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Summary

The basic point in geophysical studies is to obtain a model that can show structures below
the ground surface. The basic step for this project is to obtain measurable parameters at
the surface of the earth by physical laws. This object can be done by forward modeling. In
geophysical investigations, the simplest model representing the earth is a one dimensional
model which in the conductivity varies just with the variation of depth. In more realistic
models of the earth, resistivity varies not only with depth, but also with one horizontal
direction. Two dimensional forward modeling can be solved by analytical methods for
some special cases. In two or three dimensional general cases, modeling performs by
numerical methods. The numerical method in this case is the finite difference. When the
results are extensive, this method is more useful, in comparison with the other calculative
computer methods. Finite difference method does need much volume of CPU; also this
method is suitable for running on some computers simultaneously because only the
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nearest adjacent points involve calculations. The main point in this method is the space
size of the model blocks and the number of required frequencies. This will determine the
duration of running time of the code.

Solving the problem of electromagnetic induction in the earth by numerical methods
has been considered by many earth scientists for years. Various methods and techniques
have been used in this field such as transmission line analogy, integral equation, finite
element and finite difference. (Brewitt-Taylor and weaver,1976.) Jones and Pascoe are
one of the first persons who have worked in this field. Jones and Pascoe’s articles in 1971
and 1972 further more than theoretical solution of electromagnetic induction, also
included FORTRAN codes of electromagnetic induction solution by finite difference
method for two dimensional structures in a layered earth. Nowadays researches in this
field are focused on solution of electromagnetic induction in three dimensions. An
economical and good formulation of this point in Integral vector equation method is
presented by Raiche in 1974 and also the same method in more details is presented by
Weidelt in 1975 separately.

Maxwell equations are needed for forward modeling of magnetotelluric data. The main
equations which have been used in this research are curly differential Maxwell equations
of electric and magnetic fields and the finite difference method is used for these
equations. After setting the preconditions for having softer variations in electrical
resistivity, a model for electrical resistivity has been gained in node points. By
determination of final formulas of finite difference for all of the blocks of the net, the
code for forward modeling in MATLAB is written. MATLAB code after obtaining the
values of electric and magnetic fields for all/points of the net, determines the electrical
resistivity and phase of the points.

Eight matrices are the initial data for MATLAB code. These matrices introduce the
model parameters. After making the model, MATLAB code makes the matrices of the
system equations coefficients for obtaining the electric and magnetic fields values of the
net. In conclusion, by calculating the electromagnetic field values, the values of the
electrical resistivity and phase are gained for all points.

In this study, a forward modeling of TM mode magnetotelluric data is used. The
MATLAB code is able to forward model the magnetotelluric data for various artificial
two-dimensional models. Three models and their responses are presented. The code
performs the forward modeling of various models perfectly.

Keywords: Modeling, Magnetotelluric, Finite difference, TM mode, MATLAB
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