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Reciprocity of scalar and vector sound field at low frequency for
directional sound source in shallow seas
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Abstract: For the rapid evaluation of the scalar and vector sound fields of underwater radiated noise from ships,
the reciprocity of the low-frequency scalar and vector fields of directional sound sources in shallow seas were stud-
ied. The scalar and vector sound fields of directional sound sources were mathematically modeled, and mathemat-
ical expressions of the scalar sound pressure field, horizontal particle velocity field, and vertical particle velocity
field for different types of sound sources, such as monopoles and dipoles, were determined. The vertical distribu-
tion of the low-frequency scalar and vector sound fields was simulated for different types of sound sources in shal-
low seas. The sound pressure fields and horizontal particle velocity fields of monopole and horizontal dipole sound
sources satisfy the reciprocity principle, unlike the vertical particle velocity fields. The vertical particle velocity
field of the vertical dipole sound source satisfies the reciprocity principle, in contrast with the sound pressure field
and horizontal particle velocity field. The results provide a theoretical basis for rapid evaluation of the characteris-
tics of the scalar and vector sound fields of underwater sound sources, and offer technical support as an adjunct to
mining information for actual underwater sound sources using various sound field information, which is of great
practical value.

Keywords : shallow water; low frequency; monopole; horizontal dipole; vertical dipole; radiated noise; scalar and

vector sound field; reciprocity of sound field
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