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1. Introduction

The problem of ultrasonic wave interadion with continuousinhonogeneity of material
is of grea importance for theory and applications Such materials are commonly present in
living systems, naure, building engineeing and indugry. They are often strondy micro
inhonogeneous form multicomponent systems and processs of ther growth, produdion or
destruction often lead to thér maao inhonpgeneity. The techniques of experimenta
investigation of such materials, widdy developed in recent yeas, are ultrasonic methods
They allow non-destructive determination of materials codficients and parameters, evaluaion
of ther state and procealing processes. However, there is a lak of pgoeas devoted to
description and analysis of interadion of ultrasonic waves with continuousinhonogeneity of
the material, and existing monogaphs (e.g. [1], [2]) condde this problem in simple
aoudicd systems charaderized only by thewave nunber.

The aim of this paper is to present the new method of description and andysis of one
dimendond problems of ultrasonic wave interadion with continuous inhonogendty of
materias charaderized by dependence of the wave nunber and the impedance of a medium
on the spaia coordinate.

2. Formulation of the problem

We condder one dimensond problem of plane hamonic wave propayaion of
frequency w in an arbitrary material with inhonogeneity of amudicd propeties tha are
locdly charaderized by the impedance z and the wave nunmber k. These parameters, in
genera, are complex fundionsof spatia coordinate x and wave frequency w(Fig. 1).
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Fig.1. Exemplary distribution oflocd impedancein material
with continuousinhonogeneity of acougicd propeties.

Dueto interadion with material inhonogeneity ead wave propagating in such material
generates the coupled badkward wave. Theefore, the amudicd field in inhormmpgeneous
materia is defined by amplitudes T and Rof the forward and ba&ward waves, respedively.
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3. Solution of the problem

Equédionsdescribing the acoudicd field in inhomogeneousmaterial have been obtained
conddering such medium as a system of homogeneous infinitesimal layers with stepwise
changeable amugicd propeties approximating fundions k(z) and Z(x). In this case wave
interadion with continuousinhonogenety can be consdered as multiple refledions and
trangtions of wave throughthe boundxries of infinitesimal layers and the acoudicd field in
the material, charaderized by amplitudes T and R, as the supepostion of waves propagating
in eat diredion. The obtained equaionshave the form

B+ikR=d—l(2T+R) , OI—T—'kT =d—|(2R+T)
dx dx dx adx
where | = 1In(Z,/Z)/2 and Z, is constant. From these equations results that only

inhamogeneity of medium impedance induce the badkward wave.

3. Analysis of exemplary problem

To illustrate the wave interadion with continuous inhomogeneity of the material the
spedal case of inhamogeneous material has been considered. It is composed of two
homogeneous halfspaces separated by a layer of inhamogeneous materia of thickness L
(Fig.3).
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Fig.2. The exemplary medium with continuous inhamogeneity of impedance.

We asaume that wave number k is constant in the whole system and impedance of the medium
is continuows and changes only within the layer acording to the expresson

Z=Z,explax)=2Z,(2,1Z,)"", a=In(z,/1Z,)IL .

In this case the system of equations becomes linea, and due to continuity of impedance, a
wave propagating in such mediumis refleded only by impedanceinhomogneity in the layer.
It enables the analysis of influence of this inhomogneity on amusticd charaderistics of
refleded and transmitted waves.
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