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Abstract 

Finite element method is a common method in MT forward modeling. This paper mainly 
studies the application of triangulation finite element method in forward modeling; The 
steps of forward modeling with finite element method are as follows: (1) Constructing 
the expression of variational formulation from the electromagnetic field differential 
equation; (2) Divide the solution area into several small triangle elements; (3) Using 
shape function to write out the matrix of functional expression corresponding to each 
unit; (4) Synthesize the population matrix and solve it to get the field value. 
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1. INTRODUCTION 

There are three forward modeling methods for magnetotelluric sounding(MT): analytical 
method, model experiment method and numerical method. The numerical method is commonly 
used in practical work, and the finite element method is commonly used in numerical method. 
The finite element method was first developed in the field of elasticity in the 1950s. It can be 
well applied to the field of complex shape. Its efficiency is high. In recent years, with the 
improvement of computer technology, its application is more and more extensive. This paper 
mainly discusses the application of finite element method in 2D MT forward calculation. 

2. BASIC THEORY 

2.1. MT Theory 

The theoretical basis of magnetotelluric sounding is Maxwell's equations, which correspond 
to harmonic field: 
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Take the curl on both sides of the first and second expressions of formula (1): 
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The vector wave equation of electromagnetic field can be obtained by combining the vector 
analysis formula (2) and the first and second expressions of (1): 
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In expression (3), k is complex wave number,  iik  2 .  

2.2. Two Dimensional Forward Model 

When the resistivity of underground medium changes in two directions, take the strike 
direction of geological structure as z-axis, Y-axis vertical upward, X-axis vertical Z-axis and in a 
plane, as shown in figure 1. 

 
Figure 1. Two dimensional forward model 

 

According to the Maxwell equations, the electromagnetic field equation with an angular 
frequency of  is: 

 

 HiE                                  (4) 
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The differential equations of TE polarization mode and TM polarization mode can be 
obtained by expanding (4) and (5). 

TE mode: 

 

 




































Y
Z

x
z

z

xy

Hi
x

E

Hi
y

E

Ei
y

H

x

H





 )(

                        (6) 

TM mode: 
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From the second and third expressions in (34) and (35), we can solve HX, hy, ex and ey, and 
substitute them into the first one respectively, and we can get the following partial differential 
equations: 
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(8) Can be expressed as follows: 

 

 0)(  uu                              (9) 

TE mode: 
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TM mode: 
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2.3. Boundary Conditions 

After deduction, the boundary conditions of magnetotelluric sounding method are as follows: 
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2.4. Variational Formulation 

We assume that there is only one inhomogeneous body in the region, and construct the 
functional: 
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The variation expression of (13) is as follows: 
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Combined with the boundary condition (12), the variational formulation corresponding to 
the boundary value problem can be obtained as follows: 
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2.5. Finite Element Method For Solving Variational Formulation 

The triangulation diagram of finite element method is as figure 2: 

 
Figure 2. Triangulation diagram 

 

As shown in the figure, the underground half space is divided into rectangles, and then each 
rectangle is divided into two triangles. For a single triangle, three vertices and the midpoint of 
each edge are selected as nodes. The node numbers are arranged from the top to the bottom as 
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shown in the figure, and continue to be arranged from the top of the second column after 
arriving at the bottom node. The cell numbers are also arranged in this way (for simplicity, only 
the nodes are listed First column). 

Analyze the integral expression in each cell, and solve the first integral of the first formula of 
formula (50) on the cell: 
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The integral of triangle element is as follows: 
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Where Kij represents the elements of row I and column J in the element matrix, and the 
elements of the element matrix are: 
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After calculating the matrix, multiply  to represent formula (51). 

The second integral is: 
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The element matrix corresponding to (18) is (because of its symmetry, only the lower part is 
listed): 

 



World Scientific Research Journal                                                      Volume 6 Issue 2, 2020 

ISSN: 2472-3703                                                       DOI: 10.6911/WSRJ.202002_6(2).0024 

222 

 






































321616400

3216040

32004

611

61

6

180
2


ek                      (19) 

 

When the program traverses to the bottom unit, we should add the third term of integration: 
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The corresponding element matrix is (the node number falling on the CD side is 2-4-3): 
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Select TE or TM polarization modes, and calculate the corresponding  and , then traverse 
all the divided units, add up the unit matrix of each unit, and store it in the total matrix which 
include all the unit matrices according to the number of each node, finally we can get the total 
matrix (total coefficient matrix). Substituting boundary conditions into coefficient matrix and 
solving the system of equations, we can get the field value U. if it is TE mode, U represents the 
electric field E. If it is TM mode, U represents the magnetic field H. Finally, the apparent 
resistivity and phase can be calculated by U 

The algorithm flow chart is as follows: 

3. CALCULATION RESULTS 

The object of this program is G-type model of 2-layer geoelectric section, which is calculated 
by TE model. The frequency is 10Hz, the thickness of the first layer is h1 = 1000m, the resistivity 
of the first layer is 1 = 100 Ω·m, and the second layer is 2= 1000 Ω·M. In this paper, We use 
triangulation, biquadratic interpolation. The number of intervals in X direction and Y direction 
are both 24, and the width and height of each interval are both 200m. So the total number of 
elements is 1152, and the total number of nodes is 2401. The field value E can be obtained by 
inputting each data into the program, and then the apparent resistivity value and impedance 
phase value of the earth surface can be calculated, as shown in figure 4: 
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Figure 3. Algorithm flow chart 

 
Figure 4. G-type model 

 

Compared with the field value E calculated by the analytical method, the calculated field value 
E is as follows: 

 

Substituting the first kind of boundary conditions 

Solving linear equations 

Output numerical solution 

Input the original data: total number of nodes, total number of cells, 

node coordinates, cell node number, class I boundary node number, 

class I boundary node field value 

 

 

Input the resistivity values corresponding to each unit of the model, and 

form the overall coefficient matrix 
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(a)                 (b) 

Figure 5. (a): The results of E which calculated by the finite element method and analytical 
method; (b): The results of phase which calculated by the finite element method and analytic 

method 

 

It can be seen from Fig. 5 that the calculation results of finite element method and analytical 
method are basically the same. After calculation, the relative error rate of apparent resistivity 
is 0.0037%, and the relative error of phase is 0.0025 °; 

4. SUMMARY 

By writting and running the finite element forward program, the G-type model of layered 
earth medium is calculated and the calculation results are analyzed. It is proved that it is feasible 
to use the finite element method for MT two-dimensional forward modeling, and the finite 
element method has the advantages of convenient calculation and high accuracy of calculation 
results. 
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