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An Application of the Theory of Fluctuation to Probleimns
in Statistical Seismology.

by
Fuyuhiko KISHINOUYE and Hirosi KAWASUMI.

The object of this investigation is to introduce the application of the theory of
fluctuation to some problems of statistical seismology. We have investigated
the fluctuation of the number of earthquakes instrumentally registered in some
units of time, taking the statistical after-effect into consideration.

The theory here applied is that given in R. Fiirth: Schwankungserscheinungen
in der Physik (1920, Sammlung Vieweg,; Heft 48), especially in the chapter
dealing with ‘“ die Schwankungen mit Wahrscheinlichkeitsnachwirkung bei inter-
mittierende Beobachtung.”” A brief sketch of the theory concerned in our investi-
gation is as follows.

Suppose that a trial consists of a great number, N, of events, and the pro-
bability of a favourable event is a very small number p, while the number of
favourable events in a trial, n=Np, is finite. Then the probability of obtaining
n favourable events in a trial, TV(n), is given by Poisson’s formula,

W{n):%, where v is the mean value of n.

If we take a great number of trials in succession and the interval of each trial
be constant (1), the velocity of fluctuation 4=n, —n,, the mean duration T, and
the time of recurrence ® of n favourable events, can be calculated theoretically,
if we know the law which governs the appearance of n, favourable events after
n, favourable events. This after-effect of », on n, is here assumed to be effec-
tive on the next trial only, and the probability that a favourable event in a trial
turns out unfavourable in the next is also assumed to be a constant P.

Then the probability that n+Z favourable events occur aiter n favourable
events, TW(n, nk), as well as 4(n), 42, T(n), ®(n), and the probability of lasting



-6 N - I -

n favourable events during k intervals of time, @a(L7), are calculated theoretically.

These quantities were calculated for the number of the voleanic earthquakes
of Asamayama.

The data were taken from Prof. F. Omori’s paper “ The Eruptions and Earth-
quakes of the Asamayama, V. (List of the Voleanic Disturbances instr‘umentally
registered at the Asamayama Seismological Stations. 1913-1916.),”” Bull. of Imp.
Earthq. Inv. Comm. Vol. VII, No. 2.

We have selected 3 cases when the disturbances were most active and lasted
for long time. The dates were as follows:

(1) From 15h 20m on July 5th. to 7h 59m on July 6th., 1913.

(2) From 20h 00 m on Aug. 3rd. to 10h 00 m on Aug. 4th., 1913.

(3) From 2L h 00m on Sept. 1st. to 4h 10m on Sept. 2nd., 1913.

The time interval taken 7 is 30sec. for (2*) and 1min. for (1), (2%) and (3).
The number of earthquakes in the intervals, n, were counted. The quantities:
TVin); Wn, nt=k); ;pn(kr); T(n); @(n); d(n); were calculated from the observed

values of » and P= —‘—’—— and compqred with the observations in Tables I-XI.
The pair of numbers 111 the tables are the observed (above) and the calculated
(below) values respectively.

The case (1) is an example of a very good coincidehce between the theoretical
and observed values. The case (2) is the other with a considerable deviation of
the two values. The difference is due to the deviation of W{») from the Poisson’s
formula. This discrepancy is also observed in ‘the case (3) which was investigated for
verification. In this case the theory for the case without the after-effect also failed.

The discussion of the above results may lead us to some suggestions on the
mechanism of these earthquakes. The present note is, however, merely. intex_lded
to illustrate a prospective field of application of the theory of fluctuation in the
domain of seismology.

In conclusion, the writers wish t0 express their most sincere thanks to Professor

T. Terada for his kind suggestions and guidance in preparing this paper.
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F. Omori: The Eruptions and Earthquakes of the Asama-yama V. List of
the Volcanic Disturbances instrumentally registered at the Asama-yama Seis-
mological Stations, 1913 to 1916. (Bull. of the Imp. Earthq. Inv. Comm. Vol.
V1I, No. 2.)
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(1) #—pl, VIL 5, 15"20m~VII 6, 7059 7=1min.; N=1000;

v=0.966; 4% =1.112; P=0.576.

% — s Tapie I ‘ 8 = 3 Tape IL
" Pl g 1 2 3 4 N NWn)| Zn) | Tn) | @)
218 | 117 37 6 2 . 380 | —0.559| 2.35 | 478
0 .
o17 | 121 39 6 1 381 | —0.556] 2.36 | 3.88
. 122 140 69 21 2 . 35¢ | —0.003| 1.65 | 8.99
121 156 68 17 3 368 .| +0.020 1.75 | 38.04
Lo 77 65 16 7 198 | +0.566| 149 | 7.54
o
34 68 51 18 5 178 | 40596 | 1.41 | 6.61
‘ 7 6 | 28| 8 | 1 55 | +1.309| 117 | 14.06
3 ' 3
6 17 18 7 3 57 | +1.172| 114 | 175
. 1 3 4 4 0 12 | 42417 1.00 | 29.00
: 4
1 3 4 3 1 14 | +1.748] 112 | 785
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' v=1424 4°=1.003 P=0.353
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o 7 48 20 2 0 139
105 54 13 2 0

1 48 79 81 19 0 231
54 126 55 13 2

o 16 86 118 37 2 259
= 13 55 62 29 7

3 5 16 | 36 24 3 84
2 13 29 % 10

4 0 2 1 2 1 6
0 2 7 10 6
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2 s
283 232 32 2 549 549 | —0.550| 200 | 2.63
0 0
518 163 2 3 706 | —0.318| 3.67 3.80
231 447 79 0 | 757 757 | +0.202| 2.87 1.90
1 i 1
163 255 73 n 503 | +0.128| 2.03 3.78
34 77 20 0 131 131 | +1.091| 1.20 | 10.85
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26 73 60 16 179 | +0.574| 1.51 | 10.63
5 1 1 0 0 2 2 | +3 | 1.00 |887.00
: 3
3 11 16 0 | 42 | 1.02 | 133 | 4333
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r=lmin. N=430.
v=14744, 42=0.870. P=0.2943,
e ol ] TasLe X. $#F—3  TasLe XL
& 0 1 2 3 \ NWn) 4(n)
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4 76 92 15 187 +0.433
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12 7 1 0 58 +1.526
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FHLCAZRZB K DA eDI B b 237w, DA 5T mn, EHI( Hiufig-
keit DFFE & FIBE & D35 IT Nachwirkung 233 & LA X h dWILFE Lwv,
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