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ABSTRACT

The problem of determining the electromagnetic fields of a harmecnically
excited grounded cable of finite length in the presence of a conducting
rectangular body {s reduced to the solution of an integral equation. This
equation is reduced to a matrix equation, and is solved for the electric
field in the inhomogeneity.

Because the source is finite and the inhomégeneity is two-dimensional,
the volume integral of electric field scattering is reduced to a surface
integral by using a Fourier transform method. The e]ectromagnetic‘fields
in the conductor and at the surface of the earth are theoretically developed
and calculated numerically in the wave number domain. The magnetic field
response of a two-dimensional thin dike 1is computed and plotted in the
space domain. Horizontal location of the conductor is best determined
through measurements of vertical and horizontal magnetic field amplitude

rather than phase of the magnetic field relative to current in the source.
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TABLE OF SYMBOLS

electric field vector

E

Js electric current density vector
I electric current

H  magnetic field vector

€ electrical permeativity

o1 electrical conductivity of half-space

0, electrical conductivity of the conductor
u magnetic permeability

w frequency in radians/second

ky wave number in the Y-direction

Y propagation Qpnstant

eo dielectric constant of free space

o magnetic permeability of free space

a  q= (x2+2%)%

r r = (y2 +'x2)l/2

R R=(xZ+y2+ 22.)1/2

Ex’ Ey, EZ orthogona1 Cartesian components of E
Hx’-Hy’ HZ orthogonal Cartesian components of H

K Green's tensor
Kxx’ ny’ sz’

' 1
ny, Kyy, Kyz’ elements of the Green's tensor.

sz’ sz’ Kzz
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INTRODUCTION

One of the primary limitations in the use of electromagnetic methods
in mineral exploration has been the lack of theoretical solutions for
electromagnetic fields scattered by conductive inhomogeneities in the
earth.

Since the advent of high-speed digital computers, however, previously
intractable electromagnetic scattering problems have begun to yield to
numerical solutions.

Electromagnetic prospecting methods are designed to detect conducting
inhomogeneities when a primary source is applied. The primary source used
in EM techniques may be natural uniform field, i.e., an electric or
magnetic field caused by natural phenomena on or in the earth, or an artificial
field associated with currents artificially maintained in the subsurface
by a finite source.

The conventional electromagnetic systems used in geophysical explor-
ation are conductiVe systems and inductive systems. In the conductive
systems the primary field is caused by a current flow in the earth through
a wire grounded at each end. Inductive systems have a source field
created by means of a coil or loops of wire on the groﬁnd. %

A long grounded wire or Turam method is extensively used in the -
search for metallic sulfide orebodies. Only two components of the electro-
magnetic field from a long wire can be observed at the surface of a-
uniform earth: the parallel component. of the electric field and the

vertical component of the magnetic field.
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By in large, with the notable exception of Hohmann (1973), the theory
of a fixed source and a inhomogeneity has been restricted to two-dimensional
time harmonic analysis. The electromagnetic scattefing problem with a
conductor buried in a half-space have been solved for a line-source
excitation or plane-wave by Parry (1971), Hohmann (1971), Swift (1971),
Coggon (1971), Dey and Morrison (1973), and others. These solutions
have been developed using integral equations, network analysis, and
finite-element techniques.

The general problem of electromagnetic scattering by three-dimensional
conductive bodies buried in the earth, which are excited by an arbitrary
source, has been examined by Hohmann (1973).

It is the purpose of this thesis-to,inVestigate the electromagnetic
field scattering by a subsurface two—dimenéfonai conductive inhomogeneity,
which is excited by a finite electric current element located at the
surface of the earth. A solution for the e]ectrdmagnetic field in the form
of an integral equation is developed by a point-matching technique
(Richmond, 1965, 1966), (Harrington, 1968), Hohmann (1971, 1973), and
Dey and Morrison (1973), and numerical evaluation is performed.

The finite grounded cable can be also used for locating massive
sulfide ore deposits; and geothermal systems. With‘this source all six
components of the electromagnetic field can be observed at the surface

of the earth.
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A
GENERAL CONSIDERATIONS

The subsurface'e]ectromagnetic fié]ds of an electric horizontal
dipole have been evaluated by Wait (1961) and ‘Banos (1966). Recently,
Wait and Hill (1973) have extended the theory of conduction from current
dipole to the case of a grounded cable of finite length. '

With respect to Cartesian coordinate system, the half-space Z<0
is assumed to be a homogeneous earth with dielectric constant ey> magnetic
permeability oo and conductivity AP except for a two-dimensional
inhomogeneity which is described by electrical parameters .e,, o 62.

Air. with a dielectric constant N and permeability u,dccupies the space
Z>0. The magnetic permeabi]ity in the lower half-space and ﬁhe conductor
is assumed to be the same as that of free-space. The exciting dipole
source of length d1 carrying an electric current I is assumed to have a

time dependence e+JWt.
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THEORY

Formulation of the Integral Equation

If -E—i'is the incident electric field due to impressed
electric currents 5’;, and Esis the scattered electric field
due to poiam‘zation or scattering current J’}, , Which exists only in
the inhomogeneity, then the total electric field vector égenerated
by a current dipole in the presence of the conductor in the hé]f—

space is given by the sum of the incident and scattered intensities,

E =_Ebf é‘&

The scattered electric field —éﬁs obtained multiplying the appropriated
dyadic Green's functionvbyi‘and integrate over the volume. V' of

the inhomogeneity (Hohmann, 1973). Thus

: = . ' I . v b
E’s:_[ AN (X,%,Z‘;x;‘j}z‘) Js (x:“-“iz)dv
Vi

where the scattering current density from the inhomogeneity must be
3, = [(G-0) + i (&-€)1 E

The kernel |-<- is derived in Appendix A, and is the dyadic Green's
function relating the electric field at a point (X, Y, Z) to a -

current element at a point (X', Y"',‘Z"), as shown in Figure 1b.
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le—au LL’)E; ’(j; =0

21 /

Figure la. Orientation of the electric dipole-source and the rectangular

conductive inhomogeneity.

The conductivity o1 of the earth surrounding the buried body is
homogeneous; in addition, the conductivity o2 of the body is considered
to be constant throughout the body. Both conductivities are taken to be

linear and isotropic.
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62 .
Y Jav
Vv ( x)y)z)

Figure 1b. Green's function geometry

The total unknown electric field vector anywhere can be expressed

by the fo]Towing integral equation,

E (X, \j'Z)= EJ(X'V'Z) "'f [(CZ'O/.) ""-iw,(e’"e')] F(-(X, 9Z;
v

' — ! A ) \ v
.X:‘J,Z\)'E(X,‘J,Z) dx'dy'd z'
(1)
where E (X', Y', Z') is the excitation field at the surface of the

inhomogeneity in the absence of that inhomogeneity. The electric constant

in the conductor and in the half-space is assumed to be that of free-space

(e1-€2-€0), so that the scattering current is related to the total electric

field scattering by the constitutive relationship

J. =(g,-G) E (%4, 2)
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With £ = (02-01), the integral equation is given by

. w /2 Xa + T/2 H
E(X,Y.Z)= E" (%, 2Z) +.§[ ,[ f
- Wwfz /Xa=-T/2 7D

R(X,Y.Z;X, Y, Z)E(X,Y,Z)dx d' d 2

(2)

A1l distances have been normalized with respect to the plane wave skin

depth, and will be denoted by capital letters, i.e.,

X=X4 , Y=9%s , Z= 2

Yaxys o Ye¥s , Z = ¥/s ) ek

s . (5%&')'/2

Equation (2), where E1 and R are given functions and where £ and
the 1imits of integration are constant, is known as a Fredholm integral
equation of the second kind.

The function E is to be determined. The specified vector functipn E
which depends upon the spacial variabie (X, Y, Z) as well as the auxiliary
variable (X'; Y', Z'), is the kernel of the integral equation.

A conducting rectangular body of infinite length along strike is
considered. The source is finite, and the current is not uniform throuéhout

the body. Under this condition the integral equatibn‘becomes
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. oo Xa+T/z H
e(xvz)= EC,v2) [ //
» ‘ — co a — 1/2 D

R(%,Y, 25X, Y, Z)E(X,Y,Z')dx'dy'dz’
| (3)
if we define

E(X,X';Z,Z';Y):.[ < (X,Y,z;x',\riz‘)E(X',YIz)dY

(4)

Then (3) becomes

) Xq-f- T/2 H
EX,v.z)- E"’_(X,Y' z) + § [ f/':' (x)x‘; Z,Z';\r)clx dz
X_Q—T/Z D

(5)

The Fourier transform of the integral (4) is

F(XxX52,2% %)=K (X X452,z 33) E(X;94.2)

(6)
where 9y is the wave number in the y direction.
After Fourier transforming expression (5), and after substituting
relation (6); the integral equation in the one-dimensional wave number

domain becomes



T-1711

Xa +T/2 H

E(ch_{v,Z)z Eé(x’gs’z)*‘g[

Xa - /2 /D
K (x,x52259)E (X} 94,Z) dx' d 2

(7)
Consideration of the mutual coupling effect between the electric

components yields the following integral equation in matrix form

' o Kxx Kxy KR=rz E
E . x
Ex 8 Yt Th ~H
Ey =| Ey +§ f Rovx Kyy Ryz || Ey | dx dZz'
: TIXgT2 JD N
E = E:z K zx K 2y Kzz z
(8)
The elements of the dyadic matrix may be given a physical interpretation, i.e.,
Eij is the ith component of the electric field E at (X, 9y Z) due to a

J-direct current element.
The dyadic elements _Kij have been evaluated in the space domain by

Hohmann (1973) and are defined in the one-dimensional wave number domain

in Appendix B. .



10
T-1711

Dipole in the Presence of a Conducting Half-Space

The current dipole of infinitesimal length d1 and oriented in the Y
direction;, is located at the origin of a Cartesian coordinate system. The

components of the incident electric field may be written (Wait, 1961):

zcif DBKN

dE
YT T 176 Dyoyaz (9)

—

dey = _ LY ( 3N })’*P)
- (10)

RT G | 9x20z + 3z 2

A.Ez=..]"[p )273
RT6, DZ3IY (11)

where N and P are the Sommerfeld (1926) integrals given by
-Var+ W Z

_____.?.2_ Jo (}\. fl) d.}. (12)

0 Jzuey. z
= ['/_W J"()“"'))-d)— (13)

Introducing the attenuation factor
|
* /2
()v + Y, ) —> {l
A —> O
where the determination of the square root is such that Re{ ul} > o

over the entire path of integration, 0 & A. L O
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The integral N is equal to

JTo L _:6;1 (ph‘*' z)] Ko [ ‘g‘; (R_—z)] , Foster (1931)

where Io and Ko are modified Bessel functions of order zero.

= %0~
d' u°] 6, GO-O Vp %%
| -x 2R%

LL°IG;1(71 %%gi}ﬁé

\@Q,‘%

Figure 2. A dipole source on a homogeneous half-space



12
T-1711

The Fourjer Integral of the Incident Electric Fie']ds of Current Dipole

Consider first the Sommerfeld integrals N and P in one-dimensional

wave number domain.

.co __4; ky Y
KY\ [E_ dy
R (14)
and
_ucz _ikye Y
Ni (“Y\) £ Jo(x‘")e dady (y5)
where ky = QY/J
= (X*+Y )
The kernel of the integral (14) is an even function of Y. Thus
. .00 __x—lR
Pi(ke)=2 [ € cos (YY) dy
o R r‘
This integral has been evaluated by Erdelyi (1954, Vo. I, P. 17),
Po(k)= 2 Ko (Ut ) (16)
. {
where an = (4 %+ k\r)/z

= (x2+ Z"Y/z

—
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The expression (15) can be rewritten as

00

—uiz 2 _ike Y
Ni(ke) = [—ST [[ Jo(nr)e da]ow-

ra (X0+Y7) Y2

Again, the kernel of this integral is an even function of Y; thus:

® _wz o°
oo [omtio
(v} [}

From Erdelyi (1954, Vol. I, P. 55) this integral becomes

co

-ulz A
N’(k\’)= 2/ e cos [x (= l‘\') ] Y ,
Ky (A~ Q*)ya.

Y

a7

Then expressions (9), (10), and (11) for dEx, dEy, and dEz in the one-

dimensional wave number domain becomes

. _uz
dexbéayzuf e” “Tsin (XV) dg

(18)
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<o

, uz
dEY:————-—IdL[—fe vcos(xv)d‘a
T G 3
g

F Uy Ko (uR)Z7, UsRi(UR) (Zf-X‘)](w)
N €3
d€z= 1dl g4 uy 2 Kx(“‘:e)
T Gy €
(20)

where

q=AS8 , 9Qy=kyS

L/
u = (3”1' 24«) 2

Uy = (C_j;+2):)‘/z

v o= (‘31""31:5\1/2
e = /S
L = L/;Y

and the distances are now measured in skin depths in the half-space.
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Subsurface E]ectromagnetic fields of a Grounded Céb]e of Finite Length

The geometry of the cable of length 271 situated on the half-space
carrying a current Ieth, and an observer located at the point (X,Y,Z)

are shown in Figure 3.

2
Gl Y
(O; y;O) ‘uole’io/" -
X
u°;€o|dl
Yy
(XVY,2Z)
Y 7

Figure 3. Finite line source on a homogeneous half-space.
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The electric field components (Wait, 1971) obtained by integrating
dEx, dEy, and dEz from equations (18), (19) and (20) over the length 21:

- I DsN d_ '
B ] o )
Ey .-L ! P 3N dy'
N 4Y dz* Jxtoz (22)
-2
. e D}P oL \
z'_':?;‘?. ., Y9z E (23)

The Fourier ti‘ansformation of the Sor_nmerfe]d integrals N and P in

this case are given by

2 _Y¥ R —.(;‘:ij
P2 (k‘( f eR e CL"j (24)

— 0O

(o .=]
-ulz ik Y
ol o g e s
Zo0

(25)



T-1711

17

In order to evaluate the integrals (24) and (25) it is convenient to

effect a change of variables,

\j=‘j‘+d.

cig = det

i

By differentiation

The integrals (24) and (25) become

oo
-¥%i R —kaOL

-1k
Po(ke)= € *] € e dot
R

and

(26)

A kyot

Na (k)= € "“’/[ -WZJQ(%r)G de dx

(27)

Since the integrand of the integrals (26) and (27) is an even function

of o, the complex integral transform can be written as the cosine transform;

thus

Pz("v ] c«:s(l«f &) do
(2N

and sz(kx) = f/

-z
€  Jo(_)\r) cos(kﬂok)doLcl).
i
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From equations (16) and (17), the Four1er transformation of the Sommerfeld

integrals N and P in this case are g1ven by

Pa(k)= 2 e . Ko (uiv ) (28)

oo
By -wz
and N2(&)= 2z € e cos(xvi) ok,

(29)

After normalization of the distances with respect to the plane-wave

skin depth 6 , the integrals (28) and (29) become

- .4:3'1 Y! \ U e)
P2 (%\,): 2c Ko ( Y (30)
- 1 oo ‘uz
and N (34)- 277 fﬁ cos (X V) g,
) U v .
%y (31)

Then the incident electric ffe]d‘components due to a grounded cable in

the wave number domain are:

oo

_.U.Z
Ex = ~2 4941 _5_"_’_9LL[ e sin (X V) dg (32)
766 9y ]
Y

ET=“ 27z ln(cay 8 v cos (X V) O(Cj -
TG d .

Yy

_&_K; (UA’?\ (ZL—XI):’ (33)
QB
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E«z =_ 21 sin(SYL) ,(: g u Z KI & E
768 q bj.Y Y (uve)
(34)

where the factor 2 sinng is obtained for the evaluation of the integral

L 9y .
- Y ’
fe WYy,
- L

Numerical Solution of the Integral Equation

A point-matching method is used to solve the integral equation with
pulse functions taken as subsectional bases. A function which exists over
only one subinterval is the pulse function, (Harrington, 1968).

A simple way to obtain approximate solutions is to require that the
1ﬁtegra1 equation be satisfied at discrete points in the cross-sectional
areaS'. The area is divided into subsections Mx by Nz squares cells of
side dimension A, as shown in ngure'4a. The cells are small enough so
that the electric field intensity is nearly uniform in each cell. The
electric field scattering in each cell is initially considered fo be an
unknown quantity and a system of linear equations is obtained by enforcing
at the center (Xm, gy,'Zn) of each square the condition that the total
field is equal to the sum of the incident and scattered fields. The solution

of the linear system of equations is the scattered electric field in the

conductor.
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X, Zj

Xm,Zn >

Figure 4a. Division of body into MXXNz ceHé for numerical solution.

The integral equation (7) by using the point-matching technique is

approximated as

Ex (Xi) 91 2i) Ex™ (Xi. 9, Z3)
E\r (Xxl) ﬂ‘f) ZJ) = EYMC (X.&, CSY,ZJ) +
Ez(xa‘;;-ccj‘r‘z'i)- | Ez".M (X»',‘ﬂx.z's) |

™M x Nz Ex (Xml F Zp)

.fz Z_G—:mn Ex (Xm , 9 » Zn)

m-=1 n=I . .
EZ (Xm, '%\(; Zn}

(35)
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where the dyadic matrix émn is given by the sum of the non-éingu]ar

dyadic function plus the singular dyadic function. The non-singular part

is assumed to be constant over each cell, and the integration is carried out
only for the singular part because the distances between cells are small.

The non-singular Green's function Gsmn is given by

ésmn - Az Kok Kexy Kexz

IKsyx ey Revz

KSZX l’<52Y ‘<$ZZ
136)
and the singular Green's function Gpmn is given by
= ]
Gpmn = f prx KPXY l<?)§2 d, S
S§
Kevx  Kevy  Keyz
K'sz szy KP?Z
(37)

Where

Ke = Ks (Xi-—xm;Zj-an) s i#m,tn

IKp = K (Xi -X‘; Z3 —Z‘) ;4= ™,

= N
J‘
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In order to reduce computation time each square cell is replaced by
an equivalent circular cell of the same cross-sectional area (Richmond,
1965, 1966).

The expression (35) may be simplified in the following way:

i, ™n iJ' mn ij mn E mn
ij E inc M N JiCxx '<g\' Kaz X
Ex % A [
- , . s HH mn ¢ =
°JEY = Ey"° T £ ”K‘nn gy Kyz !
vmn

c e\ i ™\ Ez

g, E.’

| (38)
iji= (i=1) Nz + ]
where
mn = (m-1) Nz + "
MmN = Mx- Nz
w8 K (XX 9y, 25+ 20)

MN
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Equation (38) can be rewritten as a system of linear equations.

(39)

where Gxx, Gxy, etc., are submatrices with MN by MN elements, :he vector
(Ex, Ey, Ez) is the unknown electric field in the conductor, and (Exinc,‘
Eyinc, g;inC) js the incident electric field vector.

The dyadic matrix G is given by

{ A {0 dimn
GCxx Gry Oxz
ij MR mn i mn
X Yy NZ

ij mn }j

(E;nn i%zs

ZX Zvw z=z

(next page)

mn
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ISP LSl GRS SHBp i
§ K- S ¢ "y - OO S T -
T S L N P s L " s

with  Swn=o i f i o

and 5;:,,. =1 if io=mn

(40)
The electromagnetic fields observed at the surface of the :zarth are
obtained by integrating the half-space kernel functions of the scatt’ered'
electric field over each cross-sectional area of the rectangular body.
The electric field vector at the point (X,gy,Z) outside of the conductor
is -given by the following expression,

AR

Ex Ex_ M . K . _ _E_:

w—— —s

K
N X E N E X2 EY
R- K 22 Ez_

m

-

(

m
- <
3 3
0N "N

vy
%M
-L %
3[\/]2
- N
Al Al Al

ZX

(41) |
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where E = E (X, gy, Z) is the electric field vector anywhere.

Einc = ginc (x, gy, Z) is the incident electric field vector at a
given point.

ES = ES (Xm, g, Zn) is the unknown scattering electric field in the

y
inhomogeneity. .

Kij is the sum of a singular element plus a nonsingular element.

Integration of the Primary Part of the Dyadic Matrix

The non-singular dyadic Green's function is assumed to be uniform
in each cell. The numerical integration is carried out for the singular
dyadic Green's function over each cell, because it is quite sensitive to
the small distances between cells (Hohmann, 1971).

The integration over each singular cell is obtained analytically.
It is found that the surface integral over the elements situated only on
the diagonal of the dyadic matric are non-zero (Appendix C).

The elements of the primary dyadic matrix in the wave number are
defined in Appendix B. |

Integration of the singular dyadic Green's function in the wave number

domain over the surface of the body yields,
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((i_{ + 21«)@
z

]

fpxx ds'
5\
/KP‘H ds' = (‘:ﬂ‘o» + 2/3) Q
46\

[szz ds' - ( ‘:g: +2',«') Q
.

(42)
where for the singular cell the function (Hoﬁmann, 1971),
Q = ZL { -« Wlhe). 3
(42)

and uy = (gy2+ Zi)%, K] is modified Bessel function of order unity, and

"a" is ‘the radius of the equivalent cell, given by
{
NS
o = . -

The value of Q over non-singular cells is given by (Hohmann, 1971).

Q _—_-—Z(IZ'— Ko (UY Qo) L (UY Q.) (‘43)V

Where 11 is the modified Bessel function of the first kind of order

unity, Ko is the modified Bessel function of second kind of order zero, and

o= L(Xe=Xm)" + (Z5 - z)7%
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The Magnetic Field Components at the Surface of the Earth as a Function

of the Scattering Electric Field in a Three-dimensional Conductor.

The integral equation (2) can be approximated by a finite sumation.

NZ. My
— “i’lc —_— L =
E(x;$,2)= E (xlijZ) + (G:-— (S’\)Z Z E(".‘S,Z‘) K(Xiulzj‘ X‘l\\,‘,Z‘) dvl
n=\ m=“ v'
(44)
where the dyadic Green's function
— ! - .
E(X,H,Z;Y‘,‘J‘ Z‘) = - Y\t K (.xi‘ﬂlz/. X‘,‘d‘,Z‘) - —" v v W(X‘H'Z’} K"v: Z)
G ' !
is given by (Van Blandel, 1961) with
, - ¥R
E(X,‘J,Z; X‘,‘O',Z‘) = €
' +7 R
+ > .
and R: L(X—X‘)L‘f‘(\j""ﬂ\) ‘f’(Z‘Z) ] ) {—‘L = ‘CU/LLOGT

The magnetic field vector of an arbitrary field point in terms of
the electric field in the body can be calculated app]ying Faraday's law
to equation (44). Thus

Nz Mx
/'7()‘;‘5:7') = f_—/’”‘(x'g'z) *(6:" G/l) 5—' ZEMHIV X E(X"“l 2; X:Y;Z')CJV‘
mzt n=i v! |

(45)
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The dyadic Green's function to compute the magnetic field at any point

in the space domain is given in Appendix B,

- X, Ro
T+ &
2 4 Ro o O
- ¥i Ro
@ e
M 4qmr Ro o
o o e'r'R_" e VR
47 Ro q9mA
(46)
The curl of the dyadic matrix (46) is
Po-P)- 2 (V7. 4%
%( 2N ) o @)
— »-P)+ 2 (T+ P
VXK = o -2 (PP ) o
2 (B2 (L)
o ®) 29 X

(47)
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Thus the magnetic f_ie]d components anywhere in térms of the scattered
electric field in the body are:

Hx = Hx ' + (G- G, Z}:[/{ D(T*R)Jdv] 5;’;”"
Mx N
Hy = HY‘M + ((Y’“G")ZZ [[{ 2 (T *R’)}d":’ Emny

(49)

inc

Hy= Hz + (07 - G’)Z Zz[f {'?%‘Tﬁ?")*%&(’;};?")}av}fm

where (Po-P) = o0 at the surface of the earth.

Development of the Magnetic Components in the Wave Number Domain

The integral equation (48) for a two-dimensional inhomogeneity of

cross-sectionS'can be written as follows:

"My Nz

Hx = H;;nc-r (%;QL‘ZZEmnX[[ DT __g?)ds‘dg‘

“msl n=l

I

Mx N2

inc .
Hx + (Ga- G‘)Z Z Em,,xf F(XiY,25 4 4", 2') ds'
E m=t insl s‘

(51)

or Hx

i
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where

(77
Zz . .
. “u-3- 13 e
and ’T=+p°=47';agl[ (“*% )% & Flan) ey~

The Fourier transform of (52)' becomes

e e b [ Re(rBl) [ﬂ (43)% < 2y S
Y

21 L+ 3 v

where v = (cﬂ"-'ﬂ"\r’)‘/‘ ; o L 9y £ 9,
(53)

It is desirable to effect a change of variable in the second term

of’(53) in order to evaluate the integral numerically. Note that

vdy
(v*+ 9y

and by differentiation A cj = v/

T

Vo =0
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The transformation pair in (53) become

00

u(z+z)
T+ P e — { l<o(u\(ev\ f(u‘q\)_e_ COSECX—X)V]C(VJ

2 UL+ g
. (54)
w= (v*+ g*+ Zj\yb

where

The derivative of this function with respect to Z at the surface of

the earth is

| |
_3__ (')’z"‘Po) — 2—1'_[-.. Ut*f Zn uYQo (_X—-_X‘}V]O(V
2z Qe
Z:o;
(55)
The magnetic field Hx at the surface of the earth is obtained by
‘substituting (55) into (51)
) Mx N2z
+h< .
Hx = Hx +. A”(G:—G:\Z Z Emnx ) _ UyZn k‘(u\&s
27 & E o R

ree - UZn
+ (u-% e cos [ (X-X ')V]clv}
L, lutg 56)
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The second term of the magnetic component Hx is equal to the second

term of the magnetic component Hy with opposite sign, therefore, the

magnetic field Hy at the surface of the earth is obtained directly from (49)

inc M 2
Hy H\; + B *(GL- G) Z Z Emny | Uy Zn <\ (U'Ye‘)
2T J m=l  n=i

10,2
- (u—q e"u’zncos[(x—x‘)ﬂdi’i
o u+9 (57)

The vertical magnetic field component Hz from equation (50) may be

written as
¢ Mx N2 (v.=4
HZ - (C\v G’\‘ZZ Emnz //‘/'_D('Jif’%)_*_é_(’]‘ﬁ?o) dy‘déi
_ \ PRI
m=l n= 5 < oo
(58)
or
c Mx N=
n
H2 = Hz + (S - G)ZZEW,”Z/‘ F. (X‘dz-x‘d,z)ds
m=l n=i s'
w'here

oY

5 =[{.._(2_m:+n> 4.3_3;(%2)3 dy’



33
T-1711

The first term of the integrand in (58) in the wave number domain

is given by

0

2 (T +?o) —_— q,z&n‘: { Ko (LLYQ.,) “f‘[ (u-q >§: e—u(z+2‘)

oY 3, u+9 :

. o [OEX)V] dﬂ
v
(59)

The second term of the integrand in (58) is obtained by taking the

derivative with respect to X in (58).

2 (ham) L (t o L) ) 0 (G t) f
X : 2m u,+9

(z+2") .
e - ¢ 5:h[(X~Y)V]d‘3}
(60)
at the surface of the earth (59) and (60) yield.
. co
D (’T f?) 3 - q‘:“' Ko ("‘-YPo) + _(_C(_,_-_g_)_ :j.. -
")T 27T (U.Hﬂ u
2=0 ) 53 )
—uz

€ cos [(x-x')V] dg} (61)

v
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and : '
Q_(..’B'aj' Po) <> ZLTT-J {—(—ji-is;x‘) K (U'i Q’o)
D Z=0 ¢
co uz Ny
_ /((:193) 3 e sin [ (X-X) ]dis (62)

y .
Finally the magnetic field Hz in the wave number domain as a function

of the electric field in the conductor is given by

Hy - Hy - A.‘(G-Z‘G"l)zz E mnz (‘3., i Ko (U‘dfo)
27 &
msl nsi
o0 - uZn \
L 4] w9 9 e cos [X-X)V'] dq
u+g u v

3
. oo -UZn
Fug (X-Xm) Ki (W) + [ w8 9 e sinUX—Xm)"]d‘*)

. Q : 3 u+3 U

(63)
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The Incident Magnetic Field Component Hx1 at the Surface of the Earth

The magnetic field component Hx1 due to a line source of finite
length oriented in the Y-direction in a half-space of propagation constant

X is given by (Hill and Wait 1973)

2 3
il [P, 2P TN gy
car | \nyz? Y20z ozt ox? (64)
where X:z= wrt- n
“and X‘: iw po G

limd P O%P
. i Q___
At the surface of the earth z.-."«;;)z’ ——72313“2"

so that (64) becomes

X
S )N dy'
Hix 2y » VZ22x”

(65)

Substituting (12) in (65) we obtain

, L o0 v ' ‘
e o= L fb_‘ [we™ ™ 5 (xr) 4] dy
Yam gt ) J, X (66)
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adding ax and subtracting A to ul, we obtain

. 4 -wlz
’I(VIC: I 91. _). ; e d}_d \
& 'zﬂx.’Lfon‘*{(“' )3 O+ I

4 r @ wz
3 0 dady
e, Sef (€] e

The second integral of (67) is related to the Sommerfeld (1926)

integral as follows

PYd =fxe'“"3o(xr) dr =z e B%
2z e

(Yt*‘)

. P . .
where the function %Ei is continuous for all values of z»0. Then (67)

becomes ;

inc 7 ‘991' (u.l )_) J. (2 ) e_"' uc'f Ay

- o = o ¥ '

Hx ”211{,"[23)("{ } el

? - R X

z gzj‘[_z_g_ (»(,4.1)] dy

+ T '3——2_ 2

ZTTY.‘ X -I R. (68)

In order to obtain an expression for the horizontal magnetic field
HxifC at the surface of the earth we take the limit of (68) as z approaches

to zero.
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f:"of[)y (LU l)]o().r) ]dl d‘j‘ =

jf (u‘ %)J(n)]“‘%ﬂ"ﬁ

and

.eamfe_gf_[_ ;_g,‘{‘P‘( Yo + :)] dy' = O

Z =20 -gaxz‘ . R*

then (68) becomes

0o, |
He = LLLIQ%T { (w-)_) 50(7‘_(}}- dxr al‘j

(69)

by multiplying numerator of (69) by ul + A and then replacing u12 —2:tn/

its equivalent 332, which is a constant we pull out of the integrand, we

obtain

inc ] 2,
f4x = E{. J/” ;2_. :Io(}Jj_ d)hctyl
ZJ ¢>3)(2

walrx

(70)
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The Fourier transform (70) yields

inc 2 ¢ e o &k‘{‘ﬂ
Hx:LQ_[[[ T ar) o N an ay
| 2w OX ph S TR
(71)
‘Making the change of variable y=t+y' in (71), we obtain
n . o oo | kgt -tkyey
Hi'= L 2 L(xr) €7 T dt da dy'
27T dx* wl+ x
<f Jo L oo
(72)

The integrand of (72) is an even function of t; therefore, the

bilateral Fourier transform reduces to a Fourier cosine transform

mc

N JQ ) _i‘cY ‘3\
Hx :%_le Jo (>r) cos (kyt) e 44 dx dy!
~f-°

ax Wi+ x
(73)

substituting | g ‘
2 SinAkYQ FOT [ a-bk\f\ﬁd’%\
k's( 9
(&, @
cos [X (A= kT)/‘] ﬁor [ Jo Lp.r)ws(h,,t)d,t
(A== :

and

(73) becomes o

He'"S 271 _)_[ [ cos [ X (A= ky)/j }d; Sinky
T if2a

X K, (W +x) (= ,b)/
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and evaluating the derivatives with respect X gives the horizontal

magnetic Hx 1 at the surface of the earth

co
mec___ - 2RI sin ky,?/ vi cos(ViX) d _
| 4 k | W+ A )
4 'k’ )
- (75)
If the distances are normalized in skin depths
<O \
Hy= - 2L sin9,L v cos(xv) dg
7 Iy g w+ 9
b ]
(76)

The Incident Maagnetic Field Components Hy' and Hz1 at the Surface of the Earth

The maghetic field componenté Hyi and Hz1 due to a line source of

finite length oriented in the y-direction are given by (Hill and Wait,
1973)

H‘rim:___]_'__’.g_zqﬂ_ . Dsp ka\
26T ) TwawaztT dxJydz

(77)
and

in U Ny . ¢ |
SERREN ) R LA R
2 ¥ X DZ DXd> axoz*/

(78)
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o 2%P
At the surface of the earth in (77) is equal to zero,
Y Yoz
so that
D‘fN dy'
ﬂT{ 9X9Y32

(79)

By inserting (12) into (79) we obtain

? o0
nc _ I fa?. oz
stz [ Bl [we K] 4y

(80)

adding 9 and subtracting A to ul, we obtain

HHIC 7 I e A ’
Y =‘zwfbxay {f(“'"” 20-r)€dx ‘5}

Ji 2 o0 T4
- L J/ﬂ .é%- i J/. X Jo (7&!’ 63 Ci;Lti \

81)

or

~ulz
Hh‘—-—l'.—'[—b— (Ul")—)q_o(l")e OL)..d.(j,}
FTamyt ), oxo

r m 2 e R (1] dy

T arg 2xdY
(82)
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At the surface of the earth (82) becomes

- L. &
Hy = I[ P, {f(u!—l)d’,,().r)d}dtj'

-:--2"0’11— _2 DXa\j

(83)

we now multiply the numerator and denominator of (83) by ul + A, employ
t

the identity w - 2= ¥
and obtafn
inc 4 ro0 2
My hz// 2" [ 30r) | dady
#7 Jylo X024 i+ X -

(84)

Thus the magnetic field component Hy‘i in the wave number domain at

the surface of the earth with the distance measured in skin depths becomes

oo

inc : . .
HY 2 9ys s:nQny s5in(vx) d% (85)

UJ*'%

I
[~
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Substituting the Sommerfeld integrals N and P into (78) yields

:nc— T 2 L - Uz 2 2 ~uiz ,
Ha = 2o 55 {ff {u/ e TR ()= (wEx)eT 5, (ar)
Z o

_are” OJ)S dady'

(86)
or
inc !
Ho - %{[f A(x - w)e” J(;J)clxdas
(87)

By multiplying numerator and denominator of (87) by A + ul and then

replacing ul2 - 22 by v12, which is a constant we pull out of the integrand,
we obtain
inc

. 2 oo —wizZ |
Ha =__I_99_{[ 2e TT(xr)da dy }
X

21 ul +
o P

(88)
‘At the surface of the earth (88) becomes

HZ™ - - I {f[ X I 3—0(1"\0’)6{9 }
.277 X al + A _

(89)
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Thus the magnetic field component Hz1 in the wave number domain at

the surface of the earth with the distance measured in skin depths is given

by

H, - 2T /___‘5__ sin (xv) dﬁ} singy L
9, 0" " Y (90)
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METHOD OF COMPUTATION

The first step of numerical evaluation involves the computation of .
the incident electric field vector (Exinc, gyinc, Ez1NC) at the center of

each cell in the body.
The three electric field components are given by (32), (33), and (34),
where the ExiNC and Eyi”C incident fields are functions of the complex

integrals.

ha uz
A _—.[ €™ sin(xv) dg
| Iy (91)
and

> -z
B = [ e vV oS (xv)w:lﬂ
3

(92)

The second step is to calculate the elements of the dyadic Green's
matrix. The singular part can be calculated in closed form and some of
the elements of the-nonfsingular dyadic Green's matrix must be evaluated
numerically.

The integrals (B-18), (B-20), (B-21) and (B-23) of the non-singular

part matrix (Appendix B) are given by

[ e

(‘.1-2'\
) uvcos[(x X)]dﬁ

‘;lcﬂ

(93)
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[0's] .
; _u(2+zﬂ
D= / (2 - _3_) - sin[ (X-x')v] lg
Yy (94)
g _(J.(,ZL+‘Z‘)
M= fa(z 5) © cos [ (X=x')v]dg
E v (95)
and

o \
_ - ul(z+z )
% (%) = 'Lf 55 ) 3 e cosroex)ids
v (96)

The third step is to solve the system of equations (40) for the electric
field in the body by Gauss-Jdordan technique. Finally, the -electric and
magnetic fields outside the inhomogeneity can be found using the integral

equations (44) and (45).

Numerical Evaluation of the Integrals

With the change’of variable g = (V2+gy?)% the integrals (91) to (96)

-at the center of each cell can be transformed to

oo
A-_-f e-uzv ein( XV) dv
o Vv ag (97)
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45

-—uz
vt COS(,KV) dy

B - [e
o VVz‘l'qt;.

(98)
= )
v ~\Ya - ulz+z'
C = f ( 2 - (v *‘3‘1)/) vie Lcc,o;[vcx—x‘)'.l dv (99)
Jo @ Vorar
co
A _ulz+z')
D = : ( 2 = (v'+t 9y ) vV € sin[uix=x)]dv (100)
° u Vo ray

o 1
‘ 2 e ~—u(z+2z ) \
M =/ (2 — (V" + %) | e cos Lvix=XV]dv 0
o w ."Vt‘f‘ QT‘-

> ~ (vt 2,Y2 _ulz+z)
% (‘3\«) = 1 {“ +9Y) , € ws [VXx-x)]dv (102)
' o LUt (V+gi)™ | U
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In order to calculate the integrals, the integrands are computed

numerically and separated into real and imaginary parts as follows:

oo ce fo.0)
[ F(u,z,z‘,v) dvﬁ[ Vdv + A.f¢ dv
[+ D o

where \y = ’RLF(u’Z’_Z\' V)]

L [F( u,Z,Z‘; v)]

and ¢ =

are the real and imaginary parts of F (u, z, z', v), respectively.

\y and ¢ are continuous and smooth functions in each integral. The
numerical procedure used to evaluate the integrals is the same that
described by Hohmann (1971) and similar to that described by Meinardus
(1966, 1971) and Frischknecht (1967), which consists of writing the

integra]s\yand ¢ as the sum of the alternating series

\:[/= \_.!_/,..4\‘y2+\_ya. e e e "'\},’zo
D= P Prps e -Dao

—

and

where

wn-ﬁl COS(V)dV +
n+ w(n-1)
= .

]

RI(F] + i TLF]

T+nT
2

A ¢n+: cos(v) dv

T n+T(n-1
z
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04'01
and ni nTr
REFTILFT= [ WosinVar + 4 [ P s
' mn-1) nin-y)
n=L,2,3 .-~ - ,29

Each term of the series is evaluated between zeros of the cosine and
sine function by Gaussian quadrature.

Thé summation of these series after the twentieth term may be made
more rapidly convergent by applying Euler's transformation.

The term for n = o for the cosine function is integrated by a
Simpson's rule algorithm.

At the point Xt = X - X' = o the integrals (99) to (102) can be

evaluated using Simpson's rule and they are reduced to
NS -u(Z+20
c [ iz_cvwx) j ve dv
= u ,
° Vivs+ oy (103)

oo s _ulz+z")
M=[ {2 _ (V‘+9*r)'/2} e” " av
2 o« Vv + gy (104)
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and

oo

")Jz(Q‘f):'z—l.;‘T.[ i

Iz
U—-(vr+gYy) /

—ulz+ z‘)

ut (Vr+gy)is

) £
w

(105)

48
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NUMERICAL RESULTS

A thin vertfca] dike of infinite strike length and small depth
extent relative to the wave length in the surrounding ha]f-spacé is chosen
as a model, (Figure 4b).

The source is a 100-meter grounded cable that carries 10 amperes of
current located 250 meters away from the dike. In this example the depth
to the top of the dike is 25 m, the thickness is 15 m, the depth extent
is 150 m, the incident‘field frequency f=1000 hz, the conductivity of
the host rock o, is 10‘3 mho/m, and the conductivity of the dike is
1 mho/m.

In the present analysis all distances are expressed in units of
skin-depth &, in the lower half-space.

The magnetic responses have been studied because they are more
~indicative in the shape than the electric field response.

The‘electromagnetic field components are calculated in the wave
number domain for several values of k, so the inverse Fourier transform
can be carried out.

The transformation of the electromagnetic field component from

(x, Ky, z) domain to (X, y, z) space requires evaluation of the integrals:
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b2 "k
Hx(yz)= L[ Haixn,z)e?™ Y,

o .
| ) kyy
fi&'(x)‘)7 29 = %%;/’Gp f/y‘()g-ﬁao Zé) & ’ Ci}?y

IL/Z (le/z.) == _ﬁ_{_-fooH2<Xl )’/Z>6 (;[k)/

The electromagnetic components in the wave number domain are calculated
for the same seven values of gy as used by Coggon (1971); those chosen
being .05, 0.3, 0.8, 1.7, 3.6, 7.2, 15.0. For each value of X, one
electromagnetic component is calculated for seven values of gy, and
interpolated by a cubic spline function so as to provide 128 points. The
new set of values in the wave number is transformed to the space domain by
the Fast Fourier transform method.

"Maps of the amplitude and phase of the magnetic components are shown
in Figures (5) and (10). For cdmpafison, maps of the amplitude and phase of
the magnetic components for a uniform earth are shown in Figures (11) to
(16). The magnetic components for a uniform earth are ca]cu]afed by
expressions developed in Appendix D.

The amp]itqde and phase maps of the magnetic components indicate  the
presence of the thin vertical conductor. A1l the maps of the electro-
magnetic field display symmetry about the X-axis. Figufe 5 sﬁows the
horizontal magnetic field map Hx in amp/m. There are two peaks in the
magnetic fields directly over the body, 0.25 amp/m each of them. The’
phase yU% is indicative for determining the location of a conductor. In

Figure 6 the minimum value of the phase is situated over the center of
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.of the body.

The horizontal magnetic field map H, is shown in Figure 7 in amp/m.

y
The maximum ampiitude is Tlocated directly over the center of the body
and corresponds to 1.0 amp/m.

The amplitude of the magnetic field in the Y-direction decay exponentially
away from the center of the dike.

The location of the subsurface conductors also can be determined by
noting the position of maximum gradient for Hz measurements in

Figure 9. In general, neither‘90;rmn~yg;nmasurements are very useful

for determining the location of the conductor.
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CONCLUSIONS

The e]ectkbmagnetic response of a two-dimensional conductor buried
in the earth, for grounded cable source excitation, is theoretically
formulated in the wave number domain using an integral equation solution
and is calculated numerically by a point matching technique. The
electromagnetic components are obtained in the space domain by using
inverse Fourier transformation.

The transformation of the incident electromagnetic components and
dyadic Green's matrix to wave number domain increases the number of integrals
which must be evaluated numerically. The calculation of these integrals
requires a large amount of computer time.

A1l test runs were executed on a Digital Equipment Corporation Model
PDP-10 computer, a 1‘{ sec cycle-time machine. AThe computer run-time
to calculate the three-magnetic components for one station was 8.6 seconds.
The computer time in this case cou]dvbe reduced if the integrals were
computed once for given values of gy, X?X‘, and Z + Z', and then were
supplied to the program as data.

Further investigation of this problem might involve the effect of
conductivity variation, the effect of frequency variation,i}ocation of
the dike relative to the source, and depth variation of thelbody can be
studied using different models. Also, Tength of the grounded cable could
‘be varied to ascertain its effect on the electromagnetic components at

the surface of the earth.
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The results presented here are for a grounded cable as a sburce.
However, the source can be arbitrary by changing the expresSidns for
the incident electromagnetic fields, and then transforming to the wave
number domain.

By changing the expressions for the incident fields and for the Green's
dyadic matrix, the effect of a conductive overburden can be studied.

Some important factors which have not been considered jn this thesis,
multiple conductors, dip and arbitrary source can be analysed usihg the

same formulation.
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APPENDIX A

Derivation of the Green's Tensor (*)

Consider the following geometry
aif %: Lw Eo

7 -3 X
easth <= G +. we,

. (X,Y,2)

~ Jdv
Y v, '(x.Y,z')

Figure A-1: Green's function geometry

We wish to find the dyadic Green's functidn relating the
electric field at (X, Y, Z) to the elemental source current

volume at (X', Y', Z'). That is, we want to find ;E , such that

E(vy,2z) = K (x,Y,z; X', Y‘,z‘)j(x‘,y',z‘,)oll/ i)

Then for a large volume of current, we can write
= = = . (A.2
£=[K-Jdv )
. v
We begin with Maxwell's equations written in the form

\

(*) (Hohmann, 1973)
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_UXE = z H (A.3)
VxH =y E +J (A.4)
Let the vector potential A be defined by the relation
H-."‘ VxAa (A.5)
Then, from (A.3)
VX(E + 2A) =0
which implies that
-E— + 2A = - V}D ’
or E =-2z2A - V7P (A.6)

Taking the curl of (A.3) and substituting (A.4), we obtain

(v &k )E = V(V-E) +2T

where we have used the relation
UXPXF = €7(:V7'F=) - UYF

(A.8)
Substituting (A.6) into (A.7),

68

_i (e k)R- (ruR)ep o v [20R) e vip ] L 27
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Choosing V-

P

]

I
s
8

) (A.9)
we obtain

(72-1- kf)K:- j: = -j‘dv J(X‘)J(Y‘)J(.Z‘)

(A.10)
Substituting (A.9) into (A.6), we find
E=-z2A + Ar \Z4 ( V7'/\‘) (A.11)
Y

When (A.10) has been solved for A, the Green's tensor can be

derived from A using (A.11).

‘Define a Fourier transform pair as follows:

a—

F (R) = [{(sz) e " ax?

(A.12)
2 , K-X
— | - L °
(X) = _[ F(R)e dir?3
f 871-.-00 ) (A.13)
Then, Fourier transforming (A.10) we obtain
A 7 d c"éE'E
A(R)= L22& (A.14)
[KIT- K .

where



Performing the inverse transform,

— _ © ks (z-2") -4(kx><+ ke Y)
A(k‘l lr3’/Z)= Jdv‘[e dkz
) QO

- _le + (k" t k_y—- () ) (A.15)

From Erdelyi (1954, v. 1, p. 8, #11), |
S n —utfz-2zY
A (ke ky,z)= ~JdVE (A.16)

w!

where ( k': + kY'—_ k\'t—)'/z

Us1ng the relation (Banos, 1966 p. 19), |
k k. -,
j’jf(kx*ky)e (”L:J,,’;)_znj () To (rr) ada (A7)
~*Where

- k"‘ 2.
. = x + k
we can write A Y ’

;\-(X,Y,Z) = [j
817"

_ ooe u//z- z'/ 4
- , 2
A (ﬂ,Z) = J . V[ = ;TO()L ) (A ]8)
o

_ kx(x— x) + &y (Y-
wi(z- Z}eaf dicx d o ]

and

Y2
where n = [(x—x‘)z+ (y- Y') "1/
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From Erdelyi (1954, v. 2, p. 9, #24) we find

f— - _'k_
A = Jdv & ‘cRR (A.19)

YT R.

with

R= [(x=x)% (y-7)% (2-29)~]"

(A.20)

The primary part of the Green's tensor can be derived from (A.19)
using (A.11). To find the secondary part of the Green's tensor, we
divide the field into TM and TE modes. The TM and TE vector

potentials are defined by

a——

% F = & ' U.z ( TE) (A.ZZ)

where Uz is a unit vector in the Z direction, and the scalar potential

are solutions of
-\ [ 7
vi+ k ) =0 ~
(v° 5 (n.23)
The solutions to (A.23) in transform space are

u

}0( kx, l“// z) = 50.‘-('“" ky)' e

e (_kxl Ky, z) = 9+(k": k‘l’) e:uz + Qf'(kf, ky ) €

71

S

Z N >0---(1‘—"'. A‘y) e-!-azv

uaz
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While the electromagnetic fields are given by
Ex =L 227 _ Qe Hx=2% ,1 228
Yy oxdz 24 Y ~ Z dxoz
‘ 2 . __JDP | D% (A.26)
F = L D f + 26 /—(Y - ‘=
Y T ¥ 50z X ¥ '3 Jg9oz
Dz / D% z
Ez ol (L 410) P Has 555+ D)o
y L2322 <
For a homoéeneous earth, we set up solutions in the different
regions as shown below:
) -aoZ
(% p Bo E > -0
-urz ' w2z
+ + - -
(95,6 )e  + (¥, &’)e |
Z=-2Z

ulz

(%, a)e

Figure A.2

Lo Wz - L wz
where ‘fl € and 8 € are the TM and TE components,

respectively, of the primary field.

By analogy with the plane wave solution of Wait (1962, p. ]1“ff)

we can write the secondary potentials as

"= Rew ¥

69;+ . Rrte 6~

(R.27)
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where the reflection coefficients are given by

Ni + No |
and (A.28)
4 RTM:< <i— Ko
(<|+ ko
with
74
- 4 and k= =
3 b4

The next step is to find the primary TM and TE potentials

From (A.5) and A.11), the primary vertical fields for an X-directed

current element are

H; = - £ .éy Ax (A.29)

-~

Ez = ¢ kx Jhx (A.30)
’ G, 9Z

for a Z-direpted current element, we have
_92' . |
EFz = (-‘)—Zz + ki | Az (A.31)

(kx +ky) A2
G,

73
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Now, from (A.16), we have

o | - ! P { :
Ax< _ I, v —e_:tw(z; 2_b(kxxt+ k,y)
Az Jl 2z W | (A.32)

where (+) stands for (EE?X%) the current element.

Combining (A.26), (A.30) and (A.32), we find
- e - “(
F wz' -'('( kKxX+ k )/)
e

k:"'kyz T - Jx dv ( kx €
G, %x .‘26’{ .

so that N .
’ 1

. Pz eode Ky )
- Txdv < Kx e ‘
Yo = + g e

(T™) : 2 k% + k; : (A.33)

For the TE potential, we combined (A.26), (A.29), and (A.32)

sz _i(kxx'tkyy')

ki + ky ©5% = — _&_Vck e’
e 2u
so that

(e kyY')
(TE): Oix = = LQJ}Lo JKJV /'k\f *u’,ze ‘ (A.34)
2 “"(k&“‘v)
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For a Z-directed current element, there is only a_TM»pdtential;

From (A.26), (A.31), and (A.32),

l Wl
- Czwzt o (kxX + ey ¥
$, = Jzdv ew e (A.35)

(T™) :

Then, in the earth above the dipole,

v $- s12 "~ R1™m -z
= e + [
e [ L e T

While, below the dipole,

o) e

Yy g [..wz l Rm} _wfz+22")

e + Rre c ] (A.37)

" For a homogeheous earth at Tow frequencies with /u'=/“° s

the reflection coefficients are given by

Rre= -2 o w=-2

= (A.38)
ur + Uo art x
L
Yo Ul — Uo

R1M= -Z'_ |
Yo ul + Wo L
—_ A.39
3 ( )

o

= (kxl + k;)

(A.40)
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. Let us now derive the dyadic Green's function in Fourier

transform space. Using (A.26), (A.33), (A.34), (A.36) and (A.37),

we find
r ai(z-2") _«u(z+z‘)] Ivi‘“
: = e - Rrm €& A -
K xx 26, { [ mh i (A-41)
e ai(z-2") - utlz-i-Z') k: kz' é  (kax's k)'\/')
+ [e + RTE e (K;"!'K;')u"

In order to separate the Green's function into current and

charge parts, we rewrite (A.41) as

_ k. ? _U.l(Z'fZI)
gy i) [[55) 5 e
N N B wr g e + gurxr
KXX X Py 2 Y 2
2& kx + ky k( + ky
' + w(Z-"Z') _.wLZ-i_"Z') (A.42)
. = u-* e o«
MY [ € * {uH—}. ]

2 (kx x'+ k)’yj
. €

The pr'irriary part of the first term reduces us ’/u, E while

the secondary part reduces to

2
(w-?c} k, - ul

w
=

U+ p =
}'1. A %" Al }. L/

_ R NP
—wt y =Y
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Thus, finally, in Kx> Ky space, we have

' g ei“'(z'z‘) (é._‘“-’e
= — -k +
Fax 20, ul { . P

; . _ \) .
[ rwi(z-2") - Pl i (A.43)
+ kl [e 4= ( u"+}. ) o
~ilkex'+ k)

- ul(, 2-#7__.')]

Similarly,

-2z —wr (z+2')7]
PRI | PEL L g QL
’26" ”(‘ ‘*’ky _

+ wi (2-2') ( w-7) e-ul L21-z')]._ e ey )
* (L1 +73) (v viy) w ' '
+ ky y)

+ kf;[hfi
| Fx¥
jer

Combining terms,

Ll kX't kyy!
] r rarlz-2") 3 _ullz-f-z-')]‘}e Clkex's YY)
,—( Z —— - kxk e zw‘_’ e
i { Y[ i ( )
20rat > (A.45)
Also,

z w.(z-—z‘) e-ul(Zfz‘)Jj e—i('cx)('-t- ky\/')’

(A.46)
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" From (A.26) and (A.35), we have

¢ k ot (‘U(z-zly _ ,,u(Zfz') ew‘; (k" X+ \‘YY')
K xz“f‘@‘f[*—'e + C (A.47)
i

2 -2')  _ 2)] _-i(kex'+ sy y!)
K, = %:-[ e ral(2 ?_ e wt (Z2+ )] e (h16)
"l

or,
+wt (2-2') -l (2-*2‘)]
1 Jur|e” _ e
K Y4 —2Gl wl { ‘ .
-~ . u,(Z-'Z.') - u.l(Z-f-z') A (kx)( + kyY)
+k|"’-e‘ -C ] e (A.49)

The Green's function in X, Y, Z spate_is» given by inverse
Fourier transforming according to 7(A.13). A]ternative]y, we can use
(A.17) to find the solution in terms of a Hankel transform. Then,
from (A.43), we have

' — ' 1

‘ o Z[(%}Ciu“iz )(2_. }‘) 6— wr(2+2 )]
K xx =m7£ {w‘l ¢ !

_af (Z'fZ')

| rw(z-2") fw-2\x @
+ k"’[ (’}'} € + (ZZ,T;)ZZ/' 33(?—»)0((;;50)'

78
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. From (A.45),

o N ' a)
9 W Lt wi(z=2') . —ui( 2tz
K =7, {iﬁay/o [(&7 e a)e ]La")d‘m.sn

From (A.46),

R P e X Tolpr )4

From (A.47),

] ‘()2. *+ UJLZ‘—Z‘) _LU(Z'!'Z‘T} L
P N A

From (A.49),

Nz- lﬂrf [ (
z')

k"[ 1'LU(Z
+K

+ al(z-2 ) X (2-!-2‘))
e ]

_ul(z+2')

e ] }i 3o(2n) d &

(A.54)

Now, using (A.19), and Tetting
o - -l (Z-+Z‘)
A 'z/ (2- 57)3 % J(an) =
o

| (A.55)
—an(z+z2")

~~00
o, -x)e T e xle2)
] ” f_il (- ) < JAT (2r)elr

- 79
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o0

_ wl=x\ 5 _a/(:z-t-z‘)
o= Jq (%W)‘B—(Z € Jo ()l r.  (A.56)

Other necessary relations are

_%[as(u)] = - (z%zz‘)xa'.(zm)

—n(z+2')
[e™ R dn- L

S

(A.57)

(A.58)

e—zk.rz . .
V( = z_[(x-x‘)>?+cv~v')7: 17—2'}2J T3

(A.59)
_ it R
ith T = (<kR+) £
(A.60)
o e_i,k.Zs)__ L(x_ x‘) ;(‘ {'(,\/-y')\}.;. (21"2‘) Z.J /Z;‘
=
“(A.61)
_4kRs
‘ C LR 1)y €
with Ty = L"k' s 7T ) 3
AV (a.62)
_ -y + (2-Z
with g= [0~ F LY y)T L )] (A.63)

_25 - [CX"‘X‘)L"' (;Y‘)’?,:‘-(Z'f'zyjyl

(A.64)

80
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- Thus, the dyadic Green's function is given by

K xx =1,‘,%g-, i"a‘?;[(x-x‘)(%ﬁt 7)] + k-z[%__ék.ri ?;]

KYY=;}‘5~,{ 3y
- ) .
K 2y =";’£,'_—G-l {-‘ ;%—/-[(Z z') ’)'3 + (Z'l’z) *]g (A.65)
/ D) (B- T
sz"qzrc; { "BE[X <) ? “U
TR 2 [(v-y) (% - %)]S
o, 22 _ikR _ ikRs
' ‘_‘_k_”[e _ € ]

L [-2 (2-2) Ty - () B 4k Rs j

KZZ 4T 4, 32[
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APPENDIX B

The derivation of the Green's tensor for three-dimensional bodies

buried in the earth is given by Hohmann (1973), -

-8R,

xx = 1. X=X T3+ W) - ¥ ¢ 2
K J;?s:{ ox! [T ) ! Eo w T ]}
Tt R '
K yx= 4/'76'3)4 [( ) (Y- )]
_Kv2x=._‘_/'_’;.6\;%<‘[(z-z‘)'}‘3 + (z"'Z')’ﬁ/]

o P) x=x")(T + )
R owv s b L 3 + 1) ]

| -¥YIR
K"\(Y: ‘;—”G_',{-D [(\'S “.‘ (’Tz“"h)] - ‘(\ [e + TV]S

K 2y = —'77_ 32- (_(Z Z)’}'B-t- LZ-!-Z)TJ

K xz = 1 %\ .[('X"—X‘)(’)—z + T«,«)]
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(13

Ro

- ¥iRo
("‘G/gRo+l)€ ;
477 Ro
= (-vire) e V8
41 R
lZ
- ('7&7/_\' (\‘z)/

| N Ve
- \'_(x-x‘)m—f (:5-‘3)]

= [0+ (z-=))"

[+ (z+z)7”

1}
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The Green's tensor can be divided into primary and secondary parts.

The pm’mary or singular part represents the effect of the whole space of

conductivity o, and the secondary or nonsingular part represents the

effect air earth interface (Hohmann, 1973). Then

=KS+Kp

~

The primary part of the Green's tensor is

' — %\ P) v ) X —x"
a_9;(‘(x ML+ P 2.(x x) % 2 (x-x)7,
= ' P t P ) '
) -y “ -y} + To < -
KP = '5')'(':(\1 LJ)T’ ')\j\('\j ) DZ‘(H ‘5)‘3'3
2,(z-2)%  Z. (2% 2 (z-2)%R
where (‘B*G\
The secondary part of the Green's tensor is
2 (Xx=-X)T+ T 2 (x=x), 2 (x-x)7
22X - 49 22"
< - 2 (4-9)T 2 (4-4)T+ T 2 (4-94) T
KS o ‘bx, .\) ! 3\1‘ ) Dz‘(‘ ) ?
N \ ' D Z Zl ’r —
3 oY
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Some of the elements of the singular matrix can be rewritten

as follows:
‘ ~-¥iR,
(x-x)%H = L 2 [ €
4T X} Ro “iR,
)T b 2 (€2 ®-¢)
¥ 09\ R _pp
)y, -2 [ et
(2=2)% = 7 55 ( .
Then, the singular Green's tensor 1is given by
b:f_o -+ Po az'Po az‘Po
2 X'* 2y4'ax! >z ox'
Ke = 2R DB +P 'R
x'y’ 249t 2 z'o4!
-D-LPO 9""’)0 szPo . ?o
where Ax'22Z' 2y'22 D=z'"
¥, Re (B-9)
Po= E
Ro

The nonsingular Green's tensor is given by

d (x=x)YT% + T _?_‘LX—-x‘)"n P

X' oY D'_Z—’-(SX‘
= - | 2 (497 O (y-9) T+ P
® Xa 9! PETEE

P o'P 2P _p
ox' 02! oy 92 o=

(B-10)
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If we multiply the integral (B-2) by (x-x'), we obtain

—ul lZz+ |
(x-x f (2* 6’ ﬁ(i x)JJ.(R)d%
Qo
and after substituting the relations 05“")
2 (Jo (2)) = 2 3 (2R) (x—QX‘)
(B-12)

in (B~11), we obtain

co
~ual(
oo g T 3)e g oo

In the same way we can write (15’/3)
o > _ur(z+2")
(‘1“1)71—;;;0 (2- 2 )e 2, (T (28))
@®-)

The Green's Tensor in the Wave Number Domain
| The elements of the singular and nonsingular Green's tensor are
calculated analytically in tﬁe wave number domain.
The elements of the singular Green's tensor (B-9) are

PR _, { UF 0ox)” o Ur®) + uy s (uve) [(-x) 322" 3}
Q’l eo

2R { Uy (Zg Z) K°(u‘r€°)+ OQ‘Y i (uﬂ%)[(z ~z')=(*-¥) 1“

2)2"

g‘jﬁ —y - 29y Ko( UyQ)

’Fz, — 2 t<c»(C*TQ°)
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S —= 249y ur (o) 1 (o)
iy > 2 Uy (z-z)(x=x') {Ko(“r‘a")ux + 2 *‘(“YQQS
A;K'D2Z Qo

(B-15)

@:fe_ — > 249y Uy (z-2z']l Ki [uygo)
2y'az! R

The elements of the nonsingular Green's tensor in the wave number domain

(p-16)

are given by

o
 —ulz+2')
p) (X"‘X') > "g'ﬁ-[(z' %—)Vf cos[(X—X‘)V]d’g
2x! Jg,

o
P (\;’_\d‘)’r‘_' (3‘4: [ 2_ q) e“u(%ﬁz‘) .
ox' 7 o sin [(x-x'}v]dq
oX <,277- %6 (w (o8 (_5’17)

2 (y-y)y—e - N _ g\ _-u(z+2)

o (X—X‘P 4
Jas « c s[v )JS (B -18)
;.)j_? . —> 2uy (2 +z‘)(x-x‘) K‘o(u\(g,,)u.\f + 2 I\‘\(u&a)
202 Y { _@_} |
. | (B-19
,5--—;%2\ — =24 9y Uy (2 +2') < ( Uy Q) (3-20)
'D:'—;P ) { u:\(l (._Z__.*_‘_Z_\) Ko(uY ?o) + um(u‘go) [(Z-i»z‘)'l-(x—)(y‘]]
227 - R e3 3-21)
D(x=xVE_ 3 (4-4) K |

B-22]
PEY - DX (
Finally we obtain

®© 9 -u (2—%2‘) ) j
A U9\ 3 e ° X=x')v]
0

(B-23)
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APPENDIX C

Integration of the Elements of the Singular Green's Tensor

In order to ca]cu]ate the electric field at a point (Xi’ gy, Zj)
due to a square cylinder of current centered at a point (Xm, g, Zn),

it is necessary to evaluate the following integrals:

Qi = f (x-x) Ko (W %) s
- Sl QO‘L

Q‘L = [ [ (X-—'X
s\

Qs = f Ko (UQ:) ds'
s

N (z-2')"]) Ky (U Re) d S
R?

@ - f (x=x) Ky (iR ds'
s &

Qs = / (2”21)(3“"‘) Ko ( UyRe) d's’
s Q.

\ U 1| (& oyrds‘
Qe = fs* (2—@2;)(’( x) i ()
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Consider first the case where i=m, and J=n. Consider the following

change of variables:

\ (%zé§? Tp

4 = . — X O R '

o= \ »’7[,,)/%00 ngé’& 223

¢ = 2i-Z \ OLop U oy
so that ( aol” + Q}znﬂ /s 5%thv&g.

Qe = ( ‘904/{?’15’
Then the 1imits of integration in X' and Z' change from:

(X4 8/, %rn -2/)

and (Zn+A/z/ Zn"A/2-)

and changing to cylindrical coordinates and approximately the square cell

by a circular cell of the same - cross-section area. (Richmond, 1965), we

2
é‘ = f/[m1e Ko ( u\( QO) Qo ClQo do
Qz = [fwze Kl(_u\{%o) rolgo ci,e
27

Q;’, = [[ o (u‘f%") Qo C’Qa de
5 ?;a .
'Q‘,' = f[gin e <\ (.uY?")Q"o[Q" °Le

0 ]

j:/‘;in?e Ko (u'f?")({"d%cj'a

Qe = ][;nze Ky (Uy ) Re e Lo

obtain:

)

Qs
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2
Q= f[l‘;m’w) Ko (u‘f%') roleocﬂe
or Qi = T [ko (UyRe) Qe olRo

It is readily seen that only Q and Q3 are non-zero.

Q1 can be written as

Q, = ﬂ'fKo (04R)IRe AR

and a

Q. - fm(u&w%

(-]

Integrals of this form have been evaluated analytically by Hohmann (1971).
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APPENDIX D

Magnetic Field components at the Surface of the Earth.

Equations (64), (77) and (78) at the surface of the earth become

! |
Hx = L IIN gy
g [1) PE L (0-1) -
| P
Hy = _L DIN_ ‘ |
T 5 ) IxdYo2* Ay (D-2).

| f |
N PN P
Hy = L [ DY R O A WX
2n§* J g |oxoz® { 2x9z ~ Ixoz® J0-3)
The derivatives; of N can be simplified by replacing the 'deri'vatives

of the modified Bessel functions by Bessel functions of zero and first order,

(Hi11 and Wait, 1973). Thus,

DzN = _bj__)(_ [Aoo ToKo + AnTiKi + Aov Lo Ky + Awo I k‘o]
V¥o0Z 2 .
- ¥, 2 - -1 +2
where Aoo = Q’:K:- , An= - _é; , Ao =
b [+ 2}
Alo -~ Re— ( R)
(D-4)

At the surface of the earth (D- 4) becomes

DN X (Loki+ I)ke)
ADZ ZR‘

bim
20
(D-5)
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DIN ¥ ” |
'DWZ?-_Z—‘ [Cooro Ko + CuIlKl + Co, ro K-‘ + Cio I; K'o]

Coo = ﬁzz[ L 2
SL .3+ ¥ X+ 15XY
R? R‘]

where

Cu = _E'_ [—2 + z*(3- &%) X% 15x%z%
R* TRET R T

R'L _f. ‘22 R‘/‘
2 x*(R-zz2Y) ]
. 'R"(Xz‘f'yt)
. . ' . .
Coy = ) 2(3"(0(") ¥ ¥x%* _ 327'0-23'7)(1)
| Py [ R X! (XfZ) | R:. -
152%" 15 x'z* + ¥ %z (R+2)

+ —
Ks - R‘f : (X'L_‘_y‘l.)vz

J

] - - T 1/ 1
Cio = [Z(BR&X) +6(x+2").;_ \322_.(‘_
R

T ) v Y x*z(R-2)
&R T Ty )

(D-6)
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At the surface of the earth (D-6) is given by

2 ) .
Lien IN .ﬁ[_cl',km‘CL’“ + Cof""o]

(D-7)
&m Coi = - y‘le“— == C
Z-»0 R3
2.2
&im  Cio = (; X =C
z o R*
i e Efze sx]-c
Z2=>0
4 ,
333'\;3;: X;_X [:Dooj_,l(o + Du 1Ky + Do Iok—' +Dio L lk'0]
(D-8)
where

Dn = A’g(,s 1525 vt
Rt | R* ‘
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Doj = ! 3 3z 162% | )5 23
R* | R* R3 Rt RS
_ 3z Nz, “’AZ;}
R R* R?3
Do =} 3 3z _ 152 1523
oRz —Rz 'R3 '&4 RS’

; 3% =z Vz* _'45/723)

T{' R* .1§3A

At the surface of>theAearth (D-8) 1is given by

fim DqN ___'I’QXD

( T,y + I k’;.)_
20 0X¥OZ? 2

where

'F;MDOI': "‘ ( 3 - (lb) -ﬁ:D

220 R

and

Zim Do = ’L(B -
R™ A

Z-~>0©°

(0-9)
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From (Ward, 1967, p. 157)

i ON Y, {IOK” I, K)]
2=0 2% 2 |

and

3 . . o
.lim DSN - _A/.L. [ Io‘Ko + Io Ko' + L' ki+ L K ]
2-»0 0)02° 2

or -
o N L Tz KiX
Z->0 ?)quzz ! ?;2-

The derivative of P required in (D-3) is given by

3 tR ' 2 | ‘
) :)FD - X 63_-‘, [_é_ (} - £L£%:) +3Y%; (, - 5;32)
W2*  R3 R R R R>

4 (1-62%) - V2]

then

x
o
b

Kz.
_\(,K[j_+ 31, +&,,,]A

95
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APPENDIX E

DATA OF ELECTROMAGNETIC FIELD

COMPONENTS OF A CONDUCTOR IN A

CONDUCTIVE HALF-SPACE NEAR A GROUNDED
CABLE OF FINITE LENGTH |




T-1711

Horizontal Magnetic Field Component

Perpendicular to the Grounded Cable
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25.
25.
25.

25. .

25.
25.
50 «
50.
50.
50 .
50.
50 .
50.
50 .
50.
50 .
50.
50.
75.
75'
75 .
75
5.
5.
75
5.
75
75.
75.
75 .
100.
100.
100.
100.
100.
100.

100 .

100.
100.
100.
100.
100,

102.
119.
136.
153.

170.

187.
204,

'"H
(amP/m)
0.2341002E 01
0.1042863E 00O
0.6524715E 00
0.7143986E-01
0.1418756E 00
0.1883762E-01
05430068E-01
0.7920168E=02
0.2715648E~01
0.4174128E=-02
0.1605310E~01
0e256027T4E~02
0.1694376E 01
0.2041805E 0C
0.4327187E 00
0.9176213E-01
0.1246122E 00
0.3174372E-01
0.4760158E-01
0.1157515E~01

0.2233272E-01

0.3763141E~02
0.1077548E-01
0.2101125E-02
0.1230413E 01
0.2479581E 0O
0.2847446E 00
0.1086532E 00
0.1080297E 0O
0.3647600E-01
0.3842527E-01
0.1428535E-01
0.1956031E-01
0.7423162E-02
0.1063742E-01
0.4289147E-02

0.9018496E 00
0.2615195E 00

0.1809082E 00
0.1119507E 0O
0.9089780E~-01
0.3716425E-01
0.3090172E-01
0.1590423E-01
0.1648016E-01
0.8580048E-02
0.9093143E-02
0.4659362E-02

b4

(deérees)

0.1166849E
0.2173062E
0.2665483F
0.1770728E
0.7207269E
0.3628287E
0.1101728E
0.4473889F
0.1180509E
0e4344495E
0.9578839E
0.3566505E
0.1315221E
0.1057053E
0.3929985E
0.1351455E
0.8471458E
0.2464813E
0.1336390F
0.3494710E
Oel415484F
0.4356291E
0.1164954E
0.3024208E
0.1436995E
0.6673319E
0.5134826F
0.1085333E
0.8230814E
0.1817702E
0.1390124E
0.2896255E
0.1863290E
0.3669350F
0.2352684E
0.4256834E
0.8879659E
0.5129119E
0e5194946E
0.4867461E
0.9402422E
0.2204367E
0.2480153E
0.3469461E
0.2787807E
0.3615915E
0.2819188E
0.3663855E

98

01 .
02
01
02
01
02
02
02
02
02
01
02
01
02
01
02
01
02
02
02
02
02
02
02
01
01
01
02
01
02
02
02
02
02
02
02
00
01
01
01
01
02
02
02
02
02
02
02
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125.
125.
125.
125.
125.
125.
125.
125.
125.

1254

125.
125.

-150.

150.
150.
150.
150.
150.
150.
150.
150.
150.
150.
150.
175.
175,
175.
175,
175.
175.
175,
175.
175.
175.
175.
175,
200.
200.
200.
200.
200.
200.
200.
200.
200.
200.
200.
200.

Y
(m)

17.
34,
51.
68.
85,
102.
119.
136.
153.
170.
187.
204,
17.
34,
51.
68 .
85.
102.
119.
136.
153.
170.
187.
204,
17.
34.
51.
68.
85.
102.
119.
136.
153.
170.
187.
204,
17.
34.
51.
68.
85.
102.
119.
136.
153.
170.
187.
204%.

H
(amp/m)

0.6677254E 00
0.2542994E 00
0.1103181E 00
0.1077173E 00
0.7737184E-01
0.3866112E-01
0.2951796E-01
0.1837358E-01
0.1492431E-01
0.8319199E-02
0.6555445E-02
0.3129807E-02
0.4574160E 00
0.2640070E 00
0.7669252E-01
0.1423129E 00
0.4764394E-01
0.2340409E~01
0.3162133E-01
0.2048215E-01
0.1591549E-01
0.1753367E-01
0.1974579E-01
0.2269443E-01
0.3951921E 00
0.2185184E 00
0.2084460E-01
0.7185930E-01
0.5026852E-01
0.3862557E-01
0.3360814E~01
0.2400544E-01
0.1718343E-01
0.1039821E~01
0.7254098E-02
0.4495863E=02
0.2389416E 00
0.1567026E 00
0.5218739E-01
0.1156889E 00
0.6529540E~01
0.4761250E-01
0.3845443E-01
0.3192837E-01
0.2537611E-01
0.2017082E-01
0.1582667E~01
0.1297981E-01

X
(degrees)

0.8174175E~

0.5088752E
0.5297115E

99

01
01
01

0.1047756E-01

0.1246137F
0.2795500E
0.3536900F
0.3945491F
0.3683870E
0.3916739E
0.3497444F
0.3573170E
-0.9276484E
0.4003930F
0+e3879741E
-0.1915878E
0.2012013E
0.4484889E
0.3855052E
0.4343559E
0.4427483E
0.3168867F
0.2323001E
0.1419649EF
-0.5038747E
-0.7040080E
~0.2470813E
-0.9059607E
0.2199786E
0.3749841FE
0.4307249E
0.4395396F
0.4468686E
0e4499146E
0.4359258E
0.3698587E

-0.1136056E

-0.8969538E
-0.1708945E
—0.1604495E
0.2083839E
0.3618259E
0.4319409E
0.4280580E
0«4319031E
0.4186160E
0.,4227068E
0.4016774E

02
02
02
02
02
02
G2
02
00
01
01
01
02
02
02
02
02
02
02
02
01
00
02
01
02
02
02
02
02
02
02
02
02
01
02
01
02
02
02
02
02
02
02
02
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225.
225.
225.
225.
225 .
225.
225.
225,
225

225.

225.
225
250.
250.
250.
250,

250.

250.
250 .
250.
250 .
250.
250.
250.
275,
275.
275.
275.
275.
275.
275,
275.
275,
275.
275.
275.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.

17.
34,
51.
68.
85.
102.
119.
136.
153.
170.
204,
17.
34,
51.
68.
85.
102.
119.
136.
153.
170.
187.
204,
17.
34,
51.
68.
85.
102.
119.
136,
153.
170.
187.
204,
17.
34.
51
68.
85.
102.
119.
1364
153,
170.
187.

204,

H
(amp/m)

0.9214866E-01
0.6152999E~01
0.1363598E 00
0.1938655E 00
0.1207958E 00
0.8632267E-01
0.6120066E-01
0.5318922E~-01
0.4373487E-01
0.3828890E-01
0.3232082E~-01
0.2869184E-01
0.1440068E 00
0.9857017E-01
0.2161133E 00
0.2599523E 00

0.1817638E 00

0.1403956E 00
0.1059633E 00
0.8371937E-01
0.6352353E-01
0.4881928E-01
0.3808367E-01
0.3050775E-01
0.8752280E-01
0.5895841E-01
0.1213789E 00
0.1715579E 00
0.1067532F 00
0.7923979E-01
045767051E-01
0.5095033E~-01
0.4228457E-01
0.3735322E-01
0.3176003E-01
0.2830049E~-01
0.8237970E-01
0.8556885E-01
0.2707342E-01
0.7182270E-01
0.3823408E-01
0.3686265E-01
0.34669503E-01
0.2901838E-01
0.2330777E-01
0.1848806E-01
0.1466006E-01
0.1205368E~-01

X

(degrees)

-0.4026384E

-0.4181325E

-0.5237270E
0.5265221FE
0.1631204E
0.2672815E
0.3580727E
0.3784357E
0.4057581FE
0.4135593E
0.4300926E
0.4311571E

-0.3550253F

-0.2072171E

-0.1948648E
0.1750232E
0.1660905E
0.2612015E
0.3406589E
0.3593521E
0e3915231E
0.4059930E
0.4308318E
0.4374367E

~0e4278627TE

~0.4455147E
-0.7264377E
0.5133183E
0.1747751E
0.2806270E
0.3688181¢E
0.3859126E
0.4115663Ek
0.4175063E
0.4325729E
0.4329453E

—~0.3324210E

-0.1980510E

—0.3910136E

—0.6447036E
0.2923471E
0.4130611E
0.4473851EF
0.4423726E
0.4442128E
0.4318068E
0.4338988E
0.4121506E

100

02
02
01
01
02
02
02
02
02
02
02
02
02
02
01
01
02
02
02
02
02
02
02
02
02
02
01
01
02
02
02
02
02
02
02
02
02
02
02
01
02
02
02
02
02
02
02
02
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(m)

325.
325.
325.
325.
325,
325.
325.
325 ®
325.
325,

325.

325.
350.
350.
350.
350.
350 .
350.
350 .
350.
350 .
350.
350.
350 .
375.
375 .
375.
375.
375.
375.
375.

- 375.

375.
375
375.
375.
400 .
400 .
400,
400 .
40 O.
400.
400.
400 .
400 .
400.
400.
400.

H
(amp/m)

0.1240031E 0O
0.1092046E 00
0e4447229E-01
0.1930558E~01
0.1532614E-01
0.2620292E-01
0.2883744E-01
0.2123578E-01
0.1596912E-01
0.1010684E-01
0.7913399E-02
0.5351875E-02
0.5097616E-01
0.1223195E 0O
0.1946082E-01
0.5701250E-01
0.1894359E-01
0.3547511E-01
0.4277481E-01
0.2337226E-01
0.1445011E-01
0.1326178E-01
0.1580064E-01
0.2063451E-01
0.8472079E-01
0.8801633E-01
043733749E-01
0.1168421E-01
0.9022187E-02
0.1472447E-01
0.168677T7E-01
0.1197540E-01
0.8867227£-02
0.5035825E~02
0.3337614E-02
0.1295662E-02
0.8233941E-01
0.8274794E-C1
0.4245668E-01
0.1023280E-01
0.8300778E-02
0.8419555E-02
0.9426802E-02
0.7323034E-02
0.5940169E-02
0.4376668E-02

" 0.3475509E-02

0.2672631E-02

X
(degrees)

~0.1953633E

-0.6270284E
~0.2264609E
-0.4406584E
0.4472125E
0.4480893E
0.4498091F
0.4493922E
0.4421716E
0.426TT81E
0.3771402E
0.2755925E
-0.2140387E
0.2668805E
-0.1921251E
-0.1401893E
0.2949232E
0.2760210E
0.2697610E
0.3574954E
0.4325566F
0.3535268E
0.2520071E
0.1351290E
-0.1032954E
0.3961671E
-0.7274615E
-0.4468121E
0.4441864E
0.4500031E
0.4478221E
0.4498764E
0.4482854E
0.4500067E
0.4468523E
0.4480795E
~0.4766868E
0.1919129E
-0.2016026E
-0.2112190E
0.3304510E
0.4449980E
0.4468835E
0.4494818E
0.4495337E
0.4396442E
0.4398914E
0.4103485E

101

02
01
02
02
02
02
02
02
02
02
02
02
02
01
02
02
02
02
02
02
02
02
02
02
02
01
01
02
02
02
02
02
02
02
02
02
01
01
01
02
02
02

02

02
02
02
02
02
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(m)

425 .
425,
425 L 4
425.
425 L4
4’2 5.
425,
425.
425.

425,

425,
450 .
450.
450 .
450
450.
450,
450,
450 .
450,
450 .
450 .
450.
475,
475,
475 .
475,
475 .
47 5.
475,
‘,’7 5.
475,
475,
475,
475.

(m)

17.
34‘
51,
68.
85.
102.
119,
136,
153.
170.
187.
204,
17.
34,
51.
68.
85.
102.
119.
136,
153.
170.
187.
204,
17.
34,
51.
68.
85.
102,
119.
136,
153,
170.
187.
204.

H
(émp/m)

0.8495778E-01
0.7689583E-01
0.4833370E-01
0.2292211E-01
0.1030443E-01
0.4441306E-02
0.4076928E-02
0.4149035E-02
0.3681341E-02
0.3397304E-02
0.2984263E-02
0.2697885E-02
0.9048194E-01
0.7481307E-01
0.5575013E-01
0.3608762E-01
0.1555181€E-01
0.6843291E-02
0.5199585E-02
0.3518299E~-02

0.2103130E-02

0.1201468E-02
0.1107563E-02
0.1521686E-02
0.8137292E-01
0.7234734E-01
0.5371730E-01
03446419E-01
0.1887972E-01
0.9576339E-02
0.5248059E-02
0.3191998E-02
0.1925360E-02
0.1022723E-02
0.6121101E-03

'0.5378583E-03

X .
(degrees)

0.3088096E
0.2772563E
0.5750572E
0.1386997E
0.2469350E
0.4413081E
0.4351143E
0.4167729E
0.4285645E
0.4322453E
0.4409036E
0.4431734E
0.3560102E
0.5934169E
0.6735083E
0.8587133E
0.2310127E
0.4169527€
0.4418427E
0.4402057E
0.4487343E
0.3879199¢E
0.1394408E
-0.9016585E
0.3430767E
0.4599913E
0.5749821E
0.8114401E
0.1544414E
0.2593878E
0.3594783E
0.4018257E
0.4278844E
0.4488799E
0.3993803E

0.1506540E

102

01
01
01
02
02
02
02
02
02
02
02
02
01
01
01
01
02
02
02
02
02
02
02
01
01
01
01
01
02
02
02
02

02

02
02
02
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Horizontal Magnetic Field Component

Parallel to the Grounded Cable
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X
(m)

25 .
25.
25 .
25.
25.
25.
25.
25.
25
25.
25.
25.
50.
50 .
50.
50 .
50.
50.
50.
50.
50.
50 «
50.
50.
75,
75 .
75
75 .
75.
75.
5.
5.
5.
75
5.
75 .
100.
100.
100.
100 .
100.
100.
100.
100.
100.
100.
100.
100 .

Y
(m)

17.
34,
51.
68,
85.
102.
119.
136.
153.
170,
187.
204,
17.
34,
51.
68.
85.
102.
119,
136.
153.
170,
187.
204,
17.
34,
51.
68.
85.
102.
119,
136.
153,
170.
187,
204,
17.
T 34,

51.,

68,

85‘
102.
119.
136,
153,
170.
187.
204,

H
(amp¥m)

0.2317797E 01
0.8459514FE-01
0.6781754E 00
0.9601128E-01
0.1712593E 0O
0.5204754E-01
0.8637446E-01
0.3518888E-01
0.5522775E-01
0.2552018E~-01

0.4014551E-01

0.2050233E-01
0.1670756E 01
0.1862159E 00
0.4571098E 00
0.1203172E 00
0.1521606E 00
0.6106261E-01
0.7651722E-01
0.4013977E-01
0.5094161E=-01
0.2987033E-01
0.3706112E-01
0.2311550E-01
0.1233063E 01
0.2498280F 00
0.2853177E 00
0.1138362E 00
0.1195609E 00
0.5473141E-01
0.6182415E-01
0.4022142E-01
0.4728612E-01

0.3449257E-01

0.3821727E-01
0.2905274E-01
0.9371388E 00
0.2780719E 0O
0.1600527E 0O
0.9780562E-01
0.9301645E-01
0.5434287E-01
0.5865814E-01
0.4221942E-01
0.4313502E-01
0.3246208E-01
0.3288648E-01
0.2582870E-01

(dgg);%ees)

-0.4499786E
-0.3974681E
0.4496773F
0.4416910E
0.4445134E
0.3805402€E
0.4333572¢E
0.3929224FE
0.4407648E
0.4357970F
0.4483595E
Oe.4494183E
-0.4499213F
-0.4416289E
0.4492308E
0.442637T3E
0.4443050E
0.4166452E
0.4349162E
0.4159538E
0.4390047E
0.4340765F
0.4449699F
0.4442754E
~0.4500046E
-0.4490128E
0.4499379E
0.4500053F
0.44T6959F
0.4297675E
0.4314349E
0.4187973E
0.4344987F
0.4320920E
0.4399704E
0.4395453F
-0.4498697E
-0.4497398E
0.4483200E
0.4320236E
0.4480838E
0.4157875E
0.4012556F
0.3972864E
0.4210809E
0.4304691FE
0.4398750E
04454494E

104

02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02



T-1711

(m)

125.
125.
125.
125.
125.
125.
125.
125.
125.
125.
125.
125.
150.
150.
150.
150.
150.
150.
150.
150.
150.
150.
150.
150.
175.
175.
175.
175.
175.
175.
175.
175.
175.
175.
175.
175.
200.
200.
200 .
200.
200 .
200.
200.
200.
200.
200 .
200.
200,

Y
(m)
17.
34,
51
68,
85.
102.
119,
136,
153.
170.
187.
204,
17.
34,
51.
68 .
85.
102.
119.
136.
153.
170.
187.
204,
17.
34,
51
68,
85,
102.
11¢9.
136,
153.
187.
204,
17,
34,
51.
68,
85.
102.
119.
136.
153.
170,
187.
204,

Hy
(amp/m)

0.7273124E 0O
0.2761061E 0O
0.7949579E-01
0.8511585E-01
0.7692719E-01
0.5933273E-01
0.6310308E-01
0.4653221E-01
0.4170416E-01
0.3022008E-01
0.2766069E-01
0.2135848E-01
0.5857411E 00
0.2760016E 0O
0.6918740E—-01
0.9277868E-01
0.5876660E-01
0.4451241E-01
0.4891374E~01
0.4152558E-01
0.4000226E-01
0.3310341E-01
0.3093431E-01
0.2559371E-01
0.4953336E 00
0.3367981€E 00
0.1355900E 00
0.1281013E 0O
0.5035486E~01
0.1434455E-01
0.1529201E-01
0.2084649E-01
0.2502913E-01
0.2679301E-01
0.2731010E-01
0.2653048E-01
0.5870831E 0O
0.4617789E 00
0.2896437E 0O
0.2309740E 0O
0.9195626E-01
0.2539341E-01
0.1184291E-01
0.1313156E-01
0.1588406E-01
061619539E-01
0.1660924E=-01
0.1676558E~01

¥y
(degrees)

~-0.4493658E
-0.4497412E
0.4316058E
0.3879129E
0.4467392E
0.4035864E
0.376T7T174E
0.3834531¢E
0.4066652¢E
0.4265211E
0.4381856E
0.4480780E
~0.4463991E
~0.4472406E
0.8863387E
0.2533578E
0.4336705E
0.4462956E
0.4108714E
0.4033246E
0.3977173E
0«3977216E
0.3946797E
0.3990550E
~0.4292546E
~0.4259232E
-0.1318863E
0.2491138E
0.2804701E
0.4122902E
0.19681 34E
0.2954829E
0.3120424E
0.3558743E
0.3573561E
0.3807545E
-0.3728207E
-0.3840121E
-0.1949757E
0.6918481¢E
0.2721781E
0.4538651E
-0.1939154E
0.2000978E
0.2430293E
0.3777924E
0.3757185E
0.4220256E

105

02
02
02
02
02
02
02
02
02
02
02
02
02
02
01
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02.
02
02
02
02
02
02
02
02
02
01
01
01
02
02
02
02
02
02



T-1711

X
(m)

225,
225.
225.
225.
225.

225.

225.
225.
225.

225.

225.
225.
250.
250.
250.
2504
250.
250.
250.
250.
250 .
250
250 .
250.
275.
275 .
275.
275.
275.
275 .
275
275 .
275
275.
275
275 .
300.
300 .
300.
300.
300 .
300.
300.
300.
300.
300.
300 *
300.

17.
34,
51.
68.
85.
102.
119.
136.
153.
170.
187.
204,
17.
34,
51.
68.
85.
102.
119.
136.
153,
170.
187.
204.
17.
34.
51.
68.
85.
102,
119.
136.
153,
170.
187.
204.
17.
© 34,
51.
68.
85,
102.
119.
136,
153.
170.
187.
204.

(amEYm)

0.8736998E 00
0.7688807E 0O
0.5366609E 00
0.3801786E 0O
0.2091293E 00
0.1048968E 0O
0.4555515E-01
0.1384481E-01
0.6775253E-02
0.2131489E-01
02899918E-01
0.3272973E-01
0.1160698E 01
0.9916070E 0O
0.7376812E 0O
0.5335313E 00
0.2759289E 00

0.1313555E 0O

0.4735458E-01
0.2182463E-01
0.8735517E-03
0.7139798E-02
0.1612940E-01
0.1598738E-01
0.8277334E 00
0.7460921E 00
0.5412242E 0O
0.3797085E 00
0.2106288E 00
0.1060915E 0O
0.4756756E-01
0.1477080E-01
0.6240487E-02
0.2042297E-01
0.2842128E-01
0.3223163E-01
0.4705607E 00
0.4052826E 00
0.3020632E 0O
0.2280082E 0O
0.9389961E-01
0.2781689E~-01
0.1738098E-01
0.1250622E-01
0.1451642E-01
0.1408845E-01
0.1498439E-01
0.1543899E~01

(éﬁgxees)

~-0.3084204F
-0.3182759E
-0.1811217E
0.4740536E
~-0.6510958E
-0.9740965E
-0.2497267E
-0.1477277E
0.2240045E
0.3197034F
0.2759059E
0.3112915E
-0.2710512E
-0.2870183E
-0.,1726979E
-0.1648742E
-0.7413957E
0.6278036E
0.6547071E
0.1955315E
0.2097792E
0.2336060E
-0.1416661E
-0.1002349E
-0.2798720E
-0.3050896F
-0.1945517F
~0.2902677E
~0.1028665E
-0.1361554E
~0.2829749E
-0.2397948E
0.5677528E
0.3012886F
0.2644600E
0.3058920E
-0.3036749E
-0.3573906E
-0.2438597E
-0.4188289E
-0.1471906E
-0.2529913E
-0.3680379E
-0.4146958E
0.1096477TE
0e3463751E
0.,3557173E
0.4182915E
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02
02
02
00
01
01
02
02
02
02
02
02
02
02
02
01
00
01
01
02
02
01
02
02
02
02
02
01
02
02
02
02
01
02
02
02
02
02
02
01
02
02
02
01
02
02
02
02



T-1711

(m)

325.
325.
325.
325.
325.
325.
325.
325.
325.
325.
325.
325.
350.
350.
350.
350.
350.

350,

350.
350.
350.
350 .
350.
350 .
375.
375.
375.
375.
375,
375.
375.
375.
375.
375.

375."

375.
400.
400.
400 .
400.
400.
400.
400.
400.
400,
400 .
400,
400.

Y
(m)

17.
34,
51 .
68.
85.

102.

119.

136,

153,

170.

187.

204.
17.
34,
51.
68.
85.

102.

119.

136.

153.

170.

187.

204.
17.
34.
51.
68 .
85.

102.

119.

136.

153.

170.

187.

204.
17.

T 34,

51.

68.

85.
102.
119,
136.
153.
170.
187.
204,

H
(amp¥m)

0.2593840E 00
0.2401267E 00
0.1583633E 0O
0.1109332E 00
0. 4437569E-01
0.1118736E-01
0.1691126E-01
0.1790283E-01
0.2176732E-01
0.2402079E-01
0.2497051E-01
0.2483696E-01
0.19322948E 00
0.1383535E 0O
0.1068707E 00
0.8966631E-0L

0.1763834E-01.

0.1779289E-01
0.3482071E-01
0.3365065E~01
0.3302072E-01
062904299E-01
0.2725633E-01
0.2339463E-01
0.1511484E 00O
0.1123850E 00
0.7700473E-01
0.6030841E-01
0.1465153E-01
0.3726812E-01
0.4827987E~01
0.3853304E-01
0.3246389E-01
0.2519032E-01
0.2204307E-01
0.1870592E-01
0.1223304E 00
0.1025860E 00
0.6579405E-01
0.4167953E-01
0.1491707E-01
0.2967581E-01
0.3834828E-01
0.3347024E-01
0.3080278E~01
0.2734834E-01
0.2558948E-01
0.2328926E-01

(d%g¥ees)

-0.3533580E
-0.3985278E
-0.2999T48E
-0.3737079E
~0.2155098E
-0.4064125E
~0.2512535E
0.1157297E
0.2148198E
0.3224660E
0.3343124E
0.3714436E
~0.4118686F
~0.4390933E
-0.3846298E
~0.2610663E
~0.1610219E
0.4115794E
0.3505576E
0.3674463E
0.3642032E
0.3790021E
0.3773276E
0.3907655E
~0.4334230E
~0.4479813E
~0.4363651E
-0.3257813E
—0.7777869E
0.2459518E
0.2756094E
0.3335477E
0.3686705E
0.4160690E
0.4328775E
0.4484128E
~0.4408273E
~0.4471515E
~0.4452245E
~-0.3585495E
—0.1696117E
0.2155887E
0.2724559E
0.3475417E
0.3856818E
0.4230626E
0.4349417E
0.4459123E
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02
02
02
01
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
01
02
02
02
02
02
02
02
02
02
02
02
02
02
02

02

02
02
02
02



T-1711

X
(m)

425,
425,
425 .
425,
425 .
425,
425,
425
425,
425,
425,
425 .
450.
450,
450.
450 .
450.
450
450 .
450.
450,
4504
450.
450 .
475,
475.
475.
475,
475,
475 .
4754
475
475
47 5.
475 .
475,

Y
(m)

17.
34.
51.
68
85.
102,
119.
136,
153.
170.
187,
204,
17.
34,
51.
68 .
85.
102,
119.
136.
153.
170.
187,
204.
17.
34.
51.
68.
85.
102.
119.
136.
153.
170.
187.
204.

H
(ampym)

0.8977520E-01
0.8498973E-01
0.4953332E-01
0.1666040E-01
0.1900781E~-01
02641102E-01
0.3099553E-01
0.3107141E-01
0.3084246E-01
0.3006475E~01
0.2885742E-01
0.2710390E-01
0.8125877E-01
0.7497841E-01
0.5258855E-01
0.3390618E~01
0.3550773E-01
0.3719972E-01
0.3680515E-01
0.3326720E-01
0.3013130E-01
0.2720656E-01
0.2485347E-01
0.2246692E-01
0.7180494E-01
0.7304913E-01
0.5018953E-01
0.2978025E-01
0.3790214E-01
0.3962347E-01
0.3850578E-01
0.3289694E-01
0.2901141E-01
0.2583143E-01
0.2380941E-01
0.2182712E-01

(deg¥ees)

-0.4488718E

-0.4376738E
-0.4400278E
~0.4390642E
0.3863942E
0.2827061E
0.3384282E
0.3883504E
0.4101851E
0.4276608E
0.4343976E
0.4405139E
-0.,4031264E
-0.3697281E
—0.3215067E
-0.1554393E
0.1634056E
0.3039281E
0.3585129E
0.3944209E
0.4166705E
0.43287G98E
O.4411769E
0.446278TE
-0.4009708E
-0.3420943E
-0.3102011E
~0.1788376E
0.1293294E
0.2619756E
0.3240280E
0.3794846E
0.4142000E
0.4381842E
0.4469133E
0.4499757E

108

02
02
02
02
01

02

02
02
02
02
02
02

02

02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02 .
02
02
02
02
02
02
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T-1711

(m)

25.
25 .
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.
50.
50 o
50.
50
50.
50 .
50.
50 .
50.
50 o
50.
50 .
75.
75.
75.
75.
75.
75.
75.
75.
75.
75.
75 .
75.
100 .
100.
100.
100.
100.
100.
100.
100.
100 .
100.
100.

Y
(m)

17.
34,
51.
68.
85.
102.
119.
136.
153.
170.
187.
204,
17.
34.
51.
68.
85
102.
119.
136.
153.
170.
187.
204,
17.
34.
51.
68.
85.
102.
11%.
136.
153.
170.
187.
204,
17.
T 34,
51
68.
85.
102.
119.
136.
153.
170.
187.
204,

H
(amp/m)

0.7373427E 01
0.2722682E 01
0.1475310E 00
0.1788038E 00
0.8601773E-01
0.6098635E-01
0.3969911E-01
03033746E-01
0.2524640E-01
0.1481931E-01
0.17391605-01
0.8499447E-02
0.3240553E 01
0.1396852E 01
0.8521998E-01
0.1008528E 00
0.2729754E-01
0.2746985E-01
0.2494949E-01
0.1387876E-01
0.1340771E-01
0.5528890E-02
0.6064858E~02
0.4288539E-02
0.1858305E 01
0.9228002E 00
0.1452811E 00
0.7124424E~-01
0.14T74445E-01
0.1775330E-01
0.2136208E-01
0.1163680E~-01
0.1307479E-01
0.4518494E~-02
0.7226102E-02
0.2290088E~-02
0.1170177E 01
0.6712477E 00
0.1507553E 00
0.4620199E-01
0.1871378E-01
0.1959166E~-01
0.1118894FE-01
0.8500744E~02
0.3210258E-02

0.1090078E~-02

0.2275579E-02
062127213E-02

(deg%ees)

0.1023864E
0.2125785E
0.3792227E
0.4336802E

"—0.7985085E

~0.1510347E
-0.2123151FE
-0.1963100E
~0.1473147E
~0.1181427E
~0.2779425E
0.5369274E
0.2232989E
0.4020245E
0.5753868E
-0.7151073E
-0.2898630F
-0.3521082E
-0.3527217E
—0.4141943E
-0.2859264E
-0.3029315E
~0.5588556¢
0.1631326E
0.5542610E
0.1203179E
0.4636459E
-0.2560170E
-0.4284575E
—0.4434982E
~0.3532475E
-0.4257129E
-0.2536592E
-0.3200273E
-0.3313984E
0.2447087E
0.5535944E
0.2153512E
0.2283821E
-0.2043686E
-0.4003172€E
~0.3812579E
—0.4284671E
~0.4053267E
-0.4460580E
~0.4273317E
0.2716331E
0.4113641E
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00
00
01
00
01
02
02
02
02
02
01
01
00
00
01
00
02
02
02
02
02
02
01
02
00
01
01
01
02
02
02
02
02
02
01
02
00
01
01
02
02
02
02
02
02
02
02
02



T-1711

(m)

125.
125.
125.
125.
125.
125.
125,
125.
125.
125.
125.
125.
150,
150.
150.
150.
150.
1504
150.
150.
150.
150.
150.
175.
175,
175.
175.
175.
175.
175.
175.
175.
175.
175.
175.
200.
200.
200.
200.
200.
200,
200.
200.
200.
200.
200.
200.

Y
(m)

17.
34.
51.
68.
85.
102.
119.
136.
153.
170.
187.
204.
17.
34,
51.
68
85.
102.
119.
136.
153.
170.
187.
204,
17.
34,
51.
68
85.
102.
119.
136.
153,
170.
187.
204,
17.
T 34,
51.
68.
85.
102.
119.
153.
170.
204,

H
(amp%m)

0.7867802E 00
0.5128583E 00
0.1471072E 00
0.4450610E-01
0.2955340E-01
0.2557280E-01
0.1733555E~-01
0.1123624E-01
0.4608110E-02
0.1212931E-02
0.2321357E-02
0.3330640E-02
0.5448747E 00
0.4088759E 00
0.1358520E 00
0.4916311E-01
0.3263123E-01
0.2473287E-01
0.1752359E-01
0.7110689E-02
0.2566263E-02
0.8873995E~02
0.1109821E-01
0.1369696E-01
0.4065822E 0O
0.2618890E 00
0.1400083E 0O
0.1074168E 00
0.4825298E-01
0.2926822E-01
0.1680980c-01
0.1329062E-01
0.8255698E-02
0.5177565E-02
0.3646817E-02
0.2060917E~02
0.3095552E 0O
0.1713913E 00
0.1343570E 0O
0.1488557E 00
05051315E-01
0.3707065E-01
0.4186414E-01
0.3357695E-01
0.2923894E-01
0.2110591E-01
0.1994772E-01
0.1486464E-01

¥ -

(degrees)

0.7164979E
0.3400428E
0.7079325E
-0.3302391E
-0.3617603E
~0.3651648E
~0.3321515E
~0.3475159E
-0.3095596E
~0.2075771E
0.4319839E
0.3971095E
0.1142879E
0.7418149E
0.1782167E
~0.4133026E
-0.3032173E
-0.2760741E
-0.1142420E
~-0.3294968E
-0.3779222E
-0.1801311E
-0.6119763E
-0.8184699E
0.4512048E
0.1229895E
0.6052371E
-0.1590825E
~-0.2771509E
-0.4036563E
~0.4492720E
—0.4476366E
~0.4124573F
~0.4154820E
-0.1873738E
~0.9963552E
0.1037095E
0.2692804E
0.1126909E
~0.1444093E
~0.3534409E
~0.4457875E
~-0.3087245E
-0.2881412E
-0.1702672E
-0.1124772E
0.2803550E
0.9638684E

111

00
01
00
02
02

02

02
02
02
02
02
02 .
01
01
01
02
02
02
02
02
02
02
01
01
01
02
01
02
02
02
02
02
02
02
02
01
02
02
02
02
02
02
02
02
02
02
01
01



T-1711

X
(m)

225.
225.
225,
225,
225.
225.
225%
225.
225,
225.
225.
225.
250.
250.
250.
250 .
250.
250.
250.
250 .
250.
250.
250.
250.
275.
275 .
2754
275.

2750 ’

275 .
275,
275.
275.
275 .
275,
275.
300.
300.
300.
300 .
300.
300.
300.
300.
300.
300.
300.
300.

17.
34,
51.
68.
85.
102.
119.

136..

153.
170.
187.
204,
17,
34,
51.
68.
85
102.
119.
136.
153.
170.
187.
204,
17.
34,
51.
68e.
85.
102.
119,
136.
153.
170.
187.
204,

17.

© 34,
51.
68.
85.
102.

119.

136,

153.
170.

187.

204.

H
(ampfm)

0.2582056E 0O
0.1478565E 00
0.1359650E 0O
0.1776215E 00

0.5538498E-01

0.4923110E-01
0.5929589E-01
0.4753147E-01
0.4104746E=01
0.2939287E-01
0.2694556E-01
0.1950103E-01
0.2257516E 00
0.2409756E 00
0.1569725E 00
0.1301014E 00
0.6982553E-01
0.4439337E-01
0.1985984E-01
0.1695621E-01
0.8229647E-02
0.8050710E-02
0.5174413E~02
0.5637545E-02
0.2180870E 00
0.3419011E 00
0.1759745E 00
0.9884834E-01
0.8158094E-01
0.6864375E-01
0.6659436E-01
0.4585478E~01
0.3645089E-01
0.2278559E-01
0.1771443E-01
0.1071215E-01
0.2246734E 00
0.2956502E 00
0.1624558E 00
0.8512604E~-01
0.7528359E~01
0.6127238E~01
0.5182983E-01
0.3633217E-01
0.2671519E-01
0.1685992E-01
0.1163393E-01
0.6834906E-02

? 2

(degrees)

0.1018459E

0.3849979E

0.1666267E
-0.,1782967E
-0.3917520E
~0.4266391F
~0.2571526E
~0.2491586E
-0.1373063E
-0.1012597E

0.3055520E

0.7956002E

0.8429499EF

0.2613069E

0.5387477E
-0.3481850F
~043545345E
-0.4174269E
—0.4323557E
-0.4498396E
—0.4406230E
—0.4070648E
-0.1694002E
-0.1912871FE

0.6874937E

0.1465685E
-0.3997923E
-0.4438528E
-0.3097186E
~0.2638087E
—0.1246453E
-0.1797856E
-0.1367672E
-0.2222313E
-0.1689517E
-0.2950598E

0.4600165E

0.1349601E
-0.8187270FE
-0.4112820E
—0.3242845E
-0.3325220E
-0.2525587E
~0.3017506E
-0.2620052E
-0.3248311E
~0.2654945E
~0.3606314E
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02
02
02
02
02
02
02
02
02
02
01
01
01
02
01
02
02
02
02
02
02
02
02

02

01
02
01
02
02
02
02
02
02
02
02
02
01
02
00
02
02
02
02
02
02
02
02
02
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X
(m)
325,
325,
325,
325,
325.
325.
325.
325.
325.
325.
325.
325.
350,
350.
350,
350.
350,
350 .
350.
350.
350 .
350
350 .
350.
375 .
375.
375 .
375,
375
375,
375,
375.
375.
375.
375.
375.
400 o
400,
400 .
400.
400 .
400,
400 .
400,
400,
400 .
400,
400 .

H
(ampfm)

0.2145247E 00
0.2254802E 00
0.1482477E 00
0.8935827E-01
0.6672204E~01
0.5169527E-01
0.3652970E-01
0.2638016E-01
0.1580958E-01
0.1083305E~-01
0.6997965E-02
0.7253628E=02
0.2121888E 00
0.1352987E 00
0.1467078E 00
0.1428729E 00
0.6961364E-01
0.5411975E-01
0.4666845E=01
0.3296745E-01
0.2074152E-01
0.1080801E-01
0.4654702E~02
0.5399894E-02
0.1820347E 00
0.1250289E 00
0.1285887E 00
0.1208667E 00
0.6061118E-01
0.4315098E-01
0.3595948E-01
0.2752040E-01
0.2015141E-01
0.1336938E-01
0.9977382E-02
0.6413277E-02
0.1523859E 00
0.1100162E 00
0.1105796E 00
0.1020088E 00
0.5796587E-01
0.4271671E-01
0.3373450E-01
0.2478419E-01
0.1722272€E-01
0.1095453E-01
0.8025408E-02
0.5477205E~02

Pz

(degrees)

0.9679454E
0.1463959E

0.1831216E
-0.2953484E
-0.3558234E
-0.4190314E
~0.4316943E
-0.4473772E
—0.4499355E
-0.4220483E
-0.2922554E
-0.1082334%E
0.1275209E

0.1249681E
0.4135988E
~0.6273088E
—~0.3261649E
—0.4384756E
—0+4472963E
-0.4487694E
~-0.4481233E
—0.4433669E
—-0.3998732E

0.7901516E
0.1194150E
- 0.1250843E
0.4071217E
-0.6568903E
-0.2912929E
—0.4257086E
—0+4487662E
—-0.4452968E
-0.4285471¢E
~0.4156699E
-0.3511276E
-0.2915038E
0.1012718E

0.7396497E
0.1156524E
-0.7632277E

- —0e2923361E

-0.4102420E
-0.4483046E
-0.4500095E
-0.4433316E
~0.4278723E
~0.3507835E
-0.2309999E

01
02
01
02
02
02
02
02
02
02
02
02
02
02
01
01
02
02
02
02
02
02
02

01

02
02
01
01
02
02
02
02
02
02
02
02
02
01
01
01
02
02
02
02
02
02
02
02



T-1711

X
(m)

425.
425.
425.
425.
425 L4
425,
425,
4254
425,
425,
425,
425,
450.
450 .
450.
450 «
450 .
450.
450.
450,
450,
450.
450.
450 .
475,
475,
475,
475,
475,
475,
475,
475,
475,
475,
475 .
475,

17.
34,
51.
68.
85.
102.
119.
136,
153.
170.

187.

204,
17.
34,
51.
68.
85.

102.

119.

136.

153,

170.

187.

204.
17.
34,
51.
68.
854

102.

119.

1364

153,

170.

187.

204.

H
(amp/m)

0.1060624E 00
0.9422016E-01
0.8336955E-01
0.7060117E-01
0.5397549E-01
0e4251175E-01
0.3161376E-01
0.2188157E-01
0.1350104E-01
0.7432412E-02
0.3801681E-02
0.2662022E-02
0.8063918E-01
0.7350230E-01
0.6280267E-01
0.5115040E-01
0.3996362E-C1
0.3152631E-01
0.2337331E-01
0.1579938E-01
0.9787600E-02
0e6314427E-02
0.5529646E-02
0.5721048E-02
0.7403129E-01
0.5885074E-0C1
0.5570832E-01
0.4930566E-C1
0.3358068E-01
0.2638302E-01
0.2036134E-01
0.1441039E-01
0.9293132E-02
0.5325507E-02
0.3098198E-02
0.1903513E-02

(deg%ees)

0.6631080E

0.4080403E
-0.3480696E
-0.1473029E
-0.2750586E
-0.3483830E
~-0.3867693F
~0.4028609E
-0.4214413E
-0.4413364F
—0e4392493E
~0.2562917E

0.8341716E

0.5619040E
-0.2202857E
-0.1466519E
-0.2797188E
—043575227E
~-0.3997614E
~0.4255424E
—0.4476561E
-0.4309088FE
-0.3013402E
-0.1367545E

0.6952264E

0.1676526E
-~0.3875319E
-0.1242457E
-0.3092065E
-0.3954843E
-0.4330966F
-044399234E
-0.4480411E
-0.4498535E
—0.4145029E
-0.2468948E

114

01
01
01
02
02
02
02
02
02
02
02
02
01
01
01
02
02
02
02
02
02
02
02
02
01
01
01
02
02
02
02
02
02
02
02
02
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Horizontal Incident Magnetic Field Component

Perpendicular to the Grounded Cable




T-1711

(m)

25,
25.
25.
25.
25.
25.
25.
25.
25.
25,
25.
25.
50.
50 «
50.
50 .
50.
50 .
50.
50 «
50.
50 .
50.
50 .
75.
75.
75.
75.
75.
75.
75.
75.
75.
75
75.
75 .
100,
100.
100.
100.
100.
100.
100 .
100.
100.
100.
100.
100.

("

17.
34,
51.
68.
85.
102.
119.
136.
153.
170,
187.
204,
17.
34.
51.
68.
85,

102.

119.
136,
153.
170.
187.
204,
17.
34.
51.
68.
85.
102.
112,
136.
153.
170.
187.
204,
17.
34,
51.
68,
85.
102.
119.
136.
153.
170.
187.
204.

inc

?émp/m)

0.2337944E 01
0.9785104E-01
0.6563570E 00
0.7402605E-01
0.1467791E 00
0.2201480E-01
0.5924019E-01
0.9861715E-02
0.3084574E~-01
0.5798455E-02
0.1871579E-01
0.3890760E~02
0.1689673E 01
0.2028480E 00
0.4359388E 00
0.9703505E-01

0.1265990E 00

0.3234753E-01
0.4837955E-01
0.1374553E~-01
0.2588859E-01
0.7562581E-02
0.1533418E~-01
0.4507992E-02
0.1239774E 01
0.2529281E 00
0.2784392E 00
0.1023698E 00
0.1071226E 00
0.3793721E-01
0.4140056E=01
0.1692910E-01
0.2246754E-01
0.9454422E-02
0.1306052E-01
0.5527992E~02
0.9242237E 00
0.2697283E 00

0.1675282E 00

0.9664965E-01
0.8920985E-01
0.3983210E-01
0.3590712E~01
0.1893610E-01
0.2003578E~-01
0.1074536E-01
0«1149375E-01
0.6270628E-02

116

inc
((?Zérees) '

0.1035887E
0.2025333E
0.2256533E
0.1474386E
0.6018428E
0.2940384E
0.9698047E
0.4011983E
0.1248572E
0.4405109¢k
0.1393168E
0.4499808¢E
0.1128252E
0.8759265E
0.3237400E
0.1097736E
0.6880289E
0.2072675E
0.1163144E
0.3083804E
0.1462393E
0.3604179E
0.1655342E
0.4007373E
0.1242702E
0.6057511E
0.4706365E
0.1002032E
0.7906799E
0.1754753E
0.1345615E

‘0.2555995E

0.1655658E
0.2993925E
0.1907474E
0.3421559E
0.1372400E
0.4862151E
0.7115066E
0.1007647E
0.9118617E
0.1634349E
0.1510083E
0.2279010E
0.1815985E
0.2656462E
0.,2120197E
0.3067159E

01
02
01
02
01
02
01
02
0z
02
02
02
01
C1
01
02
01
02
02
02
02
02
02
02
01
01
01
02
01
02
02
02
02
02
02
02
01
01
01
02
01
02
02
02
02
02
02
02



T-1711

(m)

125.
125.
125.
125.
125.
125,
125.
125,
125.
125.
125.
125.
150.
150.
150.

150,

150.
150.
150.
150.
150.
150.
150.
175.
175 .
175,
175.
175.
175.
175,
175.
175.
175,
175.
175,
200.
200.
200.
200.
200.
200.
200.
200 .
200.
200.
200.
200.

(m)

17.
34,
51,
68.
85,
102,
119.
136.
153,
170.
187.
204 .
17.
34,
51
68.
85.
102.
119.
136.
153.
170.
187.
204,
17.
34,
51,
68.
85
102.
119,
136,
153,
170.
187.
204,
17.
: 34.
51.
68
85.
102.
119.
136.
153.
170.
187.
204,

Hxinc
(amp/m)

0.7007377E 0O
0.2674024E 00
0.9062988E-01
0.8478421E-01
0.7319605E-01
0.3920470E-01
0.3172116E-01
0.1990874E-01
0.1822665E-01
0.1144727E-01
0.1038784E-01
0.6691396E-02
0.5409396E 00
0«2545592E 00
0.3901832E-01
0.7010162E-01

0.5914141E-01"

0.3697030E-01
0.2836871E-01
0.2007148E-01
0.1679110E-C1
0.1168205E-01
0.9572156E~-02
0.6855808E-02
0.4255359E 00
0.2364273E 00
0e1481216E-01
0.5475319E-01

" 0.4697108E-01

0.3379145E-01
0.2553684E-01
0.1963187E-01
0.1556713E-01
0.1156992E-01
0.8931600E-02
0.6834462E-02
0.3412774E 00
0.2161661E 00
0.2832220E-01
0.4007608E-01
0.3654956E-01
0.3012893E-01
0.2302693E~-01
0.1876162E-01
0.1445549E-01
0.1121091E-01
0.8392014E-02
0.6685130E-02

Xinc
(degrees)

0.1509505E
0.4183213E
0C.1172811E
0.1075879E
0.1055590E
0.1607144E
0.1654164E
0.2134792E
0.1944780E
0.2476566E
0.2288956E
0.2873624E
0.1643134E
0.3739681E
0.2323123E
0.1202643E
0.1228157E
0.1634875E
0.1780333E
062066792E
0.2048802E
0.2387242E
0.2418805¢E
0.2775879E
0.1760202E
0.3420270E
0e4493216E
0.1403689E
0.1439102E
0.1701527E
0«1893596E
0.2047073E
0.2136317E
0.2353958¢E
0.2519080E
0.2736670E
0.1847052E
0.3170819E
0.2454449E
0.1720828E
0.1702972E
0.1800581E
0.1999747E
0.2060930E
0.2214757E
0.2357915E

' 0.2599289E

0.2734653E

117

01
01
02
02
02
02
02
02
02
02
02
02
ol
01
02
02
02
02
02
02
02
02
02
02
01
01
02

02

02
02
02
02
02
02
02
02
01
01
02
02
02
02
02
02
02
02
02
02



T-1711

X
(m)

225.
225.
225 .
225.
225.
225 -
225.
225.
225
225
225.
225.
250.
250.
250 .

250,

250.
250.
250.
250.
250.
250.
250 .
250.
275
275.
275.
275.
275,
275 .
275.
275.
275,
275.
275.
275.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.

17.
34,
51.
68.
85.

102.
119.
136.
153.
170.
187.
204.
17.
51.
68.
85.
102.
119.
136,
153.
170.
187.
204.
17.
34,
51
68.
85.
102.
119.
136.
153.
170.
187.
17.

- 34,
51.
68.
85.

102.
119.
136.
153.
170.
187.
204 .

Hxinc
(amp/m)

0.2789G96E. 00

041956546E 00
0.4239342E-01
0.2690623E-01
0.2772586E-01
0.2629502E-01
0.2071891E-01
0.1759634E-01
0.1339864E-01
0.1068252E-01
0.7907361E-02
0e6451011E~-02
0.2323287E 00
0.1759682E 00
0.5154993E-0C1
0.1595848E-01

0D62036559E-01

0.2249587E-01
0.1854533E-01
0.1624122E-01

0.1236657E~01.

0.1004350E-01
0.7450014E-02
0.6163001E-02
0.1968113E 00
0.1576793E 00
0.5687815E-01
0.8985039E-02
0.1438970E-01
0.1886392E-01
0.1647171E-01
0.1477643E-01

0.1134650E-01

0.9337660E-02
0.7004671E-02
0.5842950€E-02
0.1693239E 0O
0.1410468E 0O
0.5949142E-01
0.9743243E-02
0.9853393E-02
0.1548327E-01
0.1448470E-01
0.1326279E-01
0.1033620E~-01

0.8597381E-02

0.6563704E-02

0.5505923E-02

xinc
(degrees)

0.1891398E
0.2960567E
0.1484022E
0.2248306E
0.2041969E
0.1930565E
0.2104404E
0.2100369E
0.2290105E
0.2388414E
0.2667331E

0s2757127E

0.1884046E
0.2769709E
0.1063083E
0.3177632E
0.2488737E
0.2093503E
0.2212700E
0.2161081FE
0.2366907E
0.2439073E
0.2729204E
0.2796211F
0.1819893E
0.2584089E
0.8262398E
0.4401498E
0.3081886F
0.2294579E
0.2329477E
0.2241084F
0.2448636E
0.2506013E
0.2789124E
0.2846779E
0.1698029E
0.2392742E
0.6687314E
0.3772302E
0.3815134%E
0.2542270E
0.2459564E
0.2340013E
0.2538055E
0.2586902F
0.2850024E
0.2905469F

118

01
01
02
02
02
02
02
02
02
02
02
02
01
01
02
02
02
02
02
02
02
02
02
02
01
01
01
02
02
02
c2
02
02
02
02
02
01
01
01
02
02
02
02
02
02
02
02
02



T-1711

(m)

325.
325.
325.
325.
325.
325.
325.
325.
325.
325.
325.
350.
350 .
350.
350.
350.
350.
350.
350.
350.
350.
350.
350.
375.
375.
375.
375.
375.
375.
375.
375.
375.
375.
375.
375,
400 .
400.
400.
400,
400.
400.
400.
400.
400.
400.
400.
400.

Y
(m)

17.
34,
51.
68.
85.
102.
110.
136.
153,
170.
187.
204,
17.
34,
51.
68.
85.
102.
119.
136.
153.
170,
187.
204.
17.
34.
51.
68.
85,
102.
119.
136,
153.
187.
17.
34,
51.
68.
85.
102.
119.
136,
153.
170.
187.
204,

Hxinc
(amp/m)

0.1476685E 00

0.1261382E 00
0.6023199E-01
0.1458110E-01
0.7092632E~02
0.1240848E-01
0.1258319E-01
0.1174605E-01
0.9339198E-02
0.7846370E-02
066124314E-02
0.5162153E-02
0.1302914E 00
0.1129078E 00
0.5970651E-01
0.1932156E-01
0.6528247E-02
0.9682387E-02
0.1077341E-01
0.1026047E-01
0.8362185E-02
0.7101972E-02
0.5686615E-02
0.4818652E-02
0.1160901E 0O
0.1012470E 0O
0.5834485E-01
0.2318920E-01
0.7586237E-02
0.7356603E-02
0.9065926E-02
0.8831747E-02

0.7412978E-02

0.6376650E-02
0.5252309E-02
0.4480083E=02
0.1042780E 00
0.9101635E-01
0.5644942E~01
0.2613264E-01
0.9170331E-02
0.5523570E-02
0.7475261E-02
0.7479738E~02
0.6499637E=02
0.567944TE-02
0.4823901E-02
0.4149560E-02

y;inc

(degrees)

0.1521017E
0.2186716E
0«5513439E
0.2389888E
0.4430373E
0.2848421E
0.2608244E
0.2458835E
0.2637604E
0.2680438E
0.2913922E
0.2970079E
0.1293766E
0.1958526E
0.4563470E
0.1577961E
0.4322250E
0.3226187E
0.2781712E
0.2599785E
0.2749596E
0.2786023E
0.2982193E
0.3039114E
0.1022363E
0.1701910E
0e3746344E
0.1106730E
0«3535664E
0.3679120E
0.2987547E
0.2766435E
0.2876521E
0.2903622E
0.3055852E
0.3111641E
0.7130889E
0.1411779E
0.3010883E
0.8033892E
0.2697122E
0.4161153E
0.3234673E
0.2963739E
0.3021146E
0.3033585E
0.3135667E
0.3187082E

119

01
01
01
02
02
02
02
02
02
02
02
02
01
01
01
02
02
02
02
02
02
02
02
02
01
01
01
02

02

02
02
02
02
02
02
02
00
01
01
01
02
02
02
02
02
02
02
02



T-1711

(m)

425,
425,

425.

425,
425,
425,
425,
425,
425,
425,
425,
425,
450.
450,
450,
45 0.
450,
450,
450.
450 .
450,
450,
450 .
475,
475,
475
475 .
475,
475,
4754
475,
475 .
475.

H inc
X
(amp/m)

0.9429127E-01
0.8206546E-01
05423146E-01
0.2824213E-01
0.1072861E-01
0.4352298E-02

- 0.6021526E-02

0.6220791E-02
0.5630054E~02
0.5016830E-02
0.4404094E-02
0.3829095E-02
0.8572191E-01
0.7424533E-01
0.5183770E-01
0.2963734E~01
0.1208775E-01
0.4012648E-02
0.4736163E-02
0.5070671E~02
0.4812002E-02
0.4393540E-02
0.3995590E-02
0.3519975E-02
0.7827294E-01
0.6741470E-01
0.4936912E~01
0.3043768E-01
0.1321003E-01
0.4393969E-02
0.3674658E-02

0.4048746E-02

0.4053667E-02
0.3813216E-02
0.3600938E-02
0.3223018E-02

120

ya x1’nc

(degrees)

0.3717660E 00
0.1084205E 01
0.2326409E 01
0.5895625E 01
0.2039516E 02
0.4484128E 02
0.3531664E 02
0.3197838E 02
0.3186574E 02
0.3176582E 02
0.3222334E 02
0.3265154E 02
0.3420460E-02
0.7164755E 00
0.1673662E 01
0.4277200E 01
0.1548930E 02
0.4322064E 02
0.3878891E 02
0.3474716E 02
0.3376047E 02
0.3333412E 02
0.3316502E 02
0.3345804E 02
-0.3878545E 00
0.3071017E 00
0.1040122E 01
0.2981641E 01
0.1175741E 02
0.3636876E 02
0.4241946E 02
0.3795117E 02
0.3592122E 02
0.3504732E 02
0.3418808E 02
0.3429131E 02
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Horizontal Incident Maénetic Field Component

Parallel to the Grounded Cable




T-1711

X
(m)

25.

25.
25.
25.
25.
25.
25«
25.
25.
25«
25.
25.
50.
50.
50.
50.
500
50.
50.
50.
50.
50.
50.
50.
15 .
75.
75.
75 .
75.
15 .
75.
5.
75
75 .
75.
75 .
100.
100 .
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.

(m)

17.
34,
51.
68.
85.
102.
119.
136.
153.
170.
187,
204,
17.
34,
51.
68.
85.
102.
119,
136.
153.
187,
204,
17,
34,
51.
68
85.
102.
119.
136.
153.
170.
187.
204,
17.
- 34,
51.
68.
85
102.
119.
136.
153.
170.
187

204,

H. inc
(amp/m)

0.23254G96E 01

0.7777786E-01
0.6679149E 00
0.8146733E-01
0.1553105E 0O
0.2669536E-01
0.6634927E-01
0.,1268797E-01
0.3698913E-01
0.7870752E-02
0.2411119E-01
0.5606472E-02
0.1676929E 01
0.1880846E 00
0.4470411E OO
0.1063344E 0O
0e1362560E 0O
0.3973712E-01
0.5676622E-01
0.1906772E-01
03222106E-01
0.1169739E-01
0.2054279E-01
0.7821318E=-02
0.1227600E 01
0.2388278E 0O
0.2890560E 00
0.1111766E 0O
0.1166593E 00
0.4600875E-01
0.4951061E-01
0.2319392E-01

0.2892900E-01

0.1440121E-01
0.1829227E-01
0.9516072E-02
0.9119605E 00
0.2562540E 00
0.1778293E 00
0.1056901E 00
0.9852564E-01
0.4793792E-01
0.4372011E-01
0.2542602E-01
0.2637625E-01
0.1600793E-01
0.1668416E-01
0.1058769E-01

jpyinc

(degrees)

-0.4500101F
-0.4498712E
0.4500108E
0.4500107FE
0.4500108E
0.4500107E
0.4500108E
0.4499992F
0.4500064F
0.4498953F
0.4499936F
0.4497115E
-0.4500070E
-0.4499376E
0.4500108E
0.4500104E
0.4500096F
0.4500023E
0.4500053€
0.4499736F
0.4499956E
0e4499193E
0«4499802F
0.4498389E
-0.4500003E
—0.4499261E
0«4500090E
0.4500108E
0.4500078E
0.4499844E
0.4499811E
0.4499071E
" 0+.4499503E
0.4498329F
0.4499142F
0.4497418E
-0.4499876E
-0.4498955E
0.4499907E
0.4500092F
0.4500090E
0 .4499866F
0.4499675E
0.4498857F
0.4498970F
0.4497437E
0.4497876F
0.4495442F
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02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02.
02
02
02
02
02
02
02
02
02
02
02
02



T-1711

125.
125.
125.
125.
125,
125.
125.
125.
125.
125.
125.
150.
150.
150.
150.
150.
150.
150.
150.
150.
150.
150.
150.
175.
175.
175.
175.
175.
175.
175.
175,
175.
175.
175,
175.
200,
200.
200.
200,
200.
200.
200.
200.
200.
200.
200.
200.

(m)

17.
34,
5le
68.
85.
102.
119.
136.
153.
170
187.
204.
17.
34,
51.
68.
85,
102.
119.
136.
153.
170.
187.
204,
17.
34,
51
68.
85.
102.
119.
136.
153,
170.
187.
204,
17.
34,
51.
68.
85.
102.
119.
136.
153.
170.
187.
204 .

H inc
y
(amp/m)

0.6883928E 00
0.2542935E 00
0.1003745E 00

'0.9398311E-01

0.8235073E-01
0.4730556E-01
0.3931752E-01
0.2649330E-01
0.2445425E-01
0.1684359E-01
0.1550490E-01
0.1114734E-01
0.5286285E 00
0.2416685E 00
0.4710882E~01
0.7928813E-01
0.6816351E-01
0.4509088E-01
0.3586543E-01
0.2672889E-01
0.2294853E-01
0.1713672E-01
0.1461505E-01
0.1135603E-01
0.4133413E 00
0.2237160E 00
0.1166888E-01
0.6380028E-01
0.5583836E-01
0.4191582E-01
0.3298044E-01

042633554E-01

0.2167511E-01
0.1704229E-01
0.1390914E-01
0.1133499E-01
0.3292490E 00
0.2036407E 0O
0.1462335E-01
0.4885958E-01
0.4521144E-01
0.3821921E-01
0.3042230E-01
062547844E-01
0.2051753E-01
0.1667361E-01
0.1331211E-01
061116421E-01

yayinc

(degrees)

—0.4499670E

~0.4498535E
0.4498753F
0.4500020E
0.4500108E
0.4499939E
0.4499643E
0.4498816F
0.4498482€
0.4496695E
0.4496298E
0.4493391F
-0.4499345E
-0.4498010E
0.4489845E
0.4499783E
0.4500096E
0.4499998E
0.4499623E
0.4498750E
0.4498001E
0.4496013E
0.4494637E
0.4491498E
-0.4498857E
~0.4497369E
0.4239349E
0.4499081E
0.4499985E
0.4500049E
0.4499606E
0e4498653E
0.4497511E
0.4495311E
0.4492947E
0.4489629E
-0.4498158E
~0.4496579F
-0.4287718E
0.4497090E
0.4499626F
0.4500093F
0.4499615E
0.4498566F
0.4497038E
0.4494565E
0.4491232E
0.4487642F
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02
02
02
02
02
02
02
02
02
02
02
G2
02
02
02
02
02
02.
02
02
02
02
02
02
02
02
02
02
02
02

02

02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02



T-1711

(m)

22 5.
225.
225.
225
225.
225
225.
225.
225.
225.
225.
250.
250,
250.
250.

250.

250.
250.
250.
250.
250.
250.

250.

275.
275.
275,
275.
275,
275,
275
275.
275,
275.
275.
275,
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.

(m)

17.
34,
51
68,
85.

102.

119.

136.

153.

170.

187.

204.
17.
34,
51.
68.
85.

102.

119.

136.

153,

170.

187.

204,
17.
34,
51.
68.
85,

102.

119.

136,

153.

170.

187.

204,
17.
34.
51,
68.
85.

102.

119.

136.
153.
170.
187.
204.

H. inc
(amp/m)

0.2671710E 0O
0.1833319E 00
0.2995329E-01
03522100E-01
0.3610808E-01
03431134E-01
0.2805720E~01
0.2429623E-01
0.,1941090E-01
0.1611561E-01
0.1277441E-01
0.1089600E-01
0.2207244E 0O
0.1638653E 00
0.3974374E~01
0.2327326E-01
0.2835886E-01
0.3040211E-01
0.2581493E-01
0.2289987E-01
0.1832284E-01
0.1543193E-01
0.1226542E-01
0.1056557E-01
0.1854500E 0O
0.1458106E 00
0.4550579E-01
0.1324432E-01
0.2180364E-01
0.266261GE-01
0.2366108E-01

0.2137476E-01L

0.1723982E-01
0.1466972E-01
0.1176770E-01
0.1019699E-01
0.1582202E 00
0.1294253E 00
0.4847275E-01
0.5797494E-02
0.1629885E~-01
0.2306478E-01
0.2158172E-01
0.1978485E-01
0.1615920E~-01
0.1386349E~-01
0.1127220E-01
0.9806789E-02

jﬂyinc

(degrees)

-0.4497203E
-0.4495601E
-0.4441728E
0.4491254E
0.4498657E
0.4500107E
0.4499678E
0.4498521F
0.4496617E
0.4493782E
0.4489494F
0.4485468E
-0.4495953E
—0 . 4494394E
-0.4462029E
0e44T1741E
0.4496265E
0.4500024E
0.4499792E
0.4498546F
0.4496269E
0.4492973F
0.4487740E
0.4483084E
~0.4494395E
-0.4492915E
-0.4467818E
0.4383022FE
0.4490518E
0.4499706F
0.4499937E
0.4498645E
0.4496013E
0.4492154E
0.4485976E
0.4480511E
-0.4492519E
—0.4491113E
~0.4469334E
0.3517407E
0.4476552E
0.4498901E
0.4500067E
0.4498822F
0.4495851E
0.4491339E
0.4484210E
0.4477769E
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02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
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02
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02
02
02
02
02
02
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02
02
02
02



T-1711

X

(m)
325,
325,
325,
325,
325,
325.
325,
325,
325,
325.
325,
325.
350,
350 .
350
350.
350,
350 .
350.
350 .
350,
350 .
350.
350 .
375.
375.
375,
375.
375,
375.
375,
375,

375.
375 .
375.
400.
400 .
400.
400 .
400.
400.
400.
400 .
400 .

4004

400,
400 .

(m)

17.
34,
51.
68,
85.
102.
119.
136,
153,
170,
187.
204,
17.
34,
51.
68,
85,
102.
119.
136.
153,
170.
187
204,
17.
34,
51.
68.
85.
102.
119.
136.
153.
170.
187.
204.
17.
34,
51
68.
85,
102.
119.
136.
153.
170.
187.
204,

Hyinc
(amp/m)

0.1368324E 00
0.1147754E 00
0.4952946E—-01
0.5354460E~02
0.1172588E-01
0.1976266E-01
0.1957432E=01
0.1817752E-01
0.1508412E-01
0.1303834E-01
0.1077525E-01
0.9406179E-02
0.1197291E 00
0.1018138E 00
0.4930068E-01
0.9814329E-02
0.8008514E-02
0.1674084E-01
0.1764253E-01
0.1658741E-01
0.1402061E-01
0.1221233E-01
0.1027638E-01
0.9002764E=02
0.1058052E 00
0.9043038E-01
0.4822483E-01
0.1389542E-01
0.5166624E-02
0.1400537E~01

- 041579282E-01

0.1503959E-01
0.1297589E-01
0.1139838E-01
09776961E-02
0.8601658E-02
0.9427208E-01
0.8048415E-01
0.4660840E-01
0.1708571E-01
0.3471687E-02
0.1155384E-01
0.1403256E-01
0.1355185E~01

0.1195709E~01"

0.1060561E-01
0.9279307E-02
0.8206226E-02

yyinc
(degrees)

-0.4490331E
-0.4488936F
-0.4468941FE
-0.2893672F
0.4440622E
0.4497159E
0.4500105E
0.4499071E
0.4495793¢€
0.4490544E
0e.4482449F
0.44T4886E
-0+4487848E
-0 «4486324E
-~0.446T444F
-0.4117929E
0.4336923F
0+4493657E
0.4499925E
0.4499373F
0.4495848F
0.4489783E
0.4480701FE
0.4471886E
-0.4485088E
-0.4483220FE
-0.4465184F
-0.4302036E
0.3974355E
0.4486859F
0.4499326E
0.4499693FE
0.4496022E
0.4489078E
0.4478970E
0.4468797TE
-0.4482069E
-0.4479568E
-0.4462325E
-0.4361838E
0.2450972E
0.4473814E
0.4497974F
0.4499974E
0.4496320E
0.4488445E
0.44TT267E
0.4465645E
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02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02



T-1711

(m)

425,
425,
425,
425,
425,
425,
425,
425,
425.
42 5.
450,
450.
450 .
450.
450 .

450,

450.
450,
450 .
450.
450.
450,
475,
475 .
475,
475«
475«
475,
475.
475,
475,
475,
475 .
475,

(m)

17.
34.
51.
68.
85‘
102.
119.
136.
153.
170.
187.
204,
17.
34.
51
68.
85.
102.
119.
136.
153.
170.
187.
204,
17.
34,
51
68.
85.
102.
11i9.
136.
153.
187.
204.

Hyinc
(amp/m)

0.8456367E-01
0.7182318E-01
O0e4466466E-01
0.1943663E-01
0+.3351823E-02
0.9380240E~-02
0.1236863E-01
0.1213643E-01
0.1097068E-01
0.9840332E-02
0.8786082E-02
0.7818751E~-02
0.7627088E-01
0.6429654E-01
0.4254123E-01
0.2106580E-01
0.4266515E-02
0.7479560E-02
0.1080709E-01
0.1080133E-01
0.1002214E~01
0.3106752E-02
0.8299977E~02
0.7440686E-02
0.6909585E-01
0.5776153E-01
0.4033941E-01
0.2209419E-01
0.5383823E-02
0.5853191E~02
0.9352915£~-02
0.9551402E-02

'0.9115852E-02

0.8407488E-02
0.7823430E~02
0.7072940E-02

yyinc

(degrees)

-0.4478804E
-0.4475307E
~0.4458949E
-0.4388411¢E
-0.1108804E
0.4448581E
0.4495335E
0.4500108E
0.4496741E
0«4487906E
0.4475609E
0.4462457E
~0.4475304E
~0.4470389E
-0.4455110E
-0.4402002E
-0.3031046E
0.4398511E
0.4490503E
0.4499922E
0.4497279E
0+.4487486E
O0.44T74C07E
0«4459256E
—0.4471565E
-0.4464T775E
-0.4450832E
-0.4409277E
-0.3654266E
0.4294870E
0.4481950E
0.4499127E
0.4497917E
0.4487209E
0.4472478E
0«4456067E
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02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
0z
02
02
02
02
02
02
02
02
02
02
02
02
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T-171

Vertical Incident Magnetic Field




T-1711

(m)

25.
25.

25. .

25.
25.
25.
25.
25.
25.
25.
25.
25.
50.
50.
50.
50.
" 50.
50.
50.
50.
50.
50,
50.
50.
75 .
75.
15.
75 .
754
5.
75.
15
75
5.

" 75,

5.
100.
100.
100.
100.
100.
100 .
100.
100.
100.
100.

100.

100.

85.
102.
116,
136.
153.

170,
© 187,

204,

Hzinc
(amp/m)

0.7360367E 01
0.2716605E 01
0.1584214E 0O
0.1648539E 00
0.9095281E-01
0.5704409E-01
0.3497738E-01
0.3084284E-01
0.2085800E-01
0«1818706E-01
0.1336072E-01
0.1219693E-01
0.3224326E 01
0.1398605E 01
0.7391018E-01
0.8151561E-01
0.2438404E-01
0.2397260E-01
0.9759255E-02
0.1207243E-01
0.6892469E-02
0.6787147E-02
0.4374478E~-02
0.4586637€E~-02
0.1857173E 01
0.9379008E 0O
0.1462749E 00
0.6318176E-01
0.3832335E-02
0.1608461E-01
0.1568220E~02
0.6939787E-02
0.2011530€E-02
0e3569622E-02
0.1332447E-02
0.2346815E-02
0.1202292E 01
0.6927574E 00
0.1701690E 00
0.5958023E-01
0.1678028E-01
0.1419954E-01
0.4516143E-02
065248949E-02
0.1305221E-02
0.2482051E-02
0.6296411E-03
0.1527433E-02

jP Zinc

(degrees)

-0.1347933E
-0.2118430E
-0.1235750€E
-0.7843280E
-0.9407018E
-0.1306586E
-0.1532277E
—0.1429070E
-0.1450758E
-0.1333079E
-0.1214178E
-0.1092314E
-0.3926470E
-0.5902832E
—0.4692202E
~0.2462542E
~0.4882406E
-0.3530740E
-0.5781978E
-0.3690834E
~-0.4586666E
~0.3779044E
-0.4199778E
—-0.3376141E
-0.7495417E
—0.1071496E
—0.3457460E
-0.4677421E
-0.4028487E
-0.7725799E
=0.4343164E
—0.8950229E
-0.2116258E
-0.9177T710E
—0.1694083E
-0.7505242E
-0.1199330E
-0.1628998E
-0.,3762146E
—0.6440745E
-0.1506488E
-0.1223497E
-0.2593141€E

~=0.1693990E

-0.4183327E
-0.1870943E
-0,4382098E
-0.1611105E
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00
00
01
00
00
01
01
o1
01
01
01
01
00
00
01
01
01
01
01
01
01
01
01
01
00
01
01
01
02
01
02
01
02
01
02
01
01
01
01
01
02
02
02
02
02
02
02
02



T-1711

(m)

125.
125.
125.
125.
125.
125.
125.
125.
125.
125.
125.
150.
150.
150.
150.
150.
150.
150.
150.
150.
150.
150.
175.
175.
175.
175.
175.
175.
1754
175,
175.
175.
175.
175.
200.
200.
200.
200.
200.
200.
200.
200.

200.

200.
200.
200.

(m)

17.
34,
51.
68,
85.
102.
119.
136.
153.
170.
187.
204,
17.
34,
51.
68 .
85,
102.
119.
136,
170.
187.
204.
17.
34,
5]
68.
85.
102.
119.
136.
153.
170.
187.
204.
17.
34,
51.
68.
85.
102.
119.
136.
153.
170.
187.
204,

Hzinc
(amp/m)

0.8346550E 00
0.5367967E 00
0.1734642E 00
0.6033698E-01
0.2515302E-01
0.1432142E-01
0.6929837E-02
0.484T169E-02
0.2436842E-02
0.2203329E-02
0.1211287€-02
0.1251291E-02
0.6087089E 00
0.4279808E 00
0.1672311E 00
0.6200277E-01
0.3032327E-01

0.1517608E-01

0.8449171E-02
0.5016692€E-02
0.3263830E-02
0.2266T753E-02
0.1622709E-02
0.1209675E-02
0.4611279E 0O
0.3478752E 00
0.1566932E 0O
0.6331176E-01
0.3345804E~01
061624181E-01
09511691E-02
0.5452115E-02
0.3881078E-02
0.2480079E-02
0.1902490E-02
0.1270448E-02
0.3602168E 00O
0.2868541E 00
0.1444999E 0O
0.6383866E-01

0.3521468E-01

0.1726861E-01
0.1031419E-01
0.5999357E-02
0.4380513E-02
0.2759239E-02
0.2116376E-02
0.1377013E-02

jPzinc

(degrees)

-0.1738479E
-0.2236420E
-0.4283715E
-0.7640788E
-0.1257162E
-0.1509841FE
-0.2209082E
~0.2298781E
—0.3209094F
-0.2655573E
~0.3366151F
-0.2522858E
-0.2362159E
-0.2886867F
-0.4892652E
-0.8494090E
-0.1212498E
-0.1658272E
-0.2141470E
-0.2588911FE
-0.2916934F
~0+.3017834E
~-0.3093129E
-0.3055205E
~0e3064249E
-0.3584530FE
-0.5563792E
-0.9186600F
~0.1228456F
-0.1742825E
—-0.2153545E
-0.2694194F
-0.2815149FE
-0.3127403FE
-0.3029535E
-0.3278127E
-0<3836914E
-0 .4334943E
-0.6289815E
-0.9822305E
-0.1273211FE
-0.1806557E
-0.2199043E
-0.2725401FE
~-0.2786668E
-0.3138895F
-0.3036656F
-0.3357967E
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01
01
01
01
02
02
02
02
02
02
02
02
01
01
01
01
02
02
02
02
02
02
02
02
01
01
01
01
02
02
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02
02
02
02
01
01
01
01
02
02
02
02
02
02
02
02



T-1711

(m)

225.
225,
225.
225.
225.
225,
225,
225,
225
225.
225.
225.
250.
250.

- 250.
250. "

250.
250.
250.
250,
250.
250.
250.
250.
275 .
275,
275.
275,
275.
275.
275,
275.
275,
275.
275
275.
300.
300.
300 .
300.
300.
300.
300 .
300.
300.
300.
300.
300.

(m)

17.
34,
51.
68
85,
102.
119.
136.
153,
170.
187.
204,
17.
34,
5.
68.
85
102.
119.
136.
153.
170.
187.
204
17.
34,
51
68.
85.
102.
119.
136.

1530

170.
187.
204,
17.
34,
51.
68
85.
102.
11%.
136,
153.
170.
187.

2044

Hzinc
(amp/m)

0.2886059E 00
0.2392702E 00
0.1320310E 0O
0.6351233E-01
0.3600102E-01
0.1813709E-01
0.1094310E-01
0.6568T04E-02
0«4801314E-02
0.3057484E-02
0.2293542E-02
0.1501011€E-02
0.2361544E 00
0.2015276E 0O
0.119%9974E 00
0.6241248E-01
0.3609335E-01
0.1880137E-01
0.1144077E-01
0.7107809E-02
0.5159803E-02
03346062E-02
0.2445610E-02
0.1625894E-02

0.1966593E 00

0.1711987E 00
0.1087460E 0O
0.6067790E-01
0.3568939E-01
061925576E-01
0.1183091E-01
0.7588767E-02
0.5464148E-02
0.3608817E-02
062577634E-02
0.1742363E~-02

- 0.1661848E 00

0.1465693E 00
0.9842014E-01
0.5845888E-01
0.3493419E-01
0.1951462E-01
0.1212875E-01
0.7999085E=02
0.5719654E~02
0.3838178E-02
0.2692372E-02
0.1846180E-02

jPzinc
(degrees)

~0.4670323E
~0.5141103E
~0.7065156E
~0.1044923E
~0.1334407E
~0.1866452E
~0.2260237E
~0.2735516F
~0.2794360E
~0.3125703E
~0.3075647E
~0.3388684E
~0.5553370E
~0.6003241E
-0.7883730F
~0.1108681E
~0.1405538E
-0.1927542E
-0.2327419E
~0.2744196F
~0.2820529E
~0.3114609E
~0.3128801E
~0.3408813E
~0.6474907E
-0.6919539E
~0.8739403E
~0.1174169E
~0.14827T74E
~0.1990724E
~0.2395360E
~0.2757265E
~0.2855508E
~0.3112515€
~0.3186040F
~0.3430602E
~0.7424945E
~-0.7886806F
~0.9626526E
-0.1241572€
~0.1563819€
~0.2055803F
~0:2461682E
~0.2775833E
~-0.2894293E
-0.3119705E
-0.3242151E
~0.3456401E
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01
01
01
02
02
02
02
02
02
02
02
02
01
01
01
02
02
02
02
02
02
02
02
02
01
01
01
02
02
02
02
02
02
02
02
02
01
01
01
02
02
02
02
02
02
02
02
02
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(m)

325.
325.
325.
325.
325.
325.
325.
325.
325.
325.
325.
325.
350.
350.
350.
350 .
350 .
350.
350.
350.
350.
350.
350.
350.
375.
375.
375,
375.
375.
375.
375,
375.
375
375.
375.
375.

400,"

400.
400 .
400.
400 .
400.
400 .
400.
400,
400 .
400.

(m)

17.
34,
51.
68.
85,
102.
116G.
136.
153.
170.
187.
204,
17.
34,
51.
68.
85,
102,
116.
136.
153.
170.
187.
204,
17.
34,
51.
68,
85.
102.
119.
136.

153..

170.
187.
204,
17‘
34,
51
68.
85.

102.

119.
136.
153.
170,
187.
204.

Hzinc
(amp/m)

0.1421594F 00
0.1263872E 00
0.8905184E-01
0.5589501E-01
0.3393548E-01
0.1960082E-01
0.1234533E-01
0.8335337E~-02
0.5930442FE~-02
0.4031878E-02
0.2791601E-02
0.1935970E-02
0.1228458E 00
0.1097254E 00
0.8060664E-01
0.5310857E-01
0.3277292E-01
0.1953992F~-01
0.1248870E-01
0.8599263E-02
0.6099839E~02
0.4190657E-02
0.2876573E-02
0.2012141E-02
0.1070645E 00
0.9586459E-01
0.7302737E-01
0.5019762E-01
0.3150636E-C1
0.1935559E~01
0.1256577E-01
0.8794546E~02
0.6230906E-02
0.4316267E-02
0.2948256E-02
0.2075535E-02

0.9397763E-01

0.8425814E-01
046623775E-01
0e4724164E-01
0.3017982E-01
0.1906997E-01
0.1258229E-01
0.8926451E-02
0.6326173E-02
0.4411232E-02
0.3007242E-02
0.2127272E-02

y9zinc

(degrees)

-0.8395156E
-0.8900974E
-0.1054004E
-0.1310942E
-0.1647272E
=0.2122404E
-0.2525575E
—0.2799626E
-0.2934592E
~0.3134862E
-0.32951309¢E
—0.3486076E
-0.9379834E
-0.9956367E
-0.1147611E
-0.1382238E
=0.,1732266E
-0.2190125E
-0.2587100E
-0.2827992E
~0.2975581¢E
—0.3156488E
—0.3344769E
-0.3518727E
-0.1037394E
-0.1104755E
-0.1243038¢%&
-0.1455450E
-0.1818196¢E

—0.2258705E

—0.2646552E
-0.2860400E
-0.3016974E
-0.3183493E
-0.3391408E
-0.3553726E
-0.1137453E
-0.1216758E

—041339947E

~0.1530509€
~0.1904622F
~0.2327824E
-0.2704312E
~0.2896214E
-0.3058809E
~0.3214859E
-0.3435770E
-0.3590491E
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01
01
02
02
02
02
02
02
02
02
02
02
01
01
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
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X

(m)
425,
425,
425,
425,
425,
425,
425,
425,
425,
425,
425,
425,
450.
450,
450.
450,
450.
450.
450,
450,
450.
450 .
450 .
450.
475,
475,
475,
475,
475,
475,
475,
475 L 2
475,
475,
475.
475,

(m)

17.
34'
51.
68.
85.
102.
119,
136.
153.
170.
187.
204,
17.
34,
51.
68,
85.
102.
119,
136.
153.
170.
187.
204,
17.
34,
51.
68
85.
102.
119.
136.

153.

170.
187,

204,

Hzinc
(amp/m)

0.8298725E-01

0.744T7666E-01
0.6016047E-01
0.4430133E-01
0.2882609E-01
0.1870257E-01
0.1254384E-01
0.9000745E-02
0.6388187E-02
0.4478183E-02

0.3054019E-02

0.2168371E-02
0. 7365668E-01
0.6618178E-01
0.5471988E-01
0.4142208E-01
0.2746939E-01
0.1827027E-01
0.1245572E-01
0.9023327E-02
0.6419465E-02
0.4519813E-02
0.3089052E-02
0.2199797E-02
0.6566125E~-01
0.5910474E-01
0.4984596E-01

.0e3863694E-01

0.2612750E-01
0.1778753E-01
0.1232315E-01
0.9000048E-02
0.6422594E-02
0.4538782E-02
0¢3112903E-02
0.2222473E-02

yQZinc
(degrees)

-0e.1237932E
-0.1330923E
-0.1437987E
~0.1607321E
=0.1991190E
-0.2397198E
-0.2760698E
~0.2934856F
-0.3101100E
~0.3249744E
—0.34T78442F
-0.3628496E
~0.1338665E
-0.1446501E
-0.1536830E
~0.1685777E
—0.2077585E
=0.2466557E
-0.2815944E
-0.2975777E
-0.3143819E
-0.3287363E
-0.3519850E
-0.3667255E
-0.1439516E
-0.1562749E
-0.1636156E
-0.1765736E
—0.2163536E
~-0.2535655E
-0.2870218E
-0.3018488E
~0.3186905E
-0.3327042E
~0.3560254E
~0.3706290E
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02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02-
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02z
02
02
02
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APPENDIX F.

LISTING OF THE COMPUTER PROGRAMS
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COMPUTER PROGRAMMES

The subprogrammes required by each of the four main programmes are
listed below. ‘

Main Program. EMXYZ

Sub-Progs. GPS
GMNP
EXYZ
KPXYZ1
KPXYZ2
KSXYZ
SIMPON
CMATEQ
GSS
WABSS
GAUSS1
EULER
CBESNI
CBESNK
KEXYZ

Main Program. INTGRL

Sub-Progs. INTGLS

' SUBINT
KK2
SIMPON

Main Program. HXYZ

Sub-Progs. WABSS
HXX
CBESNK
GSS
GGK
KK3
SUBINT
EULER
GAUSS1
KEXYZ
SIMPON
CBESNI



T-1711

Main Program.

Sub-Progs.

HOMMO

INTHX
HX

HY

NT

HZ
BEKEP
SIMPON

o)
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