s A dyke of sulﬁde ore may bc gw}ahysx prospected by observmg 1ts electromagnetld responsc
to a slowly oscillating magnetic dipole source. An excelient first approximation of the fields g enerated
- is obtained by considering the idealized case of a dyke of infinite conductivity and vanishing fhickness
'“in a'vacuum: Surprisingly, this idealized problem can be solved exactly in terms of a newly d scovered

Green s function for Laplace’s equation (in three dimensions) wluc{ is simply expressedfin closed
" form, The magnctlc scalar poteéntial and the magnetic field are given for final results, ]

' - _ . o
INTRODUCTION v

Recent improvements in instrumentation make it possible to pros ]ct geo-
physically a dyke of sulfide ore of high electrical conductivity by observing the
response .of the dyke to a slowly oscillating magnetic dipole source. Jor. low
frequencies (10 to 1,000 cps). the effect of the earth in which the dyke is ctually :
imbedded may be neglected and the earth replaced by a vacuum. When the dyke
appears to be geometrically thin, which will always be the case for so4rce and

- observer far from the dyke, we may approximate the dyke of sulfide ore by a
dyke of infinite conductivity and vanisling thickness.
Cylindrical coordinates are chosen as indicated in Figure r, with- tﬂe z-axis
taken horizontally along the edge of the dyke, the dyke running from’z—»-—-
to z—- «. The angle ¢, which may be realized in the actual space, vhrles be-
_tween -w/ 2 and 37/2. The radial distance from the edge of the dyke (thte z-axis)
" is denoted by p. Cartesian coordinates are chosen with the x-axis honzohtal and
perpendicular:to the dyke, and with the y-axis parallel to the dyke and .vert1ca1
the dyke extendmg from y=otoy—— . :
§
FUNDAMENTAL EQUATIONS

- Maxwell’s equations for a vacuum and for time harmonic solutions with the
time variation exp (—7wf), where w is the angular frequency, in rationalized mks
units may be wrxtten according to Stratton (1941) in the form: ; ‘

L. XE me_o,~‘ III. ' V-H= o

: I
II. - -VXH+1weoE=J, : ' »I'V. V.-E = ()

where the symbols have their usual meaning. For the present very small fre-
quencxes we may take E=o; and Maxwell’s equations (1) reduce to

VXH=], VH=0o  : (2
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F16G. 1. DyLe of sulfide ore showmg the choice of cylmdncal coordinates with the s-axis taken
along the edge of the dyke and perpendicular to the page. The vectors Ro=7r—7o from source to
observer and Ry from image to obscrver are also indicated.

The prcscribed current distribution J for the present magnetic dipole source is
. J = V X.mb(r — ro), (3)

where 8(r — ro) is the Dirac delta function, r is the position vector of the observer,
.7 is the position vector of the source, and. m is the magnetic dipole moment.
- Substituting equation (3) into the first of equations (2), weobtain,

H=mir—~r1)— Y, . @)

* where ¢ is the scalar magnetic potential which from the second of equations (2)
i satisfies Poisson’s equation, .

| V¥ = V-mé(r — ro). (s)

~ The boundary condition (Stratton, 1941, p. 37) requiring the normal com;
ponent of the magnetic flux density to be continuous across a surface and the re-

~ quirement that the magnetic field vanish inside the dyke of infinite conductivity,
_yields the pertinent boundary condltxon from equatlon (4), _ '

ay/an = 'o _'for ¢ = — 1r/2 31r/2 (6)

8 '.'whete the denvatwe thh respect to # means the normal derxva.twe to the surface.
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he sum of a
> .

'(19)

W= VmG/ar | (o)

Subsututmg the expresswns for G, and G; as given by equatlon *(14), (x3), and
(16) into equations (20), we obtain, .

Yo = [r + 2 tan™! go/Ro + 2g0Re/ X*]m - V*(1/87*Ro) + (1/4.1!'2)(2) m - Vg,
Y = [x 4 2tan~l g/ Ry + 2¢.Ry/ X?]m - VO(1/8%*Ry) + (1/47*X%)m- Vg, (21)
where | o :
= (p+ p0)? + (z — 20)* = Re* + go* = Re? + ga*. (22)
'The derivatives appearing in equations (21) may be evaluated. In cartesian com-
ponents we have

Vg0 = (hoez — gre4)/2po, ': N (23)
V()gi == (hle, - gﬁeh’)/zpo’ i

where e:, €, are unit vectors, go and & are glven by the first two eé;uatlons (16)

and where
ho = ZN/ECOS.%GP + $9), (24)
Iy = 2+/ppo cos 5( — @0 = 37); , :
and - | ‘
V(1/Ro) = Ro/R¢’, ' ‘ | -
V1/Ry) = RI/RI — 2(x + Xo)ez/Ri%, | (zs)
where the last two equatlons may be verified by noting that;
Ry = (x — )+ (y — }'o)’ + (z — 20)%
(26)

¢ RP=(r+x)+ -yt @)t

u

MAGNETIC FIELD

From equatlons (4) and (19), neglecting the case of comcxdeﬂt source and
observer, we may wrlte the magnetlc field as the sum of a source; term and an
image term, '

jH=m+m' ) (27)

. where

' (28)




¥ Rum-[goRo + R Vopol/amRaiX* o ()
— m-[Ro — g¥°%0)Vgo/ 202 X" — V[m- Vogo]/4n* X7, -
Hy = [3(m- Ry — 2(5 + #)m) Ry ~ mRe* + 2mcRile]
X [x + 2 tan~! g1/ Ry + 2R/ X2])/8x%Rss ,
"L 4 Rum-[gu(Ry — 2(3 + x0)es) + REVOp]/2mR2XY (30)
— m-[R] — 2(z + to)es — g;V°g,]Vg1/éw’X‘
— V[m-V°g1]/41r2X9,= '
where Iéo and R, are defined by equation (16) or (26) and are shown in Figure 1,
go and g are defined by equations (16), Vg and V%; are given by equations (23)

and (24), the arctangents are confined to the range from —x/2 to 4+x/2, X% is
given by equation (22),

Vgo = (hoez — g1ev)/ 20,

(31)
Vg1 = — (ne: + goey)/2p,
where ko and /; are given by equations (24), and where .
" Vlm- Vog] = [—hies X m 4 go(mee. + mye,))/ s, (32)

V[m~V°g1] = [hoe. X (m — 2mzéz) + 81("mse=' + mueu)]/‘%!{pn.
CONCLUSIONS |

The idealized problem of the electromagnetic response of a dyke of infinite
conductivity and vanishing thickness to a slowly oscillating magnetic dipole can,
surprisingly, be solved exactly in a simple closed form, equations (29) through
(32). This result represents quite adequately the response of 4 dyke of large
conductivity and small geometrical width. If the actual conductivity and width
need to be known for purposes of identification of the ore and to estimate the -
size of the deposit, then it is necessary to refine the solution by approximate
methods to be presented in a subsequent paper.
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