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Extremely low frequency magnetic fields in air produced by
time-harmonic horizontal electric dipole in shallow sea
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Abstract: In order to analyze the ELF ( extremely low frequency) magnetic field of ships, the corrosion related current modulated by the ship
shaft was equivalent to a time-harmonic HED ( horizontal electric dipole ). Based on Maxwell’ s equations and boundary conditions of
electromagnetic field, the magnetic vector potential in air was modeled, and then the magnetic field expressions of the HED were deduced. The

propagation character of the magnetic field was calculated by fast Hankel transform. The magnetic field of carbon electrodes in the pool and Ti-based

electrodes at sea were measured. Result shows the practicality of the magnetic field and the validity of the model.

Key words: extremely low frequency magnetic field; time-harmonic horizontal electric dipole; magnetic vector potential; aerial

magnetic detection

HEPEIREE T, A AR AT A L i S s TR O
B e sy v 9 ) B e O R I AR T — M R G
RN W W 2 8 AR %, — ol 1 ~7 Ha''
AR AV FEL 37 ] e DA AR AV AR s 3 AR AR A R 37
WASHRARR , SEARNE: , AT LA Ay AP s A P00 1 5
S — 5T, PRI AR S A T M X R A 96
i HTE SRR IR A5 R R 5K T 0 PR B2 AR 32 3t
AN 55— 710, A EC T 5 R0, 4%
B 8 G/ I (B A3 3R oy P B 05
Wi AW R AT . I AR T AR AR
G ARSI LT AN 52 K i R 0, HLRE
FE 2SS A ) WAL 4k, I FH A 0 2 i ¢ ik
RIAR SR RCR , BLHTRT S

«  Yrfs HH8:2017 -04 - 08

M 20 28 60 AFEAES , [ A1 50 0T s A6 A% I A3t
WG (55 T T ES AN 2, 2EE
B ER S #2301 H & ( Defense Advanced Research
Projects Agency, DARPA) il Ff-43 M7 T R Al ) A%
A A {55 o Timonov Hl Raju 254351
WF5E T W A A H T B e U K b i A RS
Hoitham S5 A 4 B B 37 FRAE AT 1 BT 4
TR LG D7 o Zolotarevskii 4543 T T
P AR AR AR R 1 37 1) P AR ML 41 T AR S i
M4 BT o [ P AIF 9 B 28 90 4EARAT
G R Rk, IR T R E e AR
FRTIRATE RS A A AR AR R 37 AT 1 K it S 3
AT IERESE T K PR R R

EETE : HEK R4 BT H (41374018, 41476087 ) 5 [ 52 F RBMIFRE # W 9% Bh 301 H (ZDYZ2012 - 1)
EEB N INEL(1983—) 55 T @i A, B 0F5E A4, E-mail ; sunyh389@ 163. com;
MEAGEBIES) , B, #4857, W4, 44 F U6, E-mail : les_and_zh@ 163. com



3 )

PNELE 25 Pt P N AP B AR 7R 2 P R ARG " 83

A AN AR S5 X AR AR A i 748 1k — 22 9 T
GO [ P RIRSE K 2 S P A AR AR L 3
HE AN IS5 T, B AR 57 07 AR TEAR D
BOUBETE T ORI A A B KPR BeAE v K ™ A
PARIR R ) o 5k S R IS S8 3 - &
BT AR K P R RE . h B
Pk iy i, B N A K RS T 4
FrAni it o ASCHE AT A AR RYSERS F, DL K
S R A A 5 DA A AR R AR 3 7 e BT 114 4 3
T HE S 25X — TR K - R PR = J2 97 T 1 T HAE A
TR ARSI 1 25 < oh i Rk 3, a1 B
TR K g A AT T IR E R R
R o

1 SR 7 7 LR

P A phy AN [5) FELASE F) <53 Je BRE 2L RS, BB I] 114
PR A 2 ok A S el FRL U, SR 0N < T R R £
bR FH B AR B R GE 2 A B L,
SRR AL YN E R R S
i A 22 1) -4 fk L B 2 A A= JRTSI A2 AL (] e R
JHESE 5 2t IR -5 ¥ 7 2 [ 1 XS R J= F L]
HATEAR AL, TIEEAR IR e 3 — il — AR [l %
P9 P 3052 81 Aol e sl 91 3 Ol A ) 81 ) AR
JEBRE AN TR

HR

AEAAE A

v e

ENTLL I L)

P L Al gy i A AR £ 5 U
Fig.1 Diagram of ELF signal source
modulated by shaft rotating
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Fig.3 Propagation of the magnetic components in air
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Fig.4 Diagram of carbon electrodes experiment at pool
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