

-10 

-20 

'Y1 

／ 

10 20 

E1so 
30明WK官

Fig. 14. Compari卸nof 
amplitudes of universal 
回此h叩町回tpotentials ・ 
m噂stn"edby two me也ods;
也eone関nsitive伊Iva-
no me・也r me也吋（~uo)
and the other micromax 
self-r似おr必ngn搬出tio
me脂血ethodCE1.0.~）. 
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variation is 'showh in Fig. 14 in which for the galvanometer・ metho~ . all avwlable 

. hourly departures from 'the me~n in the_ whole pぽiodare given at just times, while 

for ・ t~e ・ potentiomet釘 method each-_co,rresponding value is it?.terporated by two 

consecutive points・ before and after the just time. As it is僻m in the figure two 

method afford a good coincidence as ~ whole; their mean values of the absOlute 

magnitude of departures are E1.o:i=6:'79 mv/km and Et.弱.：：6.85 mv/km, r・伺開ctively.More-

ovぽ， moredirect comparison by ~sing the純.meinstanta~eous values for short period 

univ町田1variations showed bettぽ coincideneeeven・ for.回chindividual obsぽvation.On the 

other hand, similar comparisons between two observa討ons.made by the galvanometric 

method only give no 4ifferences nearly within the limit ofぽror.(10).

7 Polarization 

.At last but' not least a word sh9uld be .added to .the above-mentioneq ・s旬飴ment~hat 

we could hardly find any appreciable・ amount of so・αlled・polarization effect as f訂 as

the above experiment was concerned. In・ order to・avoidor minimize polarlza~on it is 

desir.a~le cm principl~ to measure statica,lly or to keep出eamount and . duration of 

~urrettt flowing in the. cii-cuit as small as po錨ible~ in prac~ice the latter, that is, 

pptentiometric method will be betc・ぽ forthe measurement. Nowadays, some typ回 of

self-recording potentiometers with.skil~ul m低ha凶伺1or elec~onic devices may be appl~ed 

to it. F~r the observation of rathぽ longp剖odphenomena, -an intermittent . rec~rding 

may be better for the aim of minimizing polarization, but at the ordinary observatory 

continuous recordings of such ・short pぽiodvar誌tionsas their ・duration timeぬ掲出an

some minut図的needed as well as出悦 ofdiurnal variations. From thls point and 

o出ertechnical reasons, the sensitive . galvanome住icme出odis conveniently used, and 

can be also effective, as already written, for minimizing I?Olarization, provided羽 tis-

factory pぽformanceof electrodes, small contact potentials-and pぽ~ect.insulatl。n.Some 
experiments(il) and fielm works suggest that. a part of pol訂助tioncan・ be contI叫led.by 

the physi回land.:Chemical natur・笛 ofdifferent soils or artificially .in位。ducedmaterials 

紅ound出eelecげ・odes. At any rate it is po：関ibleto make pol~ation as small a~ to 

be practioally neglected by using suitable method, proper apparatus and electrodes. 
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§ 3. .Measurements of ea此hぐurrent.. po~en揺als at品eMagnetic Ob鵠 rva句η

くKakio'ka)and・ i旬branchobservatories 

1. Mesurements oj earth currents at Kakioka 

As i~ . is sometim回 given in the ~配eeding paragraph, thぽe are some 

in~ependent もおes at Kakioka of which (0)-Iines (Table 4 and Fig. 2) are now operating 

as a regul紅 routinebases. For conv~nience’S 鈍ke. for the釦比herstatement, some 

舗前ntialp_oin旬 of也.e~uipment at Kakioka will be reviewed. togethぽ withtop9graphy . 

and .geology n信江出eobserv~tory. 

くi) • Topography and geology . 

The observing place, Lat. 36。13.9'N and Long. 140°11. 5’E, is locコatedぬ t:Jte・no抗h・
儲 sternP.art of也eKwanto-Pla~e into which a chain of moun匂insof ・ Tsukuba block 

ju也 outt。nor血・馴血，白償却・erageheight bejng about fo町 hundredmeters. As 
.l'iowh in Fig. 15 the observatory is situated in the middle ”で ofa small basin 

Fig. 15. 

elongated j・n the nortli・鈎utl¥dir・釘 ttonto・出e伺.stside of this chain of mountains. .A 

sma11 ・river, the Koi鑓． runs through the・ b槌 infrom no此h-sou出 to sοuth・儲stand 
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empties mco the Lake Kasumigauta at the distance abol;lt 20km ・合・omthe obsぽvatory.

A small hill, 136 me位回 highabove the鵠a-level,stands about one kilome佐eap訂tin 

due south from the o同町~aぬry, along its foot being l~ed downゆ.e・. r~gular eastward 
line・. 

According to the geologi伺1survey伺汀iedout in the neighbourhood of the ・Tsu 

kuba mountain block~. by the Geological Survey Bureau(12〕andto our preliminary measure-

ment of earth-resistivity m~de m tite・ vicinitf of the o凶ぽvatory,it was shown that the 
geologi伺1s甘ucturein世iehilly. p紅白紅emore or le掲 complexdue to . abundance of 

granite and mi伺 Schist. The land n回rthe ~bservatory is, however,.= cov.ぽed:with the 

supぽf1cialunif or~ iayぽぱ loamiexcept the UPP•ぽ P訂t ・of the hill, where roeks 

lay bare a~ several poin旬。fthe surface. It can be presumed出atthe magnitude of 

.. univぽ泊learth-current varh~tions or their direction of current flow niay be locally 

modified by such geological .s官邸側resof ・subterranean. ma弱eswith high resistivity. 

(ii). Layout and equipment 

Some es鑓ntialP.oints of theequipment"for the regular base.only will.be ・de釦ribed

h釘ewe make no touch to 出esub·r~gular short ba鵠，く0・linea,installed as伺 rlyas 

in 1932; The system pf ins凶Iation<?f出ebase is of aぽO鎚typ~， but not a right angle 
~ommon~ec位。deone口勾；the・回stand north line3 inters舵t・perpendicularly at a point 

70 met・ぽswest of the 伺s~ el釘trodeand Rmetぽssou出 ofthe norlh one. The base 

length of世ienorth component -line is 1. 10 km, i匂 direction・being north tive degreea 

west. The伺 stline ~s ・1. 50 km long and rμns to nor出 eightyfive degreea east. This 

orientati.on. of the lin~3 ・was adopted .to be suited to the .topography and low expense,"but 

has no inevitable need fpt · th~ ob~ation.. Theぽ・eain the immediate vicinity along 

出elin回 ismore or less flat，出e.maポmum・range of its ruggedne田 beingle3S than ten 

~e位es at most, and quite neg~igihle cotnp_ai:ed with the・ base lengch. The overhead 

lines,. doubly coated刊bbぽ insulatedcoppぽ.w~es, are support~d .by porcelain double 

cup insulators・fixed on・ wooden. pil紅s・ at a hei~ht about four metres above・世iesurface. 

The maintenance・ o( all .. field equipments in good co,:iditions has been carried on by 

laborious toぽ ofinspection along .the loJJ.g -coぽ・seof iines and careful te3th:ig for their 

d~mages and faulty insulation. 

Tl時electI:oc;iein ・use is of double-elec位odetype，出atis, consis旬oftwocoppぽ platea

of one me仕esquare conuected parallel to the main li.ne. Each plate is b~ed v倒 1伺 Uy・
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in fine oak <;harcoal gravels of出reeor four hundred kilograms at the depth of about 

出reemeters or more below the surfa~e. the horizontal distance being five met釘sap訂 1

The p紅tof lead-covered cable from each, plate w鵠 t白tedfor its insulation and coated 

wi血 asphalt~f supぽiorauality to protect血e・p訂tfrom corrosion and leakage. The 

soils in the immediate vicinity of泊施伺stand north elec位。d鎚訂erathぽ browncolour 

loam to出edepth about two met＆$企~m which it becom包 sandy,while the uppermost 

lay~. at齢制thand w~ electro知的moreclaYish brovJn loam up to悦 depth

three me甘・es. During the insぬIlati.on也echarcoal fine gravels w母・epacked firmly and 

uniformly around・ the el配位odeswi出 carefuland patient end伺.~our to m討cea pair of 

d配trodeas equall as Dossible. The digged soils were returned back in the hole in出Ceir

natural order of deposit and harden by falling a heavy weight uniformly upon the whole 

E伺 of.the :Qole. 

As the m~thod of recording民useda galvanometric one. The sensibility of血e

galvanometer is enough for the ordinary ・recording at the ord~r of 10-e～10-9 amp. /mm, 

because. amplitude of伺ith-currentpotentials is relatively large; especially for the east 

component m伺 nmaximum range of也eP.iurnal variation amounts to 19. lmv/km in the 

sunspot minimum y儲 r1943. In each circuit is in.~袋町ted a sぽiesresistance of nianganin 

wir飴 ofsome ten thou鈍ndohms. It is so large compa児dwi出血e~f配tive contact 

r邸istancesof也eelec位。desthat the total reistance of the circuit becomea almost equal 

to the ser附 res~~nce itself. The e紅白－potent均lsare photographically recorde~ and 

calcuiated ・ by ・ the deflections of . the galvanometぽ andthe scale values, which are 

、 frequentlycalibrated by a standard elec:：甘omotiveforce impre部edaσ0錨 thegalvanometer 
unit in place of the line. The hourly zero positions of the galvanometer. from which 

hourly values are r伺d，紅・e.automat-

i叫 Jymarked・ on・ the recording pap釘

by opening the cir:cuit for two minutes 

from ~ust hourwi自由edock町control-

~d mぽeぽ yrelay. The recording is 

made on世iefloor in. a semi-undぽ・

ground house at the dep血 twometres 

below the surfa~e. ・ A model of・ the 

simple ・circuit i~f shown in Fig. 16. 

ε 

N S E・ W 

Fig. 16. A m剖elcircuit 'toど「thegalvanometric 
method maki:Jlg、possibleto haye .two kinds of 
国libration; the one .for to也lcircuit including 
出e組目hand lines, :while the <?ther exclqding 
them. 
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Regarding the measuremeruit of舘rth・resisti吋tysome .details w也1be given 

elsewhere. 

・2. Routine observations of earth-currents・ at; the observatories. attached to the 

Magnetic, Observat01' yくKakioka)

At present routine ・obsぽvations.o王位Z出・cuπ・en飽・ar~ goin~ on at following出ree

plac伺， Memambetsui~ .. Hokkaido Dis位ict,Kanoya in Kyushyu Dis位ict.andHaranomachi 
in the middle p~ of Japan Is~~nd. . Their geographical coordina飽3・and・; base length are 

given in. the following Table 1.0. The equipmen旬 at 出e鵠 olac白 a.r~m由也sifnilぽ wi出

tho鵠 atKakioka, but. P.1AC位。des出emselveaused are of double carbon · rods . くF~. 13b) 

except copper cylinders at Memambetsu. 

0凶訂va旬ry

・Memambetsu 

Kano}ra 

Haranomachr 

Table・ 10. 

Lat. く＿N) Long.くE)

43。・55’ 1“0 12’ 
31 25 lSO 53 

釘~ 140 56 

Base I阻g也

EW’ NS＇軸・

160m 195m 

1.65km 2.SOkin 

l.SSkm 0.85km 

後 G伺 graphi回IW舗が鋭副st.andnぽth・回u出

Due to the violent・ meteorological di鰍ll'banc・伺.in出e勾配証iedp釘iodof a y伺 r

the maintenance of the regular recQrding is so difficult~ad 仕·equently spoiled at Memam・ 

be旬uand Kanoya. ・ At白白eplaces" undぽgr<lundcables and special devices of血e

construction and pぽformanceof electrodes.・ are strongly demanded. 

Concluding Rema,ks 

In this paper are ~u蹴d也efundamen也lproble~s of伺 r出-cun:entm伺－

Sぽem側旬， thatis，仕iemethod and apparatus U時d.,Pぽformanceand maintenance of field 

equipment and various kinds of errors which may be introduced・ in the measurement. 

In鈎 mesense，世iough血ey舘 em'to be simple, they have not hithe此ob健n 住：eated鉛

，~ystematically 出at even at pr.鎚entth町eremain鉛 meo~uriti飽 to prevent the active 

improvement in世話s1t .Id of geophysi，偲 ． The expぽimentaland ~c~ field infoy;matio凶

:will make better survice to the observations of various kinds of伺 rth・cuqentPotentjals, 

and further precise understanding of this brand¥ of詑ience.

， 
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