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Biological effects of pulse modulated microwave ra-
diation has been studied by many scientists and en-
gineers in life and physical sciences. It has been ob-
served experimentally that microwaves interact with
biological systems ([2]). Some effects induced by pulse
modulated microwaves are a) hearing, b) the sensitiv-
ity of laboratory animals to certain drugs, and c) the
permeability in the brain tissues. The interaction of
microwaves with biological systems can be harmful,
as well as beneficial to the human being. However,
the mechanism of the interaction is not well under-
stood yet. One hypothesis is the direct conversion of
electromagnetic energy to acoustic energy in tissues.

In our preliminary model of energy conversion, we
focus on the processing based on the thermoelastic
theory. According to the theory, during microwave
absorption by tissue materials a portion of electro-
magnetic energy is converted to heat which in turn
generates a spatial temperature gradient normal to
the surface. This temperature gradient generates
strains in the dielectric media, hence produces an
acoustic stress wave. Mathematically, this process
is governed by the following differential equations
(1, 2, 3, 4, 5)
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where
u(t,z) = displacement of particles,
v(t,z) = temperature distribution,
Ch = specific heat,
A p = Lamé constants,
¥ = medium mechanical damping
coeflicient,
P = mass density,
B = a3+ 2p),
a = coefficient of linear thermal
expansion,
K = thermal conductivity,
o = dielectric conductivity,
E = electric field intensity.

Furthermore, all coefficients are assumed to be po-
sition dependent. The acoustic pressure distribution
p(t, z) is evaluated by
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In the above formulation, we assumed a one-
dimensional geometry in which a plane wave E(%, z)
impinges normally on the interface of air and tissue.

The validity of the model will be tested against
experimental data. As a preliminary investigation,
we will carry out simulation studies. The problem of
model validation is formulated as parameter estima-
tion problems. For given incident (pulsz modulated
microwave signals) electric field and measured pres-
sure, the parameter estimation problem is to find a
set of parameters such that the estimated acoustic
pressure matches the measured data optimally under
some criterion. Let the collection of unknown parame-
ters be denoted by a vector ¢ = (p, ca, A, 4,7, @, K, 0).
For given observations {f ;} corresponding to mea-
surements at times ¢; and position z;, we consider the
least squares estimation problem of minimizing over
g € Q the least squares functional

J(B,pig) = | {p(ti, 2; )} - {Bis} ", (2)
where {p(t;,z;;q)} are the parameter dependent
weak solutions of (1) evaluated at each time t;,i =
1,2,---, Nt and each position z;, j = 1,---, N, and

| - | is an appropriately chosen Euclidean norm. The
set Q is some admissible parameter set.

o
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The minimization in our parameter estimation
problem involves an infinite dimensional state space
and an infinite dimensional admissible parameter set.
We thus consider Galerkin type approximationsin the
context of the variational formulation of (1). Solving
the approximate estimation problems, we obtain a se-
quence of estimates {§V'™}. Parameter estimate con-
vergence and continuous dependence (with respect to
the observations {5; ;}) results can be obtained under
certain assumptions.

The convergence results allowing approximation of
the parameter set provides a sound necessary basis for
the estimation of parameter vector gq.
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