
A dyke of sulfide ore may be'geophySica y'pros'p'ected' by:observing its electromagnetiduresponse
to a slowly oScilIatingmagnetic (11130 esource.An excellent first approximation of the elds cncrated
-Visobtained by considering the idealizedcase'oiadykeof infiniteconductivity and vanishing: '
.' in a'vacuum; Surprisingly, this idealizedproblemcan besolved exact} in termsof a newly d scovered

,' 3 Green’s function for Laplace's equation (in three dimensions) whic is simply expressedgin closed
,-. form. The magnetic scalar potential and the magnetic field are given for final results. 1'
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Recent improvements in instrumentation make it possible to prospect geo‑

physically a dyke of sulfide ore of high electrical conductivity by obser ing the
response .of the dyke to a"slowly oscillating magnetic dipole source. or. low
frequencies-(Io to 1,000 cps), the effect of the earth in which the dyke is Vctually ‑
imbeddedmay be neglected andthe earth replaced by a vacuum. When edyke
appears to be geometrically thin, which will always be the case for sogljrce and
»observer far from the dyke, we may approximate the dyke of. sulfide ore by a
dyke of infinite conductivity and vanishing thickness. '

CylindriCal coordinates age-chosen as indicated in Figure I, with 'tlgie z-axis
taken horizontally along the edge of the dyke, the dyke running fro'mgz‐w- co
to z‐r-l‐ no. The angle :15, which may be realized in the actual space, vhries be‑
tween --1r/2 and 31r/2. The radial distance from the edge ofuthe dyke (tlie z‐axis)
' isdenoted by p. Cartesian coordinates are chosen with the x-axis horizohtai and
perpendicular-to the dyke, and with the y-axis parallel to the dyke landj'vertical,
the dyke extending from y = o to y ‐ > - m. ~
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FUNDAMENTAL somatic“ 3.

- Maxwell’s equations for a vacuum and for time harmonic solutions ivith the
time variation exp'(‐'iwl),‘where mis the angular frequency, in rationalized mks
units may be written according to Stratton (1941) in theform:

I. _VxE‐moH=o,' - I I I . ' V - H m o
‘ III'. " - V X H + i w e o E = ] , v ' .I'V. V - E = o , ( )

wherefthe symhols have theirusual meaning. For the present very Senall fre‑
, quencies wemay take E=o;_andMaxwell’s equations (1) reduce to

V'H='Q.‑
i
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FIG. 1.Dyke of sulfide ore showing the choice of cylindrical coordinates with the z-axis taken
along the edge of the dyke and perpendicular to the page. The vectors Ro=r ‐n. from source to
observer and R1 from image to observer are also indicated;

The prescribed current distribution J for the presentmagneticdipole source is
a J = V X.mr5(r 4 to), (3)

where 5(r‐ro) isltheDirac delta function, r is the position vector of the observer,
vro is the position vector of the source, and.m is the magnetic dipole moment.
“ Substituting equation (3) into the first of equations (2), we‘“obtain,

H. = 1218(1' ‐- ro) -‐ W , ‘ ' . (4)

' where \bis the scalar magnetic potential vehich from the second of equations (2)
satisfies Poisson’sequation, ‑

' we =_V~n;:5(r ‐ to). (5)
. The boundary condition (Stratton, 1941, p. 37) requiring the normal com;
ponent of the.magnetic fluxvdensity to be continuous across a surface and the re ‑
quirement that the magnetic fieldvanish inside thedyke of infinite conductivity,

‘. yields the pertinent heundary condition from equation (4), V ' a
Bib/an = 'o "for 96": ‐ 11/2, 31/2, ‘ (6)

Efwherethe derivativewith respect to 1:means the normal“derivative to the surface.
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_ . 1P1 = V0mGl / t fl r i A . (20)
Substituting the expresswns for Goand G; asgiven by equation(14), (15), and
.(16) into equations (2b), weobtain, ,
' a. = [1r + 2 tan" go/Ro + egoRo/X2]m-V°(178«*RD) + (1/4w2X2)m-V°go,
.1le = [or + 2t a n “1g1/R1+ 2g.1R1/X2]m- V°(r/81r2R1) + (I/asz”)m-V°g1,
Where

(21)

X2 = (P + .90)2 + (z " 20)2 = 302 + £02 = R12 + 31". (22)
The derivatives appearing in equations (21) may be evaluated. In Cartesian com‑
ponents we have

V030 = (1103: _ gley)/2P0’ i: ‘ (23)
vogl : (file: ‐ g u m / 2 9 0 , 1

where ex, e, are unit vectors, go and g. are given by the first two 0%uations (16)
and where

he= Nficoséw+ «#0),
hr = 2VF§Ftos i025 - 4%i 3r); 1 .i: (24-)

and ' ' i j

V°(1/Ru) = Ro/Roa, ' i i "(25;
V°(1/R1)=R1/R13‐- 2(x + carom/R1", g E

where the last two equations may be verified by noting thaté :
R02 = (x "' 956‘? + (3' ‐ 3’0)2++ ( z '" ZO)2i ’ (26)

r ' - Rig = (x + 9:9)2 + (y ‐ yo).2 +‘(z"' Zn)”‑

, MAGNETIC FIELD

From equations(4) and (19), neglecting the case of coincident source and
obserVer, wemay write the inagnetic field as the sum of a source' term and an
image term, ' ‘

, _ t w jH=m+m' ; (m
"' ”where, ‑

”in. ‘H1 ‐‐“-~ W1; (23)



. , . A.. . 58),tested ,
Ho 2, [3mRoRu‐mR02][1+-1 ”IIVE-'-Igu/R5IV+__EQgeRo/X2]/Sii-IZR05 .V

linger-{9125+ Rii=i_€°gi]/E}=R5=x4‘ " (29L;
‘3 ”.1” [R0 “' 30V°361V£o/2W2X‘ 7' Vlm'IVt’goi/412352: YI

¢IH1 = [SCm-Ri - 2(9; +"'-’5ll)ifl')Ri~mR12+ 2m3R12e,]
X [1r + 2tan"1gl/R1+'eg1'Ri/X2]/813R1‘ ~

' ~ ‘ + le . [g1(R. ‐ 295+ we» + R12v0g11/"2R12X4 . (3o)
_ m; [R1"' 2(33 + 1'08: ‐ 31V°gx]Vgi/aw’X‘
‐~ Vlm‘V°gI]/4w’X2.A '

where Ruand R1are defined by equation (16) or (‘26) and are shown in Figure 1,
g9and g; are defined by equations (16), Vogo and V°g1are given by equations (23)
and (24), the arctangents are confined to the range from ‐1r/2 to +1r/2, X 3 is
given by equation (22),

Vgo ,= (hoes‐ med/29,
(31)

Vgr = ‐ (hie: + good/2p.

where haand In are given by equations (24), and where ;
' V[m'V°go] = [wineI‘Xm + 30(mzez + Weill/49.00, (32)
V[moV°gI] = [1109, X (m - 211136;) + g1(‐mzes + mveu)]/4Rpfl‑

CONCLUSIONS I

The idealized problem of the electromagnetic response of a dyke of infinite
conductivity and vanishing thickness to aslowlyoscillatingmagnetic dipole can,
surprisingly, besolved exactly in a simple closed form, equations (29) through
(32). This result represents quite adequately the response of a 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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