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Fig. 1. Principle of excitation dynamics of magnetic reso-

nance sounding: (a) Traditional type; (b) adiabatic type.
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Fig. 2. Excitation process of the adiabatic pulses: (a) The
sequence diagram of the transmitting current (red) and FID
signal (blue); (b) the relationship of the excitation magne-
tic field (dark red arrow) and magnetization (blue line).
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Fig. 3. The relationship of transverse magnetization and ex-
citing magnetic based on hyperbolic tangent AHP pulse:
(a) The waveform of transmitting current amplitude; (b) its
frequency vs. time; (¢) magnetization z-component, y-com-

ponent and real value.
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Fig. 4. The real kernel function of adiabatic half-passage pulses for the same excitation current (1-600 A) corresponding to different
7, with quality factor @ = 30: (a) 7 = 20 ms; (b) 7 = 40 ms; (¢) 7 = 60 ms; (d) 7 = 80 ms; (e) 7 = 100 ms; (f) 7 = 120 ms; (g) 7 =

140 ms; (h) 7 = 160 ms.
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Fig. 6. The real kernel function of adiabatic half-passage pulses for the same pulse moment corresponding to different 7, with qual-
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Fig. 8. The forward modeling of adiabatic half-passage pulse
for the same pulse moment (0.01-7.3 A-s) with different 7
and current. The modeling assume a homogeneous aquifer

subsurface with 10% water content, the quality factor @ = 30.
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rent quality factor @ with 7= 80 ms: (a), (e) @ = 10; (b), (f) @ = 20; (c), (g) @ = 30; (d), (h) @ = 40.
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Fig. 10. The forward modeling of adiabatic half-passage
pulse for the same pulse current (1-600 A) with different
quality factor @ (The gray dotted line is the initial amp-
litude of traditional nuclear magnetic resonance responses).
The modeling assume a homogeneous aquifer subsurface

with 10% water content with 7 = 80 ms.
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Abstract

Magnetic resonance sounding (MRS) technology used to detect groundwater directly and quantificationally,
which owns the advantages of rich information and low cost. In these years, it has shown significant potential
applications in hydrological detections. Considering the traditional measurements with the geomagnetic field,
the nano-valt MRS signals are easy to suppress to environmental noise. As one of the MRS signal enhancement
methods, the adiabatic pulse was quite popular recently. It is transmitted with variable frequency and
amplitude pulse satisfying the adiabatic condition, which can enhance the signal amplitude and signal-to-noise
ratio several times. However, there are only a few reports about this method, especially its geophysical
modeling. Thus, we introduce the calculating progress of transverse magnetization and kernel function for this
method. By employing the interpolation, the computation cost of forward modeling is obviously reduced.
Moreover, several different settings of adiabatic transmitting factors are also proceeded to obtain certain results.
In conclusion, a pulse moment with 80 ms transmitting duration and 30 quality factor produces a maximum
signal amplitude that is enhanced 16.56 times for deep areas. The research in this paper could provide powerful

support for MRS method used in noisy environments.

Keywords: magnetic resonance sounding, adiabatic pulse, signal amplitude, numerical simulation

PACS: 33.25 +k, 76.60.—k, 74.25.nj, 82.56.—b DOI: 10.7498/aps.69.20200015

* Project supported by the National Natural Science Foundation of China (Grant Nos. 41722405, 41874209) and the Jilin
Provincial Projects for Key Science and Technology, China (Grant No. 20180201017GX).

1 Corresponding author. E-mail: ttlin@jlu.edu.cn

123301-9


http://doi.org/10.7498/aps.69.20200015
mailto:ttlin@jlu.edu.cn
mailto:ttlin@jlu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

