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Geophysics. - "Begistmtion of ertrt!t-cttJ'rents (ft Batavia JOl' the 
investigation of t!te connection between ew,th-cu}'}'ent and jorce 
of ea1'tlt-magnetism." By Dl'. W. VA~ BEMl\IELl!lN at Batavia. 

(Oommunicated by Mr. J. P. VAN DER STOK). 

(Communicated in the meeting of December 28, 1907.) 

Notwithstanding the great progl'ess in our knowledge of the phe
nomena of earth-magnetism, the desired improvement has BOL yet 
been noticed in the explanation of the5e phenomena. 

That the different val'iations to whieh the magnetic needie is liable 
are the consequenee of th~ changes of electric curreuts has b€'come 
highly probable and the place, too, whel'e in that case tbe Cl1l'rent~ 

are to be found is no longer entirely unknown to us. 
So SeRusTER 1) liaS p1'oved that the daily variation is in general 

caused by extra-tel'restrial currents, whilst I myself have indicated~) 
th at this is likewise the case fol' tbat part of the magnetic disturb
ances w hich shows a regular daily variation. 

Suehlike electric enrrents ha\"e, however, not been shown expcl'i
mentally and thei1' indicatioll in those unapproachable regions is for 
the present not to be expected. 

Only one part of the eal'th is accessible to us, viz. the outer erust 
and numerous are the investigations on t11e electl'ic currents circuiting 
in that erust. 

However, all these investigations have but poorly advaneed our 
knowledge about the connection between those cur1'ents and the 
magnetic variations. 

The 1'eason is 110t only to be found in the great experimental 
obstacles and the lack of cooperation in the various investigations, 
but especially in the complicated relations of the system of currents 
in those zones of the ea1'th where those investigations have been 
made, viz. between 40a and 70° latitude. 

My supposition that in the equatorial zone, .lust as fol' othel' 
geophysical phenomena, simplel' relahOl~s must exist, has bèen proved 
to be right by the investigations which I wish io communicate here. 

The annotations of the eal'th-cUl'l'ent executed by me these last 
- th ree years at the observatory of Batavia ean be divided into two 

series. 
During the iirst pel'iod, lVIarch-November 1905, I l'egistered the 

1) Phil. Trans. Vol. 180, p. 667. 
~) Natuurk. Tijdschrift voor N. I. Dl. 63;- p. 227. 
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earth-curl'ent between Ohel'ibon and Batavia, with thc aid of the 
intercommunal telephone-line. Th_e variations were written down 
photographically, the velocity of the registering strip amounted to 
the usual 15 mmo all hour. 

The important l'esults obtained by th is method incited me to go 
on and in the period now co me to a close 1 could at night make 
use, by the kind cooperation of the officials of the Telegraph Service, 
of different telegraph-lines (to Anjer, Buitenzorg, Soekaboemi, Billiton, 
Poerwakarta, Oheribon, Samarang, Soerabaja and MakassaI') ; greater 
velocity of registration was applied too (60 anel 240 mmo an hom). 

Besides continuing the different registrations of the earth-current .... 
during longer or shorter time to obtain statistic results, I also made 
experiments. When the registration pointed to a new connection 
between earth-cul'rent and magnetic variation, other l'egistrations of 
the earth-current were organisecl to get a closet' investigation of that 
conneetion. When questions on the influence of wire Ol' groundplate 
cropped up, it was tried to answel' them by experimentation. 

The instrnmental arrangement was eontrived in sneh a way, that 
on a strip 20 cm. wide beside the variations of two earth-('urrent 
circuits those of the eorresponàing magnetic c;omponents were noted 
down. Oorresponding means here: the component norm al to the 
direction of the earth-eurrent circuit. 

The senRibility was chosen in sueh a way, that the eOl'l'esponding 
variations of earth-current and magnetic force did not differ too 
much in magnitude. To this end great sensibility of the magnetic 
variation instruments (up to 0.1 y all mm.) was necessary; as 
however only the relative position during one night was considered 
it was easy to arrange those variation instruments quite simply. 

lintend to give a more extensive eommunication about this at 
some other time. 

The dai~'If va1'iation. 

'rhe ob&tacles met with in investigating the daily variation were 
yel'y great. F_or the most important part of that' variation takes place 
about noon, but during the da)' time the electl'ic field of Ba,tavia is 
distUl'bed by the electric tram and mOl'eover I was allowed the use 
of the lines only at night. -

If still 1 succeeded in co ming t? useful results, this is dlle to the 
kindness of the Superintendent of the Intercommunal Te~ephone 
Oompany, Mr. S. W. BAINTS, who allmved houd)' readings of the 
amollnt of the eal'th-cUl'rent 10 be done at the office of tbe Company 
n,1 Bn,lavia. The homs were 8"45 111 A.M., 9h4511l A. 1\'1. etc. unlil 
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4h45m P. 1\1.; an ordinal'y galvanometer with pointer was l1sed. 
I have chosen fl'om these readings those falling on magnetically 

vel'y ('alm days and evincing mOl'eovel' not to have suffered fl'om 
distnrbauceB on the line Ol' from other irregûlarities. Por those same 
days I have used the Ob5el'Vatory-notation dl1l'ing the homs of the 
night (6 P. M.-5 A. M.). 

Two unlmown quantities remained, viz. the ratio of the values 
of the scale elivision anel the eliffel'ence of the central position. 

The former I eletermined Ol1e evening dUl'ing a magnetic stor111 
at the office of the Compan) by alterllately reading the galvanometer 
and allowing the Observatory to register. The reduction to a 
same central position I got to a plausible result by l1&ing the Sunday 
notations. For, on t110se days 1 could use the lme all'eaely aftel' 12 
at noon and fl'om a score of magnetically fairly calm Sl1nclays I 
clednced the cliffel'ence between the hOlU'S .JN4 and 6 p.m. 

Graphically I then interpolatecl the 24 yalues of the hours of 
iliecl~. . 

For the employed magnetically calm clays finally was calcnlatecl the 
claily val'iation of the magnetic component normal to the direction 
Cheribon-Batavia fl'om the Buitenzorg magnetograms. 

Daily val'iation of the eal'th-cul'l'ent Chel'ibon-Batavla anel of the 
magnetic horizontal component normal to that directiön. 

Earth-current in Volt 1 
Magnetic I Earth-current in Volt 1 

Magnetic 
Component in Component in 

per Kilometer X 1 0--5 I IU-j C. G S. per Kilometer X 10-3

1 

10-5 c. G. S. (Direction Ch.-Bat. =+ ) (NE = +) ,(Direction Ch.-Bat. =+) (NE=+J 

1 a. m. - 38 -111 
, 

1 p.m. + 33 22.2 
, 

2 - 36 - 9.6 2 - 6 13.9 

3 - 40 - 9.3 3 - 33 3.3 

4 - 33 - 7.9 4 - 40 -4.5 

5 - 32 - 6.5 5 - 32 - 9.4 

6 - 22 ~S.O 6 - 23 -'10.2 

\ 7 11 3 4 7 - 51 -11 0 

8 81 8.8 8 - 60 -13.1 

9 153 15.9 9 - 51 -13.6 

10 154- 24.2 ( 10 - 47 -14.6 

11 117 29.5 11 - 46 -'1::S.7 

I,) 84 28.5 12 - 39 -12.9 



- 5 -

- \ 

( 515 .) 

Out of the curves, indicating according to the above numbel's 
the - daily vibration of earth-eurrent and magnetic component, is 
evident: 
- that tMs vibration f01' them c01'responds; 
that~ the direction of the ea1,th-current is such t/zat it can be 1'ega1'decl 

as causing the variatio'ns of the magnetic component; 
further: that t/ze mapnetic component is retardecl witlt respect to t/ze 

earth-current and finally; 
tl~at t!te ratio of t/te amplitudes of c01'J'esponding vibrations decreases 

with the duration of t/zat vibmtion, so t/zat tlwse of the eartlt-current 
are 1'elatively 1a1'ger witlt a shorte1' duration. 

The chief maximum in tlÎe afternoon is l'eached by the eal'th
cul'rent about ftn hour and a half earlier, the chief maximum at 
night ab out two hours earlier. 

The secondal'Y vibration in the evening-hours is fol' the earth
current much stronge1'. 

It is an indication to apply here the harmonie analysis and to 
employ for it the formula 

A = An sin n (t + Oll)' 

The results of the harmonie analysis confirm in fuIl w hat the 
mere observation taught us. 

Especiaily the increase of the earth-curl'ent as the d u1'ation of the 
corresponding va1'iation of the earth-maglletism becomes shorte1' is "e1'y 
distinctly expressed. 

This dependence can be pretty accurately expressed by the following 
formula. 

Let the amplitude of the magnetie component be M; the duration 
expressed in days T, and the amplitude of the earth-current .A, thell 

A=O.SIY T~' 
The values in the above column "caic" (on the next page) have been 

computed with the aiq of this formula. 
Yet not much value must be attached to that cor1'espondence, as 

the higher -terms of the harmonie analy::;is are very untrustworthy 
on account of the inaccuracy of the hourvalues employed. 

The difference of phase increases regulady as far as the 5th term, 
I 

and then drops again to the value it had for the 3rd term; but the 
phase differences fonnd for the higher terms deserve little contidence. 

I have been successful in obtaining a contirmation of a part of 
these results with the aid of the cable Batavia-Billiton. The four 
months March-Jllne 1906 gave fol' the nightly Course proper results. 

35 
Pl'oceedings Royal Acad. Amsterdam. Vol. X. 
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Tbe variation of the corresponding magnetic component changed 
its nature pretty much (as was to be expected) during these months. 

The earth-curl'ent really followed this yal'iation whilst the maxima 
and the minima kept preceding those of the magnetic component. 

Out of the avel'age for the 4 months this is obvious. 
7 8 9 10 11 Midnight 1 2 3 4 5 

Earth.current 0 -27 -25 -29 -17 12 20 28 26 0 -14 
Volt. p. KM. X 10-5 
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Magnet. comp. 0 -2.1 -3.7 -5.3 -5.5 -4.9 -4.1 -3.3 -3.4 -4.5 -5.4 
10-5 a. G. S. 

For the earth-cul'eent the maximum comes one hour, the mimmum 
about half an hour earl ier. Let us suppose th is minimum to belong 
to the preceding vlbration of 3h 30'II dUl'ation, then the difference in 
phase is 26°. 

The ratio of the amplItude is 26°.0, whilst I deduced l'oughly out 
of the SUllday notation fol' t11e great vibl'ation 16.0 when tlle cabie 
was at my disposal from Oh till 4h p.m. ' 

So we meet here too with decrease of the l'atlO between earth
CUl'l'ent and cOl'l'espondmg magnetic component together with increase 
of the duration of tht:' vibration, but by the side of it a mllch 
stl'onger earth-cul'l'ent than for the li11e Oheribon -Batavia. 

Annual inequality in the daily vibration. 

At Batavia the amplitude of the daily vibration of the magnellc 
force is liable to a single- and a double-yeady inequality, where the 
maxima are attained in Mal'eh and September, the minima in January 
and in June. The two maxima and the two minima are of the same 
magnitude. 

From the continued measurements at the office of the Intel'communal 
Telephone Oompany I could deduce that the val'iations of the earth
current show the same annual inequality. 

This series of measurements shows two breaks. 
First in January '06 the lines were permanently disturbed and 

secondly in August '06 errors seem to have Rlipped mto the obsel'
vations, on account of which repeatedly improbably large values 
were read. Aftel' my having pointed tbis out, the readings in December 
next were again sel'viceable. 

Out of each mOllth I have taken those days which wel'e in the 
first place magneticaIly calm and for which in the second place as 
much as possible complete and usefnl l'eading& of earth-curl'ents were 
at hand. 

Of the' mean hourvalues for each month was then taken the 
difference of the smallest and the greatest value. 

The maximum generaIly feIl in with the 83
/ 4 a.m. or 9~/4 a.m. 

observation, the minimum with that of i',3/4 p.m. or 4 3
/, p.m. 

These differences expressed in Volt pro kilometer X 10-6 follow here. 

J. F. l\L A. M. J. J. A. S. O. N. D. 
1905 266 194 208 190 129 127 127 170 173 167 131 
1906 171 177 127 125 109 135 233 (?) 122 
1907 81 118 113 90 88. 

, I 
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Notwithstanding the imperfection in these measurements, the double 
amlUal period and its correspondence with that of the magnetic 
component is so distinctly expressed that dOl~bt is not possible. 

Variations of short dumtion. 

The second period of registration, November 1905-0ctober 1907, 
was cbiefly devoted to the stndy of the connection of tlle vibrations 
of short duration in earth-current and magnetic component. 

Tbe usual ,-elocity of registration was here 1 mmo a minute, 
which with sharp photographic lines allows the measurement of 
variations with tbe duration of half a vibration of 0.2 to 0.3 minute, 
but in numerous nights the velocity was enlarged to 4 mmo a 
minute, wben it was posf-ible to measure accurately differences of 
time of 0.1 minute. 

By the continued registration of the eal'th-current along different 
Iines, each one accompanied by that of the correspondmg magnetic 
component, an extensive material of curves was coUected, fi'om which 
in general the following cOl1ld be gathered. 

For tbe earth-current along about east-west Ime" 1) to each vi bra
ti on answel'S a similar one of the magnetic component. For that 
of tlle neady nurth-south lines that c01'l'espondence seems a1so to 
exist in part, but It is greatly distUl'bed by the circumstance that 
the earth-cmrent keeps following more or less the vibl'ations of the 
east-west line. 

80 also neal' the equator we find complicated pbenomena, but 
only Il1 part, fol' as far as the east-west CUl'l'ent is concerned we 
meet wlth such a stl'Ilting correspondence that it is possible to deduce 
simpte laws; the two same Iaws, which were fOllnd for the daily 
variatlOl1: 

1. tlle vibration in tlle eal't/z-curre'l1t p1'ecedes t!tat of t!te ma,qnetic 
component witlt a ce/'tazn d~flerence in pIlase ; ~ 

2. tlw mtio of amplitude of eartll-current and magnetic component 
decreases w/zen t/ze cluration of the 'l:ibmtion incl'eases; 

1) The east·west lines were: The north-south lines were: 
DireetlOn Dislance Direction Dislance 

Bat. - Anjer W 6° N 106 Km. Bat. - Billiton N 13° E 392 K.m. 
- Poerwakarla E 40 S 78 " " - Buitenzorg S [) E 46 " 
- Chenbon E 18 S 200 " - Soekaboemi S 9 E 84 " 

" - Semartmg E 12 S 406 " 
, - Soerab~ja E 10 S 665 " 

- Makassar E 5 N 1486 , 
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appear distinctly from this material of registering curves with Îts 
thousands and thousands of shorter and slowel' vibrations. 

To deduce the real amplItudes and phases of those variations we 
should have to execute for each separate case an immensely extensive 
harmonic analysis and, this heing quite impossible, cOl'l'esponding 
vapations had to be chosen and measured dÜicriminately. Thel'efol'e 
all the measurements have been done by me personally. 

Tlte prdcedence of the earth-current. 

This precedence was rule; Ir was quite exceptional if it was not 
met with. When choosing cases for measurement I always avoided 
those where by a snperposed oscillation of greater length and amplI
tude the time of the turning point was made to appeal' much earher 
or later. 

The difference of phase pro\'ed to vary from case to case but 
to be al ready constant in the mean of a small number. 

For the lines Battwia-Soerabaja and Batavia-Poerwalmrta the 
dIfference in phase was determined with respect to that of Batavia
Cherlbon and_not wHh respect to the magnetic component. 

For the lines Batavia-Buitenzorg and B::ttavia--Bllliton the deduC'tion 
was accompanied by great dlfficulties, as perfectly correspondll1g cases 
bet ween eal'th-current and the magnetic component seldom made their 
appearance on account of the interference of the east-west component. , 

For Batavia-Soel~aboemi I have therefore desisted from making 
a calculation and the difference in phase for the two first lines must 
be mentioned with reserve. 

Difference in phase. 

Batavia-Poerwakarta 22° Batavia-Buitenzorg 23° (?) 

" 
--Anjer 14 

" 
-Billiton 28 (?) 

" 
-Chel'ibon 22 

" 
-Semal'ang 36 

" 
-Soera~aja 32 

The diffel'ence in phase found here for Oheribon and Billiton shows 
a striking resemblance to that found for the daily variation. 

Val'iahons of short duration. 
22') 

Oheribon. 

A vel'age of 6 terms of the daUy val'iation. 

27° 
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Billiton 

Variations of short dUl'ation. 

28° 
• Nightly variation. 

26° (?) 

Ratio of amplitude. 

The accurate indication of the moment of maximum or mInImUm 
of a vlbration is sooner impossible than the meaSll1'ement of an 
amplitude on account of the interference of smaller superposed 
Yarlations. 

I have thel'efore been able to select a much greater number 
- 346 - of cases fol' measurement; the l'eslllts are as follows: 

g~.§ 
-roro 
"ê~..B 
::I ;; 
~ 

0.3 m 

(I 5 

08 

Ba,ta via-Oheribon. 

Am plitude Earth-current in Volt p. Kilom. 
Amplitude magnetic component in O.G.S. 

Magnetic Component in 10-5 C G 5 

° 231° 37-0 4010 50-0 79Io.90-1.50Il 7-1.812 8-3 2/5 5-7 6/15.1-18. 

.23 3 22.1 22 4 

24 3 23 8 21 4 22 8 

23.6 22 3 19 4 

6 

/ 1.2 22 4 21.1 22 5 

1 

2 

3 

3 7 

7 6 

15 2 

290) 

36 3 

39.6 

20 -

44.-

80.-

40 -

60.-

7 20 -

19.2 

18 3 

15 7 

13 1 

21.1 19.1 

) 16.9 17 8 15.6 

14 8 14.3 14 0 

15.9 

12.1 

10.8 

/ 

10.0 

9.4 

·1 

5 7 

4.0 
I 
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Aceording to this table the inerease of the amplitude when the 
duration of the vibration diminishes seems to reach a maximum 
value at 0.5 mmo and moreover the ratio of amplitudes seems to 
be dependent on the amplitude itself and in sueh a way that with 
equal duration it increases with the dlminishing of the amplitude. 

A complete confirmation of these results was found in 312 cases 
for the Anjer-line. 

Batavia-Anjer. 

Amplitude Earth-current in Volt p. K.m. 

Amplitude Magnetie Component in C. G. S. 

I Magnetic Component in 10-5 C. G S. 
Duration of half 

vibration. o 19-3.0 1 0.53-0.6811.36-1.8312 30-3.89/5.20-5.48 

0.4 min. 96 
I 

95 97 

0.6 97 104 95 

0.9 86 90 89 

1.8 92 84 

2.3 64 

5.3 86 74 

6.3 68 

7.7 83 

9.2 68 

9.7 60 

10.8 68 

12.3 73 

13.6 58 

19.9 75 

22.0 63 

Here too with a short duration a maximum is found, viz. with 
0.6 min. 

Beside th is correspondence we filld the unexpeeted result, that the 
Batavio-Anjer CU1'rent is ab out Jour times stl'Ongel' than the Batavia 
-Cltel'ibon CU1'l'ent. 
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That ratio is constant t'or different duration of vibration, as was 
proved by the arrangement according to groups of mean equal 
dUl'ation. 

Duration of half a vibration 

0.33 min. 

0.54 

0.66 

0.76 

0.96 

1.67 

5.6 

7.6 

15.1 

BataYÎa-Anjer 

Bata via-Oheribon 

4.28 

3.94 

4.36 

4.21 

4.21 

3.79 

4.25 

3.84 

5.21 
--

Mean 4.23 

W'l}en we wish to compare the values for the ratio of amplitudes 
of l11agnetic force and earth-current of yibrations of shorter duration 
wIth those of the six te1'1ns of the daily val'iation, it is best to inscribe 
all values in one diagram with abscis tv Mand ordinate tvijT. 

Whèn now the formula A = 0.8 V :M found above for the 6 

tel'l11S of the daily variation will still hold, then the values which 
lie on the same radius-vector through the origin must be the same. 

It is evident that this is only the rase fol' the middle part of the 
4 --

diagram, namely for the radius-vector where 0.8 V :M= :50. 

The ratio tvljT and 1Y Mis therefore = 2. 
If the amplitude of the magnetic component is relatively larger, 

then the radii with equal values are bent gradually to the axis of 
1 / 

absci'5sae, anel if "ij is relativelyp larger, then they are bent to the 

a'(is of ordinates. 
1 . 

Fot' a great T; 1. e. for a duration of vibration of about one 

minute, they turn again to the axis of ordinates and a maximum 
seems to be formed. 

It -will be possible to force these curves in a formula, but we 
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must not expect that that formula will give the real-formula, as it 
must be very complicated on account of the nature 'of the pheno
menon. 

What according to me is clear from the diagram is that the 
ratio of amplitudes for the vihrations of sh01'ter duration will 
gradually pass into those of longel' duration (the six terms of the 
daUy variation) and so that between these two phenomena there is 
also a gradllal transition, 

The resuIts for the earth-current Buitenzol'g:Batavia and Büliton
Batavia are again uncertain on account of the lack of agreement 
with t11e magnetic component. I found: 

B uitenzorg-Bata via. 

Duration of half I Amplitude I Amplit. earth-current in V. p Km. Number 

a vibration I Magn. comp·1 Amplit. magn. Comp. in C. G. S. of cases 

1.1 min 0.38 J. I 75 20 

3.7 o 96 79 20 

7.6 1.20 71 28 

68 

Billiton-Batavia. 

0.7 0.39 63 14 

1.3 0.29 74 14 

3.5 0.49 66 14 

7.0 0.50 58 23 

22.4 -1.44 41 5 

70 

If indeed these figllres are trm,tworthy then the ratio of amplitudes 
of the earth-current with respeet to the magnetic componenr decreases 
here too when the duration increases. 

The increase at the outset with very smaH duration is also found 
in the above fignl'es, even in much greater ratio than for the 
Anjer- and Cheribon-curl'ent. 

The numbers for Buitenzorg are a little smaller aud for BilIiton 
smaller than for Anjer, but still larger than fol' the Cheribon-current. 

The line to Poerwakarta I had but for two nights at my disposaI. 
\ . 
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I have th en allo wed the Poerwakarta-cul'l'ent to be registered at the -
same time as the Cheribon-cnrl'ent and I have found a complete 
cOl'l'espondence between them fol' vibrations of a duration fl'om 0.8 
to 15.5 minutes. 

Not befol'e the last months of the l'egistering-period have I extended 
the investigations to the lines to Semal'ang and Soerahaja and to 
my surprise I found a pretty great deviation from the circumstances 
which appeal' on the lines Cheribon and Anjer. 

Semarang--AnJer. 

Duration of half / Amplitude I Amplitude Anjer I Number of 
Anjer-current 

a vibration /IO-b V. P Km'l Amplitude Semarang, 
I 

cases 

0.33 min. I 
38 1. 70 

I 
20 

0.69 74 2.06 20 

1.04 61 2.16 20 

1. 71 57 2 32 20 

7.43 160 3.96 20 

20.81 290 4.61 16 

116 

Soerabaja-Anjer. 

0.37 43 2.17 20 

o 93 92 2.87 '20 

2.65 110 3.27 20 

11.85 326 4.71 20 

34.28 739 7.16 7 

87 _ 

So the influence of the duration on the amplitude of the earth
CUlTent is here Illuch greater fol' the Semarang- and Soerabaja
CUI'rent than fol' the Anjer-cnrrent. 

It is remarkahle that here too the increase of the influence with 
the duration takes place about accol'ding to (YI/T. 

With respect to the fil'st value fol' t == 0.33 win., respect. 0.37 
minutes duration we get: 
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tytn 
to 

tyAx 
Ao 

ty~ 
to 

VAx 
Ao 

1.20 1.21 1.26 1.32 

Semarang 1.33 1.27 Saerabaja 1.64 1 51 

1 5\ 1.36 2.38 2 17 

2.18 2.33 3.10 3.30 

2.82 2.71 

Direct cOInparison of the Batavia-Semarang current to the magnetic 
component furnished: (June 18-21, '07): 

D t · f h lf -Amplit. of the IAmPht. earth-currentl N b 
ura IOn 0 a in Volt p. KM. I urn er 

Magnet. Camp. A n th t 
a vibratian. . mp 1 •• ear ·curren of cases 

0.6 min. 

1.0 

1 4 

5.0 

11.5 

Iln lOX 10- J CG,S'I In CG.S. I _ 
1.3 

0.9 

0.9 

0.7 

2.2 

43 

35 

31 

18 

13 

14 

15 

13 

10 

9 

The last two values fit in very weU with the scheme of the values 
found for the Oheribon-eurrent, but the first tIlree show a muelt 
quicker inrrease when tlle duration of t11e vibration is shorter. 

This peculiar increase immediately strikes one when regarding the 
registered lines. In order to investigate whether that increase of the 
infJuence of the duration was eonnected with the increase of the 
distance of the two stations between which the earth-eurrent was 
meas II red , I asked for and obtainea direct connection with Makassar. 
The 10ss by defective isolation on the line however was so great, 
that the real distance had not obtained any lengthening of importance. 

On the trustworthiness of the rpsults. 

A eel'tain doubt has always been left when observing earth-currents 
whether the results ani ved at do gi ve an idea of the real existing 
earth-current. 

Aceol'ding to SCHUSTER (Terr. Magn. lIl, p. 1::10) the intensity of 
the current is l'eally to be detel'mined by switching on in the circuit 
a eeIl of known E. M. F. I have therefore always used this 
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simple means and connected to it of ten , by intl'odU(~ing areElistance -
of 100 or 1000 Ohm, a measurement, though a rongh one, of tile 
total l'esistance of the w hole circuit. 

The resnlts generl:Llly showed a muLual correspondence, only for 
longel' lines a du:.tinct loss by defective isohtion was often discernible. 

For the earth-current this loss by defecti\'e isolation is ofnot much 
consequence; for, if two points lying at a distance L from each other 
with potenhals Pand P + Lil are connected by a wire the potential 
wIlI vary along that wire proportional to the diRtance of P to 
P + Lp and will be in a point between the two, say at i/a of the 

Lp 
dlstance, P + -. But there the potentialof the earth will also be 

a 

P + Lp if that earth potential hkewise varies proportionally to the 
a 

distance (whieh we shall suppose to be true at first computation). There 
will thus be no difference of potential between line and point of 
contact with the ground, neither loss of curl'ent. 1

) 

However there is loss of current, '" hen I switch on á cell, thus 
when I generate a drop of potentIal aloug the wil'e, that does 
not at all run parallel to the earth potentlal. 

ThlS explains that the Image of the eal,th-current rose aud feIl so 
regularly with the magnetic component, whilst so often a great loss 
by defective isolation took place on the 1111e, so that the determmation 
of the values of the scale dlVision by means of inserting a ceU gave 
abnol'mal values. 

When, howe\'e1', an lllvestigation must be made of Jhe regular 
or non-reglIlar merease/ of the earth-potential with the distance, then 
this loss by defective isolation is dlsturbing. That is why the registel'ing 

,with the continuous connection Batavia-Makassar shed no light upon 
the subject. 

Influence of the material of the line. 

I eould experiment accuratelyon the possibility of the influence 
of -the ma1erial of the conductive wire ?n amplitude and phase of 
the earth-cur1'ent by registering simultaneously the currents between 
Oheribon and Batavia; resp. through the copper telephone wire and 
the iron telegl'aph one. 

1) If we suppose the earth·current 10 form a closed circuit passing round the 
em th and our wire to have contact with it in three points viz at the two end 
stations and the point of contact, there is a dlstribution of current according 
to t W HEATSTONE and the contact is the bridge of W HEATSTONE. 
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The resistance of Ihe former circuit was generally about 10 times 
smaller than that of the other. 

At Batavia the two circnits were on the same groundplate, at Cheribon 
the two groundplates hung in the same weIl. Moreover the wil'es 
ran for the greater part on the same telegraphpoles. 

An all but perfect correspondence was now found, so that all 
inflnence of the material (especially with respect to magnetic induc
tion) may be regal'ded as non-existing. 

Influence of tlze curl'ent of polarisation. 

I was more anxious about a distm'bing influence of the polarisa
tion of the ground-plates to which repeatedly from various sides 
attention has been drawn. For, the polarisation might be able to 
explain the differencè in phase and the change in the mtio of 
amplitudes. 

Let us suppose that the earth-current together with the magnetic 
component incl'eases, then the resisting CUl'rent of polarisation also 
grows. If now the increase of the earth-current and of the magnetic 
component passes into a decrease, the cm'rent of pola.risation will 
for the moment keep increasing and consequently the observed 
current (i.e. earth-current minus current of polarisation) will sooner 
reach its tnrning-point than the magnetic romponent. If the vibration 
increases in duration the cm'rent of polarisation wil! also increase 
first faster, then slower, and therefore the observed cm'rent will 
always lose with respect to the magnehc component and the ratio 
of amplItudes - as was really found - will decrease tirst faster, 
then slower. 

Thongh the influence to be expected of the polarisation had there
fore to agree with what was found, yet we could not believe 
that it could be the cause of those phenomena, as for the 
observations made at the office of the Telephone Company the con
nection with the earth was made every hour only for a few moments 
and so there could be no question about a continual increase of 
the polarisation. 

To find out the infltfence of the polarisation I have taken the 
following experiment. To begin with I measured the current of 
polarisation directly. To that end I buried a second ground pInte 
a few meters from the old one and made a new connection: old 
earthplate-galvanometer-new ground-plate. 

The old ground-plate I polarised strongly by switchiIlg on a 
eell into the line (Cheribon-Batavia). Aftel' breaking the con-
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nection with Ohel'ibon I imll1ediately closed the new one, in con
sequence of which the depolal'isation-cul'l'ent passed throl1gh the second 
galvanometer. 

I actually found the polal'isation with ffs characteristic ql1alities, 
but its intensity was hardly more than a few percents of the· chief 
CUl'rent and ~hus really too small to serve as cause of diffel'ence in 
phase and change in ratio of amplitudes. 

Aftel' this investigation I have placed a set of non-polarising gl'ollnd
plates (amalgamated zinc plates immel'sed in a solntion of Zn 504 in 
porous pots) I) on the garden of the Observatory, and repaired to 
Oheribon to place a corresponding set thel'e. The repetition of the 
experiment described . above showed really the llOn-appearance of 
polarisation. 

Aftel' th is I connected one of the two telephonewires bet ween 
Batavia and Oheribon with the old polarising ground-plates, the 
other with the new non-polarising ones, and allowed the two earth
currents io register siml1ltaneously on the same strip \vith the same 
sensibility and a velocity of registration of 24 cm. all hom together 
with the magnetic component. The experiment conld hal'dly have 
been taken more .accul'ately. 

As I expected the result fol' the difference in phase was a very 
'slight influence in the sense mentioned above; for the ratio of 
amplitude I found' fol' one llight also a very small influence in the 
expected direction, but during two other nights a somewhat greater 
difference in opposite sen se. ] think I must attribute tbose last 
influenees to the unavoidable inaecuraey of the determination of the 
values of the seale division (by switching on a ceIl of kllown E. M. F.). 
, At ally rate I had proved sufficiently tbat the CUl'rent of polal'i-

sation wai:i not the cause of tlle found phenomena, so I cau take 
tho_se phenomena to be realo 

G'onnection between ea1,th-cU1'J'eJ'd ancl rnrtgnetic force. 

If we wish to investigate more closely ihé connection between 
the variation of earth-curl'ent and magnetic component it is necessary 
to regard the variatiol1s of the latter quite by themselves. 

The general l'ule holds at Batavia th at the two horizontal compo
nents change simultaneously, i. e. that generally between tÎle tUl'l1ing
points of X and Y only a small diffel'enc"e in time exists and that 
on the other hand Z generally has a difference of phase of ~O:> with 
X and Y. 

AD. SCmllDT (Met. Zeitschrift 1899) has pointed out, that the 

1) C. A. BRANDER. InauguraI Dissertatiori; HeIsingfors, 1888. 
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variations of the magnetic component might be explained by the 
passage of electric current vortices. 

-Following this explanation we should have to conclude for Batavia 
to the passing of vortices whose cenh'e remains far from Batavia, 
so that only the outside slightly bent pieces of cm'rent pass hy. 

So as a first approximati911 we may assume that the extra-te1're
strial current is almost rectilinear at Batavia and when· varying in 
intensity has but slight oscillations in direction. 

The avel'age direction must }Je lVSW - ENE for almost without 
exception an increase of the N-component is accompanied by a 
,veakening of the E-component and so 't:.X> t:. y. 

That CUl'l'ent we reallr find back in the diagmm of the equipo
tential lines of the daily variation according to SCRUSTER-VON BEZOW, 1) 
which equipot~ntial lines followat first approximation thfl current-lines. 

Also for the explanation of the phenomenon found by me of the" 
eatthmagnetic after-distzwbance, it was a matter of fact to take a 
current éncircling the earth and this cm'rent too had to have a 
sllchlike direction as was mentioned above, but the angle with the 
equator was at Batavia much smaller than is found now. 

Each varying extl'a-terrestl'ial current will induct an intra-terl'estrial 
one and the magnetic variation observed at the surface is the sum 
of the influence of the two. LAlIfB (see the paper quoted above of 
SeBusTER on the daily variation) pl'oves that the ratio of the potential 
of the primary and the secondaJ'Y field is complex and that therefore 
difference in phase exists. The horizontal component caused by [he 
extra-terl'estrial CUl'rent is in advance compared to the one generated 
by the indllcted currents; so the resuHing component will be in. 
retardation compared to the extra terrestrial CUl'rent. 

By SeRusTER however no difference of phase is found for the 
vertical force and LAMB has pointed to the fact that th is can be the 
consequence of increasing electric condllctivity of the earthstrata 
towards the depth. The results of the new seismological observations 
point to an iron nucleus of the earth and therefore to a very great 
increase. 

We may therefore probably assume that the difference in phase is 
very little, at any ra te that difference in phase is slight for variations 
of short duration. 

The magnetic force obsel'ved consisted of a primaey and of a 
secondary part, which have the same sign as far as the horizontal 
component is conc~rned, 

1) Sitz. Ber. ,der Berliner Akademie für 1895. 

I I, 
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The ratio c' bet ween the secondary aml primary part increase,s -
with the frequency of the vibrations of the current. 

Let us caU the magnetic force X, then 

X = primat'y + secondary 

X = primary (1 + c'), 

v X 
so the primary part of .do = --,' 

I + c 

8 
. t 

The extra-terrestrial Clll'l'ent w hich we can put = s sm 2.1l' T 

will induct in the appel' earthstr~ta a cm'rent 8/ : 
2.1l' t 

S' = Qf(S1') T cos 2.1l'T' 

The induction will depend on the distance and the latter possibly 
"on intensity and duration of the vibration of the' Cllrrent, moreover 

on the conductivity Q of the upper earthstrata. 
The primal'y magnetic force wiU at first approximation (the distance 

being about the same) depend in the same manner on the extra
terrestrial current. 80: 

and 
t 

X = (1 + c')f(sT) sin 2.1l' T' 

The existence of a vertical condncting current having been proved 
. we must also take fol' granted that part of the extra-terrestrial cm'rent 
is elosed by the earth and that a Clll'l'ent is generated equally directed 
as the current of induction. 

Already the proper ties of the conductivity of the atmosphere point 
to a dependence of magnitude and duration of the extra-terrestrial 
current, a180 on the conductivity of the upper earthstrata. 

or 

80 we put for the current 
t 

Qtp (sT) sin 2.1l' T' 

And for the total current we find: 

[
2.1l' t tJ A = Q T f(sT) cos 2.1l' T + tp (sT) sin 2:r T 

A = Q tp2 (sT) -1- _f2 (sT) sin - k + -Bg tg -- - , [ 
4n2 J1/2 2.1l' ( T f(s1') 'hl) 

, T~ l' 2.1l' 1~(8T) l' 
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whilst we found above-
t 

X~= (1 + c')f(sT) sin 2.n' 1" 

For the diiference in phase we found a constant part of 1 or 

T f(s7') 2.7l' T 
2.n' Eg tg 1/,(sT) T = X· 

For angles of + 23°, fonnd for Oheribon for a sh01'ter duration 
of the vib1'ation, we may write here approximately 

fes T) T 

'l~ (8 T) K 

So the ratio of amplitudes becomes 

A = _Q_ ~ (8 T) [1 4.7l'~JL/~ 
X 1 + c' f (8 T) + EY ' 

A -_Q_2. 1.. _ C-Q_.!:. 
X-I + c' T V K~ + 4:Jr~ - 1 + c' T' .. 

For 1 + c' we find according to LAl\IB-SCHUSTER for that part of 
the potential which is to be expanded in terms of a spherical function 
of order 2 (for that part which is to be expanded in terms of spherical 
fl1nctions of a higher order, the increase is quicker). 

constant 
ó= 

T 
1 +c' 

10 1.172 
20 1.278 
30 1.337 
40 1.374 
50 1.399 

100 1.466 
900 1.605 

6400 • 1.643 

So for highel' frequency (for duration of half a vibl'ation = 1 minute 

Ó is 7200) _1_, is about constant. 
1 +c 

S A. 1 1 o we get - proportrona to -. 
X T 

The obsel'vations, ho wever, give for Oheribon and Anjer pro-

portionality with ~~ (for still smaller T, even inversion, and for 

Semarang and Soerftbaja proportionality to 

36 
P}'oceedings Royal Acad. Amsterdam. Vol. X. 

/ 
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AD. SCHMIDT (Met. Zeitsch. 1902 p. 94) brings the supposition I 

forward th at the current can be generated in the wire by induc
tion onl.}', thereby supposine; t11e wire to be closed by the earth. 

Then putting thé case very simply we arrive by _application of the 
rule of AMPÈRE at: 

dX d2Z 
AE-W:=': - "1- + ó --. 

dt dg;dt 

This giv@s th€' difference with respect to the above th at the 
variation Z makes its appearallce. 

The Z, ho wever, changes but little in equatorial regions, so it 
cannot make the theory correspond to the ohservations. 

The slow increase of the earth-cnrrent when the frequency inc1'eases 
does not point to induction, but rather to dIrect connection wlth 
the prima1'Y CUl'rent. 

1 1 
The quantity I has indeed; compared to -T' rather a slow 

1 + c 
course. 

That diffe1'ence in phase is according to SCHUSTER-LAMB rather 
decreasing for quicker vibratión whilst for the earth-current it proves 
to be constant. 

But whence the diiference in phase P 
The diiferences in the intensity and the difference in phase of the 

earth-curreni for the lines to Anjer, Cheribon, Billiron and Buitenzorg 
ean be explained also by the difference in conductivity of the ground 
between those places and Batavia. 

For instance between Anjer and Batavla lies the vo1cano Karang 
and therefore the condurtivity is probably greater than between 
Batavia aud Cheribon, and the fact that the ea1'th-cUl'rent is four 
times as strong can be attributed to it. 

The great intensity of the earih current for Buitenzorg-Baravia 
may be partly attributed to the same reason and moreover to the 
diffe1'ence in height ( 280 1\1), that between Batavia and Billito? to 
the wen conductll1g seawater. 

For the lines Semarang-Batavia and Soerabaja-Batavia we- find 
however for the ratio of amplitude a distinct difference for vi bra
tiol1s of short duration. Each attempt at exp]anation of the connection 
between earth-current aud magnetic variation will be in vain as 
long as this has not been confirmed and expounded. 

To explain It out of the loss by isolation is impossible, as the 
diffel'ence would have to appeal' less for the lines Anjer-Batavia 
(106 K. M.) and Chel'ibon-Batavia (200 K. lVI.) which is not the case. 
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Neithel' can it be explained by mutual induction of the two lines, 
passing partIy along the same telegl'aphpoles, as that influence would 
just work inverselJT. 

There is a circumstance which cal1ses the lines to Anjer and Oheribon 
to differ greatly from those to Semal'ang and Soerab~ja; that is 
the greatest depth below the surface of the earth which the chord 
reaches between those pI aces and Batavia. 

It is fol' Batavia-Anjel' 1 K. M. 
Batavia-Oheribon 3 " 
Batavia-Semamng 14 " 
Batavia-Soerabaja 37 " 

When thus the variations of short dUl'ation canse a current chiefly 
at a greater depth, where t11e conductivity is very different feom than 
at the sUl'face, a distinct difference might appeal'. The opposite however 
is more to be expected. 

To conform that difference it wiU be necessal'y to register at Semarang 
the current between Oheribon-Semarang and Soerabaja-Semarang. 

lf we find fol' that the same as for Batavia-Cheribon and Batavia
Anjer, then indeed we must attribute the greatel' illcrease of )ampli
tude with short duration fot' the Iines Batavia-Semarang and Batavia
So~rabaja t~ the greater distance. 

ERI{ATUM. 

In the Proceedings of the Meeting of March 30, 1907: 

p. 770 1. 3 fi'om the bottom: for 4:6.419 l'ead 46.4:91. 
p. 779 1. 10 from tlle top: for VII H2 1 l'eacl VII H2 2. 

(February 20, 1908). 
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