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                               Abstract

      When the diurnal variation of the vertical component of the earthcurrent is
   compared with that of its horizontal component, there remain resickials independent
   of tihe latter. [I]hese residuals have fair]y close relation to the daily variation of the

   earth-surface temperature, a pyesumable cause among others of the residuals.
      The following facts have been elucidated by laboratory experiments.

   r). T]}e change of t'he earth-surface temperature brings about the chanE-re of the ver-

      tical component of the earth-current, the rise of the temperature causing it to

      rise "tip." (The 'S/Vriter zises tl}e word "up" to indicate that the potential of
      the upper electrode becomes hit.rher than the lower.)
   2). Precipitation on the earth-stzrÅíace btings about a similar etYect, and catises it to

      rise " up."
   3). T.he rnechanism of sttch phenon]ena has l)een studied, ancl it is shewn that they

      are most' reasonably explained as thg result of electro-osmosis itt the upperlayer

      of the earth.

                          I• IntroductioR

    .BcachmetjewL' anCl S. ILI. Christie:i, believing that the thermo-electric

current was generated by the action of the sun's heat on dq' fferent

leibzas of soil, tried to examine the daily vari'ation of terrestrial magnet-

ism. Graves` notlced the change of potential difference qÅí the earth-

current occasioned by the sun's passage over the cable meridian and
observed the difference in its mode according to whether it took place

   I. Tikytz-Buturi (Geophyslcs>,2(r938), i52• '
   2. Bachmetj'ew, Y. Der gegenwttrt{ge Stand der ITrage Uber elel(trische Erclstro"me.

Acad. Soci., St. Pe.tersl)ouig, V. IXIIX, No. 3, rgei, pp. i-S8. ,

   3• Christie, S. Hl. Theory of the'cliurnal variation of the needle. 1'hil. tlrran.,

  4. Graves, J. Earth-currents with tlie Atlantic cable. Jour, Soc. Tel. Eng.., l[X,
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in the Claytjme or at night. Dicksoni' anci XtValker'i observed. tliat the

potential clifference of the upwcz'rd earth-current flowi-ng up towa'rd the

top of a motmtain varied according to weather conclitiolts at its sumnait.

    The first subject noticed in the stucly of the vertical component
                                                                 iof the eartli-current was tlte effect of the difference in temperature
between electrocles, and tlie matteir has baeB examttned with cons.iclerable

thiroughness by S. T. x]Nifauchly3. Then, S. I3.7. Forbush"` at Iiluancayo,

South Aiir}erica compared the. variation of the horizoiital compohent of

the earth's inas,netlsm w{th that of the vertical component of the earth-
.cur/rent and obtained the resicluals x•vith a phase si,niilar to the variatior}

of atmosphe'yic temperatRre,. I-Ie regairded the dir,e.ct influence of the

atn?ospheric temperatu're upon the temperature of the electrocles as the
possible cakise of those xesicltncls. But as the electrocles in his instxtz-

inenthad been buriec! ln tlie earth at a deptli of about i.s inetre.s it
inay be. questioned whethe.r of tli('t daily va'riation of atinospheric ternper-

ature exc",rted clirect effect upon the teinperatttre of the electrodes.

    II. The dally variation of the horizontal components and
            the vertical component of the earth-current

    The wi"iter undertool< the observation on the variation oÅí tlie ver-

tical component oÅí the earth-current with the us"al techniqtte. The
zipPei' electrode hacl been btn'ied two mete.rs deep under the earth

surface, the lower oRe also two metet`s deep under the bottom of a
well, the distance between them be;ng twenty meters. '1"o begin wi.th,

a compan'son was mcftde ot' the g"eneral features of the variations of
tke vertical componeiit ancl,the horizontal con3ponents of the earth-
current'. The data on their m{Li.an dai'ly variation for twenty days cluring

X3M'ebruary, ig3)g, is shoxvn in Table i ancl Iig. i, and its vectoz` dia-
grains in .I-'ig. r) (tY. ), ,incl the dat•a Åíor eight days dtu'ing' rvIay, ig3g,

in.ll"able 2 ar]Cl IFig. 2, an6t it$ vector diaL,o,'rc'tnris in ,Fig. r) (B). .cN- lso

the data foir seveltteen (tays dtu'ing June. and =Nugust, ig3r, at I-Iuancayo

in Sot}th America is shown in Table 3 and Fig. 4.

  r. [Dickson, XValker, E. O. Earth czu"rents in india. Jom-n. Soc. Tel. Eng., Vol. XII,

i883, pp. 38--4o: i63-r64; V. XVrzI, i888, pp. 23g-248 ; V. XXII, r8g3, pp. 2i4-225,
  2. Atmospheric Electricity and Earth-curreiits. ri'he Electrici,ren (London), XLIX, rgo2,

pp, 833-834• '
  3, ]N/{attchly, S. T. ..=X. study of pressure ancl teinperature efl'ects in the earth ctiryent

measu}"ements., 'Jl-err. iXtlagn. Vol. 23, X9i8, pp• 73-9L

  4. Forbush, S. E. Apparent Vertical Changes in Earth-current.........Tery, 'Magn. Vo}.
38, LNTo. I, rg33•
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    The tctual record of the variation of the earth-current is its shown

in .1?ig.sA... k is the record concerning the. [E-"T coniponent and th(i

vertical component automatically tal<en on the same recording paper.
The ..o.'eneral 1eatures of the sun;ounclings 6f the A.so Volcanic I.abo-

ratory may be jtzd.g.'ed from thls record. H'e.re tl}e change of the vertical

coniponent apxvaTd and downxvarcl is accon'}paRiecl by that of the horil
zontal Åëomponents towarcl E. c9L' .S. and "T. cS} NT. re.spectively (at the,

periocl of the observation). iForbush reports the iiweyse case at Hluan-
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    at the Aso Laboratory also the
   ' of June (IFig. sB).
   such chcange'$, if we assunie ehat

  and the veirtical components are
     then the same relationship is to
  in the column ` [E"VV--N•S'' andi thc.

    ratios of their absolute numbers

        of 2.g was obtained. This
    component of the earth-cunrent
    oÅí the hoirizontal components of
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          III. Experimental results with a soil column
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 order to insure insulation. The box was fl!ed with soil newly dug and

 as compact as possible. The upper electrode was buried 6o cm. below
the surface and the lower one i meter beneath it. Before beginning
measurement, it was Ieft standing for at least a month in a room vtTith
Httle fluctuation in temperatLire.

(A). Effects of illumination.
    Ih the first place, the effects of ]ong-distance illumination with a

vita light lamp or other lamp.s upon the vertical potential difference

and upon the soil surface temperature were recorded simultaneously.
The result is as shown in Fig. 6, and the major interesting points are
as follows.

(i) When the earth surface js illuminated intensely forashort time,
the vertical compbnent of the earth-current falls ` Down ' at first, then

it rises ` Up ' and afterwards gradually retuT.ns to the original (Fig. 6A).

(2) XVith mild illumination for a long time, the vertical component
rises `up' from the outset, and then recovers in a rnanner almost
similar to the earth-surface temperature (Fig. 6 B).
(3) These effects of i]lumination diminish considerably when the upper

electrode is buried at a'depth 'of i2ocm. belovLT the earth-surface.
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(B) Effects of watering.
    Study was also made of the effect of watering
evenly with a watering-pot, the temperature of water
to correspond with that of the earth-surface.
(i) With intense watering for a short time, there occurs rapid falling

`down' and gradual rising `up' and lastly more gradual restoration.
(Fig• 7)•

(2) In the case of gentle watering, the rapid falling phase can not be

observed. -    The concrete figures run as follows: In the case of intense il-
lumination (Fig: 6 A), the maximutm soil surface temperature reached
i60C by some 2o minute iliumination, while the potential change
measured at first o.oos inv Down, and then o.oos mv Up: In the case

. 4k. 'e

      SL

     r

the earth surface
   .  being adjusted
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  of mild illumination (Fig. 6 B), the maximum soil surface tempeTature
  reached 70C by a 2.s hour illumination, while the potential variation
  reached o.o4 mv Up. Fig. g records the same experimental result as
  [Fig.6A, but the sensibility ot' the apparatus in the fo'rmer case was

  raised to indicate the effect clearly.

      Figures in the watering experiment: The earth-surface of i square
  meter was watered with soo gr of water per minute. This is equal to
  the rate of 3omm precipitation per hour, or 72omm per day. The
  first effect was the rapid falling `Down ' of o.oi mv and then a gentle

  fall• measuring o.o2mv`Down' after i hour. Afterward it turned
  toward Up, the maximum reading reaching o.is mv Up after io hours,
  and at last it recovered after 3o hours from the beginning of the ex-

  periment. (Fig• 7)•
      Although the experimental conditions may be considerably diver-
  gent from the natural ones, if we are allowed for present purposes to
  assume the soil pile to rep'resent a part of the earth, the following
  conclusions may be d'rawn. When there is a gentle daily variati'on of
  about i60C in the earth surface [emperature, the vertical component of
  the earth-current may possibly shoKv a variation of about o.i2mv 6r

  more with the same phase as the variation in the earth surface tempera-
  ture. Concerning the effect of precipitation,' a general idea may be
  gained from the experimental results above described:-The vertical

S

.
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  (b) The report of the observation on the potential difference between

  the summit and the foot of a mountain at t]he Ben Nevis Observatory
  tells us that when the summit was habitual•ly covered with fog, the
  temporary clearing of the summit generated the ea'rth current fiowing
  upwards along the. cable and this ceased when the summit was again
  vei]ed in fog ; rain and snow generated the earth-current flowing down-
  wards.t

    I. Wolker, E. O. ioc. cit.

                                            !
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component of the earth-current will rise ` up ', and its magnitude may

possibly amount to a considerable figure. But the fact that the effect

was reduced to one half when the electrode vv'as buried at a depth of
i2o cm seems to suggest the considerable diminution in the dailv vari-
at{on of the earth-current in such a case.
    In short, the so-called vertical component of the earth-current is
influenced by the soil-surface temperature and by the precipitation.
But if the electrode is buried about tvv'o meters deep or more, the

effects of both seem to diminish greatly.

         IV. In the previous sections, it has been shown
                               '    Experimentally that both the sun's radiations and precipitation may
be factors in the variation of the earth-current, and that the follDwing

qualitative conclusion is admissible, viz.: that gentle rays of the sun

or mild precipitation may become a source of positive local earth-
current. Before proceeding to the discussion of the nature of these
                                                .phenomena, some observation data will be cited in connection with the
above facts.
(a) The change in the vertical component of the earth-current pro-
duced by the rain in the rnorning, May 2oth, ig3g, shoviTed obvious
rising ` up ' while the record of the E-W component scaled out toward
E (Fig. g)-

                              Fig• 9•

                            •ma•ve•
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(c) Accorcling eo the observation of I'almieri at ]vlt. Vesttvius, the

earth-current fiowed up ln falr weather whiiie it flowed down on a
rai,ny or snowy day.i

(d) The earth-curi:ent flows from open lanCl toward a forest.2

    Otir own expei-imc'ntal results. confirmed these findings and their

explanation is clear.

    Then what is the cause of sLich phehomena? The following is
an epitome of the writer's opinion ln exp,lariation of the aboN'e facts.

The i'ise in the temperature of the earth surface will presLm3ably bring

about expansion oÅí the surface layer, and this in turn the phenomenon
of so-cal]eCl migration potential dute to the upxvard inigration of colloidal

particles in tlne lower layer. The upper eiectrode ln the vicinity will be

influenced and its potential will rise. IBut the effect will be diiniRished

when the electrodes are bu,ried deeper. NVhen the teitiperatufe oÅí the
surface rlse.s rapidly, the •sudden expansion of the stirface layer of

eardi may effect pressuTe downw,arcl, causing' the lowerlng ot' the po-
tential of the uppc}r electrode.3 The effect of precipitation may be

exp]ained as follows. In tlie upper layer of earth, a streaming potentia!

will be .crenerEtted as the result of the peynieation of water which wM

cause the potential or the upper electrocle to erise. As the permeation

ot' water proceeds to the deeper layer, the rate oÅí rise `Up' of the
potential wM increase, but at ]ast the permeation proceeds to the layer
still deeper than tliatt of the upper electyode and the rise. of the. po-
tential ot' the lowe]r electrode inay fiBaljy exce.ed that of the upper one.

But in the actual case, since the permeation of water. to sttchadeep
layer i'nust probably tal<e place only after a long' time, the final effect

may es.cape orciinary observation. Thus pt-ecipitation will manifest it-

self only in the rise of the potential of tlte upper electrode. But when

the precipitation is very intense, its weight niay possibly becoine a
inajor factor in cEusing' the first Iow• ering' of the poteRtial (Down). Ot'.

course., as the rain drop often has consideirable ilre,(/) ions, thL,x above

Teasoning•may sometimes be iiiapplicable.

   r. ]Palmieri, Il). Observations on earth-currents at the Vesuvius Observatory, etc. .LX.tti.

2X.cad. I'apoli, I8g4, V]I, 2a N'o. I2, pp. I-Io; I8g5, VII, 2a No. 6, pp. r-7.

   2. Burbanl", J. J:,. Eavth-currents and a proposed method for theirinvestigation. [t'err.

Mag. Vol. ro, i90S• pP• 23-49-
   3. Namba, M. An Investigation of Eart'h-cttrreRt on the Volcano Aso. 1'art I. 'iAlie
i'otential DifFerence of the Up}vard Earth-current fiowing toward the top of a Volcano.
ig38, This Mem. Vol. XZ,XI, No. 6, p. 2x3.
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    In the Nyriter's opinion, the experimental results and al$o tlie vari-

ou$ observation data mentioned above can thus be satisfactorily inter-
preted, and the previous statetnent that " Both the sun's radiation and
precipitatlon may be factors in the variation of the earth-curerent" js
confirmed. And also the yesiduals obtaine.d ]n the daily varlation of
the vertieal coinponene of the earth-current noticed in the first paift oÅí

this paper are reasonably to be expected. .
    'Lastly, one iriore word: The real figures for such eflfects ot' the

warth surface temperature cannot be found by mere. experliinent and
it is necessary to mal<e calculation$ from many actual observation data

beÅíore the study can be comsidered complete.

       This work was carried
  T. Il<T4omieu and the support

  ment of Sciences, and the
' express his g"ratitude•.

out under the encouragement of Prof. Dr.
of the Japaltese Society for the Advance-
 writer wishes to tal<e this opportunity to

Tabl x. Mean ])aily Variations of aie Earth-cttrrent at :ts6, Feb. ig3g.

'mvNS T7IMv E-2V E-2VEEEv, M-7' Atmosp.
Ioon) IooM loom 7 2.9 Temp.

o11 o.o5 -o.o3 -O.04 2.0 o.o3 -I.3eC
Ih O,02 -o.o4 .o.o3 2.0 O.02 -o.oS -I•S
2h -O,OI -o.oS -oo3 x•3 O.OI -o,o4 -I•S
3h -O.02 -o.o5 -O.02 I.S O.OI -o.o3 -.I.6

4h .- oo5 -o,o3 !•3 o.o! -,o.o4 -I.7
,Sh o.04 -o.o5 -o.04 2.3 o.o3 -o,o7 -r,7'
6h O.I2 -o.o5 ..- o,oS 3•4 o.o6 -O.II .r•9
7h o.i8 -o.o5 -o.o7 3-3 o.o8 -O.IS r-'2-O
8l} O,20 '- OJOS -o.o7 3.6 o,09 -o.i6 HI•S
9l] o.i6 -o.otl -o,o5 4•o o.o7 -O.12 --- o•7

IoIJ o.o7 -O.02 -O.02 4•5 o.o3 -o.eS -o•5
Hh -o.o3 o.oo O.OI 3•o .- O,OI e,o2 r.2

I2h -O.I2 O'02 'o,05 2.8
beo.oS O.IO r•9

I311 -O.20 o.o5 o,o6 4.2 -o,09 o.i5 2.4
I4}1 -o.23 o.o6 o.o8 3.6 o.i8 2.7

I5h -o.23 o.o8 o.09 3•4 --- O.II O.20
I6h -O.I9 o.o9 o.o8 '3•5 -O.10 o.i8, 2.7

T7h -O.I' 2 o.o8 o.07 2.6 -o.o7 o.I4 2.I

I8h -o,04 o.o6 o,o6 I.7 -o.o4 o.ro T..O

rgh o.o3 o.oS o•o4 o.S -o.or o.o5 o•4
2oh o.o7 o.04 o.or 3.o O.OI o.oo -O.I
2rll o.o9 O.02 -o,ox 7•o O.02 -o.o3 .o422h o.o9 o.oo -o.o3 3•o o.03 -o.o6 -o-7
23h o.o8 -O.02 -o.o4 2•5 o.04 -o.o8 -r.I

Mean2,9 <Residuals) iMean
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