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VLF radiation field from towed thin-wire antenna based on dipole approximation

MAO Yunzhi' GUO Zhancao®> ZHENG Kuisong” ZHANG Shitian' YANG Mingyue?
(1. National Key Laboratory of Electromagnetic Environment, China Research Institute of Radiowave Propagation, Qingdao
266107, China; 2. School of Electronics and Information, Northwestern Polytechnical University, Xi’an 710129, China)

Abstract In order to address the challenges of extensive memory consumption and prolonged computation time
associated with the traditional finite-difference time-domain method for calculating the radiation field of a three-dimensional
curved towed thin-wire antenna, this paper employs the time-domain current-charge continuity equation and dipole
approximation to efficiently compute the very low frequency radiation field of such antennas. Through simulation, the current
distribution and frequency-domain input impedance characteristics of the three-dimensional curved thin-wire antenna are
obtained. By analyzing the current distribution along the antenna, the curved thin-wire antenna is divided into several
physical segments. Considering the wavelength characteristics of the VLF band, each segment is approximated as an electric
dipole radiation source. Using the principle of vector superposition, the radiation fields from these dipole sources distributed
along the curved thin-wire antenna are calculated in the free space and half-space, above single-layer and double-layer
formation, and within confined spaces. Finally, this method is applied to compute the VLF current distribution and the
radiation field in air for a 6 km long curved towed thin-wire antenna operating at 25 kHz.

Keywords towed fine antenna; time-domain finite-difference; dipole approximate; very low frequency; radiated fields
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Fig. 21 Far-field radiation pattern of the towed thin-wire

antenna in the layered space
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