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Relationship between electromagnetic field and magnetic field’s
symmetric excited by rectangular loop

LI Jian-hui', LIU Shu-cai’, ZHU Zi-qgiang', LU Guang-yin', ZHAO Xiao-bo', ZHAO Shuang-giu'

(1. School of Info-physics and Geomatics Engineering, Central South University, Changsha 410083, China;
2. School of Resource & Geoscience, China University of Mining & Technology, Xuzhou 221116, China)

Abstract: From the electric field excited by vertical magnetic dipole, the total electric field excited by a rectangular loop
was deduced using loop area integral for magnetic moment. Based on Faraday law of electromagnetic induction, impulse
responses of magnetic induction were deduced from electric field strength step responses. Based on the fact that
horizontal component of magnetic field which is emitted by vertical magnetic dipole has radial component only in
cylindrical coordinate system, some symmetrical relationships of magnetic induction were concluded. Conversion
relationship between component x and component y was obtained from sine and cosine function relation. The results
show that component x of magnetic field impulse response is symmetrical to x axis and negative symmetrical to y axis;
component y is symmetrical to y axis and negative symmetrical to x axis in Cartesian coordinate system. These
symmetrical relationships and conversion relationships provide theoretical basis for simplifying 3D forward’s initial
condition. Computing one of horizontal components of magnetic field impulse responses only in quarter loop region is
sufficient.
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Fig.1 Sketch map of rectangular transmitting loop
1 wr () @ m
dm=Idx'dy’
(x,»,2) E, E,
z 1 L x'—x
(6] E, =" A" +rppe™)-
Ap gy
E, = fomf 2 e 1 ety NG (1) J1(Ap)dAdydx @
T
z 1 L .
Zom E,=——" _[ J. L yJ. Me* +rpe®)-
E =22— j . (euoz +rppe”) 2 J1 Up)dd ()
am 70 Jy (zp)dﬂdy'dx' )
Ji p=(x2+y2)1/2 m 4) X
V'TE
Y, -,
rp=——= 3) aJy(Ap) x'—x
Yy +7, o = e (6)
v, = o I}lsz2+Y1tanh(u]h) ?N=YN @)
0 iop, Y, +7, tanh (u; )
Zol
5 E = (e + € )-
. Y, Y, tanh (u,h TE
y, =% j oy Yt tanhlh) L I o
Zn Y, + ¥, tanh (u,h,) [JOMpW)—Jo(ﬂp_W)]dﬂdy ™)
ky =0 w6, —iop,o, u, = -k)"? b, Jo 0




41

640 ( )
(5) xy z b, b, b. 2
R b,
E :ZL]J‘WIOO(eﬂZ+r e®). ob
= e dwlo TE ob, :_%__y (14)
[oGpy) — o Gp_y )ldAdy’ ®) . & U
z 0[10]
(12)~(14)
pr=lx"=x) +(L -] ob, e,
Py =l =27 + (L= )] ERE (13)
Py =V =0 + (' =] b, e, y
Py =W =x)* + (' = )1 = e (16)
2 %: _abx _% ngaex _ai (17)
ot ox Oy o oy Ox
(10) (11 (15)~(17)
Guptasarma b, 0b, ab,
ot ot ot
78] 21
21 aé)x :4LZ% Re{é@jfLJ.o (rree™ —e)-
h(t)=Hy = ¢, Re[H(w,)] ©) G
= [Jo (Aow) = Jo (Ao )1dAdy'} (18)
H(w,) H,
y ob =l (W o
Re[H(w,)] H(w,) o, G_tyzﬂz(pr Re{ZoJ:WJ‘O (rge™ —e*)-
r=1
=10“78" 4, 9 7 @8 :
@ “ ® O6 [Jo(p,) ~ Ty (Ap_ dAdy'} (19)
ob
I & L o Z =R, +R (20)
e, =2 Relzg [ [ (¥ +rmpe): a
r=1
[Jo(Aow) = Jo (Ao 1dAdy'} (10) 2
1 & A (W e Iz Iz
= oW o R, =——Zgor Re{zo Ae™ +rpge™)-
ex(f)=—EZ¢’r Re{ZoLWJ‘O (e* +FTECAZ)‘ 4n o I_WIO
r=1
Jo(4 —Jo(Ap_;)]dAdx’ 11 L—- -L- ,
o (Ap1) = Jo(Ap_ )dAdx) (1) { 2 7 (o) yjl(ﬁp_L)}de}
L —L
3 1 2 A (L Iz Az
RZ:_EZ;‘(/)’ Re{zOI_LIO A”™ +rppe™)-
W — -W - ,
{ 0, (pw) ——— (Ap_m}cudy}
w W
(18)~(20)
Hankel
el (-12) Hankel Guptasarma !
~ abx _ai_ai (12) Hankel
o oy Oz
by Oy Ge. (13)
ot oz ox
) z

V-b=0( b



b, 13
ot
ob,
ot
[14]
ob
X =" xcos 21
ot ot ? 1)
ob,  ob
— 2 =27 xsin 22
a o o (@)
p=1(x'=x) +(y'=»)’1"?  cosp="—"=
P
cosp 4
1 4 2
3 singp 4
1 2 3 4
21 (22
X X
y y y X
sin(p + m/2)=cos @
o,
ot ot
y 2 x 1
y 3 x 2
¥y 4 X 3
¥y 1 x 4
400 m 10 A
5 ms 50 Q'm
Sm z==5
2 3 X b,
ot
ob
y
— 2 3
"
ob, b,
ot ot

B /m

250

150 F

-0.012 —
-0.016 —

0.016
0.008
0.004
0
-0.004

= ________,_.-—'""
0012
0008 ——
—

-150+

=50 50 150 250

izl Iﬁf /m
2 X b,
ot
( uwv/m?)

Fig.2 Symmetric relation of x component of

magnetic field impulse response
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Fig.3 Symmetric relation of y component of

magnetic field impulse response

(FDTD)

[10, 15-19]



642

) 41

(1]

(2]

(3]

(4]

(3]

(6]

(71

1/4
1
(1
()
ob,
ot Y
ob
y
_— X
ot Y
(3)
1/4
1

Poddar M. A rectangular loop source of current on multilayered
earth[J]. Geophysics, 1983, 48(1): 107—109.

Raiche A P. Transient electromagnetic field computations for
polygonal loops on layered earths[J]. Geophysics, 1987, 52(6):
785-793.

Goldman M M, Fitterman D V. Direct time-domain calculation
of the transient response for a rectangular loop over a two-layer
medium[J]. Geophysics, 1987, 52(7): 997-1006.

Singh N P, Mogi T. Electromagnetic response of a large circular
loop source on a layered earth: A new computation method[J].
Pure and Applied Geophysics, 2005, 162: 181-200.

, , . [J].

,2007, 42(5): 586—590.

XUE Guo-qiang, LI Xiu, DI Qing-yun, et al. Characters of
response of large loop transient electromagnetic field[J]. Oil
Geophysical Prospecting, 2007, 42(5): 586—590.

N . [M]. ,
, 1992: 195-207.
Nabighian M N. Electromagnetic methods in applied geophysics
[M]. ZHAO Jing-xiang, WANG Yan-jun, trans. Beijing: Geology
Press, 1992: 195-207.
Guptasarma D. Computation of the time-domain response of a
polarizable ground[J]. Geophysics, 1982, 47(11): 1574—1576.

N .

(8]

]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

. Guptasarma [J].
, 1996, 16(2): 167-170.
RUAN Bai-yao. Application of Guptasarma algorithm in TEM’s
forward[J]. Journal of Guilin Institute of Technology, 1996,
16(2): 167—-170.
Wang T, Hohmann G W. A finite-difference, time-domain
solution for three-dimensional electromagnetic modeling[J].
Geophysics, 1993, 58(6): 797—809.
[M]. : , 1990:
62—-69.
PIAO Hua-rong. Principles of geoelectromagnetic methods[M].
Beijing: Geological Press, 1990: 62—69.
Anderson W L. Numerical integration of related Hankel
transforms of orders 0 and 1 by adaptive digital filtering[J].
Geophysics, 1979, 44(7): 1287-1305.
Anderson W L. A hybrid fast Hankel transform algorithm for
electromagnetic modeling[J]. Geophysics, 1989, 54(2): 263-266.
Guptasarma D, Singh B. New digital linear filters for Hankel J,
and J, transforms[J]. Geophysical Prospecting, 1997, 45:
745-762.
. M]. 3 . : s
2005: 102—-119.
XIE Shu-yi. Vector analysis and field theory [M]. 3rd ed. Beijing:
Higher Education Press, 2005: 102—109.
[J1. , 2001, 29(2):
55-57.
YAN Shu, CHEN Ming-sheng, FU Jun-mei. Time-domain
behavior of transient electromagnetic field signal under ground
and on the surface of the earth[J]. Coal Geology & Exploration,
2001, 29(2): 55-57.
, . 1.
,2004, 23(3): 533-537.
XU Kai-jun, LI Tong-lin. A finite-difference time-domain
solution for transient electromagnetic fields[J]. Global Geology,
2004, 23(3): 533—537.
[D].
C ) ,2006: 1-25.
DENG Xiao-hong. Three-dimensional anomalous characteristics
inversion of fixed loop source transient electromagnetic
method[D]. Beijing: School of Geophysics and Information
Technology, China University of Geosciences (Beijing), 2006:
1-25.
) . 1.
,2007, 38(6): 1199-1205.
QIANG lJian-ke, HE Ji-shan. Algorithm of forward and inversion
of dual-frequency induced polarization method on elliptical
sphere[J]. Journal of Central South University: Science and
Technology, 2007, 38(6): 1199—1205.
TANG Jing-tian, ZHANG lJi-feng,

Application of deviation rate

FENG Bing, et al.

in oil and gas reservoir

exploration[J]. Journal of Central South University of

Technology, 2008, 15(2): 251-255.



