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Fig. 1. An example of the branching process. The number

of individuals or vertices in the k-th generation is denoted by
s;. Here so, s1, 82, S3, 84 are 1, 3, 4, 2, 0, respectively.
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Fig. 3. Representation of the process in Fig. 1 by a row of cells.
Numbers on the upper and lower sides correspond to the numbers of cells
and branches respectively.
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Tig. 4. Representation of a general branching process by the row
of cells. Numbers on the upper and lower sides correspond to the
numbers of cells and branches respectively. The cell No. r corresponds
to the vertex No. 7, and the non-negative integer in the cell corresponds
to the number of branches extended from the vertex.
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16. Frequency Distribution of the Sizes of I'ractures
Generated in the Branching Process——
Elementary Analysis.

By Takuo MARAYAMA,
Earthquake Research Institute.

The chain reaction process adopted by Otsuka as a model of fracturing to interpret
the magnitude-frequency relation of earthquakes is a special case of the Galton-Watson
branching process. In the model of fracturing according to the Galton-Watson branching
process, the total number of objects generated in all the generations corresponds to the
size of the fracture. The distribution of the total number has already been solved by the
use of probability generating functions. An elementary approach in the present paper,
however, may have some advantages for the understanding of the model.

If s (>1) denotes the size of the fracture generated in the Galton-Watson branching
process, the process can be represented by a sequence of non-negative integers Ji, J, « « -, J,
where two conditions should be satisfied:

o

(Ji—1)=—1, (C1)

i=1

M=

(J;=1)=0  for r=1,2,---,5—1. (C 2)

i=1

I

It is proved that, for any sequence of non-negative integers satisfying (C 1), there exists
one and only one sequence satisfying (C 2) among the cycles of length s of the original
sequence. Applying this rule, we can elementarily obtain the size distribution for fractures
generated in Otsuka’s simplified process. The size distribution for clusters generated in
the percolation in a tree-like structure is also obtained elementarily.

If the fracture by an earthquake follows the model of the Galton-Watson process,
with the assumptions that the size s is proportional to the seismic energy E and that E
is proportional to 101-5¥ after Gutenberg and Richter, the frequency, n(d)dM, of earth-
quakes with magnitude between M and M+dM can be obtained from the asymptotic expres-
sion for large s. We have

logi n(M)=a—0.75M—c10%-52,

where a is a constant and ¢ (=0) tends to zero as g tends to the critical value 1. Here
¢ denotes the mean number of branches extending from a vertex, and for p greater than
the critical value, the probability of generation of fracture with an infinite size is not zero.




