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Abstract The authors have studied shallow a location system in the shallow sea using electromagnetic fields. In this case,
it is necessary to evaluate the electromagnetic fields radiated from an infinitesimal dipole antenna on the transceiver. By
using electromagnetic field simulation such as FDTD or approximate expressions that include the contribution of lateral waves,
we can approximately estimate electromagnetic field distribution generated by the infinitesimal dipole antenna at a depth of
about 10 m from the sea surface at the frequency of 10kHz. However, in order to obtain this distribution, FDTD needs to be
calculated in advance over a huge amount of time, and the approximate expressions may not always be applicable depending
on the frequency and distance. In this manuscript, we review the problem of two layers that consist of the air and the sea water,
and focus on the fact that the corresponding exact formula of the electromagnetic field is given in the integral form. In other
words, we report the points to be noted in numerical integration for the problem, and further shortened the calculation time for
numerical integration.

Key words Air-sea two layer problem, electromagnetic field, infinitesimal dipole, Bessel function, double exponential-type
quadrature formula, asymptotic extraction technique
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T, BT SEEBES ORI ST L TV, BEF T,
X 3(c) LK dc) T2 2 Thh»2 £ 512, M1 L E
2DERD s RTIKRELVRUBER S, Thbb, BRT
2 IO BN AR TR TZE 2 LRV TH 508, KR
FTIEMDEIT & D b RER L L ERT [6],[8].

B, AFETHD EiF7- Bessel-DE N &2 FIH L 7-BU{EFE 7
WCET BIEENE, B p X D ZALEIT 200, REIFES
HOBERET N —F 222 A L7258 0% 1/100 TH - 7=,

(#2) : Python mpmath v 7 — & EH % quadosc

5. F ¢ ®

RGP BHEE T, WBPICEREB SN %E B SN
R A R—=LH 5 OEMHRZ BHF CHMT 2 081D 5. Zh
5 DETIIBEENCHEICRD b B0, Bk ETD, %
DOBUEFEA LB 5. AT, ZASDETH0RE 1
RO 1 7 Bessel Bifz ORI TRBIEN S Z LICEHL,
Bessel BIBOZE S A IEAL L T2 &k 5 7% 2 EIREEINAC LD
B ERMENICTMECE 2 Z L 2R L. S, BHICERE
XNT BRI NE A R— VDS UFHENIC A KT 2 BRGS0 15 % Fl
L7 R BHEE IO W TRET 2175 TETH 3.

HEE ARWIFED—HRIE ISPS B E 19K04389 12 X %.
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