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Fig. 1. Polarization of transverse wave: (a) Linear polarization; (b) circular polarization; (c) elliptical polarization.
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Fig. 2. Elliptical path of acoustic particle motion.
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Abstract

The polarization of the acoustic field in the ocean waveguide environment is a unique property that can be
measured by using a particle velocity sensor in the water column. It can provide new ideas for locating and
detecting the underwater target, so it is interesting to study the polarization. The polarization of a
monochromatic signal has been described by the Stokes parameters, a set of four real-valued quantities in
previous work. In this work, the Stokes parameters are extended to the broadband form, and the expression is
simplified by using the nonstationary phase approximation, which reduces the complexity of the theoretical
derivation and reveals the physical mechanism behind the significant variations in polarization with source
depth and symmetrical depth. Theoretical analysis shows that the polarization characteristics in the ideal
waveguide vary significantly in the sea surface, the sea bottom, the depth of the sound source and symmetrical
depth. In this work the numerical simulation is used to verify the theoretical analysis and study the relationship
between range and integral bandwidth when nonstationary phase approximation method is effective. The
numerical results demonstrate that the simplified expression using the nonstationary phase approximation is
effective and can better characterize the depth distribution characteristics of the polarization. Additionally, by
normalizing the broadband Stokes parameters, the effect of range on the depth distribution characteristics of
polarization can be removed. It means that the normalized broadband Stokes parameters are in theory free of
the range and depend on the environment, the receiver depth and the source depth, which have the potential to
be used for source depth estimation. Subsequently, focusing on normalized broadband Stokes parameters, we
analyzes the effects of parameters such as source frequency, source depth, sound speed profile and water depth
on the depth distribution characteristics of polarization. The analysis results show that environmental factors
have great influence on the depth distribution characteristics of polarization. In the end, the validity of the
nonstationary phase approximation and the range-independent property of the normalized broadband Stokes
parameters are verified by the results of the RHUM-RUM experimental data processing. The findings provide a

theoretical basis for passive target depth estimation based on polarization.
Keywords: polarization, vector acoustic field, shallow sea, Stokes parameters

PACS: 43.30.-k, 43.30.4+m, 43.30.Bp, 43.60.+d DOI: 10.7498 /aps.73.20231767

* Project supported by the National Natural Science Foundation of China (Grant No. 11534009).

1 Corresponding author. E-mail: csun@nwpu.edu.cn

094302-15


http://doi.org/10.7498/aps.73.20231767
mailto:csun@nwpu.edu.cn
mailto:csun@nwpu.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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

	1 引　言
	2 矢量声场的极化特性
	2.1 Stokes参数
	2.2 基于简正波的矢量声场极化特性模型

	3 矢量声场极化特性的深度分布规律
	4 仿真与讨论
	4.1 声源参数对深度分布规律的影响
	4.2 声速剖面对深度分布规律的影响
	4.3 海水深度对深度分布规律的影响

	5 OBS实验数据分析
	6 结　论
	参考文献



