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The method ‘of the transient clectromagnetic field migration based on the.
*‘reverse’’ continuation of the ficld within the conducting Earth is developed. The
- properties of the migrated fleld and the possibilities of electromagnetic migration

method application for the geoclectric inverse problems solution are studied in
detail. { ’

1. Introduction . ..
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During the last {!écadé in. ﬁebclcctrics the interést in the problem of elec-

tromagnetic fields continuation through the conducting Earth and to the solution
of the inverse geoelectric problems by means of the continued fields has been

significantly increased. ey i ,
This interest is stimulated {zy':t'he: progress of potential field continuati

e
i

theory, of optical holography il physics and technics and also by the effective "~

application of seismoholography principles in seismic data interpretation.
The theory of analytical continbation of the transient electromagnetic fields
into the conducting Earth was develgped in the following works: ZHDANOV (1981),
ZupaNov and FRENKEL (1982). The main principles of so called *‘reverse” coni
tinuation of the field were also formulated there. The technique pointed presents

the generalizatioh'on the case of vdtiable electromagnetic ficlds of the well known | -

methods of the reverse continuation of wave ficlds (so called seismic migration),
widely applied in seismic prospecting (TIMOSHIN, 1972; PETRASHEN and
NAHAMKIN, 1973; BerkHOUT,’ 1980). So it is natural to regard the suggested
method of electromagnetic 'field transformation as the ‘‘electromagnetic
migration’’, ! :

In this work we would like to study the main features of electromagnetic

migration and to analyse the possibilities of using this method for solving the
geoclectric inverse problems. ', |
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2! The Slruupn-Chu Integral Fdrnﬁnlas for’ the Transient Field.

The electromagnetic migration is. louudcd on the Strauon Chu mlcgral for-

mulas for the transient ficld.

We will present here the dirvect derivation of the ’iuulmn Chu formulas for
the transient case, based on the integration of the field ¢quations (ZnnaNov,
1981). Let's consider the following electrodynamic problem: to determine the
quasistationary electromagnetic field £, H within some doman b by mcuus~9f
the values of £, H on the surface I, confining V. It is suppbscd that the conduc-
tivity o inside V is constant, the magnéti¢ permeability is cverywhere equall to -
Ho- the permeability of vacuum, and th ‘clectromagnetic field sources are outside

‘ \
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V. The electromagnetic ficld inside ¥ arﬂd on I" s.ulstws the cquationr

JJ‘J. (V F)dV‘a
.‘ \ ‘l

=(c HWU + [[cx u) x VU] —-[c xE]aU

where ¢ is the arbitrary constant v;ctor, aud Ulm U (r. l) is the funcuun twice
continuously differentiable and integrable in modulus on —igo i< t < o time axll.
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A simple vcuor manipulation yulds.

i i (V'F)'=< I:HJU-—-;toa a*'U

oH

_ : i
\ : rulIlzol:':olE-q—uu~

Let’s turn to the Ostrogradsky—GauSS’ formula:
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(F dS)-:(c {(dS mvu+ [[ds x u] x rul +[dS x l;]a'U})

- Hence,
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<c” {(n-H)VUi+ ([n'm#x PU) +‘[n X E]&U}ds).‘ (y

where n—a unit vector of the outer normal to /.| i ¥ :
Integrating (1) for ¢ over infinite interval and lakmg into consideration lhat
¢ is an arbitrary vector, we can wruc fmally 4
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Let's choose as ‘U’ the fllanctlon s 3% et St
\ il gy ; v b RSN EHat] oF T
' (pom)"'? Hoalr = 2 did Y j .
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6 T ; - 2 : A ) ’,l 3
4 1 1 (:)G H: » : g .1,’ L
1A 4 poo = = drd(r = ) - 1) i -
‘ i ; by LR

y i S 47 A i
(here J is the Dirac delta -function and the laplacian acts on the variable . i ¥ 8 ;
So G is the function conjugate to, the fundamental Green’s function G for the’ R ‘ i
§. { L

diffusion equation (MoRSE and EESHBACH, 1953):

R e s

Gt 'y = Glr, —1tlr', - 1'). B -

Substituting U= G into ) ahd. considering the field sources to be “switchc;‘l,‘ '
on’ at the moment t = 0 (M =0, E=0ift < 0), we obtain the Stratton- |
Chu integral formula for the transient magnetic field:

' i ;’ i
l o ;
o “.U {n-HWG + [[n x H] x PG) + [n x E]a(7}del = ; :
n . ! | k
o'r Y 4 ¥
H@e' '), reV B ‘ A
0, gl b ; Foood
where £ and # values refer to the internal side of the surface I, ¥ opciat'cs'
with respect to r, P is the domain ¥ with it's Jboundary, i
The Stratton-Chu integral formula for the transient electric field is derived ' it
by analogy. We introduce only the final expression for this formula: i B
| rr sin sl i 2 ac : it l ‘ | 1.'|i
-4 ' ‘ {(rl:W(: +lw x E]x PO]+ o x Hlpy 5, bdSdr = t bt ‘
n ( A
0 > A " ®
(', 1), = : s | 3
E(r0)s Sre b (5) ; i 8
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150 MOS, Znoanov and M. A, FriNkn
3. The Stratton-Chu type integrals for the transient ficld.

By the analogy with the integrals of Stratton-Chu type tor the fields har-
monically varying in time (Z1DANOV, 19800; BIRDICHEVSRY and ZHDANOY, 1980)
we can introduce the integrals of Stratton-Chu type for the transient fields.

Let some vector fields £7 and M be given on the internal side of the smooth
closed surface 7, conlining the domain V. These vectors satisfy the following
conditions:

@) they have the continuously differentiable tangential components Loy Hiy;
b) their normal components £, Hy are related with Fy, 11 by the following
cquations: .
all,

[ (. .
L, = —divin x 1, ); o = —Uiviim s B ], (6)
a Hy

where @ -— a constant, div! — g symbol of the surface divergence (the same sym-
bol, which was used in our paper (ZHpaNov, 1980b)).

As the relation (6) is the two-dimensional analog of the Maxwell's cqua-
tions, the ficlds £, H refer to the clectromagnetic field class.

Consider the expressions:

IS fG - G
K'(r'1')y= - B J {(n "EWG + [[n x E] x VU] + [n x H]pu, (;;'}de!U)
e ;
PR i
Lot . e gt
Kt ry= - i ' I ‘ (WG + [[n x H] X VG] + [n x EleG)dSdr. (8)
”‘ ol
U]

These expressions are identical with the integrals in Stratton-Cha formulas
(). (5) and may be called the integrals ol Stratton-Chu type. The functions &
and H are the “electric™ and “magnetic™ densities of the Steatton-Chu type
integrals for the transient field. The Stratton-Chu type integrals (7), (8) have
some features (analogous to those of their harmonical analog), the main of which
is the following: the integrals of Stratton-Chu type outside the surface I satisfy
the Maxwell's equations, and the vector function AV, K" — the difrusion equation:

: Rl
ARPN o - = (.

e

The Stratton-Chu type integrals (7), (8) have a simple physical interpretation.
Let the electric and magnetic currents and charges with the surface densities /Y,
1" and ¢s®, gs¥ be distributed on the closed surface I

M=nxll; M=-[nx Bl
a8 =an-E); q¥ = jyn- H).
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The Solution of the Taverse Problems 751

Then the clectromagnetic ficld excited by these sources outside I is cqual

to the field KY, K",
4, The ““Reverse’ Continuation of the Transicnt Electromagnetic Field

Let's formulate the following problem. The electromagnetic ficld £9, #°
excited by the transicnt source JY, located cither on the external side of the
surface [y or raised above the Earth and switched on at the moment ¢ = 0,
is given on the Earth's surface. The Earth is characterised by the constant con-
ductivity g, except some domain D (finitely or infinitely extended), where the
conductivity ap may vary arbitrarily.

The problem consists in finding the domain with anomalous conductivity
through the fields £ (r, 1), H'(, 0, (0 < ¢ < T) measured on the Earth's
surface. For solving this problems let's consider the following transformation
of the field. From the ordinary time £ we turn to the reverse time ¢ = T~ ¢
and assume auxiliary fields £ (r, 1), R (r, 1) on the surface of the Carth Iy
using the following formulas.

Foroty = ESge. T - o): Fyeor) = EDey ' - 1),

9
Rrc) = Mo, T —-7) R(rot)= — H . T ~ 1) o

We can see, that in such a definition the function F, R satisty the condition
(6) (if the time ¢ is substituted Ly the reverse time 1)

SR

Joss ; ('/\,, 15 a
Fyw = divin R = divie xOF,), (10)
a

(7 Jto

Thus, these functions may be used as the densities of the Stra!ton Chu type
integrals, written for the reverse time 1

U rrr : G
EXrit) =~ ‘ ‘ l Jll” FWG + [ln x F| x VG| + [n x R],u“‘, '}der
n (32

(rn

L : g
WY ) ‘ i ' U RWG t[[n x R] » ¥G) + [n x FloG)dSde. (12)
oA

In correspondance with the main features of the Stratton-Chu type tntegrals
the ficlds £*. 11* outside Iy satisfy the Maxwell's cquations:

CH*

rOLH* = aE* jrot ¥ = — i, oo (13)

According (o Znnanov (1981), the field £* (¢, t7), H* (', ©') will be called

P
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X the “‘reverse™ continuation of the clectromagnetic tield £9 (7, 1), H" (r, 1) or symp-

ly the *‘reverse™ field.
We can give a simple physical interpretation for the “reverse’ field fio '
the “*reverse Ticld is the clectromagnetic field, excited in the homogencous cons
ductive Facth by the system of Fictitious corrents and charges, detined through
the observed ficlds £ 10, but in the reverse time (that is these SOUrcees re
switched on at the final moment ¢ = T ol repistration of the field working in the
= reverse time roand switched off at the moment ¢ - 0). Substituting (9)
= o (1) and (12) and replacing the variable 7 in the expressions (11), (12) by
(T - 1), we lind:
. 1
2 v [ '
) X', T = 1) = - J ' ’ {(u CENWG b [ ox EY) x Vi)
) )
[ R T
o
e +|a x 11“1;¢‘.‘f"}d.\xn , (14)

r

W T~ 1) = ‘ (=t HOWG 4 [l x 1) x VG
. [t = Vo

| ! I
i v +[n x E%leGld S dr,

(15)
where G = G (r, ¢ | r', t') — is the fundamental Green's function for the diffusion
. equation

\

: (/‘n”)l £ Hoolr — r"“
G = : Lexpl. - (-1
T =yt ( 41 = 1) )Ll :

connected with the function G by the formula (3).

Note, that in practical application of the *‘reverse’ continuation formulas
(14), (15) to real clectromagnetic data it is worth (as it is done in seismic survey)
taking for @ the apparent conductivity of the Earth a,(r), obtained using the
ccorresponding formulas of the electrom

agnetic sounding and averaged in time
in the interval (0, ):

W
.

ovs

|
0 = o auft)de. (16)

o

0

b

In such a case the real inhomogencous section of the Carth is substituted
by some homogencous model (unique for cach time ).

5. The Electromagnetic Field Migration

The way of introducing the auxiliary fields # and R on the Earth’s surface
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Ty suggested in the previous is not unigque,
Really, let’s define 7 and R as the followings: ik
Foroe) = Ee T~ ) Fyrr) = : EdNe T~ )
s . (17)
Mo o) =1 T = 1) Ryrot) = = e T - 1), . X
where ¢ = const > 0,
The direet test shows that the fields # and R defined by (17) will satisfy
the conditions (10) if @ is substituted by ¢ca, .. lor determining the Stratton- =

Chu type integrals by means of F and R functions, we substitute the real Earth '
by a half-space with some fictitious conduction 3

a=ca, (I8)

In such an introduction of the F and R tields the formulas (14) and (15) transform
to the following form:
1
T x g ; DR
O = et ‘ ’ ' ===l G [N T G
A
! l'n s [

"('Il\. l
+lnx HO ey ldez (19)
ot J . ¥

r

L
WP T =)= = . ‘ U= HOWG™ 4+ [[n x H°) x 1'G™)
YT

< E%la™G™ d Sdr 20)

1
!

where

] "“”(Tm)l 24 waee— ,.‘;." g
G : sexp| — - x(r—-1).
't = pyyi < r—1) : )

Transformation of the field £, H°® observed on I, carried out by the formulas

(19), (20) we will call clectromagnetic field migration, and the field EY H™ ‘
itself — the migrated clectromagnetic field, Obviously the “‘reverse” field is a ¥
particular case of the field obtained as a result of the migration (when ¢ =
1, 6" = a). But as it will be shown below the migrated fields £™, H™ has
the properties more convenient for the clectromagnetic data interpretation than
the ordinary “‘reverse’ field E*, H*, In conclusion of this section we should’
note, that the conception of the electromagnetic migration is introduced analogous
to the seismic migration in order to emphasize the principle resemblance of these
methods,

As a matter of fact, the migration procedure, ns we will see later, allows

N T A R B TR 1y R sk
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us o “*tocus" the electromagnetic ticld on the geoclectric inhomogencity. It should
be underlined that the field transformation described by the tormulas (19) and
(20) is a stable procedure because the operators in the right part of these for-
mulas are limited in Ly space. Therefore the computer implementation of the
clectromagnetic field migration procedure is reduced 1o the simple quadratures,

6. The “Pscudomigrated” Field

Let's call “pseadomigrated” the field £%, 21", obtained as a result of the
formal substitution in formulas (4), (5) the ordinary Green's function G instead
of G, conjugate to the fundamental Green's function (with the corresponding
change of the limits of integration over time 1):

:
E'(',T—1')= ~ 417: J J/‘ {(n CEYWG + [[n x E"] x V)
. S Ar
+ [n x ll”]u(.“.‘_(l"{d Sdr ' 1)
l'. o
HY T — 1) = — 4; J J ‘ L HOWG + ([n x H] x PG + [n x E)aGd S dr.
o (22

P

Evidently, the ficlds £7, F", determined by the equations (21), (22) don’t satisfy
the Maxwell’s equations (theretore, they shold be examined independently). 1t
is casy to see that each of them separately satisfics the diffusion cquation in

reverse time v = T — ¢, for example:
3 oH*
Al — jyo =0,
(g

Fhe “pseudomigrated™ field £Y, 14" is a result of a tormal (without the
corresponding coordination with the boundary conditions on 73) transformation
of the £° 1" field observed on Ly, but nevertheless this ficld (more precisely
the “magoetic” component of the *pseudomigrated™ fickd 24") has the remarkible
properties which are very suitable for practical rescarch. We will show m the
nextSection that the field 27 makes possible the exact localization of the anomalous
objeets, therefore it may be also used in solving the inverse problems ot EM-
induction in the inhomogencons medium for the accuracy estimation of the anoma-
lous field sources location,

7. The Properties ol Electromagnetic Migration
| 2

In order to make the features of the “‘reverse’ continuated field E*, F»
more visible let’s turn again from the reverse time 7 to the ordinary dircet time ¢:
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O)y=EYe, T =1 R )= HAYa' T = 0).
Acording to (13) the fields 2N in direct time: satisfy the cquations:
x cH ¥
totl = ol roUl = Ho s,
N
and, therefore, satisfy the following equations:
s o

x cL i
AE 4+ e - =08 AM+ jgo ' =LY, (23)
" (

Lo |

It the ordinary diffusion equation describes the process of the cleciromagnetic
field propagation in time increasing from the sources to the observer, then the
Eq. (23) describes the same process in the inversed order from the final distribu-
ton of the fickd £, 1 on the Larth's surface to its initial distribution in the
sources. Therefore, the ficld transformation suggested (14), (15) deseribes the
transtormation of the electromagnetic fields, diverged in the real medium and
diftracted on the peoclecttic inhomogencities, into the ficlds converged to the
corresponding points, lines and surfaces of diffraction. In this case at the mo-! w

; ""nl r° = T (or ¢ = 0)hasiit mkc\ place in scismoholography, thc fields
Y, Ty = E(,0)and H* rT)="n (', 0) form images of the field sources,
umu\uul with geoelectrie H\llolll(‘l'L‘HLlllt.'\. 24 y

The process described is essentially equivalent to the field transformatiow cars
ried out in the ordinary optical holography. Really, il we po in formulas (14),
(15) to the time spectra, we get in their right-hand parts the formulas analogous
to the ordinary Frenel's formulas (only written for the diffusion process) and

the transition to the reverse time is reduced to the sign inversion of the elee- :
tromagnetic ficld phase and correspondingly the replacement of the \lnuvcd waves !
superposition by the superposition of the converged winves. b N

We will tustrate this statement with some theoretical and practical ex: nnpl:\
which show the resolving power of the method, and with this base o.lxlcmunc
some principles of the transient ¢lectromagnetic ficlds interpretation:

Let's consider the three-dimensional situation in which the clectromagnetic:
ficld is excited by the horizontal electric dipole. immersed in the infinitely
homogencous medium with the cmulm'(ivi(\' . Dipole is fixed inory (Yo, Yo 20)
pont of the medinm and morcover 7y >» lhc current in the source is varicd .
according 1o the law '

-

Jr) = jo(r), (24

where d (1) — the Dirac delta function; j — a constant.
Denote as £, 1 the electromagnetic field registrated at the time interval
(0, 7y on the horizontal surface /i, coinsident with NOY plane, and investigate the
: features of the field F%, 714*, obtained as the result of the “reverse continuation ~
©of the ficld £, 1" into the low half space. The horizontal components ot the L
“reverse” field H,*, E* according to (14), (15) arc the following:

X |

e e i
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1

E

Bt = 1 \ HU/"M(,‘J. VG 1{‘|’m,‘)d\d\-dt
it

B

(20
I .
Lt
L 0 H IO [ (},..)d.\'d_\'dlA
e
In formulas 25 =
00
€5 ) LAl
‘ cy .
where
i b4
e (',.'.H‘.':‘ A7«
I an S "
126)

L .
l'. : - an (n (I.“. ’l“(l.').

In this casc Wc¢ can show that the extremum points of the vreverse” field

(of H\* and Ey* componcms) are to be searched for in the half-space T 2 0

on the vertical axis, passed through the dipole centre. This property is true also

for the analogous components of the migrated and "p.\cudomigr;\lcd" ficlds,’

{hat essentialy simplifics the research ol the extrenium pmpcr(ics of these tields.
'

So, let v’ Nou oyt = (without restricting, of gcncr:\\i(y we may take
o = Yo = 0y and 17 = 0, then the expressions 125) may be written:
T .
. PR A ST " 5 , . :
HY ~ ‘ \\ s s 31 Seap R (R G ) ' % :;.’y)d\\h'«i{
J0 Pl 4
] o
!
L s 4 e
~ \ 23 a2yt = )( Sea s (2 23 e
: o el
I\l
v 34T Mot e z5Y Bl
1 v
, C 488 R T | R
L~ \ H e ks T St L0 et solxt A7) ks |
Y 4
O '
(oGl s o st .
sexp| — —~4~'»-\-.\ + 42 F 22) Jdadydi
(28)

3 473 112 e o
W e el el 9:1zh + 420) .
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¥ooet -

(Here and further the symbol ** ~ * means, that the expressions presented are &1 ;
accurate up to the constant coefficients), i

A y i

The necessary conditions of the local extremum for the H,* and E,* func-
tions lead correspondingly to the algebraic equations of three- and four-order.

e e

2 + Sa? —da ~ 1 =0 e b !

S ]
§x‘—2a’~3a’+2a+§=0. (30) .

» —e

where

We are_interested only in positive roots of the equations (29), (30). The
first equation has only one positive root:

o, >08

and the-second - two!

i

4.2, :
Note that T2y e

a, = 0.65; a,,

s

otle
Q2

ME*

¢ 0; (5:'1 # 0. é 2 :

L) 'yl;‘y)

So both necessary and sufficient conditions of local extremum are satisfied - ;
for the “‘reversc” field components H,*; Ey* in the ax, ay; and ay» points.
Write the coordinates of these points through the depth of cable bedding zo:

Zin 08200 1§, 206520 =5, =422, (31) r

The conditions (31) show that the dipole location in the medium is uniquely .
difined by the location of the ‘“‘reverse’ field local extremum at the moment
U = 0.

The change of z-axis scale for analytical field continuation in reverse time
according to (31) makes possible the precise location of the anomalous field sources.
However, the clectric component E,* has ‘“‘false’ extremum z§,, that can make
the interpretation more complicated, for example, in the case. when Zp has. a
small value, The excluding of this “‘reverse” field extremum from consideration
is possible when the electric and magnetic components /7,*; E,* arc interpretated
jointly,

More accurate determanation of the “‘reverse’ continuation singularities cor-
responding to the real anomalous field sources is possible if the interpretation is
done by means of the clectromagnetic field migration procedure.

In this case the “reverse’ continuation is carried out into the medium with
some fictitious conductivity e™ = ca. Let's estimate a value of the positive cons-
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tant “‘¢”” from the condition that the location of th

¢ extremum of the migrated
i field magnetic component #," coincides w

ith the source (dipole) location,

Carrying out the transformation analogous to (27) and (28) we obtain the ',
following expressions for H\™ and o ™: :f
U~ 0+ ) N ez 4 2202 23 (32)
El iz ez )00 + ) =22z (5¢% + 3e) =22 34¢* + 5¢) + Zole +3)).
: (33)
b
Obviously, when ¢ = I formulas (32), (33) coincide with (27), (28). {
Further, i
LHEL L ok so; B,
o e 02" fra ot 0" Je !

So the value of ¢ = 0.5 may be taken as optimum for the procedure of
the three-dimensional field migration, ;
The “pseudomigrated” ficld has the same properties. Really, following (21)
and (26), we can write: §

T =
HE — f f f (GoadG. = GsoGos = GG + oG o Gilxdyar,
! ' =

where index ‘0’ of the Green's function denotes the dipole field.

«

e P f J J (CsGras = GuGory = GG, + 100G.,G, Mxdyds
.=uo

i 0 -4

QHY
=

(

- i

' w
~ fJf 15 (G Gy + Giye — HooG L )dvdydr =@,
0 -4

We can show, that *H,? / 3,12 | rrmrirao # 0 and the
Yo, o) is the only extremum point #,° in the low half-space:

It should be pointed out that the “‘reverse’’, migrated, “'pseudomigrated’’ !
fields’ propertics obtained above are naturally (by means of reflection method)
gencralized on the case when the field sources are immersed into the conductive
homogencous half-space, that corresponds to the real geoelectric situations, ‘
The analogous property takes place in two-dimensional cage when the field s
cxcited by the infinitely long cable,

point ry (xy,
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8. The Migration of the Model Electromagnetic Field

Lets show the theoretical regularities found with some numerical experiments.
For example determine the anomalous fields excited by: 1) infinitely long cable
or horizontal electric dipole, immersed into the Earth in which the current varies
according to Eq. (24) (or a system of infinitely long cables, located at different
depths): 2) conducting bodies of simple  geometric form immersed into a
homogeneous half-space of poor conductivity, The source of the primary field
is located on the surface of the Farth and works in the impulse-regime (the switch
on impulse - regime is used),

Consider the first series of models with the clementary sources of the anomaly
field.

In Figs. la, b there are shown the isoline maps of the “*pscudomigrated””
field 71\" of one cable (Iig, 1a), and two eables, located at different depths
(Fig, Ib). It is distinetly seen, that the loention of the sources is well lixed by the
extremum points of the field #4,",

A good agreement of the theory with practical results was also demonstrated
with a three-dimensional case, The maps of isolines /1™ (¢ =0.5), constructed
for the moment 1 = 0 in two mutually perpendicular planes are given in Figs.2a,b:
a) in the vertical plane being perpendicular to the dipole axis and passing through
us centre (Fig. 2a); b) in the horizontal plane in which the dipole is located (Fig. 2b).
We see from these figures that the location of the source in the three-dimensional
medium is confidently defined by extremum points of the migrated field.

Let’s describe now the second series of models in which the initial anomalous
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2/z,

(b)

b, 1,

field on the horizontal inhomogencous Earth’s surface was calculated by the finite-
difference method (ZHDANOV et al., 1982). The simple geoelectric situations were
chosen for the modelling (Fig. 3), and the external field was given as a plane
wave with amplitude being changed according to the switching on impulse law,
This allowed calculation of the electromagnetic fields at several periods by the
net program rather quickly, As the field spectrum is located in the narrow fre-
quency range and appears (o be a sSmooth frequency function, the Foutier
transtorm of the tield spectrum may be carried out by the symple computational
scheme of Filon's method, :

The different methods of the electromagnetic field migration which take into
consideration the specificity of the concrete model and the propertics of the
“migrated” ticld were tested on medium models which contained local geoejec-
tric inhomogencitics,

Model 1. A thin, well conducting horizontul strip (Fig. 3u). At the Zero-
moment of time (' = ) the anomaly field sources concentrated along the strip
on the horizontal plane are “switched on', Therefore, the location and the form
of the geoelectric inhomogeneity can be defined by the isolines of the “‘reverse”
field* (Fig. 4).

Model 2. The conductive square inset (Fig.3b). The electromagnetic migra-

*Here and in later examples the isoline maps of the “‘reverse’ field electric component £,
is adduced, We concluded by experience with practical caleulations that this component of the “'reverse'
ficldinthecase of E-polarization provides more information about the anomalous object thun the magnetic
components /% and /,°,
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tion carried out according 1o the formulas of the “reverse' continuation allows
us to distinguish at cach moment of time the most active layer of geoclectrie sec-
L s ‘ tion, therefore, the restoration of the spatial distribution of the “‘reverse field
has to be carried out layer by layer: the field at cach layer is restored at the

&k ; moment o switching on the excess currents (the *‘sources” of the ficld in the
' layer) corresponding to the layer. The time of switching on is defined by the
expression for the skin-depth of the transient field (Makaconov, 1977y =i

h(t) = a\/:’m/;t‘,a.

where
@ - some constant, independent upon ¢,
g - apparent conductivity, calculated by (16).
&
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The result of such a restoration for the model 2 is presented in Fig. 5. A local
extremum, which may be connected with maximum intensity of induction currents
is distinctly shown in the figure. Evidently, the restoration of general spatial
distribution of the “‘reverse’ ficld at the moment corresponding to the local
extremum is the most informative. Really, as it is setn in Fig. 6, the E* isolines
distinctly reflect the location and form of the geoclectric inhomogeneities. The
picture of the “reverse’ ficld drawn at the other moments of time is not so
expressive and can lead to errors in the definition of the location and form of
the anomalous body.

9. Conclusion

In conclusion we will indicate the main features of the method suggested:

1) the simplicity of the numerical realization of the electromagnetic field

migration procedure both in two-and three-dimensional situations;
2) the method is true to the transient fields of both artificial and natural origing
3) tor localization of deep inhomogeneity and definition of it’s form we
need the information only about the electromagnetic field observed at the surface
of the Earth and the conductivity of the normal section.

It seems to us, that these features, in addition to the theorcetical to and exper-

imental investigation made above, show that the migration of the electromagnetic
ficld may be used as an effective method of solving the inverse geoelectric pro-
blem, to determine the “‘geoelectric image’ of the medium. !
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The authors hope that clectromagnetic migration will become in future as 3
powerful a method of solving the inverse geoclectric problems as seismic migra- '
tion is in scismoprospccting.
We would like o thank Dr. J. R..Booker who suggested call our method of
the continuation of the transient EM-field in the reverse time “electromagnetic migration”’,
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