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Primary Solution Evaluations for Interpreting Electromagnetic Data
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2 of: AAGANA 5 FAFEE Ulg Green T2 AlARS MA7] uhg-e] mdlgola) S RES ghgditt
celfHew a7l #Fe] Hankel W80 2 AAEE Green 3E d3hro] t4d S7b B340 o8 o A8
=7F Z2AEnt 58] 33k 2dE] 49 Green @4 ANt 7} o) wold Hankel W$E Aldto] A AXbAI 7] A
e AAStER, w23 A Hankel ¥i3he] A4S Sl A FLEE o83tk A Bol A=HE 334
Gake 98t oA £AHN G ol BEa= ,40}7] $]8H ANAS 1x}1h+ 2R e} Aitels Aol
HFolth, of dpelMe 7 wheakgziel tis) A gHel ¥ oA FR79) S0 e A st njEele A7 A
&S Hankel W3R o]8-3to] Hjsla, 1 A2k wpyo] FH?‘?H s = :Lﬂl 2% Wk EMIDE o] 83814
719k Bivte] @S BT vk AA1AE A o), 2ok 33 g AAS s TE 2 TM ZEA Q) HiAbA)
TE FEsTh AA71M g SlE o] &3 MT BAlE 28, Al AR Ao 134 g AN
YorZ 3 Gateld Wk HFatT FEEH 7= Ate] ssE Aoy
F0{: HAEAL Green 3¢, Hankel W3, 2dls, 133, EMID

Abstract: Layered-earth Green’s functions in electormagnetic (EM) surveys play a key role in modeling the response
of exploration targets. They are computed through the Hankel transforms of analytic kernels. Computational precision
depends upon the choice of algebraically equivalent forms by which these kernels are expressed. Since three-dimensional
(3D) modeling can require a huge number of Green’s function evaluations, total computational time can be influenced
by computational time for the Hankel transform evaluations. Linear digital filters have proven to be a fast and accurate
method of computing these Hankel transforms. In EM modeling for 3D inversion, electric fields are generally evaluated
by the secondary field formulation to avoid the singularity problem. In this study, three components of electric fields
for five different sources on the surface of homogeneous half-space were derived as primary field solutions. Moreover,
reflection coefficients in TE and TM modes were produced to calculate EM responses accurately for a two-layered model
having a sea layer. Accurate primary fields should substantially improve accuracy and decrease computation times for
Green’s function-based problems like MT problems and marine EM surveys.

Keywords : electromagnetic, Green’s function, Hankel transform, modeling, primary field, EMI1D
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A, 70 ZUHE Fo] TokllM dApgEAte o)

WS 23] B3 90 (Goldstein, 1988; Buselli and Lu,
2001; Berdichevsky and Dmitriev, 2002; Solon et al., 2005),
Mz g5l AR A controlled-source EM; CSEM)
£ Y EAG FA F Y Aol A8 A7t ATh(Chave
and Cox, 1982; Chave ef al., 1991; Constable and Cox, 1996;
MacGregor ef al., 1998; 2001). o= s|efellA el ghal4=
2 GAE AREALE o]8-87] AlZetAtHEidesmo ef al.,
2002; Ellingsrud er al, 2002; Constable, 2006; Weiss and
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Constable, 2006). 31 HAAGALE o] g3k wslrage] ¥
v BA0R Qs Mgl g FElg AlEst Vet
22 gslra 18§50 tig HA0 JRE 4S8 4 9
of, &slrA gl 2 o] 85w BATEAR] B2 o
&2 & UtHKey ef al., 2004; Zhdanov et al., 2004). Key
et al. (2004)2 VA ulEALe] RO R Y MT BAME 4°38)
3lod A Y] AEF TRE s, Schwalenberg ef al.
2005y €31t A59] WAL ol ETL gle A oA s A
AHALS ol &3] s galrig gAY

AAAL A7) 3 dake doigt AlAtAzE 2 AFE
71988 AR FAR 8 2 Fgol SHAIZF Ut E
Ao g2 Ago] 7hseh 33 At g Ayt A Ao
O kst W o & o] Fojx gk}, Zhdanov et al (2000)
& Green 3ol )3 F48 (quasi-linear) SAHS ©]-&-3}]
HEE £ 33k A2 SR e daEES NS

21, Farquharson et al. (2002)= =Wt %% 4] (adjoint equa-
tion)®] & WHFERFrolvt SA1 PRl TiE FROB 2AKES]
T}, Mackie and Madden (1993)3% Newman and Alumbaugh
(2000y= Z+zF A% 2 143 conjugate gradientd ol 7123k
s A AIA @ 9ArE S5k whES sl

Hole AL AR g8 AHALR =g At
3%k Gate] Bol AlxE it ole HFH 394 &
E7b g48] Bk o, AR tid Keylov 37
HREg o] REEglon, AW el e (reciprocity principle)
£ o]&3lq 7 Alktel o] wiEeln). o) S Ak
2| & o)4-3 A% ARE Asire, 7 SN S E
AFate 7MY @9 ASAE 39 oAl 7R sk ek
2} 3z wj Aol A o] FAIYe A% H71Eg Allbsleor
o} ol& flEiMe M SAlel tigl XF] wdE oA
o] g pEn] FAHA ] FolA(singularity) FAE F|8}]
A3l A71ZES WA g 12 oA tigk 23
o] Aldkshe Whgo] £2 o|gHt), o] o 12
A 3e] AR X8 Mide WrHEE ghe THE
7+ B gtk glel] vha] AR gt, s dAtg
17 BRMe nioket AE e 75 x3s)
0] gk sE Adkshs Ao] Ko viekE sl
el o i B I =
AEsA ekt Bag B 7K il tis) AES)
FHE-E o] &8 AR kR 9] 32k A4t sfjel] e

vt

i

lo L

e

D

o)
ofd
;

¢

o
\ fo ) ol
i 4

H

4
o,
o o

¢ o

W

o

mo & o> o >
e
N
=
!
M
i

Iy

q

b
il o4

rok

&

iy

ek A71F B9 Hu)ie

OE,
-é-g‘ = j‘V E;(xr")-E(r')dv', (i=x, , or 2) M
2 FEZ 7 JUEHIE F, 2004). A7 JE i (=, p or
2) W A7PAFAE YD re 7P S99 fX)9E
Z vehith rRRVIXE 27| st Al

oH, 1

el A RR X COZ L @

olny, 71N er IAFIE, pe FAE, Mv i B A%
FAE Jepdn, o|FA 180 AN T 2P|l
3k oS A ol 7PgER] A7) B A=A
o 23t J o] A7} AA| FAalde] ot A1)
Hg 1 gl sl AFHEge =N Tzt Axpr1ge]
AHulFowye ¥ Yuusy AR ge] Anie 4
A =g F ATHEHIE 7, 2004).

o} AIA T e ATAFLe] EAVTE ARY 2
Aol W714o] F28] Wl P, oleid Sold 24
£ W3] 98 @ o2 WAeEe) vE 14 B9 Sad
Aol 18 2% E,2 WProl AN Mg o143 o
o 2P e e mEWRA S vEw,

VxVxE, oo B——jou(c-o)E,, 3

A7\M g WAMEY ArPdEwelw $wel 12 EE
gx oz Pt 3)elA Fe) e S04 Sl
Ho] el A gow S Aol wisle ehntsict, 3
2407 A% E= B B2 o= 7

1AL & g7t 9% e 7 2 whRgg el o
A Axtalor & day gictk & d2 s|Y Mgkl A
R SR olA 7178 24 o] o]FoiA 7] wjiEe] BE 7
22704 vithe}l A&e] A ARde] EAlshe 75
st 128e Alateit), ojmdl Aeus dakg 913 2 F
oA 127 AAE GHUA wrESor g8 aEsiE 2
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sl 4% BEal] Aol Ro) vhAsiey.

EM1D

53 gEprRA HA7] wheg AlLtete 2RI
EMID= A7) A7 1o #ek Ao faste] AxAA
o= 71 Bo] AMgEE ZEaY F shvelth. EMIDE
19803t ol FA] vl= Lawrence Berkeley €1-749] Ki Ha
Leedll o3l 27] Mo /ig=AT) o] 22 FAYe
2 AL AL 25 AT 3 s TR
tisl] AR 34 B2F AN ¢ vk =S4

3 A SR8 AR, FF, A8k ojtjellE AfrEAl AE



AAGA} 287 A

¥ & 9E 540 A

o] RE AAte] 13 F79 &g
(kernel function)] Hankel 322 H7[7} 7hssitt, =21
B YRS AuRY, 24 dgE fEste -7 Hankel
AR FEOZ e F v o] F W3 f= S A
FAEE SAETT Fold Eo) 3 (singular term)S Al A=
7ol vwd 2710 =ygE A el ¥zt 31t} Hankel
AR FE2 EMID B A7) 25dde wl= Geological
JEHE o]&

e
5

ol

°1N

Survey®] W. L. Anderson®] 7Jutgt 4=
Rem, 1 5

3tal
ZEjo)] ZHANKS (Anderson, 1979), DZHANK
S ek sl vttt

z7) ,513“.4 7Hm' o]F thE AFAEHS] &F ITE
Ball Z2ago] T YEbAl AR EAle Hed
FE FHLE AXKIERE EMIDE 5744 (quasi-static) <A}

7 dRehe 2 T gigo] 2ol BEA ot W
4 F(displacement current)E ©]&8hs & Fi4 T
gk Az Ak e A3t §28) wstelng AR
Al SRFE R A7) 28 Gaussian quadratureE- ©]
2314 HAtKSong et al., 2002). T3+ B Fulg T of|A]

ﬂl

Cole-Cole B2 #7154 E4& HAdshs ¥x oA
(Kim et al., 1997).
DZHANKE ©]&-3 v s =22 1%4% 44 At A

= T

Hole Fok goolM e tids] Aewrt mou 334 o
A Mg o] 12PS A SR
Foliz AR A Tl B % 9
%71¢] Fourier H¥HE o]& }*— 25 A 4
thAl Wiener-Hopf #4381 o] 83k Wio] ==, 2
o7t oMM E Aol %—3— BE) @l AT AT
(Johansen and Sorensen, 1979; Guptasarma, 1982; Christensen,
1990; 1991; Sorensen and Christensen, 1994; Guptasarma and
Singh, 1997).
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Ha glow, A0 AR e F¥olle(z=0) o st
A el e AAE ol€F = Ui (Appendix ),
9 AN AME geie @R 5E2FY ke oist
Hankel ©&Hto] H g3t} o] Alitolle Fu<=7} 4= kHz ©|
st2 1] w7 om el WEo] Ax] ¢of viwd #
2 AE R RS e T < Y}, dlE o] Guptasarma
and Singh (1997)°] 7048 5 $579 €9 F &2 el
ob J Akl tial 2z 613 4702 AFe o)f-8) Tt
ol HE|9] AL p7t & km oL E & S thd 27t A
4i=3

Loop-loop A28 A& AU AollA] o] &ske Axg
Aol Aew BE FEoM AVEE &% oM 2=
Artlle H4 A1l webA M, M, 2 M, $2199) uis
ZA717e] WA Fok(10) ~ (18)3). thit 419 9|7} &
o7 Wil APy F e il e ALgsor
oq7)A 2 & NFEFEH $21971A9] 2018 Yehlz, uje}
A 29 571wzt ok

T+ 289

SF AR A 12ge] Anke violeS E3ske
2%z i3] Alksle o] Ao} &3
AOo® Fle golgirt BY #3 wRIgen
Z(Fig. 1914 F71%0] 24" F2)E 25 ¥H¥7H(double
half-space) T2 A ojsl, o] FxeM £ H/VEFA
o] gk Z7]%& Chave and Cox (1982)7} AAHE n} giT},
SR 2 s F A "ol B4 Yok s 37138
AAG7] HZel| o1& FHsle MA7)Fel 373 air wave;
Nordskag and Amundsen, 20078 Z&#H @ 4 Qe Zo|a, t}

i o] AlktA e Sl E0) vl gl gl
A5 7P skt sl AARAL REEe] gatd M= dA
o Yk S i A 2 AFolAe] A7)l
fsirke Zlo|t}, ol A sAE g MY &4
< AT EMIDE AH83te A714S Akshe 2ol
o AR Z0]7] 8] HEE EMIDE o] &3tA
Anderson®] HEIQl DZHANK7} obd v} HEE ARS8l
deolle Alsg 7180k g}, o] ujthel o] A7|AL L7
s e BRAME o7t FE BHEZE FYYsHA
stete A714E HEs] AN 4 7] mgEolthKong,
2007). A i AAEA} 1719 #AL2% (noise floorye #7)
% Z717F 107% ~ 1071 V/mo]th(Constable and Srnka, 2007).
HOE Mol wbd o2 Fgdo] 1076 ViR AT A&
7HgsiE AR #lA Al Ao 107 vime) FE7E A7
o] Alitol 7hg3ledok 3Htk(Constable and Weiss, 2006). ©] 7
< ol o338 FE £ Guptasarma and Singh (1997)8] 7
e (S, B J, A8l digh zhz 1209 14070} At Kong

Lok o 2o o

S

Air o=0
Ocean Gy
Lithosphere o,

Fig. 1. A two-layered model.

(2007)2] 617 Zolel e F¥-sfch. © Kong (2007)¢] ¥
HE 349 4% g9y FE2 vigE=2 Akl g

Hankel H3] a3 g 5 TE ¥ ™M E= dA7 |5
off &gt WAL Ry B Rl 2% 271739 At 914
7} wht)E olale) x|Folr) wiiel] Fr|<e] AAHUY AFEH
o] -9k gl gty URbAQ) Wait (1962)9] &8 ¥
RS wlE A48 sIAE S X|Eolx Y] WA Al
z}z}

22—2]

R e ¢ _
e Zz+2]’

- A s (19)
Y2+ Yl

™

olth. o37]A y&} Ze= X%59| admittance®} impedance®] 32,

vy Yo+, tanh(u, h,) P Zo+Z tanh(u, h,)

S ) — ., (20
Y+ Yotanh(u, hy) Z+Zotanh(u hy)

= L 71
Y e Z s (j=lor2) (2D
& A 5 o . A
Yo=Y, = T Zo = 2y Pt 22)

olthk. 2} o] Wait (1962)2] Wi& X202 nlFa) o3}
(round-off error)ell Fo¥slth, X207 o QAHE A=

TE TE -2uhy ™ T™ —2uk,
R o, tre R o tre 23)
TE — 2uh? ™ — Y
14y te 14y e
oF o] Ay 28 dojd 4 Qi) o)A
TE Yj—};f TM~Zj_Z,>1 (24)
(A A 7Yz

© % 7AlX ] admittance®} impedancee] #3t WEALAH|R0]

o} 243 Al

A= iop(0— ;1)
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2 .
S _ (61— oA (0 1 to)tiopy o0, 1]
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5 , 25
(oo 1)
£ 29 £ ¢ E Ayt QoA
Fig. 2= 9% AXke] 7 (1933 23)e= ALt &)
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Fig. 2. Comparison of the kernal representation in the real part of
rre using equations (19) and (23) at the seafloor.
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Appendix

A F =
7} EA i (Ward and Hohmann, 1988).
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