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but the l'eslllting apparent c1isplaccllIent can never surpass half the 
width of the line. (Whenever greatel' shifts are observecl, pl'essure or 
magnetism Ol' Doppler-effect certain ly come inl0 play). 

The largest displacements ob~erved by ADAlIfS ocelll' , with many 
lines of iron and niekel. From tlle point of view of our hypothesis 
ihis means, that near these lines the amount of anomalous àispersion 
of the mixture is most suitable fol' produeing the phenomenon, 
neither too gL'eat, nor too small. lJonsiderably smaller are the dis
placements for titanium, vanadium, and scandium - perhaps beeause 
those elements are less in evidence in the mixture of gases. 'rhat 
those iron lines, which arè most strengthened at the limb, show 
smaller displacements than the avel'age iron lines, also perfectI)' fits 
I)ur point of "iew, for theil' asymrnetl'y 111USt be less conspicuous on 
account of theil' greatel' widtll. That tbe lines of tbe elements of 
\"el'y high atomie weight, snch às lanthanllm anel cerium, show vel'y 
small displaeements, is easily a,cconnted fol' if we assume tbeir vapoms 
to be, extremely rare in the solar atmosphel'e. 'fhis explanation is 
certai.nly not less bimple than tbe Ohe pl'oposed by ADAl\IS on p. 17 
and 18 of his paper, 1) where he has to find a way out of the 
discl'epaney to which in this case the pressure hypothesis seems 
to lead. . 

Various other chal'actel'istics of ADAl\IS' interesting list of displace
ments (e. g. the special behaviour of the enhaneed lines as a class) 
will be diBcussed on a latcr occasion, together with his equally 
valuable observations of the spectrum of sun-spots. 

Geophysics. "On the deümnination of the epicentl'e of ertl'th-quakes 
by 11/,eans of 1'ecol'ds at a single station". By Dr. O. BRAAK. 

(Oommnnicated by Dr. J. P. VAN DER STO:r<j. 

(Commu~icated in the meeting of April 29, 1909). 

In wOl'king out seismogl'nms of tiLe WmcH~RT-seismogl'aph I was 
l'epen.tedix _ struck by the fact that the azimntb of the epicentl'e conld 
be detel'mined with satisfactol'Y l'eslllts ti'om the two components of 
tile motion of the gl'ound. 

As infol'mations relative to other stations are generally l'ecei ved at 
Btttavia some time aftel" the OCCl1rrence of eal'th-quakes, I have often 
l1sed this· method to come to a preliminau.)' - c1etermination of the 
epicentl'e fl'om the Batavia seismograms onl.)'. In this way e.g. infol'
mn.tions conc~rning the K01'intji eal'th-quakc ot: tI l1ne 4, 1909 conld be 

1) Aslt'oph. Jout'n, 31, 46-47, HHO, 
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given when from Singapore and Banka telegrams about experienl'ed 
earth-quakes were received. 

The mORt important quakes of 1909 have now been worked out 
with a view of ascertaining the accul'acy to be obtained in detel'
mirnng the azimuth. 

In th~ mean time GALITZIN 1) has applied the same method to 
records obtd,ined by meanb of two seismographs set up at right angles 
to each other, the records being stl'ongly magnified and the damping 
snch as to make the vibrations aperiodic; in this way very satis
factory results were obtained. 

As has been remal,ked above, the WIECHERT-seismograph may be 
used w1th suC'cess for the same inquiry. 

The two components mu!'>t be independent of each othel', a condition 
that can be fulfilled by an accurate adjnstment. 

It is no inconvenience th at the damping ratio is only 5: 1 if we 
take this circumstance duly into account when calculating the period 
of vibration. 

The most serlOUS difficulty is experlenC'ed by the small magl1lfication 
so lhat only eal,th-quakes of large amplttudes have been worked out 

ThlS difficulty can be overcome to some extent by rneasuring out 
not only the first, but also some of the . next deflectlOns, In 80 fa I' 
as the two components show a perfect congruity. 

When the free periods of the two pendulums are eqtlal, or neady 
cqual, then we may, as a Ih'st approximatIOn, apply the same 
calcnlation to these values as to the fil'st deflectioll. 

In order to calcnlate the tI'lle motIOn of tbe gl'ol1l1d we have uE>ed 
tbe formula given by WIECH~RT 

where 

aud 
TT = indicatol'-magnification. 

To = 1'ree period. 

'1' = period of the motion of the ground. 

I: = dam ping l'atio. 

1) Ftirst B. GALl1'ZIN. ZUl' Frage der Bestimmung des Azimuts des Epicenh'ums 
eines Bebens Bull. de }'Acao. Imp. d. Sc. de St. PétersboUl'g, 1909, 
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C.BRAAK: "Onth.e deternnnation of earth'luakes bymeans ofrecords ata smgle station:' 
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The yaIue V was determined by direct measl11'ing; this ,alue as 
deduced Jby means of small weights being put on the pendulum and 
by determination of the period of vibration is hardly accurate owing 
to the sluggishness of the instrument, unJess the weights remain on 
the cylinder for at least h,tlf an hom. During the whole year V 
hal:) been equal 

for the E- W component to 234, 

for the N-S component to 186. 

For To and I! monthly mean vaIues have been used as given in 
the following tabie. 

Jan. 

Febr. 

March 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

10.3 

11.0 

11.0 

10.7 

10.2 

10.4 

10.0 

HU 

10.0 

9.6 

9.7 

9 6 

10.2 

11 1 

JO.8 

10.9 

10.2 

JO 4 

10.4 

10.3 

10.1 

9.8 

10.1 

100 

4.8 

5.6 

4.9 

4.9 

4 3 

5.7 

5.7 

5.8 

5 4 

5 4 

4.5 

4 3 

5 1 

5 1 

4.3 

-1 5 

40 

5.3 

5 3 

5.5 

5.3 

4.4 

4.4 

5.0 

In the first place a number of quakes will be treated where the 
amplitude of the first deflectioll was large enough to admit of an 
accurate measurement. 

In the monthly bulletin these qllakes are mentioned llnder the 
numbers 29, 58, 124, 2:11, 237, 242 and 262; ('opies of the dIa
grams are given in the ad.ioining plate. 

The seismograph is set lip 80 that the pointer moves down wards 
in tbe diagram when the pendululll has an E. and S. motion relative 
to the frame, which therefore OCCUl'S in the case of an impulse 
from W. or N. 

Aftel' a slowly increasing' motion, as observable on many diagrams, 
,a. small zigzag motion seems to illdicate, at least on some diagrams, 
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the al'l'ival of tlle true impulse. The E.-W. component of N°. 124 
clearly shows that the sharp tUl'ning eOJTéSponcls with the beg inning 
of tbe tl'ue th'st impulse. 

In treating tbe fh'st cOl'l'esponding waves in eitbel' component, 
the elistances of subsequent extreme positions being measured out, 
the following eleflectiolls were fOllUel. 

t::: 
co ..c:.9 ..c: ..c: 0 WE .......... 
Ol ::u ~ ..... §l~ No. 
..,... 

Deflections n mMo E~ 0;$:: 
Cl) W

Nj 
Cl)E .... E .- Cl) ::E 'N 1iî N-a 1-< 'N 

Cl < ..... < < 
~ , 

2ü ::J. II E-W 7.5 25.6 43.ü 53.7 56.7 11.24 N54 W' N5ûW NGOW 

N-S 4.4 13.8 ~6 2 26.0 ::11.1 I I 
~)8 13. III E-W 2.3 9.6 6.0 7.2 80 1.~3 N32E N33E N .\~) E 

N-S 2.ü 5.5 5.0 9.9 12.3 

12ft 4. VI E-W 63.2 1.24 N48W I N3\W 

N-S 46.0 

2 11 28. IX E-W 4.2 8.4 10.2 '14.1 1.25 Sï5W 572W 573W 

N-S 0.9 2.4 3.2 4.3 

)37 30. X E-W 3 0 14 7 1.22 S7ft 0 5700 5760 

N-S 0.7 2.6 

)'i~ 10. XI E-W 3.9 15.6 15.0 9.8 1.28 N27E N27E N32E 

N-5 5.9 22.723.7 15 2 

2 (j2 10. XII E-W [4 0T4.0 20.0 22.1 'W.213.9 1.31 N8\ E N71 E N65E 

N-5 0.5 3.4 5.3 G.2 5.4 4.1 

1 

In thc f011l'th COllllTI11 the ql10tienl is gi\'cn of lbe magnificn,tions 
of eithe!' component; it appeal's to be subject to sm all iluctualions 
only; the influence of period of vibl'alion and clamping ÏF; smaII and, 
conseql1ently, _ inacclll'[\,cies in these qnantities ean exel'cise only an 
unimportant influence. 

The azimllth was calculated separately froll1 the fh'st defleetions 
anel froll1 all measurements laken together (column 6). If we disregard 
N°. 2?2; in which Ci:"\.Se the {hst deflectionhas obviously been distul'bed: 



- 7 -

{(1:5 ) 

either method is found to lead to ioentical resnlts within the limits 
of the preciseness of the obsel'vations. The lat ter method, which is 
serviceable also when the deflections are smaH, will in future be 
applied exclusively. 

The true azimuth has been deduced, partially from earth-quake
infol'mations from the Archipelago, partially by means of the records 
taken at Batavia, Manila, Zi-ka-wei and Osaka: 

N°. 29, from the Lampong-di~tricts, according to earth-quake-infol'mations. 

N°. 58, near Tokio, according to the papers. 

N°. J 24, in KOl'in~ji, according to earth-quake-informations. 

N°. 211, in S.-Bantam, according to eal'th-quake-informations. 

N°. 237, in the Carpentaria-gulf, aceording to 1'e('or4s at Batavia, 
Manila and Zi-ka-wei. 

NG. 242, near Kioe-sioe, according to records at Batavia, Manila, 
Zi-ka-wei and Osaka. 

N°. 262, Deal' the Ual'Olille-islands, accol'ding to records at Batavia, 
:Manila and Osaka. 

Owing to incomplete informations, inaccurate data concerning the 
time of the fil'st and second forerllnners, and thc total failing of 
Îl~dications about the time of the second fOl'el'uuner, both methods 
of ten leave much to be desired. In calculating the dibtances fl'om the 
available data the cm'yes given by WmCHER'l' and ZÓPPltITZ we re used. 

It may be notired that the quadrant, whence the vibl'ationr; travel, 
ma,y, in by far the most cases, be indicated without ambiguity. It is 
an exception when the fil'st impulse co mes from the direction of tbe 
epicentre; in by far the most caseS it ca me fl'om the opposite side. 

In this way the azimuth has beell determined fol' a lllunber of 
other earth-quakes; thc results are given in the following tabJe. 

The deviations between the calcnlated and the trne azimuths can 
be put only partially on account of errors in the azimuth as calculated; 
fol' trel~ors which have travelled over a great distance the deviations 
are smalI; fol' the quakes N°. 4, 27, 52, 114, 203 and 243, all 
coming from places situated not far oif, the deviat~ons are gT~at, but 
they are, without dOllbt, priucipally due to incomplete inf'ol'l~ations 
concel'ning the true focus, and the locus of the epicentre, as calcnlated 
from the diagrams, is niore relia?le than th at based on infol'mations 
received. 



- 8 -

, 

lil 

I 

I 

I 
I 

" i 

..... --' -. - -- - - - ... --- -. -- - ' .. - .----- ------_. -----------

( 16 ) 

I 
Q) ~ Azimuth -ge.? 

NO. 

I 
Data Epicentre ~ S Latitude bIJ 0 I s:: J:: 

j~ calculated I true 

107°6 7~1 S S 25°E 
I 0 

4 2 I preanger S 35 E 

'13 15 I W. fr. Mindanas 1322 5.4 N N 65 E N 65 E 

1!J 23 I Luristan 50 0 32.5 N N 43 W N 50 W 

27 31 1 Cheribon 108.1 7.2 S S 19 E S 51 E 

28 2 Il Celebes 119.7 0.7 S N 63 E N 67 E 

9!J 3 II S.-Sumatra 105.1 5.2 S N 56 W N 60 W 

52 8 III Banjoemas 109,2 7,2 S S 26 E S 66 E 

56 13 III E. from Tokio 140.7 31-.5 N N 33 E N 35 E 

58 13 III E. from Tokio 140.7 345 N N 33 E N 35 E 

59 17 III Celebes 121.6 1.0 N N 63 E N 64 E 

61 18 III Celebes 1~1 5 1.2 S N 69 E N 71 E 

85 15 IV N. fr. Formosa 124.0 30.0 N N 29 E N 21 E 

17 vi S.-Sumatra 
I 

1H 103 2 4.0 S N 75 W N 60 W 

120 31 V Harafoera -see 135.0 10.8 S S 78 E S 80 E 

124 4 VI Korintji 101.6 21 S N 48 W N 51 W 

143 15 VI Preanger 107.4 7.0 S S 33 E S 40 E 

J55 8 VII Samarkand G7.0 400 N N 37 W N 34 W 

176 14 VIII Japan 1::\9 0 36.5 N N 38 E N 31- E 

H.)S 11 IX Philippines 124 8 10.0 N N 53 E N 48 E 

203 17 IX S.-Sumatra 1031 4·.1 S N 70 W N60W 

210 27 IX Preanger 107.1 fLU S 522 E S 20 E 

211 28 IX Bantam 106.0 6.4 S 572 W S 73 W 

237 30 VIII G.ofCarpentaria 138.:3 12.0 S 576 E S 76 E 

242 10 XI W. fr. Kioe-sioe Ill.O 31.0 N N 27 E N 32 E 

2i3 10 Xl Cheribon 108.2 7.1 S 531 E S 56 E 

261 10 XII Ceram 128.5 3.3 S 0 N 82 E 

2û~ 10 XII Carolines J40.0 11.5 N N 70 E N 65 E 


