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Abstract: The forward of transient electromagnetic method (TEM) is the basis of the theoretical study of multi-dimen-
sional transient electromagnetic prospecting. Transient coupling curves of each field component of different geoelectric
sections can be obtained through forward calculation, and all the field components decrease rapidly as time increases in
the middle and late time. Important characteristics of the geoelectric sections can be acquired by converting the field
components to apparent resistivity curves. The calculation formula is derived from Hankel transform and G-S transform,
and the numerical algorithm is proposed for the vertical magnetic field of transient electromagnetic method with mag-
netic dipole source in the layered medium. Then the magnetic field components, calculated for several typical layered
medium models, are converted to apparent resistivity values according to the definition of the apparent resistivity. The
relative errors of the field components between the forward results and theoretical values are all less than 0.1%. The
calculation results show that the apparent resistivity curves directly reflect the characteristics of geoelectric sections.
And the anomaly of the low resistivity layer is more obvious than that of high resistivity layer. Furthermore, the negli-
gible errors show that the forward results are reliable. It is valuable for theoretical research and practical application of
transient electromagnetic method.

Keywords: Transient Electromagnetic Method Forward; Magnetic Dipole Source; Accuracy Verification; Apparent
Resistivity Calculation
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Figure 1. Layered medium models
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Table 1. Layered medium models with different parameters
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a2 (S/m) 03 (S/m)
Model_1 0.01 0.01
Model 2 0.01 0.5
Model_3 0.01 0.0005
Model_4 0.1 0.5
Model 5 0.1 0.0005
Model 6 0.001 0.5
Model 7 0.001 0.0005
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Figure 2. Forward results of different models
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Figure 3. Apparent resistivity curves of different models
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Table 2. Comparison between numerical solution and analytical solution of the homogeneous media
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t(s) Hz_N (A/m) Hz_A (A/m) Error (%)
1.35E-04 4.41006E—06 4.41137E-06 0.03
1.70E—04 3.25559E-06 3.25478E-06 0.02
2.14E-04 2.38262E-06 2.38103E-06 0.07
2.69E-04 1.73163E-06 1.73007E-06 0.09
3.39E-04 1.25153E-06 1.25035E-06 0.09
4.26E-04 9.00551E-07 8.99815E-07 0.08
5.36E-04 6.45758E-07 6.45375E-07 0.06
6.75E-04 4.61779E-07 4.61629E-07 0.03
8.50E-04 3.29522E-07 3.29502E-07 0.01
1.07E-03 2.34757E-07 2.34796E-07 0.02
1.35E-03 1.67031E-07 1.67087E-07 0.03
1.70E-03 1.18722E-07 1.18775E-07 0.04
2.14E-03 8.43198E-08 8.43617E-08 0.05

t(s) Hz N (A/m) Hz_A (A/m) Error (%)
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4.26E-03 3.01089E—08 3.01215E-08 0.04
5.36E-03 2.13450E-08 2.13521E-08 0.03
6.75E-03 1.51278E—08 1.51317E-08 0.03
8.50E—03 1.07194E-08 1.07212E-08 0.02
1.07E-02 7.59327E-09 7.59500E—09 0.02
1.35E-02 5.37925E-09 5.37963E—09 0.01
1.70E-02 3.80994E—09 3.81006E—09 0.00
2.14E-02 2.69758E—09 2.69819E—09 0.02
2.69E-02 1.91093E-09 1.91067E—09 0.01
3.39E-02 1.35275E-09 1.35293E-09 0.01
4.26E-02 9.58261E-10 9.57957E-10 0.03
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