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Stochastic Approach for Obtaining Seismic Wave Paths in Random Heterogeneous Media

O ‘HiEsfe
O Masatoshi Miyazawa

A stochastic approach is proposed for obtaining two-point seismic wave paths in a three-dimensional random
heterogeneous media, by deriving and solving analytical equations and showing some numerical examples. For
cases where the media include random heterogeneities characterized by statistic functions, we cannot
deterministically obtain seismic wave paths, but stochastically we define a stochastic tube around a reference ray.
The stochastic tube connects a source point and an observation station, consists of wave paths of the same type as
the reference ray, and represents the probabilistic multiple paths. We derive and analytically solve a stochastic
differential equation to represent the stochastic tube. The stochastic tube, thus obtained, indicates a probability
density function of the seismic wave paths. The stochastic tubes for first arrival P-wave paths in three-dimensional

random heterogeneous media are numerically calculated to illustrate a few examples using stochastic calculus.

1. [FCHIS

BB R R N 7 BT TR, LD B
KO THEEITI T v ¥ A RERE FIC 50
% HIERH DARRIZ DUV T R 2 RITEDMFET D
ARFFETIE, EERRA 2 FF S BB LoD, HE
WEABHERR IS IR - TR LD HUTE I WS 0 7 %
BUIME & T 256, RIERI TRV ERED
EORERFREICEEL 5200 EEET D,

2. FEREMR

T B LR E GO ERGE G, Ny
77Ty REZOBEBILIZ LTRSS, &E
TR GBS E TOMBRRIEREKIZ, Ny 77
T U RICKk LTI TR S, HIEDOEEL
BEEET D EXORKIIENT D, EEOETLN
WA/ N T A — & TRAEAT T G DIFIT, #REED
WA D OFE D EITHERICKBLEN D, Z Ok
BWERED OB, Ny 7 7T 0 FTIRE DK
IR o T ERE LD RWEREZ R - 2RI A
stochastic tube & E# 7T 5, ZiLid ray perturbation
theory % CHRBL I 5 MIREE L ITERN R |
RO I % B LT e e ZMnfiz~d, £
7o FELEROKIZ, HEBEKIZZ- s s
FINF—DREZIZOVTIEIHZBEL TR,
Stochastic tube (21X, FEFHI7R /ST A — & THRHED
FONDHEEEERE Lz BT, ATREAe BN
EHRDHILMTED, LWVWOIEENDHD,

Stochastic tube (IfE=RM oy TR A WV THREL

SN, INEML 2 & Ta=— 7 iR =157,
B LGB OZEOMIZE £ 5 IE8REIE,
stochastic tube D EFIZFES & | (BFEIERE - REE
ORI L > TRESND LD TH D, AHFZE
TIE. 3RITHE I exponential %L oD AR E M &
&% . tHESEEHE a & HEEELOIRIE & l2xf LT,
ED XD R A D OO0 R BIEFFEIZX
ROz, FHEEEBEN/ NS KRBT E, T
BEAREL RDITE, IBBRENRRE LD,
e FE RIS TR BL S D stochastic tube DIiE A
IR 72 B 2 EMWGyinoTz,

X [km]

0 1 10 50 100
PROBABILITY [%]

: Stochastic tube O], E[X] : $RE .
T K, SEIR. RN,



