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Magnetotelluric two-dimensional forward by
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Abstract: Polynomial basis interpolation method (RPIM), as a kind of typical interpolation meshfree method, was
proposed to overcome the defects of point interpolation method (PIM) that the construction process of the shape function
involves the matrix inverse operation. This method overcomes the matrix inverse problem, and supports the wider domain
dimensionless size interval to better deal with all kinds of engineering and scientific computing problems. The
approximate principle of RPIM was introduced in detail, and the discrete system matrix expression corresponding to the
magnetotelluric two-dimensional variational problem by combining the Galerkin method and the gauss integral formula
was deduced. In order to overcome the defects of low computational efficiency of RPIM, the finite element—radial point
interpolation method (FE—RPIM) based on coupling the FEM and RPIM was proposed. The conclusions were verified by
the numerical calculation of several models. The results show that RPIM has the advantage of high precision and
convenience to calculate complex models, and FE-RPIM has the characteristics of high calculation efficiency for
complex models.
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Table 1 Numerical solutions relative error of apparent resistivity for three-layer model

FEM RPIM PIM
Frequency/Hz

TE mode TM mode TE mode TM mode TE mode TM mode
0.0001 3.942x 107" 2.957X 107" 4.928 X107 3.942%x 10710 3.942X 1071 4.928x1071°
0.001 1.194x 1078 1.251X 1078 1.194x 1078 1.261X107° 1.194% 1078 1.261X10°%
0.01 2.965X 1077 3.143%X 1077 2.965X 1077 3.143X 1077 2.965X 1077 3.143%X 1077
0.1 3.644X10°° 4.009X10°¢ 3.644X107° 4.009%107° 3.644X107° 4.009%10°°
1 4347X107° 4.229% 107 4.347X107° 4.229%107° 4.347X107° 4.229%X107°
10 3.241X1074 4.854%X 1074 3.241%107* 4.854% 107 3.241X 1074 4.854%107*
50 9.409X 1074 8.187X107* 9.409X 107 8.187X107* 9.409X 107* 8.187x107*
100 3.374% 107 2.193x 107 3.374X107° 2.193x107° 3.374X 107 2.193X 1073
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Table 2 Numerical solutions relative error of impedance phase for three-layer model
FEM RPIM PIM
Frequency/Hz
TE mode TM mode TE mode TM mode TE mode TM mode
0.0001 2.202X1071° 2202%x10710 2202%x10710 2.202X1071° 2.202X1071° 440410710
0.001 8.211X107° 8.428X107° 8211X107° 8.428 107 8.211X107° 8.428X107°
0.01 2.398X 1077 2.525%X1077 2.398X 1077 2.525%X1077 2.398X 1077 2.525%X1077
0.1 5.554X10°° 5.88X107° 5.554X10°° 5.88X107° 5.554X10°° 5.88X107°
1 5.514X107 6.129X 107 5.514X107 6.129%X107 5.514X107° 6.129X 107
10 8.903 X107 1.031x107* 8.903 X107 1.031x107* 8.903 X107 1.031x107*
50 6.018X107* 1.247X107* 6.018X107* 1.247%x107* 6.018X107* 1.247X107*
100 3.606X107* 2.472X107* 3.606X 107 2472X107* 3.606X107* 2.472X107*
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Fig. 5 Numerical solutions of apparent resistivity by RPIM and FEM for model of square cross-section: (a) RPIM for TE mode; (b)

RPIM for TM mode; (¢) FEM for TE mode; (d) FEM for TM mode

8 km

£,=100Q'm

8 km

R=200 m

£2,=10000Q'm

El6 [P B A

Fig. 6 Two-dimensional model of circular cross-section

9 Pk IR A 4528 TE £X RPIM 15 FE-RPIM
TR 9y L, JBRCDR AR PR HL B 26 I [ Ae A
AR, ARBH X 2 < B2 SRRk o A,
IF1) 5 i A (6065 1) K ] o 459 JRCDR AR FEL BH 22 25 4k 3
49 100~1100 Q-m. 30° PR 44 FE H BH 24 4k i [ R
50~1200 Q'm, % 45° iR AR AR B 4% 47 2 005 /N

(VR

35 BUEEEAME

AR RPIM THHAUR R AT, HIZE—FEACR ML
{87775, FE-RPIM #2m TiFHACE. & 3 vl 17
ANVHSARUR R 7 AR — B AR AL 1) RPIM . FE-RPIM
J FEM tH5AERT 1o B4 3 I, RPIM iHHFEI 2
4 FEM ] 9 %, FE-RPIM HIAERTAHEL T RPIM & /D,
HBEE RPIM DX IR D, THA RN B A%, R
5 5ERIRS (10 X 4) ) FE-RPIM H 52 % R FEM [fAH

4 ZEig

1) ¥ RPIM J% FE-RPIM I T KHb i fif — 4 1F
T, SRR I AU R B IE T RPIM JE RS M
K iy FL A — AEAR 3 1) 8 R H Galerkin V49456



1322 v A 4 2 AR 2015 4E5 H

Distance/km Distance/km

B 7 R AR RPIM & FE-RPIM AL HLBH 2 Wy ()
Fig. 7 Numerical solutions of apparent resistivity by RPIM and FE-RPIM for model of circular cross-section: (a) TE mode; (b) TM

mode
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Fig. 8 Two-dimensional vein-like models: (a) Vein-like model in 45°; (b) Vein-like model in 30°
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Fig. 9 Numerical solutions of apparent resistivity for vein-like model by RPIM and FE-RPIM in TE mode: (a) Vein-like model in

45°; (b) Vein-like model in 30°
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Table 3 Computation time of numerical methods for model of square cross-section

IRp1IM/S tFE-RPIM/S trEM/S
Meshfree domain (10X 10) Meshfree domain (10X 4)
TE mode TM mode TE mode TM mode
TE mode TM mode TE mode TM mode
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