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ABSTRACT

The problem of determining the electromagnetic f ie ld s  of a harmonically 

excited grounded cable of f in i t e  length in the presence of a conducting 

rectangular body is reduced to the solution of an integral equation. This 

equation is reduced to a matrix equation, and is solved for the e le c tr ic  

f ie ld  in the inhomogeneity.

Because the source is f in i t e  and the inhomogeneity is two-dimensional, 

the volume integral of e le c tr ic  f ie ld  scattering is reduced to a surface 

integral by using a Fourier transform method. The electromagnetic f ie lds  

in the conductor and at the surface of the earth are theore tica lly  developed 

and calculated numerically in the wave number domain. The magnetic f ie ld  

response of a two-dimensional thin dike is computed and plotted in the 

space domain. Horizontal location of the conductor is best determined 

through measurements of vertical and horizontal magnetic f ie ld  amplitude 

rather than phase of the magnetic f ie ld  re la tive  to current in the source.



T-1711

TABLE OF CONTENTS

Abstract i i i

Table of Symbols I

Acknowledgments I I I

Introduction 1

General Consideration 3

Theory 4

Formulation of the Integral Equation 4

Dipole in the Presence of a Conducting Half-Space 10

The Fourier Integral of the Incident E lectric  Fields of 12
Current Dipole

Subsurface Electromagnetic Fields of a Grounded Cable of 15
Fin ite  Length

Numerical Solution of the Integral Equation 19

Integration of the Primary Part of the Dyadic Matrix 25

The Magnetic Field Components at the Surface o f  the Earth 27
as a Function of the Scattering E lectric  Field in a
Three-dimensional Conductor

Development of the Magnetic Components in the Wave Number 29
Domain

The Incident Magnetic Field Component HX1 at the Surface 35
of the Earth

The Incident Magnetic Field Components Hy1* and Hz1 38
at the Surface of the Earth

Method of Computation 43

Numerical Evaluation of the Integrals 44

Numerical Results 49

Conclusions 65



Appendix A

Derivation of the Green's Tensor 

Appendix B

The Green's Tensor in the Wave Number Domain 

Appendix C

Integration of the Elements of the Singular Green's Tensor 

Appendix D

Magnetic Field Components at the Surface of the Earth 

Appendix E

Data of Electromagnetic Field Components of a Conductor 
in a Conductive Half-Space Near a Grounded Cable of 
F in ite  Length

Horizontal Magnetic Field Component Perpendicular to the 
Grounded Cable

Horizontal Magnetic Field Component Parallel to the 
Grounded Cable

Vertical Magnetic Field Component

Horizontal Incident Magnetic Field Component Perpendicular 
to the Grounded Cable

Horizontal Incident Magnetic Field Component Parallel to 
the Grounded Cable

Vertical Incident Magnetic Field  

Appendix F

Listing of the Computer Programs 

References



I

T-1711

TABLE OF SYMBOLS

ËT e le c tr ic  f ie ld  vector

Js e le c tr ic  current density vector

I e le c tr ic  current

H magnetic f ie ld  vector

e e lec tr ica l permeativity

01 e lec tr ica l conductivity of half-space

cr2 e lec tr ica l conductivity of the conductor

p magnetic permeability

ü) frequency in radians/second

ky wave number in the Y-direction

y propagation constant

eo d ie le c tr ic  constant of free space

ÿo magnetic permeability of free space

q q = (x^ + z'^)3*

r  r  = (y^ +

R R = (x 2 + y 2 + z2)^

Ex , Ey, Ez orthogonal Cartesian components of Ê" 

Hx, Hy, Hz orthogonal Cartesian components of H 

K Green's tensor

V  K«»' K« , '
KyX, Kyy, KyZ, elements of the Green's tensor, 

^zx* ^zy* Kzz



X X

T-1711

U l  U l  =  ( x ^  +

uly u1y = ( y /  + ky2)^

vl vl = (X2 -  ky2 )*4

d j  =

j * ** =( z j ï ,^ )~ 2
u u = ( 2 i + g2 ) '5

v v = (g2 -  g2y )^

Uy uy = (gy 2 + 2 i )^

9 9 -  i  X

9y 9y = <$ ky

P P = q/S

€ C = (®2- CTl )

1 length of the l in e  source

L 1/6

N, P Sommerfeld's integrals

X X = x /6

Y Y = y / 6

Z Z = z / 6

X '  X '  = x ' / 6

Y '  Y ’ = y > /6

Z ’ Z1 = z ' / 6



ACKNOWLEDGMENTS

The author is thankful to Dr. George V. Keller, who acted as thesis 

advisor, to Dr. Walter W. Whitman, Dr. Frank Hadsell and Dr. David Butler 

for th e ir  helpful suggestions. I also wish to express my appreciation to 

Dr. David A. Hi 11 of the In s t itu te  for Telecommunication Science, Dr. Richard 

G. Geyer of the Gulf Energy and Minerals Company and Dr. Gerald W. Hohmann 

of Kennecott Exploration Company.

Special gratitude for support is also due to the Geophysics Department 

of the University of Chile, and the National Science Foundation under the 

Office of Polar Programs Grant GV-32738.

ëOLCRAi^. LT<HS DBMRîî
oi MINES



1

T-1711

INTRODUCTION

One of the primary lim itations in the use of electromagnetic methods 

in mineral exploration has been the lack of theoretical solutions for  

electromagnetic f ie ld s  scattered by conductive inhomogeneities in the 

earth.

Since the advent of high-speed d ig ita l computers, however, previously 

intractable electromagnetic scattering problems have begun to y ie ld  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 f ie ld ,  i . e . ,  an e le c tr ic  or 

magnetic f ie ld  caused by natural phenomena on or in the earth, or an a r t i f i c ia l  

f ie ld  associated with currents a r t i f i c i a l l y  maintained in the subsurface 

by a f in i t e  source.

The conventional electromagnetic systems used in geophysical explor­

ation are conductive systems and inductive systems. In the conductive 

systems the primary f ie ld  is caused by a current flow in the earth through 

a wire grounded at each end. Inductive systems have a source f ie ld  

created by means of a coil or loops of wire on the ground.

A long grounded wire or Tu ram method is extensively used in the 

search for m etallic  sulfide orebodies. Only two components of the e lectro­

magnetic f ie ld  from a long wire can be observed at the surface of a 

uniform earth: the paralle l component of the e le c tr ic  f ie ld  and the 

vertica l component of the magnetic f ie ld .
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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 restric ted to two-dimensional 

time harmonic analysis. The electromagnetic scattering problem with a 

conductor buried in a half-space have been solved for a 1 ine-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 

fin ite-e lem ent techniques.

The general problem of electromagnetic scattering by three-dimensional 

conductive bodies buried in the earth, which are excited by an arb itra ry  

source, has been examined by Hohmann (1973).

I t  is the purpose of this thesis to investigate the electromagnetic 

f ie ld  scattering by a subsurface two-dimensional conductive inhomogeneity, 

which is excited by a f in i t e  e le c tr ic  current element located at the 

surface of the earth. A solution fo r  the electromagnetic f ie ld  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 f in i t e  grounded cable can be also used for locating massive 

sulfide ore deposits, and geothermal systems. With this source a l l  six 

components of the electromagnetic f ie ld  can be observed at the surface 

of the earth.
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GENERAL CONSIDERATIONS

The subsurface electromagnetic f ie ld s  of an e le c tr ic  horizontal 

dipole have been evaluated by Wait (1961) and Banos (1966). Recently,

Wait and H il l  (1973) have extended the theory of conduction from current

dipole to the case of a grounded cable of f in i t e  length.

With respect to Cartesian coordinate system, the half-space Z<0 

is assumed to be a homogeneous earth with d ie le c tr ic  constant e j , magnetic 

permeability y , and conductivity a1> except for a two-dimensional 

inhomogeneity which is described by e lec tr ica l parameters > a2 .

A ir  with a d ie le c tr ic  constant £q and permeability y,occupies the space

Z>0. The magnetic permeability in the lower half-space and the conductor

is assumed to be the same as that of free-space. The exciting dipole 

source of length dl carrying an e le c tr ic  current I is assumed to have a 

time dependence e+Jwt.
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THEORY

Formulation of the Integral Equation

I f  E ^ i s  the incident e le c tr ic  f ie ld  due to impressed
-r  7=^

e le c tr ic  currents , and c  is the scattered e le c tr ic  f ie ld  

due to polarization or scattering current J$ , which exists only in 

the inhomogeneity3 then the to ta l e le c tr ic  f ie ld  vector E  generated

by a current dipole in the presence of the conductor in the h a lf ­

space is given by the sum of the incident and scattered in te n s it ie s ,

'£>
£  = £  ■*• £

The scattered e lec tr ic  f ie ld  E is obtained multiplying the appropriated 

dyadic Green's function by Js and integrate over the volume-V' of 

the inhomogeneity (Hohmann, 1973). Thus

£ s =. f  K  ( x , y , z ;  X* ,  y * .  z ' )  %  « z ' )  d v '  
J v <

where the scattering current density from the inhomogeneity must be

Js = [(C^-CT,) ir ] u  (Cz** fi )1 E

The kernel 1< is derived in Appendix A, and is the dyadic Green's 

function relating the e le c tr ic  f ie ld  at a point (X, Y, Z) to a 

current element at a point (X Y Z ') ,  as shown in Figure lb .
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%  = »

Figure la . Orientation of the e le c tr ic  dipole-source and the rectangular 

conductive inhomogeneity.

The conductivity ai of the earth surrounding the buried body is 

homogeneous; in addition, the conductivity 02  of the body is considered 

to be constant throughout the body. Both conductivities are taken to be 

linear and isotropic.
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)*Lo f I (Jo ®

a ir

( x,y,z )

z

Figure lb. Green's function geometry

The total unknown e le c tr ic  f ie ld  vector anywhere can be expressed 

by the following integral equation,

£  (x, \ J , z ) =  £ % x , y , z )  t
Jy*

x . ' V . z ^ - E f x . y ' . z ' )  t / x V y - a z '
( ï )

where T  (X1, Y1, Z f ) is the excitation f ie ld  at the surface of the 

inhomogeneity in the absence of that inhomogeneity. The e le c tr ic  constant 

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

(e i=e2=eo), so that the scattering current is related to the tota l e le c tr ic  

f ie ld  scattering by the constitutive relationship
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With ç = (a2- a i ) ,  the integral equation is given by

S* VCS /z  ^  Xa + T/z ^  H

Ê (X ,Y ,Z )=  Ë*(X,Y,Z) +. |  / / I
J_  w (z J xcl -  r / 2 -> D

K ( X , Y ,  Z ; x :  Y,' Z ' jE fX ' ,  Y', Z'JclX'dY'-lz'

( 2 )
All distances have been normalized with respect to the plane wave skin 

depth, and w il l  be denoted by capital le t te rs ,  i . e . ,

X  = XA  , Y - y/<r , Z  = Vrf

X '=  , Y'= y'A , Z  = ^Ycf  ̂ e tc

Equation (2 ) ,  where F 1’ and R are given functions and where ç and 

the lim its  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 function

which depends upon the spacial variable (X, Y, Z) as well as the aux ilia ry

variable (X1, Y1, Z ' ) ,  is the kernel of the integral equation.

A conducting rectangular body of in f in i te  length along s tr ike  is 

considered. The source is f in i t e ,  and the current is not uniform throughout 

the body. Under this condition the integral equation becomes

Tx
ll
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qo Xa + f z  z* H

£  (  x , y , 2 )  =  E *  ( X , Y , Z )  d f /  /  /
co -/ Xa. — T /2  Q

K(X,Y,Z; Y',2') £ (X ,,Y,)Z'j dx'dy'dz'
(3 )

i f  we define

oo/ w

K (x,Y Z ; X1, Y :z 'j£AXz^Y
CO
CO

(4)
Then (3) becomes

^  Xq, + Tjz ç  H

- £(X,YZ)-- £ /(X,Y,z) + £ / F
7 X a -  T /z . > D

(5 )

The Fourier transform of the integral (4) is

F(X,X';Z,Z’; 9V ) = l< (X ,X ; Z,z‘;

(6)

where g  ̂ is the wave number in the y d irection.

After Fourier transforming expression (5 ) ,  and a f te r  substituting  

relation ( 6 ) ,  the integral equation in the one-dimensional wave number 

domain becomes
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£ ( X , 9 , , z )  = E *  ( X ,  9 , , z  ) + |
Xa + ̂ "/z H

Xa -  T /z  y  o

K (x,x'; z' z’; Ê (X1, 9V, z'j dx' dz‘

(7)

Consideration of the mutual coupling e ffect between the e le c tr ic  

components yields the following integral equation in matrix form

e * 1
/  E* \

£  y % E b

E z E z

Kxx

V z  J d

K zx K

/  Ex

l Y z z  J

E ,

e y

E z

d  X1 < d z ‘

(8)

The elements of the dyadic matrix may be given a physical interpretation, i . e . ,  

Kij is the ith  component of the e le c tr ic  f ie ld  E at (X, g^, Z) due to a 

J-d irec t 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.
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Dipole in the Presence of a Conducting Half-Space

The current dipole of infin itesim al length dl and oriented in the Y 

direction, is located at the origin of a Cartesian coordinate system. The 

components of the incident e le c tr ic  f ie ld  may be written (Wait, 1961):

d E x  =  -  r d f  j l i V
z t i (6 x O )

^ey = - z 3 zP .
7    '   —  +  3 "  (10 )^ 7r Ci I 9  z

<Lez * - Z d l  2 l E
2 > z 3 y  ( I D

where N and P are the Sommerfeld (1926) integrals given by
cO

( 12)

(13)

Introducing the attenuation factor

u i. | x x  -  v , 1 ) , / 2 ^  Vi 
^  ^ °

where the determination of the square root is such that Re £ U / j  ^  O 

over the entire  path of integration, O 6  ^  ^  CO •



11

T-1711

The integral N is equal to

J o  l  p .  ( R . -t- 2 ) 3  K o  [  ^  ( K - z ) 3  , Foster (1931)

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

Figure 2. A dipole source on a homogeneous half-space
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The Fourier Integral of the Incident E lectric  Fields of Current Dipole

Consider f i r s t  the Sommerfeld integrals N and P in one-dimensional 

wave number domain.

r 00 -  if, R  - x k y y
p i  ( V )  = /  _ê _  e  cty

^  (14)

and

. r ' * ’  r 00  - u iz  \  - i fcr y
Ni (Ky)  = /  /  —  xJo ("X  t" )<f et X  d y  (15)

Jo Uls. oo JO

where kt .  <3 r / j '  

r  .  ( V » y ) y ’

The kernel of the integral (14) is an even function of y. Thus

r 00 - r . R  . .
p , ( k t )  = z  /  g .  cos ( y )

This integral has been evaluated by Erdelyi (1954, Vo. I ,  P. 17), 

Pi ( * y )  = 2. K o  (  )  ( 16)

where x \  ‘A
Ufy -  ( /

? =  ( x * t  z v V / l
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The expression (15) can be rewritten as
.00 -  ai z

oo

CM oo

_ /C W  ^  "1 
J , , (X r )e  dy U>.

r  = ( X ‘ + ' J I )  1/2

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

A/ J ( =
OO

U l

U IZ .
. <x>

Jo (T -r )  COS ( k Y y) ciy

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

co

N l  ( ky  ̂=
-a /z

(i t
cos> [x C % -  ) ^ 3 d  x  j

0 7 )

Then expressions (9 ) ,  (10), and (11) fo r  dEx, dEy, and dEz in the one­

dimensional wave number domain becomes

i  9y J  ot L 
ÎT Gl

00 -  u Z  , V J  
e sin (.X y) dg

(18)
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where

co

d E y  — — i d L
v  or

- a z
C 1/  cos (^x i/J d g

+ u.\ k „ (u ^ )Z l + u1Kl(usÇ)(z-X''j 
ç "  e 3

(19)

cLCz = 9 y /  Z  K ^ U y Ç )
rr (J7 f

( 20)

g = X <5* v  ̂y  ̂ <5“

U = ( g + ^  ^  )

Uy =  ̂ 9 y + -2 ^  J

p  t  9 / c T

L  = 7 / J

and the distances are now measured in skin depths in the half-space.
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Subsurface Electromagnetic f ie ld s  of a Grounded Cable of F in ite  Length

The geometry of the cable of length 2] situated on the half-space 

carrying a current IeJŵ , and an observer located at the point (X,Y,Z) 

are shown in Figure 3.

Figure 3. F in ite  l ine  source on a homogeneous half-space.
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The e le c tr ic  f ie ld  components (Wait, 1971) obtained by integrating  

dEx, dEy, and dEz from equations (18), (19) and (20) over the length 21 :

£x J "^5"dz d '̂ (21)
— Jl

£ v  [  ( 1 ^  ■ <22)

-z/rcr, / 4 y ^ ) z  ( 2 3 )
>(

The Fourier transformation of the Sommerfeld integrals N and P in 

this case are given by

00  -  r ,  r  k Y mr "  _ T, K
P * K ) *  j  - Ê -  e cttj ( 24)

_ OO

and / v * ( i s ) -  f  f - ^ 1  J »  ( ^ r )  e ' " ' kY
Zoo Ul

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

e ffe c t  a change of variables,

y = yl +
By d if fe ren tia tio n  cly -  cI cl.

The integrals (24) and (25) become

P ,  ( k x )  = e - W k Y  f  _ Ê ^ : R e “ ^ Y V
■ lo o  R  (26)

, s -**  f 00
— y I l  —» (Jtl 2 » •*■» X-' ?'.y

iv j _ 1 k. . 1 _ r— ^  /
and IV* e "  I  /  ^  J . ( x r ) c  d î s : ^

(27)

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

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

thus po
r  - v; r.

R  ( kY ) =• Z  /  £ __  Cos (  elds.

-0 0 - 00 „ u / Zr  r
and Wa (.^x) =  /  I ^  J o  (  X  ^  X
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From equations (16) and (17), the Fourier transformation of the Sommerfeld 

integrals N and P in this case are given by

-  ;  fer y '
2  e. K o  (  U ly  %) (28)

and

(X?
-  a i z

e _  cos ( y  w ) cf kv 
i / iU l

(29)

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

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

and

(30)

2  £

— u.'Z* »
e cos ex i/) «9 ,
U 1/

(31)

Then the incident e le c tr ic  f ie ld  components due to a grounded cable in 

the wave number domain are:

oo
f  -  u z-Z /  ye, /  6in<3yL / e s i n  ( X  V) d o  (32)  

/7 Gr,<$ V  J
%

4*

UY Ki ( tA r ^  (  Z  —X  ) (33)
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£ z  =_ 2 7  SinC^yL)

° Iy

i  UY _Z. K , ( u Yp)
Ç

(34)

where the factor 2 sing.,L is obtained for the evaluation of the integral

r  L gy .

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

integral equation be satis fied  a t discrete points in the cross-sectional

area S '.  The area is divided into subsections Mx by Nz squares cells  of 

side dimension A , as shown in Figure 4a. The cells  are small enough so 

that the e le c tr ic  f ie ld  intensity  is nearly uniform in each c e l l .  The 

e le c tr ic  f ie ld  scattering in each cell is i n i t i a l l y  considered to be an 

unknown quantity and a system of linear equations is obtained by enforcing 

at the center (Xm, Zn) of each square the condition that the total 

f ie ld  is equal to the sum of the incident and scattered f ie ld s . The solution 

of the linear system of equations is the scattered e le c tr ic  f ie ld  in the 

conductor.
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1 Xj.Zj

•
I

A —A—

N
z

Xm,Zn
•

S

A

x
Figure 4a. Division of body into M)XNZ cells  for numerical solution.

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

approximated as

j  Ex ( X i  , , Z j ]  ^

£ X j

\ e z C x ^ i  ^ j ) /

+

M *  N

m n

m»i n»i

! e *  ( X m  , , Z n )  \

f  Vf ( X m  , 9Y , Z n )  

\ E z  ( X m ,  , Z . )  I

(35)
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where the dyadic matrix Gmn is given by the sum of the non-singular 

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

is assumed to be constant over each c e l l ,  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

(36)

and the singular Green's function Gpmn is given by

(
Where

(37)

K s  =  K s  (  -  X  rm ;  z  j  + Z  n \  j  L Î  rr>, i f ,  n
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In order to reduce computation time each square ce ll is replaced by 

an equivalent c ircu lar cell of the same cross-sectional area (Richmond, 

1965, 1966).

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

E
fr>c \ M N

/  \
% Y ' —

r- ‘nCE-r
-ct i*nc

> E z i E z  y

4- ,JK

mn■ - V ' k

m n 
XX
mn
Z K

,J K
• JK

mn i j
YY
mn

z r

K

U

rn n 
Yz

mn
J

E
mn

Y

\Ei /

(38)

À j = ( f  -  N z  + J
where

mn -  ( m  - 1') N  z + n 

M N  = M x  - Nz:

and X'j K m n =  A" K s  ( X ^ -  - X r v ,  ,  g V j Z i + Z n )

X m  +  ^ A .  i ~ Z n  i-

+  J x m - A / J z . - ÿ 2 ( X < ' X ' S - " Z i - Z

. c l x ' cl 2
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Equation (38) can be rewritten as a system of linear equations.

^ G x x  G x y  G x z  

G x y  G x z

\G „  GZ1 G

(39)

where Gxx, Gxy, e tc . ,  are submatrices with MN by MN elements3 tne vector 

(Ex, Ey, Ez) is the unknown e le c tr ic  f ie ld  in the conductor, and (Exin c , 

Eyinc , Ezlnc) is the incident e le c tr ic  f ie ld  vector.

The dyadic matrix G is given by

i l  non
G x z  \

Gy x Gnj- y G ion n

\
ij n il^ rn n  m  n

Gz„ ezv

(next page)
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É V r - i i  f “ k . t - s i

i  "K v ” ”-  ^ Jn £  'V I"  -  jTm„ £ ' ' k r  -  j  “v z rnn

z z m n

with
s ' J<3 mn = O / f <i f rrir>

and r /Jd mn = / i f f j zz m n

(40)

The electromagnetic f ie ld s  observed at the surface of the earth are 

obtained by integrating the half-space kernel functions of the scattered 

e le c tr ic  f ie ld  over each cross-sectional area of the rectangular body. 

The e le c tr ic  f ie ld  vector a t the point (X,g^,Z) outside of the conductor 

is given by the following expression.

f Ex^
£ y

r- «ne
e y

Mx N;

4-

m=l n= I

r K AX K X>f ^ A Z m
i

K X K  K ' I ' f  K xz E y

i K Z X  K. Z Y ^  ZZ/ l g l /

(41)
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where E = E (X, g^, Z) is the e le c tr ic  f ie ld  vector anywhere.

Ê inc = Elnc (X, 9^, Z) is the incident e le c tr ic  f ie ld  vector at a 

given point.

Es = E5 (Xm, g^, Zn) is the unknown scattering e le c tr ic  f ie ld  in the 

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 c e l l .  The numerical integration is carried out for the singular 

dyadic Green's function over each c e l l ,  because i t  is quite sensitive to 

the small distances between cells  (Hohmann, 1971).

The integration over each singular cell is obtained a n a ly t ic a lly .

I t  is found that the surface integral over the elements situated only on 

the diagonal of the dyadic mat r ie  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 y ie ld s .
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Kpxx d e '  = (  ü i  + z  / )  Q
5'

K p x x  <^5 = "f 2  Q
s

K. p 22 d s  -  (  ^  + 2 > j  a

(42)

where for the singular ce ll the function (Hohmann, 1971),

Q - i r ]
(42)

and Uy = (g^2+ 21)^, K-j is modified Bessel function of order unity, and

"a" is the radius of the equivalent c e l l ,  given by 

a  ,  V  C " ' I

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

Q Ko  f Ur  $,) T i (  UY a.)
UY 1 (43)

Where I-j is the modified Bessel function of the f i r s t  kind of order

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

%
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The Magnetic Field Components at the Surface of the Earth as a Function 

of the Scattering E lectric  Field in a Three-dimensional Conductor.

The integral equation (2) can be approximated by a f in i t e  sumation.

Ë (*iy,z)= B'Tx^z) t ( Gt- S',) y ™1 | K(mi.z; x'.-d'.z') cAu-1
n=n wi=• ^

(44)

where the dyadic Green's function

R C x. m a v » - )  = -  ^  K ( x , ' d , z ; x - , V , Z - )  -  - L  V  v ' K C x ^ z ; ^ ^  Z ' J

O', °^1

is given by (Van Blandel, 1961) with

-  T .  R.
K  x", V, z ')  = - É _

and £ (x -x 'J v-hC 'i-y,JV+ <"i *" = ' ^  ^

The magnetic f ie ld  vector of an a rb itra ry  f ie ld  point in terms of 

the e le c tr ic  f ie ld  in the body can be calculated applying Faraday's law 

to equation (44). Thus

 ̂ Mx

H i * - ' * , 2)  = H  (x, y ,z j + ( 0^ -  e n ) E rn n  f  v  K K(x-x, 2 ; x ' r jz ' jd i / '
ry) st n = i _V y 1

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

in the space domain is given in Appendix B,

-  V, R ,

v r  Ko

O

O

O

— Ki R o

47T Ro

o

o

o

- t f R o  e -  r . K  

H Î f f c o  ~  V / r R

(46)

The curl of the dyadic matrix (46) is

V X  K  =

/  D C P o -V )  -  2 . O

O
d  ( P . - 'P )  + 2 C ' X +  p° )

— —  y Z

O

o

O
o -3 *3 3 x

(47)
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Thus the magnetic f ie ld  components anywhere in terms of the scattered 

e le c tr ic  f ie ld  in the body are:

Nz

H »  - h ; "  » ( s - . -c r . )  £ £  [  f  k ) M
rvi = i n» I J

E  mnx 
(48)

M x  Nz* 'N Z y-»

[ j [ /
ms-i 1

r  j" 2 ( 7 , +  P . ) d i / '

- Jv/’ 3 Z
-

.  Zr mn^ 

(49)

Mx Nz

m=i n=> -^v' I (so )

where (Po-P) = o 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 w ritten as follows:

<A i /1 Ewnz

/-/x = Hx  1- Ç - (Sll  \  \  E  mnx
tvz

ZZ
mal n=/ 

Mx Nz

(  e ls '  d y '

'  <X>

or fVx =
&

EmnX y '  h ’ , c/ £  1

m»i m=»i

(51)



30

T-1711

C O

where
Fx(x,SI,Z; x', y ’, z ’) = -  /  ( 2 > X  

2> Z.
— oo

and %  + B» =

CO

I f # . _ u ( .z  + z ' )
- ) i e  j . c ^ ^  + e

(52)

where

The Fourier transform of (52) becomes .f00, . _ _ u( z + z ' j, , _L |  k o ( u Y ^e )  +  J { ^ L ^ \ - 5 _  e  c o s C K A -
a -f  <3

=  z < < ci /
(53)

I t  Is desirable to e ffec t a change of variable in the second term 

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

( ° )<3 = u’" + 9

and by d if fe re n t ia t io n

Vo - 0

—  if-1 "R-o

X ' ) ] d < 3
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The transformation pair in (53) become

%  4- R f  { K. ( S  (-1
_ u  z.') )

u.
(54)

where u  = (  v'l + <31'+

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

the earth is

d ( %  + P.)
DZ

oo

2TT
2=0

Uvf l < ,  ( UyÇo) LL- l ) e uJ > l z o c - x ' n c l y j
U - + Ç }

(55)

The magnetic f ie ld  Hx at the surface of the earth is obtained by 

substituting (55) into (51)

M x Nz

m=i n» I

+  ; i - ~ q. \  e  u  c o sf —I  LCf 9 56)



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 f ie ld  Hy at the surface of the earth is obtained d ire c tly  from (49)

Mx Nz.
/A r  -  e

2 t t  <f Z _ j  I — , 
m=i i

mnY

(— V u  +
- I N  e  

9

—  U Zn

Ux Zn K . ( U Y Ç.)

cos
(57)

The vertica l magnetic f ie ld  component Hz from equation (50) may be 

w ritten as

Mx Nz

H z  -  H z %  ( g y - c o v y  5-rnnz .

m-i n-»

oo

oa D S  2)X

(58)

dy'dj

or

Mx H-Z.

Hz ^ Hz + ( ^  y  y 1 E m n z f  F*. ( ,x ,%z ; Y ' ^ z ' )  e ls '
^  n - i J S

where
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The f i r s t  term of the integrand in (58) in the wave number domain 

is given by

i L  (  %  i
1) Y ATT

r * °

K o -hJ  h i z 3 - 1 e
a

- U ( 2+ Z ')

(59)

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

derivative with respect to X in (58).

f 00
2  (%+?') __ „ _L ( -  K ,(S  v ) -  f±±-\
3x 2n {  J  W  + HJ u.

-  u ( z  + z ‘)  .
C  6 I n ^ ( X - V  )  ct^

(60)

a t the surface of the earth (59) and (60) y ie ld .

oo

2  ( %  
I T 277"

2=0

K »  ( u Yp0)  +  /  («.-J  I  2  .  
J  u

“a

- U . Z
( f  c o s  C ( X - x ' j  t / ]  c^Ç|j 

V J

(61)
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and

3 L  V  p°)
Dx Z ttS

- jM2Sz2^ K, ( U* Ç-J
Ço v

Z - O

00  _ 
u - 9  \ 1  e  e / o L C X - x ' )  ^ 7  ^ <3
u - t - î  I u

9
) (62)

F inally  the magnetic f ie ld  Hz in the wave number domain as a function 

of the e le c tr ic  f ie ld  in the conductor is given by

H z  -  - A%( r z - <rj) 
2  n <s

E  mnz  I i Ko (
m=/ n - 1

00

x- a - 9  
u +g

_ CtZn
g e  cos l c x - x ) ^  ]  ct<i 
u v

_u 2 „
t- Uy (X -Xm ) K i ) -f- g-3 9 £  s»'n(j>f-Xm),,j d<3

^ U + Q

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

The magnetic f ie ld  component Hx1* due to a l in e  source of f in i t e  

length oriented in the Y-direction in a half-space of propagation constant 

jfi is given by (H i l l  and Wait 1973)

Hx = - 7
Z1T. if."

where u r -  X1

y ? cly '
(64)

and G1

fl ^3 p
At the surface of the earth  ̂ -

»
so that (64) becomes 

/ - / * =  ^
-z77^  '  J . ,  ) Z 22>X

(65)

Substituting (12) in (65) we obtain

( ,0 0

Hx -
I

2 7 r f M x Jo ( 66)



36

T-1711

adding ^and subtracting X  to u l,  we obtain

J 'f o %  { x) J-M ̂  ^

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

integral as follows

àZ X e 'til j „ ( x r )  dx  = - _z_ e~ + 1)
J0 R1

where the function is continuous for a ll  values of z > 0 .  Then (67)3 Z .
becomes

H r - i - c / Ï 4 Cu,- x) c“ 1 '

In order to obtain an expression for the horizontal magnetic f ie ld  

Hxinc at  the surface of the earth we take the l im it  of (68) as z approaches 

to zero.
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l i m  f  [  i L Î  I  U l ~ % )  Jo& r \ e r U , Z ]  <ix d-y1 =

and

im f  _sLr_ z  e ^  V, + Ol d.<j‘ = O

then (68) becomes

H r  = jl
■S r  0 0

- l — f  [  2 1  (  ( V t l - X )  J o t X r U -  c U c t t j

(69)

by multiplying numerator of (69) by ul + X  and then replacing ul^ - X  by 

i ts  equivalent Jf,2 , which is a constant we pull out of the integrand, we 

obtain

me

-  f  f —!7r l t I ™

\  d x c t y *
tti r  X

(70)
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The Fourier transform (70) yields

co CO

— J l J q  J -O O

e  z ^  a y '
(JLl +

(71)

Making the change of variable y=t+y1 in (71 ), we obtain

-Jo J— CX>

 ̂kx y'
6  £  at o(> a y

(72)

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

b ila te ra l Fourier transform reduces to a Fourier cosine transform

hJ"* s . 1
TT 3 X L

J t 00

'o  J  o

x. k y'
J o  ( . > r ) to s  c kY-fc) <2. d t  a x  a y '

LU "f
(73)

substituting

2. sin.kvy j? 

k X
or

and r 00
coS [X  ( ?~ — ) ]  Cor /  Jo ct“tr

(  — ky1) V*- Jo

(73) becomes CTO

AV/in = 2 7  Z
77"

CoS [  X ( X 1--  ky1") / VJ

( u /  +  X ) ( X l -  V ) ly/z

cj.7- s in  Icy j

X
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and evaluating the derivatives with respect X gives the horizontal 

magnetic Hx1 at the surface of the earth

CO
inc ^

H x *  =  -  s i n  j  v t  c o s C v D i )  c l >

(75)

Ï Ï  k 4 / . Ul -t- >  >
K1

I f  the distances are normalized in skin depths

^  C90
Wx= -  2J. si n  9h L / VCQSlXI/)

77 %  1  u- +  9

(76)

The Incident Magnetic Field Components Hy1* and Hz' at the Surface of the Earth

The magnetic f ie ld  components Hy1 and Hz1 due to a l in e  source of 

f in i t e  length oriented in the y -d irection are given by (H i l l  and Wait,

1973)

H Yinc = - J -  T 1 L  2 l!L  +

(77)

and

(78)
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O3 PAt the surface of the earth in (77)    is equal to zero,
a y 3 y 3 z

so that

H y “  = - X - t  [ ‘ - l i H -  ,  * 4

z v &  l o  3 X ^ 3 2 2

(79)

By inserting (12) into (79) we obtain

I  , z-OO

(80)

adding % and subtracting ^  to u l ,  we obtain

or

H
IOC

"  * r V j f

21
+  ^ j r ^ ’  D / S y

(  Ul -  X )  JoC.''-r )  c t ^ c t y '

(82)
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At the surface of the earth (82) becomes

s* t, , j~GO
H y " = _  /  J L   I  /  ( U I - % )3xZ)y ( Jo

(83)

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

the iden tity  uj -

and obtain

r J  r 00
U " C f  (  J o  ( > r ) )  d x  c lu '

* i r  i $ J 0 3 x 3 y  ( u,i +  x  j
(84)

Thus the magnetic f ie ld  component Hy1* in the wave number domain at

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

\nc r 00
H y  — 2 1  a ■ /  s i n ( , l / x )  ct q

ï  — * - ^ 1  3  ( « )
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Substituting the Sommerfeld integrals N and P into (78) yields

oo
inc

H y  =

- I

I  u i ' ' e ~  U 'Z  7o ( . ' X r ' ) -  3-c ( > r  )

U ? l G .~  a lZ 5 o  j

or

H
ir\c 

2 =
I 2 _

ax

(86)

V 00  i - a / z  . . ,
/  ?l ( >  -  j 0 i  ?- r )  c/ à

(87)

By multiplying numerator and denominator of (87) by X >  ul and then

replacing ul^ -  x  ̂ by y i 2, which is a constant we pull out of the integrand, 

we obtain

H
me

Z -  — / _  D_
2 77 S /

— UtZ . x , ")
J= ( X  r )  dp^. cL^' t

(88)

At the surface of the earth (88) becomes

2 77 3X

<50
7l  J o (  > -  ^

U./ -f ^ )
(89)
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Thus the magnetic f ie ld  component Hz1 in the wave number domain at 

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

by

( r 00
H z ' * *  —  j  / — ___  s i n  ( . x i / )  clg -

^  l ' 4 , <3+ v ^  (90)



METHOD OF COMPUTATION

The f i r s t  step of numerical evaluation involves the computation of 

the incident e le c tr ic  f ie ld  vector (Exlnc , Eyinc$ Ezinc) at the center of 

each cell in the body.

The three e le c tr ic  f ie ld  components are given by (3 2 ), (33 ), and (34),

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 o f the non-singular 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

where the Ex^nc and Eylnc incident f ie ld s  are functions of the complex 

in tegrals.

(91)

and

(92)
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X> =
9,

oo , . I
, . -  * ( Z  + Z ' )
( Z  -  S . \  £  s " m ^ ( X - X ' ) v J  = (3

(94)

T  , C, \  -  U. ( . Z - + 2 1)
M  = Vg (  2 '  cc j  ^  c o s  C ( X - X ' ) 1' ]  d<3

3 ■ is (95)

and

,  ̂ , r ^ , , _ Q \ Q -  u  ( z  + z ' )

( i r r r )  3 -  e  ^ s i o ^ l ^ d<i
v  (96)

The th ird  step is to solve the system of equations (40) for the e le c tr ic  

f ie ld  in the body by Gauss-Jordan technique. F in a lly ,  the e le c tr ic  and

magnetic f ie ld s  outside the inhomogeneity can be found using the integral

equations (44) and (45).

Numerical Evaluation of the Integrals

With the change of variable g = (v^+g^)^  the integrals (91) to (96)

a t the center of each cell can be transformed to

OD

A =
(97)
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B =
oO

_ u z
e  ) civ

(98)

oo

C = 2. -
. t  n i \ i A  _ uiz+z')
( v* + 9 ^ )  v e  co6[i/CX-x,) l  dv

a (99)

co

D  =
.  ̂ ,  lX V - \  _  u C Z -h Z ' )
( v + %  ) ) i/ C sin[t/(x-x')]dy

a ( 100)

oo
'A)

u .

_ a ( . Z  +  z ')  
e _ ç £ 5 _ Ç K X 2 x ' ) j« t ^ 1o1)
V T n - ^ 1-

T . ( ♦ , )  =  i  f ( § •  <^>5C''(K--X')ldis (1Q2)
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In order to calculate the in tegra ls , the integrands are computed 

numerically and separated into real and imaginary parts as follows :

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

^  and 0 are continuous and smooth functions in each in tegra l. The 

numerical procedure used to evaluate the integrals is the same that 

described by Hohmann (1971) and sim ilar to that described by Meinardus 

(1966, 1971) and Frischknecht (1967), which consists of writing the 

integrals ^ a n d  0 as the sum of the alternating series

where

and

and

where

R [ F ]  + x l i F ]
Z
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and nTT

K  [ F' ]  + j I [ F ' ] =  y /»  sm  + i  <f)n s,n(^)di/I L
Each term of the series is evaluated between zeros of the cosine and 

sine function by Gaussian quadrature.

The summation of these series a f te r  the twentieth term may be made 

more rapidly convergent by applying Euler's transformation.

The term fo r  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

c
(103)

oo
e  cty

_ u ( z + z ' )
otl/

U V V  + (104)
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and

-  a  (z-h 2 ')  
  d i /

U. (105)
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NUMERICAL RESULTS

A thin vertica l dike of in f in i te  s tr ike  length and small depth 

extent re la t iv e  to the wave length in the surrounding half-space 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 f ie ld  frequency f= 1000 hz, the conductivity of 

the host rock a, is 10"3 mho/m, and the conductivity of the dike is 

1 mho/m.

In the present analysis a l l  distances are expressed in units of 

skin-depth 6, in the lower half-space.

The magnetic responses have been studied because they are more 

ind icative in the shape than the e le c tr ic  f ie ld  response.

The electromagnetic f ie ld  components are calculated in the wave 

number domain fo r  several values of ky so the inverse Fourier transform 

can be carried out.

The transformation of the electromagnetic f ie ld  component from 

( x, ky, z) domain to (x, y ,  z) space requires evaluation of the integrals;
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r oa • ,

r 0 0  L

r f y  (  *  ' / / z)  =  J F j  ^  H y  ( x i f y '  2 )  e  J y  ^ k y

r 0 0  ,  , \  j  k y  y
H z - f a y , * )  -  '  H z  ( X  , * ? , * ) £  d k y

• J  —- oQ

The electromagnetic components in the wave number domain are calculated 

fo r  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 comparison, 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 calculated by 

expressions developed in Appendix D.

The amplitude and phase maps of the magnetic components indicate the 

presence of the thin vertica l conductor. All the maps of the e lec tro ­

magnetic f ie ld  display symmetry about the X-axis. Figure 5 shows the 

horizontal magnetic f ie ld  map Hx in amp/m. There are two peaks in the 

magnetic f ie ld s  d ire c tly  over the body, 0.25 amp/m each of them. The 

phase y^x 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 f ie ld  map is shown in Figure 7 in amp/m.

The maximum amplitude is located d irec tly  over the center of the body 

and corresponds to 1.0 amp/m.

The amplitude of the magnetic f ie ld  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 \jjy nor ^measurements are very useful 

for determining the location of the conductor.
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CONCLUSIONS

The electromagnetic response of a two-dimensional conductor buried 

in the earth, for grounded cable source exc ita tion , is theore tica lly  

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.

All test runs were executed on a D ig ita l Equipment Corporation Model 

PDP-10 computer, a IjUi sec cycle-time machine. The computer run-time 

to calculate the three-magnetic components for one station was 8.6 seconds. 

The computer time in this case could be reduced i f  the integrals were 

computed once fo r  given values of g^, X-X1, and Z + Z 1, and then were 

supplied to the program as data.

Further investigation of this problem might involve the e ffe c t  of 

conductivity varia tion , the e ffec t of frequency v a r ia t io n , location of 

the dike re la t iv e  to the source, and depth variation of the body can be 

studied using d if fe re n t models. Also, length of the grounded cable could 

be varied to ascertain i ts  e ffec t 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 source. 

However, the source can be arb itra ry  by changing the expressions for  

the incident electromagnetic f ie ld s ,  and then transforming to the wave 

number domain.

By changing the expressions for the incident f ie ld s  and for the Green's 

dyadic matrix, the e ffe c t  of a conductive overburden can be studied.

Some important factors which have not been considered in this thesis, 

multiple conductors, dip and arb itra ry  source can be analysed using the 

same formulation.
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APPENDIX A 

Derivation of the Green's Tensor (*)  

Consider the following geometry
air

Figure A - l : Green's function geometry

We wish to find the dyadic Green's function relating the 

e le c tr ic  f ie ld  at (X, Y, Z) to the elemental source current 

volume at (X 1 a Y Z ' ) .  That is ,  we want to find K  , such that

Ë ( * . Y ,  z )  = K  ( X A ,  z ;  Y ^ z 1)  J  ( x 1, U t /
f  ( A. 1

Then for a large volume of current, we can write

£  =  f  K  • J  et V

We begin with Maxwell's equations written in the form

\

( * )  (Hohmann, 1973)
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(A.3)

(A.4)

(A .5)
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_ t / x Ë  = z  H

V * H  = y  £  ^  J

Let the vector potential A be defined by the re lation

H  = V  *  A

Then, from (A .3)

t 7 x  > z Â  )  =  o

which implies that

£  t  z  a  = -  vy> ,

£  = - Z A  -  r r  x (A.6)

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

IP *--» -  k " )  Ê  =  V (V-Ê)  + Z j  (A.7)

where we have used the relation
V  x  V  X  F  =  V { v - F )  -  I7 l ' F  (A g )

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

- 2  k,l ) Â - ( t 7Vfc,1) [7/ =  - 17[ 2 (P'Â) + + 5 J
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‘
Choosing ~ Y  (A .9)

z

we obtain

(  V %+  lc,1) A = -  J  = -  J  d u  c T ^ 'I^ C y 1) cT Cz ‘) (A. 10)

Substituting (A.9) into (A .6 ),  we find

E = - z Â  + 4_ V  Â ) (A.11)y
When (A .10) has been solved fo r  A, the Green's tensor can be 

derived from A using ( A . l l ) .

Define a Fourier transform pair as follows:

/ oo  ,  —  —
% -  z k:« X

f  (x) G. o(x (A.12)
oo • — —

O O
(A.13)

Then, Fourier transforming (A .10) we obtain 

_  - t k * X
A ( R ) =  ----------

{ K r  -  k f
(A .14)

where
—  ̂ I *_Z»

I K 1 = kx +■ W  +

lei = cv yA# Si — À- y * /  07
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Performing the inverse transform,

-  , f  "  t ( Z - Z 1) -^'fkxX-i- kYY)

A ( k", ky, z j  =  ^  ^  +■ ( k x ' t  k . - f 2 (A"15)

From Erdelyi (1954, v. 1, p. 8, #11). #
- + ( * * * ' + ^ y ' }  p - M l z - z l

A  ( k x ,  k Y; z ) = ;  J 0* ^ ^  u /  (A. 16)

Where 6ti = (  kx" +  kY^ -  k , - ) ' ^

Using the re la tion  (Banos, 1966, p. 19),
OO z-dO

f ( 4  5 . ( ^ a - ( x  (»■ 17)

~**where

X»3" S5 kx ■+ kywe can write T J

S i  - u i U - t ' )  iC fcxtx -x 'J  + h  
ACx.y.z) = J  d r  I / j g —  Z  ak% ot

STT2- ]  J  Ul
- C O

and

oo _ a i jz - z 1!
a C A_ jO X- o£

(A .18)

r  «> _ u/Jz-z'J
Â  ( 4 , z )  =  J _ fL k  /  _ É   üTo (A K .)  X  %

^7T J 0 Ul

t Y - Y 'J ]
k Y

where ZL = c c x - x ' ) z + ( y- y'J 1
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From Erdelyi (1954, v. 2, p. 9, #24) we find

Â  =  e Z _ i k i  R
VTT FL

(A .19)

wi th

(A.20)

The primary part of the Green's tensor can be derived from (A.19) 

using ( A . l l ) .  To find the secondary part of the Green's tensor, we 

divide the f ie ld  into TM and TE modes. The TM and TE vector 

potentials are defined by

Â  ~ f  ( T l )

F  = e  a i  ( t e )

(A.21)

(A.22)

where Liz is a unit vector in the Z d irection , and the scalar potentials  

are solutions of

T U o
0 (A.23)

The solutions to (A.23) in transform space are

- 1 Z Z
f  ( k*,  k-y, z )  = y  ( k*, k y ) e  +  y  ( f r* ,kY] e

* u z

&  C 'tX/ fcY, 2 )  =  e + ^k-x( k-y^ c  2  +  0  ^ x/ ) c
/
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While the electromagnetic f ie lds  are given by

5 ,  ,  ^  ( g ,  +  i t )  ?  ;  -  < « >

For a homogeneous earth, we set up solutions in the d if fe re n t  

regions as shown below:

„  u / z  _ , a t z
e

   Z  -  2 - ’
-  U JZ

( y / ,  g p e  +  ( t r ,  or)

(  % *  e t î )  e

Figure A.2

_ aiz _ a /z
where ^  C  and £  are the TM and TE components,

respectively, of the primary f ie ld .

By analogy with the plane wave solution of Wait (1962, p. 11 f f )  

we can write the secondary potentials as

+  =  R t m  y f
(A.27)

+
& l  - R .T E  0 1
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where the re flec tion  coefficients are given by

R re  =
N  i +  No

and (A .28)

R t m =  K i  ~  Is ? - 

k l  +  kca

wi th

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

From (A.5) and (A . l l ) ,  the primary vertica l f ie ld s  for an X-directed 

current element are

H z  -  -  *  by A x  ( A . 29)

£ . Z  -  i  k x  9  A-» ( A . 30)

cr,

for a Z-directed current element, we have

f z  = A z  ( A . 31)

^ kx +  k y j  A z



T-1711 74

Now, from (A.16), we have

2. a l  (A..32)

Ax J x ]II

A z
h. J V J

where ( j j  stands for (below) the current element.

Combining (A.26), (A .30) and (A .32), we find

j :  U i Z . 1 - £ C  k K X +  k y y  \ 
k *  f- ky -  +  J x  cf 1/ £ kx  6*  &

_ G Ï  ' X v 2 6 ' 1

so that

(TM):

For the TE po ten tia l, we combined (A .26), (A.29), and (A.32)

« %  * ^  ___ —•

+" ky  © i X —

-v
z

xa/Z* _ui(. tx x'+ k? y'j 
_ jkl1' t fcv e e

2 U I

so that

^  LlfZ* -  L ( + ky Y )
(TE): = -  tu jy to  Jx ^ kT <2 <2 (A .34)

£  t t / C k ^ + h O



75
T-1711

For a Z-directed current element, there is only a TM potential . 

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

-  ,  , +  w z '  - x :  (  k *  /  y l
(TM): W z  = _ É _  C  (A .35)

% ou

Then, in the earth above the d ipole .

( I f ' ' y , " ' + ULI 2. r Rtm ■ — CL
y + - 1 e
e . R t eU j -

(A .36)

While, below the dipole.

y

0 J

1<S [
_ U-IZ R rr t

R re

_ U , (  Z f z z ' j

(A .37)

For a homogeneous earth at low frequencies with s

the re flec tion  coefficients are given by

R re = LU~ Ï -

a i -t Mo u / 1  ^
(A .38)

R  TM =
Vo u i

3 L ____________

Vo u l + U-o 
%

- 1

(A .39)

(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

K
f  t  a i t z - z ' )  _ n i  ( z + z ' )  1 ,
[  e~ - r.tm e  /k

a/

r ' t  uK z-z')
*  Ie -  uz I z + z 1)

(A.41)

R t e  e

- i  (kxxV ky /J

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

charge parts , we rewrite (A.41) as

e * u , ( 2 - z 2  / ü i i i l  e  “ , l W 2 ')l

- U f t Z i - Z 1)

a / + >
1 (A..

' ,

. e
-  z.

42)

O x X ' - h  ky / j

The primary part o f  the f i r s t  term reduces us , while 

the secondary part reduces to

I  \  k#1 
j o /
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Thus, f in a l ly ,  in K%, Ky space, we have

^ XX «I

+ k?

t u i U - z ' )  /  ZU I  _  il e  

+ >

- a i L z r z ' h

i  a i { z - z ' ) ^  ^   ̂g, _ u /(z+ z ') (A.43)

K yx "

S im ila rly ,

I i  1 0  lz - Z 'J  +  e -  k /  ts  a  /
k f2, +• ky2"

)C,V

I

2G la i

 ̂ a / - > )  ^ - a i  j Z - t z 1H  -  ty< k y  ^  ^

+  ( U i  t > j  J ^ i - k ^ J a z

, _ ( k* y1 + kY y'J

J£
- ^ 2 ^ ' J l l r e - 6 | > y 't fc y y ,J

Combining terms,

JJ
(A .45)

K

Also, 

I

zx z < n
- f t  ^ f ±  

1 1

a i ( z - z ' )  - a t (Z tz ') - .  -J - c f k *  X* + ^yV'J

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

ïu ilz-z') _a/tz-tz' )
- .US* +P 

xz '  2 G Î  - CK - 4-

+ W y ')

(A.47)

K zz
q .V  Ir,* t a i ( Z - Z l)  _ ut  ( z +  2 ‘J l  k,X + ^ yl^

-  e (A.48)

or.

K
i

zz (̂jT, q i

+ k ï

u ?
+ Ul ( j z - z ' )  - o u  ( 2 .-K2 .')-

e "  _ e

• I  z - z V  — U -i lZ+Z  ) ( k* A '+  k v V ' )

- c (A.49)

The Green's function in X, Y, Z space is given by inverse 

Fourier transforming according to (A .13). A lte rn a t iv e ly , we can use 

(A .17) to find the solution in terms of a Hankel transform. Then, 

from (A.43 ),  we have

± uu (z -z .'}  _

J o  i  - a d Z i r Z \
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From (A.45),

K yx cr, 375yXt(=)e '’■ p' à f  Im u Mu »)

From (A.46),

k z x = - l  ( 2
v/rG-, [3 ^ 3 Z y

From (A.47),

00 t-aiiz-z') -U i  Cz-tz')
V  +  e  ’ >-

(A.52)

K
I 3 2‘ f r - t u . n z . - z 1) - u i l z + z ' )

Xz ^rrG", "9X3Z

From (A.49),  

oo

«2i [e (A.53)

K z z = r U

f  "  / £ a i ( z - z ' )  _u.i l z + z ' )  \

l l M e  - e  i
e  T 2 '1 ±  3 o C M )  ( A _ 5 4 )

Now, using (A .19), and le tt in g

-  a /  ( z -f z 1)

'J"t —

-UtCz + 'Z. )
-  X  fz-t-z1)

j  X T ,  l ^ - r f ) c ly L



T ’  C  i  “ IS J l \  X  < , - “ ' ( *  +  2 ' )  
z =  J o  U n - x  ) H 7 J o ( X r ) « ( A  ( A 5 6 )

Other necessary relations are

» ( « ) ] —  ( t i - l x o r f i » )  ( 1 5 7 )

(A .58)

? ]
I = - jjCx—x x  +  C v-y ’j y ±  £7 - 2 ' J â J  7 S

- Â k , R  

K
(A .59)

x -  «
with %  _  f  *  fc. R +  IJ _É _-

R 3

(A.60)

^  S /
(A. 61)

- Â k ,R s

T  = t ^ ' Ks + ' )  %with Ly -  l  k  3

(A .62)

with (7 = 'r  v /  ' V " (A .63)

rcx-x1) 1- c y - y j M ^ r f l(A .64)
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: Thus, the dyadic Green's function is given by

81

K x x
_*Jk ,R

4-
R

K <’ I 7 ’ * ^ ] j

1 |  -  [ ^ z - 2 l)  %  t  ( z ^ z 1) T * ]

f  7) f z «  ~ ,i\ t "Y  . -v - \ l 1

X

K  zx % 7? r

^ XY ‘t n %

(  d /  l j j

T i l

%  +  *  ^ ] )^  YY ~4ir<h

^  ZY ifïï (f, 

/

^  XZ ^7767

K ’-ZX  { - ^ [ tv

£ ( z -  z x)  7 3 -h ( Z + 2 ' ) % j |  (A .65)

—  f ( x ~ * ^  “  T#.
b z  L

 ̂ r/v-y)(x - %

ft zz =
v/rOJ

/  ^
3 2

_^,ki K -  -<-kt Ks
e  i  'e _  _

I R  'Rs
y

/
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APPENDIX B

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

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

_K xx = _L j  2 - [ ( X - x ' K  ^ 3 "Ti) -  V V  f  €  , n -  1
^ 3x‘ L +  Jz -1

K ’ 'l -  . i s  £ ,  [ I ' S ' T O l v ' O ]

K  “ ' *  ( Z ", Z , , T * ]

K x t = - L _ ^ _  [  U - s c n t T i + T . ) ]
y'

k  -  r r  [ e . "  +
I Ko

K  ?>f= [ ( z - z " )  %  + C z - i - z ' ) ! ; ]

K  x r  "  ^

k  't z '

K l». -L ( % [Cz-zMT.
1 5 2  Ro _  J

(6 - 1)
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= ^ Po j  ( 2  -  5 r )  e  u l i z * V J i

(8 - 2 )

\  ^  — ttCZ + 2  /

j  771 e  Jo I >•?->) =<>
(B-3)

Vi  Ro + i )  c
-  en R<

>v = (  -  r .  x  + <) _ e
- r ,  r

«7T~k

( 3 - 4 » )

f B -  5  )

u.( = I  > -  - t  iT, )  ^

R  = +
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The Green's tensor can be divided into primary and secondary parts. 

The primary or singular part represents the e ffec t of the whole space of 

conductivity a1s and the secondary or nonsingular part represents the 

effec t a ir  earth interface (Hohmann, 1973). Then 

K = Ks + Kp

The primary part of the Green's tensor is

D. ( x- z' )t3^P0 3 (x-x')T,
dX1 ^

Kp %=

j k ' t 2 " 2 ’) 1 '3

where

The secondary part of the Green's tensor is

2 .  ( x - x O t . t  - n  J .  ( x - x ' )  t ,  
3 X '

2 _  t  X —X'J "ïy. 
3 z '

2_ cy- y‘)T.+ X ( y -  y) x  
a y 1 a z *

a _  ( z - f - z ' l X t
a x '

2_ ( z + z 1)
a y

(6-7)
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Some of the elements of the singular matrix can be rewritten  

as follows:

( X-  X*) Ts = — ~

A ( f  ;  J
C -  ï .  - à Â .  (  t  ' "

Then, the singular Green's tensor is given by

( 0 - 8 )

Kp =

where

y p o

•ax'1
+  Po 2)l Po

3Y3X' a z ' d x 1

^vPo +P. Dl P.
3 z'34'

ypc
3 x '3 z '

3 l P=
3 y ' 3 z '

3'% 
1̂1

£

■̂ o

(0 -7 )

The nonsingular Green's tensor is given by

d ( X - - X 1) r, + Tx 5- t X-x1) T, cTp 
3X' ^ z ' d x 1

Ks = l y - y ' )  t ,
"àx*

2 x p

2)X' 3 2 '

T , - * - T .

3 z '

( h - / o )
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I f  we multip ly the integral ( B-2) by (x -x^ ), we obtain

( x -  X ' ) 7, = j - J  ( 2  -  e ~ > ( A - y ' j  J ,  ( X ^ ) c l x

and a f te r  substituting the relations ( 8 - / i )

A .  ( J - = X J, Cx- x’)
3 X '  Ç®

(0 -/2 )
in ( B - l l ) ,  we obtain

(x-x')T; ~ j-pJ (z- -^-J e ^  ( JoCxÇ^j^x

In the same way we can w rite  ( & “ /3 )

T 00 f 2  4. z * )
( y - y '  ) i r i  =  —  f  ( 2 - ^ - ) e ~ ut  D Jo  ( x ? o ) )  d x

4̂ 77-J  a i  / y r y  '

(8- /yj
The Green's Tensor in the Wave Number Domain

The elements of the singular and nonsingular Green's tensor are 

calculated a n a ly t ic a lly  in the wave number domain.

The elements of the singular Green's tensor (B-9) are

- 2  J  UŸ (X -X 1) K o ( u Y ? - ) +  Lty k i f d y p . ' )  f  ( X - X ' ) - ( X - Z ,' j * ' ] (
3 X '2 I  J

(  <  L 2 - Z Ÿ  k . (  U y ? .)  +  Uy k ,  Cux ^ ) [ ( z - z ' ) - ( X - y r ] l  
D Z "  l  Ç.* Ç.3

_ Z Ko (  (*y Ç-)
X y "

' P ,  -»> 2  K o ( u y <<»)



y p o  _ 7 a v f z - z ^ t ^ - x ' )  { K o ^ y ^ ) u ^ +  2
^ X '3 Z ' ^  Y V

. ( 3 ~ 1^)
ô Tq ___ ^ 2.X <3̂  Uy ( Z  — Z ) K l  [_ Ç®)
3 y ' 3 z '  ç0

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

are given by _<%> fo- lbS
-  u l Z  + Z ')

^  ( X - X ' ) l - v - *  -  i r  /  "  3 - ) V' e ~ c o 5 [ ( X - X > l d 3

‘y  |  ( 7 -  i )

^  [ ( 7 -
z rr  \  I T  1 co*> C ( .X -X ' ) t ' ldq

^  (B  - 1 8 )
D ' P

T% 2 a 1 ( Z - fZ ' ) ( X - X ')  [K -6 (U yÇ o)U Y +  2  Krv C u ^ 0)  I
"DX 9Z

—^  i — » — <?■* (^Y ( Z  +  -2*} K \  (  t^Y 9»)- ^ z '  — » - - ' ^ y Y ^ X V ^ - r ^ /  I^x ^ - Y X - J  ( 0 - 2 o )

y p  2 j aJ(.2+2') Ko(UYÇoJ + UyK̂ (u1ç„) [(Z+Z'J-(X-X̂
1 ^  f 5 ( Q - Z i )

2 ) ( X -  x ' )  " Î ;  _  3 _  )  Tv f ^ - z z l
—---------- — ^  -V 1 V

Finally  we obtain

^  _ u  (.z-t-z'}

T . d x M  j ?  /(Sf) i  e * %

9° ( 8  -23)1
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APPENDIX C

Integration of the Elements of the Singular Green's Tensor

In order to calculate the e le c tr ic  f ie ld  at a point (X. ,  g , Z. )
j y j

due to a square cylinder of current centered at a point (Xm, g y  Zn) , 

i t  is necessary to evaluate the following integrals:

Q i =

Ch) -

G?5 ~

r  ( x - x * )  K o  c
J s' <?ox

q 3 =  J  k o  C ^ Ç » )  d s l

(x—X1)

s'
( z-zOCx-x') Ko( els'

V

Q é  ■ L '
') ( x -x ’) K, ( u'< c,s’



89

T-1711

Consider f i r s t  the case where i=m, and j=n. Consider the following 

change of variables:

a s .

Then the lim its  of integration in X1 and Z1 change from:

' ^  ' * A )  t o  -  a / ,
a n  cl ^ 2 r» -  ^ ^  )

and changing to cylindrical coordinates and approximately the square cell 

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

obtain:

■'© K o  C a Y ?-) ' l eQ i  - 1

10 jiï^a.

Q i  =
r r
j  I  1^,0 ^ cf C&,0

4  J°

Oô -

^  1 n © i.

0 ''O
ur

Sir) 2 ô

-«’’.a
S  I 0 2 . 0

’0

K o  C U Y \ ° )  ^

K v  ( a . ,  <>.)
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Q. i =

nr

O o

o r  Q. i -  TT / k 0 ( , a x  ^o ) c(^o 
Jo

I t  is readily seen that only Q-j and Qg are non-zero, 

Q-j can be written as

q ,  = jr  j  Ko 
Jo

and cu

O.T, -  / k r „ C u ^ -> )^ ^ ^
O

Integrals of this form have been evaluated a n a ly tica lly  by Hohmann (1971).
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APPENDIX D

Magnetic Field components a t the Surface of the Earth. 

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

(D -l)

/
2 tt J  a y D y J z (D-2)

D^/v
2>Xd23 9 /3 2 3)

The derivatives of N can be simplified by replacing the derivatives  

of the modified Bessel functions by Bessel functions of zero and f i r s t  order, 

(H il l  and Wait, 1973). Thus,

^ ZA/ _ /  f  fa#, jo  /Co t  An %i +  Aot To k*i +  Ato I ,  kb
)X D Z  2  1 J

where ^ 2  An = — f Aoi c  — I +  /
;  R 2- K

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

0 . 2)l / V  t i l .  (  r 0 K i - h  h k r , )

(D-4)

( 0- 6 )
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=y  [Cot> Io Ko + CiLK-n- a, r 0 kr, + c,» r,

C»» = if', z

where

« !‘ x S  i g r j

G ,  = Ï l  f - 2  +• z l ( 2 z j O d :  +  J> £— !é * Ïz

I 5 Z \ X / s x V  ,

K} Rv f xt ty l j l/ i  J

Ib z x *  lbxzz l  Y, \ zZ -{R -2 l]

V  Z" + (Xl -h/lJ

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

= J L Ï - C I , ^ *  C ïek i  t  CoT.Kb]
Z^o D/^Z1 2 1 J

(D-7)

Am Coi = -
Z-^rO

^/f>° Cio  -
Z  -V O

//>̂ > C// =
z -* o

= - c

X l 2 x z
-  C

■R3

Ü f - z  +
k -'L

S_x
X

G

■ ^  — ^7 X F X)oo Xp^o + 77// I ,  + £)oi Xo ki + Dio 2} "̂01
3 z 3 a  1  J

(0-8)

where

^ ( - 3  + ^  4- ^  Z " )  y

P»i  = I lZ  A j  -  /i £ . t  -  K  1z ' " )



94

T-1711

P/£> r

1 r  3 . 32 /6Z:1+I6ZL
IV- L K R3 %*

3Mz _  « V  , Âlftz’ 1
K -R' R3 J

I ( 3 . + 32 >6ZZ /6z3
R3 K? Rr

+ 3 _  ^ z :
K R3

At the surface of the earth (D-8) is given by

Pirn _ JjJLP ( %"o K* + Tj /Co J

(0-9)

where

-fi"' Vo, = J _  = ] )
2 ^ »  IV -  I  ^  >

and faff*  & jo =
2 ,  =  RM r*

1 / 3  -  y , ' \  - j >
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From (Ward, 1967, p. 157)

//T7 i l ü  = Ï l . ^ i 0 Ko >  i ,  Nr.j

and

//xx?
2 -^ d )  ^ / 3 2 :

D3/y _ ^  Jg'ko + r» ^o1 + Z}1 K,i- T, k-,1!

or

JUnm
Z -^ o

>N̂
- ,2 -

h  k i X  
I - ^ 2 .

The derivative of P required in (0-3) is given by

*  ,  X e ' V' R
R 3

[ - 1  Z l -  5_ z^ \ v- 3 ^ 7  / 1 -  5 z M
L r m  r '  / - p -  ( /

then

z> 21E  - .J L



APPENDIX E

DATA OF ELECTROMAGNETIC FIELD 

COMPONENTS OF A CONDUCTOR IN A 

CONDUCTIVE HALF-SPACE NEAR A GROUNDED

CABLE OF FINITE LENGTH



Horizontal Magnetic Field Component 

Perpendicular to the Grounded Cable
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sX Y 1 H y  x
(m) (m) (amp/m) (d e g re e s )

25 . 1 7 . 0 . 2  3 4 1 0 0 2 E 01 0 . 1 1 6 6 8 4 9 E
2 5 . 3 4 . 0 . 1 0 4 2 8 6 3 E 0 0 0 . 2 1 7 3 0 6 2 E
25 . 51 . 0 . 6 5 2 4 7 1 5 E 00 0 . 2 6 6 5 4 8 3 E
2 5 . 6 8 . 0 * 7 1 4 3 9 8 6 E—01 0 . 1 7 7 0 7 2 8 E
25 . 8 5 . 0 • 1 4 1 8 7 5 6 E 0 0 0 . 7 2 0 7 2 6 9 E
2 5 . 1 0 2 . 0 . 1 8 8 3 7 6 2 E- 0 1 0 . 3 6 2  82 87 E
25 . 1 1 9 . 0 . 5 4 3 0 0 6 8 E- 0 1 0 . 1 1 0 1 7 2 8 E
2 5 . 1 3 6 . 0 . 7 9 2 0 1 6 8 E- 0 2 0 . 4 4 7  3 8 8 9  E
2 5 . 1 5 3 . 0 . 2 7 1 5 6 4 8  E—0 1 0 . 1 1 8 0 5 0 9 E
2 5. 1 7 0 . 0 .  4 1 7 4 1 2 8 E—02 0 . 4 3 4 4 4 9 5 E
25 . 1 8 7 . 0 . 1 6 0 5 3 1 0  E—0 1 0 . 9 5 7 8 8 3 9 E
2 5 . 2 0 4 . 0 . 2 5 6 0 2 7 4 E—02 0 . 3 5 6 6 5 0 5 E
5 0 . 1 7 . 0 . 1 6 9 4 3 7 6 E 01 0 . 1 3 1 5 2 2  I E
50 . 3 4 . 0 . 2 0 4 1 8 0 5 E 0 0 0 • 1 0 5 7 0 5 3 E
5 0 . 5 1 . 0 . 4 3 2 7 1 8 7 E 00 0 . 3 9 2 9 9 8  5 E
50 . 6 8 . 0 * 91 7 621  3 E—0 1 0 • 1 3 5 1 4 5 5 E
5 0 . 8 5 . 0 . 1 2 4 6 1 2 2 E 00 0 .  8 4 7 1 4 5 8 E
50 . 102 . 0 . 3 1 7 4 3 7 2  E—01 0 • 2 4 6 4 8 1 3 E
5 0 . 1 1 9 . 0 . 4 7 6 0 1 5 8 E—01 0 . 1 3 3 6 3 9 0 E
50 . 1 3 6 . 0 * 1 1 5 7 5 1 5 E—0 1 0 • 3 4 9 4 7 1 0  E
5 0 . 1 5 3 . 0 . 2 2 3 3 2 7 2 E~ 01 0 . 1 4 1 5 4 8 4 E
50 . 1 7 0 . 0 . 3 7 6 3 1 4 1 E—02 0 . 4 3 5 6 2 9 1 E
5 0 . 1 8 7 . 0 . 1 0 7 7 5 4 8 E- 0 1 0 . 1 1 6 4 9 5 4 E
50 . 2 0 4 . 0 . 2 1 0 1 1 2  5 E—02 0 . 3 0 2 4 2 0 8  E
7 5 . 1 7 . 0 . 1 2  3 0 4 1 3 E 01 0 . 1 4 3 6 9 9 5 E
75 . 3 4 . 0 • 2 4 7 9  5 8 1 E 0 0 0 . 6 6 7 3 3 1 9 E
75 . 5 1 . 0 . 2 8 4 7 4 4 6 E 00 0 . 5 1 3 4 8 2  6 E
7 5 . 6 8 . 0 . 1 0 8 6 5 3 2 E 0 0 0 . 1 0 8 5 3 3 3 E
7 5 . 8 5 . 0 • 1 0 8 0 2 9  7 E 00 0 . 8 2  3 0 8 1 4 E
7 5 . 1 0 2 . O . 3 6 4 7 6 O O E -O Î 0 . 1 8 1 7 7 0 2 E
7 5 . 1 1 9 . 0 . 3 8 4 2  5 2 7 E — 0 1 0 .  1 3 9 0 1 2 4 E
75 . 1 3 6 . 0 • 1 4 2  8 5 3 5 E—01 0 . 2 8 9 6 2 5 5 E
7 5 . 1 5 3 . 0 . 1 9 5 6 0 3 1 E- 0 1 0 .  1 8 6 3 2 9 0 E
75 . 1 7 0 . 0 • 7 4 2  3 1 6 2  E—02 0 . 3 6 6 9 3 5 0 E
7 5 . 1 8 7 . 0 . 1 0 6 3 7 4 2 E- 0 1 0 . 2 3 5 2 6 8 4 E
7 5 . 2 0 4 . 0 . 4 2  8 9 1 4 7 E—02 0 . 4 2  5 6 8 3 4 E

1 0 0 . 1 7 . 0 . 9 0 1 8 4 9 6 E 0 0 0 . 8 8 7 9 6 5 9 E
100 . 3 4 . 0 • 2 6 1 5 1 9 5 E 0 0 0 . 5 1 2 9 1 1 9 E
1 0 0 . 5 1 . 0 . 1 8 0 9 0 8 2  E 00 0 . 5 1 9 4 9 4 6 E
1 0 0 . 6 8 . 0 . 1 1 1 9 5 0 7 E 00 0 . 4 8  6 7 4 6 1 E
100  . 8 5 . 0 • 9 0 8 9 7 8 0 E—01 0 . 9 4 0 2 4 2  2 E
1 0 0 . 1 0 2 . 0 . 3 7 1 6 4 2 5 E- 0 1 0 . 2 2  0 4 3 6 7  E
100 . 1 1 9 . 0 . 3 0 9 0 1 7 2  E—0 1 0 . 2 4 8 0 1 5 3 E
1 0 0 . 1 3 6 . 0 . 1 5 9 0 4 2 3 E- 0 1 0 . 3 4 6 9 4 6 1 E
100 . 1 5 3 . 0 . 1 6 4 8 0 1 6 E—0 1 0 . 2 7 8 7 8 0 7 E
100 . 1 7 0 . 0 • 8 5 8 0 0 4 8 E—02 0 . 3 6 1 5 9 1 5 E
1 0 0 . 1 8 7 . 0 . 9 0 9 3 1 4 3 E—02 0 ..2 8 1 9 1 8 8 E
1 0 0 . 2 0 4 . 0 • 4 6 5 9  3 6 2  E—02 0 . 3 6 6 3 8 5 5 E

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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X
(m)

Y
(m) (ampÿm) ( d e g r e e s )

12 5 . 1 7 . 0 . 6 6 7 7 2 5 4 E  0 0 0 . 8 1 7 4 1 7 5 E--01
1 25  . 3 4 . 0 . 2 5 4 2 9 9 4 E  0 0 0 . 5 0 8 8 7 5 2 E 0 1
1 2 5 . 5 1 . 0 .  1 1 0 3 1 8 1 E  0 0 0 . 5 2 9 7 1 1 5 E 01
1 2 5 . 6 8 . 0 • 1 0 7  7 1 7 3 E  0 0 O . T O 4 7 7 5 6 E - - 01
1 25  . 8 5 . 0 . 7 7 3 7 1 8 4 E - 0 1 0 . 1 2 4 6 1 3 7  E 0 2
1 2 5 . 1 0 2 . 0 . 3 8 6 6 1 1 2  E —01 0 . 2 7 9 5 5 0 0 E 02
1 25  . 1 1 9 . 0 . 2 9 5 1 7 9 6 E - 0 1 0 . 3 5 3 6 9 0 0 E 0 2
1 2 5 . 1 3 6 . 0 . 1 8 3 7  3 58 E—0 1 0 . 3 9 4 5 4 9 1 E 02
1 2 5 . 1 5 3 . 0 . 1 4 9 2 4 3 1 E - 0 1 0 • 3 6 8 3 8 7  OE 0 2
1 2 5 . 1 7 0 . 0 . 8 3 1 9 1 9 9  E—02 0 * 3 9 1 6 7 3 9 E 0 2
1 25  . 1 8 7 . 0 • 6 5 5 5 4 4 5 E—0 2 0 . 3 4 9 7 4 4 4 E 0 2
1 2 5 . 2 0 4 . 0 . 3 1 2  9 8 0  7 E - 0 2 0 . 3 5 7 3 1 7 0 E 0 2

- 1 5 0 . 1 7 . 0 . 4 5 7 4 1 6 0 E  0 0 — 0 . 9 2  7 6 4 8 4 E 0 0
1 50  . 3 4 . 0 . 2 6 4 0 0 7 0 E  0 0 0 . 4 0 0 3 9 3 0 E 0 1
1 5 0 . 5 1 . 0 . 7 6 6 9 2 5 2  E—0 1 0 . 3 8 7 9 7 4 1 E 01
1 50  . 68  . 0 • 1 4 2  3 1 2 9 E 0 0 - 0 . 1 9 1 5 8 7 8 E 0 1
1 5 0 . 8 5 . 0 . 4 7 6 4 3 9 4 E —0 1 0 . 2 0 1 2 0 1 3 E 02
1 5 0 . 1 0 2 . 0 . 2 3 4 0 4 0 9  E—0 1 0 . 4 4 8 4 8 8 9  E 02
1 5 0 . 1 1 9 . 0 . 3 1 6 2 1 3 3 E —01 0 • 3 8 5 5 0 5 2  E 0 2
1 5 0 . 1 3 6 . 0 . 2 0 4 8 2 1 5 E—01 0 . 4 3 4 3 5 5 9 E 02
1 5 0 . 1 5 3 . 0 .  1 5 9 1 5 4 9 E - 0 1 0 . 4 4 2 7 4 8 3 E 0 2
1 5 0 . 1 7 0 . 0 . 1 7 5 3 3 6 7 E—01 0 . 3 1 6 8 8 6 7 E 02
1 5 0  . 1 8 7 . 0 . 1 9 7 4 5 7 9 E - 0 1 0 • 2  32  3 0 0 1 E 0 2
1 5 0 . 2 0 4 . 0 . 2 2  6 9 4 4 3 E —01 0 . 1 4 1 9 6 4 9  E 02
1 7 5 . 1 7 . 0 • 3 9 5 1 9 2 1 E 0 0 —0 • 5 0 3 8 7 4 7 E 0 1
1 7 5 . 3 4 . 0 . 2 1 8 5 1 8 4 E  0 0 —0 • 7 0 4 0 0 8 0 E 0 0
1 7 5  . 51 . 0 • 2 0  8 4 4 6 0  E - 0 1 —0 • 2 4 7 0 8 1 3E 0 2
1 7 5 . 6 8 . 0 . 7 1 8  5 9 3 0 E—0 1 - 0 . 9 0 5 9 6 0 7 E 0 1
1 7 5 . 8 5 . 0 . 5 0 2 6 8 5 2 E - 0 1 0 * 2 1 9 9 7 8 6  E 0 2
1 75  . 1 0 2 . 0 • 3 8 6 2 5 5 7 E—0 1 0 . 3 7 4 9 8 4 1 E 0 2
1 7 5 . 1 1 9 . 0 . 3 3 6 0 8 1 4 E —01 0 . 4 3 0 7 2 4 9 E 0 2
175  . 1 3 6 . 0 • 2 4 0 0  5 4 4 E—0 1 0 . 4 3 9 5 3 9 6 E 0 2
1 7 5 . 1 5 3 . 0 . 1 7 1 8 3 4 3  E—0 1 0 . 4 4 6 8 6 8 6 E 0 2
1 7 5 . 1 7 0 . 0 . 1 0 3 9  8 2 1 E—0 1 0 . 4 4 9 9 1 4 6 E 0 2
1 7 5 . 1 8 7 . 0 . 7 2  5 4 0 9 3 E - 0 2 0 . 4 3 5 9 2 5 8 E 0 2
1 7 5 . 2 0 4 . 0 . 4 4 9 5 8 6 3 E—0 2 . 0 . 3 6 9  8 5 8 7  E 0 2
2 0 0  . 1 7 . 0 . 2 3 8 9 4 1 6 E  0 0 - 0 . 1 1 3 6 0 5 6 E 0 2
2 0 0 . '  3 4 . 0 * 1 5 6 7 0 2 6E 0 0 — 0 . 8 9 6 9 5 3 8  E 01
2 0 0  . 51 . 0 . 5 2 1 8 7 3 9 E—0 1 —0 • 1 7 0 8 9 4 5 E 0 2
2 0 0 . 6 8 . 0 . 1 1 5 6 8 8 9 E 0 0 - 0 . 1 6 0 4 4 9 5 E 01
2 0 0  . 8 5 . 0 • 6 5 2 9 5 4 0 E—0 1 0 . 2 0 8 3 8 3 9 E 0 2
2 0 0 . 1 0 2 . 0 . 4 7 6 1 2 5 0 E —01 0 * 3 6 1 8 2 5 9 E 02
2 0 0 . 1 1 9 . 0 • 3 8 4 5 4 4 3  E—0 1 0 . 4 3 1 9 4 0 9 E 0 2
2 0 0  . 1 3 6 . 0 . 3 1 9 2 8 3 7 E —01 0 . 4 2 8 0 5 8 0 E 0 2
2 0 0 . 1 5 3 . 0 . 2  5 3 7 6 1 1 E—01 0 * 4 3 1 9 0 3 1 E 0 2
2 0 0 . 1 7 0 . 0 . 2 0 1 7 0 8 2 E —0 1 0 . 4 1 8 6 1 6 0 E 0 2
2 0 0  . 1 8 7 . 0 . 1 5 8 2 6 6 7 E —0 1 0 . 4 2 2  7 0 6 8  E 0 2
2 0 0 . 2 0 4 . 0 . 1 2 9 7 9 8 1 E—01 0 , 4 0 1 6 7 7 4 E 02
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X

(m)
Y

(m) (ampÿm)
/ x
deqr(degrees)

2 2 5 . 1 7 . 0 . 9 2 1 4 8 6 6 E - 0 1 - 0 . 4 0  2 6 3 8 4 E 0 2
2 2 5 . 3 4 . 0 . 6 1 5 2 9 9 9  E—01 —0 . 4 1 8 1 3 2 5E 02
2 2 5 . 5 1 . 0 . 1 3 6 3 5 9 8 E  0 0 —0 • 52  3 7  2 7 0 E 01
2 2 5 . 6 8 . 0 . 1 9 3 8 6 5 5 E  0 0 0 . 5 2 6 5 2 2 1 E 01
2 2 5  . 8 5 . 0 . 1 2 0 7 9 5 8 E  0 0 0 . 1 6 3 1 2 0 4 E 0 2
2 2 5 . 1 0 2 . 0 . 8 6 3 2 2 6 7 E —01 0 . 2 6 7  2 8 1 5E 02
2 2 5 . 1 1 9 . 0 . 6 1 2  0 0 6 6 E—0 1 0 . 3 5 8 0 7 2 7 E 0 2
2 2 5 . 1 3 6 . 0 . 5 3 1 8 9 2 2  E—0 1 0 . 3 7 8 4 3 5 7 E 02
2 2 5 . 1 5 3 . 0 . 4 3 7 3 4 8 7 E —01 0 *  4 0  57  5 8 1 E 02
2 2 5 . 1 7 0 . 0 . 3 8 2  8 8 9 0 E —01 0 . 4 1 3 5 5 9  3E 02
2 2 5  . 1 8 7 . 0 . 3 2  3 2 0 8 2  E—0 1 0 . 4 3 0 0 9 2  6E 0 2
2 2 5 . 2 0 4 . 0 . 2 8 6 9 1 8 4 E - 0 1 0 . 4 3 1 1 5 7 1 E 02
2 5 0 . 1 7 . 0 • 1 4 4 0 0 6 8 E 0 0 - 0 . 3 5 5 0 2 5 3 E 0 2
2 5 0 . 3 4 . 0 . 9 8 5 7 0 1 7 E - 0 1 - 0 . 2 0 7 2 1 7 1 E 0 2
2 5 0 . 5 1 . 0 . 2 1 6 1 1 3 3 E  0 0 —0 • 1 9 4 8  6 4 8  E 01
2 5 0 . 6 8 . 0 . 2  5 9 9 5 2 3E 0 0 0 . 1 7 5 0 2 3 2 E 01
2 50 . 8 5 . 0 . 1 8 1 7 6 3 8 E  0 0 0 • 1 6 6 0 9 0 5 E 0 2
2 5 0 . 1 0 2 . 0 . 1 4 0 3 9 5 6 E  0 0 0 . 2 6 1 2 0 1 5E 02
2 5 0 . 1 1 9 . 0 • 1 0 5 9 6 3 3 E 0 0 0 • 3 4 0 6  5 8 9  E 02
2 5 0 . 1 3 6 . 0 . 8 3 7 1 9 3 7 E —01 0 . 3 5 9  3 5 2 1 E 02
2 50 . 1 5 3 . 0 • 6 3 5 2 3 5 3 E—0 1 0 . 3 9 1 5  2 3 1 E 0 2
2 5 0 . 1 7 0 . 0 . 4 8 8 1 9 2 8  E—0 1 0 . 4 0 5 9 9 3 0 E 02
2 5 0 . 1 8 7 . 0 • 3 8 0 8 3 6 7 E—0 1 0 . 4 3 0 8  3 1 8  E 0 2
2 5 0 . 2 0 4 . 0 . 3 0 5 0 7 7 5 E - 0 1 0 • 4 3 7 4 3 6 7  E 02
2 7 5 . 1 7 . 0 . 8 7 5 2 2 8 0 E - 0 1 - 0 • 4 2  7 8 6 2 7  E 02
2 7 5 . 3 4 . 0 • 5 8 9  5 8 4 1 E—0 1 —0 . 4 4 5 5 1 4 7  E 0 2
2 7 5 . 5 1 . 0 . 1 2 1 3 7 8 9E 0 0 — 0 . 7 2 6 4 3 7 7  E 01
2 7 5  . 6 8 . 0 . 1 7 1 5 5 7 9 E  0 0 0 . 5 1 3 3 1 8 3 E 01
2 7 5 . 8 5 . 0 . 1 0 6 7 5 3 2 E 0 0 0 . 1 7 4 7 7 5 1 E 0 2
2 7 5 . 1 02  . 0 . 7 9 2 3 9 7 9 E - 0 1 0 . 2 8 0 6 2 7 0 E 0 2
2 7 5 . 1 1 9 . 0 . 5 7 6 7 0 5 1 E - 0 1 0 . 3 6 8 8  1 8 1 E 0 2
2 7 5  . 1 3 6 . 0 • 5 0 9  5 0 3 3 E—0 1 0 . 3 8 5 9 1 2 6 E 0 2
2 7 5 . 1 5 3 . 0 • 4 2 2 8 4 5 7 E—0 1 0 . 4 1 1 5 6 6 3 E 02
2 7 5  . 1 7 0 . 0 . 3 7 3 5 3 2 2 E - 0 1 0 . 4 1 7 5 0 6 3 E 0 2
2 7 5 . 1 8 7 . 0 . 3 1 7 6 0 0 3 E - 0 1 0 . 4 3 2  5 7 2 9  E 02
2 7 5 . 2 0 4 . 0 • 2 8  3 0 0 4 9  E—0 1 0 . 4 3 2 9 4 5 3 E 0 2
3 0 0 . 1 7 . 0 . 8 2 3 7 9 7 0 E—01 —0 . 3 3 2 4 2 1 OE 02
3 0 0  . * 3 4 . 0 . 8 5 5 6 8 8 5 E  —01 - 0 . 1 9 8 0 5 1 0 E 0 2
3 0 0 . 5 1 . 0 . 2 7 0 7 3 4 2  E—01 - 0 . 3 9 1 0 1 3 6 E 02
3 0 0  . 6 8 . 0 . 7 1 8 2 2 7 0 E - 0 1 - 0 . 6 4 4 7 0 3 6 E 01
3 0 0  . 8 5 . 0 . 3 8 2  3 4 0  8 E—0 1 0 * 2 9 2 3 4 7 1 E 02
3 0 0 . 1 0 2 . 0 . 3 6 8 6 2 6 5 E —01 0 . 4 1 3 0 6 1 1 E 02
3 0 0  . 1 1 9 . 0 • 3 4 6 6 9 0  3 E—0 1 0 . 4 4 7 3 8  5 1 E 02
3 0 0 . 1 3 6 . 0 . 2 9 0 1 8 3 8  E - 0 1 0 . 4 4 2  3 7 2 6 E 02
3 0 0 . 1 5 3 . 0 . 2 3 3 0 7 7 7 E - 0 1 0 . 4 4 4 2 1 2 8  E 02
3 0 0  . 1 7 0 . 0 . 1 8 4 8 8 0 6  E - 0 1 0 . 4 3 1 8 0 6 8 E 0 2
3 0 0 . 1 8 7 . 0 . 1 4 6 6 0 0 6 E—01 0 . 4 3 3 8 9  88 E 0 2
3 0 0 . 2 0 4 . 0 • 1 2 0 5 3 6 8 E—0 1 0 . 4 1 2 1 5 0 6 E 0 2
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(m) (m) (ampÿm) tl* X \ ( d e g r e e s )

3 2 5 . 1 7 . 0 . 1 2 4 0 0 3 1 E 0 0 - 0 . 1 9 5 3 6 3 3 E 02
3 2 5 . 3 4 . 0 • 1 0 9 2 0 4 6 E 0 0 - 0 . 6 2 7 0 2 8 4 E 0 1
3 2 5 . 5 1 . 0 • 4 4 4 7 2 2 9 E—01 —0 . 2 2  6 4 6 0 9  E 0 2
3 2 5 . 6 8 . 0 . 1 9 3 0 5 5 8 E - 0 1 —0 . 4 4 0 6 5 8 4 E 02
3 2 5  . 8 5 . 0 .  1 5 3 2 6 1 4 E - 0 1 0 . 4 4 7 2 1 2  5 E 0 2
3 2 5  . 1 0 2  . 0 • 2  62 0 2 9  2 E—0 1 0 . 4 4 8 0 8 9 3 E 0 2
3 2 5 . 1 1 9 . 0 . 2 8 8 3 7  4 4  E - 0 1 0 . 4 4 9  8 0 9 1 E 0 2
3 2 5  . 1 3 6 . 0 . 2 1 2 3 5 7  8 E—0 1 0 . 4 4 9 3 9 2 2  E 0 2
3 2 5 . 1 5 3 . 0 . 1 5 9 6 9 1 2 E - 0 1 0 . 4 4 2 1 7 1 6  E 0 2
3 2 5 . 1 7 0 . 0 . 1 0 1 0 6 8 4 E  —0 1 0 . 4 2  6 7 7 8 1 E 0 2
3 2 5 . 1 8 7 . 0 . 7 9 1 3 3 9 9 E - 0 2 0 . 3 7 7 1 4 0 2  E 0 2
3 2 5  . 2 0 4 . 0 . 5 3 5 1 8 7  5 E—02 0 . 2  7 5 5 9 2  5 E 02
3 5 0 . 1 7 . 0 . 5 0 9 7 6 1 6 E - 0 1 —0 . 2 1 4 0 3 8 7 E 02
3 5 0 . 3 4 . 0 * 1 22  3 1 9  5E 0 0 0 . 2 6 6 8 8 0 5 E 01
3 5 0 . 5 1 . 0 . 1 9 4 6 0 8 2 E - 0 1 - 0 . 1 9 2 1 2 5 1 E 02
3 5 0  . 6 8 . 0 • 5 7 0 12 5 0 E —01 —0 • 1 4 0 1 8 9  3E 02
3 5 0 . 8 5 . 0 • 1 8 9 4 3 5 9 E—0 1 0 • 2 9 4 9 2  32  E 0 2
3 5 0 . 1 0 2 . 0 . 3  5 4 7  5 1 1 E - 0 1 0 . 2 7 6 0 2 1 0 E 0 2
3 5 0 . 119* . 0 . 4 2  7 7 4 8 1 E—01 0 • 2  6 9 7 6 1 OE 02
3 5 0 . 1 3 6 . 0 . 2 3 3 7 2 2 6 E - 0 1 0 . 3 5 7 4 9 5 4 E 02
3 5 0  . 1 5 3 . 0 • 1 4 4  5 0 1 1 E—0 1 0 . 4 3 2 5 5 6 6 E 02
3 5 0 . 1 7 0 . 0 . 1 3 2 6 1 7  8 E—0 1 0 . 3 5 3 5 2 6 8 E 0 2
3 5 0 . 1 8 7 . 0 . 1 5 8 0 0  6 4 E —01 0 . 2  5 2 0 0 7 1 E 02
3 5 0  . 2 0 4 . 0 • 2 0  6 3 4 5 1 E—0 1 0 . 1 3 5 1 2 9 0 E 02
3 7 5 . ' 1 7 . 0 . 8 4 7 2 0 7 9 E —01 - 0 . 1 0 3 2 9 5 4 E 02
3 7 5  . 3 4 . 0 . 8 8 0 1 6 3 3  E—0 1 0 . 3 9 6 1 6 7 1 E 01
3 7 5 . 5 1 . 0 • 3 7 3 3 7 4 9  E—0 1 - 0 . 7 2 7 4 6 1 5 E 01
3 7 5 . 6 8 . 0 . 1 1 6 8 4 2 1 E—0 1 —0 • 4 4 6 8 1 2 1 E 02
3 7 5 . 8 5 . 0 . 9 0 2 2 1 8 7 E—02 0 . 4 4 4 1 8 6 4 E 02
3 7 5 . 1 0 2 . 0 • 1 4 7 2 4 4 7 E—0 1 0 . 4 5 0 0 0 3 1 E 02
3 7 5 . 1 1 9 . 0 . 1 6 8 6 7 7 7 E  —01 0 . 4 4 7 8  2 2 1 E 0 2
3 7 5 . 1 3 6 . 0 . 1 1 9 7 5 4 0 E - 0 1 0 . 4 4 9 8 7  6 4 E 02
3 7 5  . 1 5 3 . 0 . 8 8 6 7 2 2 7 E —0 2 0 . 4 4 8 2 8 5 4 E 0 2
3 7 5 . 1 7 0 . 0 . 5 0 3 5 8 2 5 E—02 0 . 4 5 0 0 0 6 7  E 02
3 7 5  . 1 8 7 . 0 . 3 3 3 7 6 1 4 E - 0 2 0 . 4 4 6 8 5 2 3 E 0 2
3 7 5 . 2 0 4 . 0 . 1 2 9 5 6 6 2 E - 0 2 0 • 4 4 8  0 7  9 5 E 02
4 0 0 . 1 7 . 0 . 8 2 3 3 9 4 1 E - 0 1 - 0 . 4 7 6 6 8 6 8 E 01
4 0 0  . - 3 4 . 0 • 82  7 4 7 9 4 E - 0 1 0 . 1 9 1 9 1 2 9 E 0 1
4 0 0 . 5 1 . 0 . 4 2 4 5 6 6 8  E—01 —0 . 2 0 1 6 0 2 6 E 01
4 0 0  . 6 8 . 0 . 1 0 2  3 2  8 0 E - 0 1 —0 .  2 1 1 2 1 9 OE 0 2
4 0 0 . 8 5 . 0 . 8  3 0 0  7 7 8  E - 0 2 0 . 3 3 0 4 5 1 0 E 02
4 0 0  . 1 0 2 . 0 . 8 4 1 9 5  5 5 E—02 0 . 4 4 4 9 9 8 0 E 02
4 0 0 . 1 1 9 . 0 . 9 4 2 6 8 0 2 E—02 0 • 4 4 6 8 8  35E 02
4 0 0  . 1 3 6 . 0 • 7 3 2 3 0 3 4 E—02 0 • 4 4 9 4 8 1 8  E 02
4 0 0  . 1 5 3 . 0 . 5 9 4 0 1 6 9  E—0 2 0 . 4 4 9 5 3 3 7  E 02
4 0 0 . 1 7 0 . 0 . 4 3 7 6 6 6 8 E—02 0 • 4 3 9  6 4 4 2  E 02
4 0 0  . 1 8 7 . 0 . 3 4 7  5 5 0 9  E—0 2 0 . 4 3 9 8 9 1 4 E 02
4 0 0 . 2 0 4 . 0 • 2  6 7 2  6 3 1 E—02 0 . 4 1 0 3 4 8 5 E 02
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X Y

(m) (m)

4 2 5  . 17
4 2 5 . 3 4
4 2 5  . 51
4 2 5  . 68
4 2 5 . 8 5
4 2 5  . 1 02
4 2 5 . 1 1 9
4 2 5  . 1 3 6
4 2 5  . 1 5 3
4 2 5 . 1 7 0
4 2 5  . 1 8 7
4 2  5 . 2 0 4
4 5 0 . 17
4 5 0 . 3 4
4 5 0  . 51
4 5 0 . 6 8
4 5 0  * 85
4 5 0 . 1 0 2
4 5 0 . 1 1 9
4 5 0  . 1 3 6
4 5 0 . 1 5 3
4 5 0 . 1 7 0
4 5 0  * 1 87
4 5 0 . 2 0 4
4 7 5 . 17
4 7 5 . 3 4
4 7 5  . 51
4 7 5 . 6 8
4 7 5 . 8 5
4 7  5 . 1 0 2
4 7 5  . 1 1 9
4 7 5 . 1 3 6
4 7 5  . 1 5 3
4 7 5 . 1 7 0
4 7 5 . 1 8 7
4 7 5 . 2 0 4

Hx
(amp/m)

0 * 8 4 9 5 7 7  8 E—0 1 
0 * 7  6 8 9  5 8 3 E — 0 1 
0 * 4 8 3 3 3 7 0 E - 0 1  
0 * 2 2 9 2 2 1 1 E—01 
0 . 1 0 3 0 4 4 3 E - 0 1  
0 • 4 4 4 1 3 0  6 E—0 2  
0 . 4 0 7 6 9 2 8 E - 0 2  
0 . 4 1 4 9 0 3 5 E - 0 2  
0 * 3 6 8 1 3 4 1 E—02 
0 *  3 3 9 7 3 0 4 E - 0 2  
0 . 2 9  8 4 2  6 3 E - 0 2  
0 . 2 6 9 7 8 8 5 E - 0 2  
0 * 9 0 4 8 19 4 E —01 
0 . 7 4 8 1 3 0 7 E —01 
0 • 5 5 7  5 0 1 3 E - 0 1  
0 . 3 6 0 8 7 6 2 E - 0 1  
0 * 1 5 5 5 1 8 1 E—0 1 
0 . 6 8 4 3 2 9 1 E - 0 2  
0 * 5 1 9 9  58  5 E—02  
0 * 3 5 1 8 2 9 9  E—0 2  
0 * 2 1 0 3 1 3 0 E - 0 2  
0 . 1 2 0 1 4 6 8 E - 0 2  
0 . 1 1 0 7 5 6 3 E - 0 2  
0 . 1 5 2 1 6 8 6 E - 0 2  
0 * 8 1 3 7 2 9 2  E—0 1 
0 . 7 2 3 4 7 3 4 E —01 
0 . 5 3 7 1 7 3  0 E—0 1 
0 *  3 4 4 6 4 1 9 E—0 1 
0 . 1 8 8 7 9 7 2 E  —01 
0 * 9 5 7 6 3 3 9 E—02  
0 • 5 2 4 8 0 5 9 E—02 
0 . 3 1 9 1 9 9 8  E—02  
0 . 1 9 2 5 3 6 0 E - 0 2  
0 * 1 0 2 2 7 2 3 E—0 2  
0 * 6 1 2 1 1 0 1 E—0 3  
0 . 5 3 7  8 5 8 3 E —0 3

J x
( d e g r e e s )

0 • 3 0 8 8 0 9 6 E  01  
0 . 2 7 7 2 5 6 3 E  01 
0 . 5 7 5 0 5 7 2 E  01 
0 . 1 3 8 6 9 9 7  E 02 
0 * 2  4 6 9  3 50  E 02 
0 . 4 4 1 3 0 8  I E  0 2  
0 . 4 3 5 1 1 4 3 E  02  
0 . 4 1 6 7 7 2 9 E  0 2  
0 • 4 2 8 5 6 4 5 E 02  
0 . 4 3 2 2 4 5 3 E  02 
0 »4 4 0 9 0 3 6 E 0 2  
0 . 4 4 3 1 7 3 4 E  02 
0 • 3 5 6 0 1 0 2  E 01  
0 . 5 9 3 4 1 6 9  E 01 
0 . 6 7 3 5 0 8 3 E  01  
0 . 8 5 8 7 1 3 3 E  01 
0 . 2 3 1 0 1 2 7 E  0 2  
0 . 4 1 6 9 5 2 7 E  02  
0 . 4 4 1 8 4 2 7 E  02  
0 . 4 4 0 2 0 5 7 E  0 2  
0 • 4 4 8 7 3 4 3 E 02  
0 . 3 8 7 9 1 9 9 E 0 2  
0 » 1 3 9 4 4 0 8 E 0 2  

- 0 . 9 0 1 6 5 8 5 E  01  
0 • 3 4 3 0 7 6 7 E 01  
0 . 4 5 9 9 9 1 3 E  01 
0 • 5 7 4 9 8 2 1 E 01  
0 * 8 1 1 4 4 0 1 E 01 
0 . 1 5 4 4 4 14E 0 2  
0 . 2 5 9 3 8 7 8 E  02 
Ô . 3 5 9 4 7 8 3 E  02  
0 • 4 0  1 8 2 57 E 02 
0 . 4 2 7 8 8 4 4 E  0 2  
0 • 4 4 8 8 7 9 9 E 02 
0 *  3 9 9 3 8 0 3 E  02 
0 . 1 5 0 6 5 4 0 E  02



Horizontal Magnetic Field Component 

Parallel to the Grounded Cable
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T-1711
X

(m)
Y

(m) (amp^m) ( d e g r e e s )

25 . 1 7 . 0 . 2 3 1 7 7 9 7 E  01 - O . 4 4 9 9 7 8 6 E 0 2
2 5 . 3 4 . 0 . 8 4 5 9 5 1 4 È - 0 1 — 0 . 3 9 7 4 6 8 1 E 02
25 . 51 . 0 . 6 7 8 1 7 5 4 E  0 0 0 . 4 4 9 6 7 7 3 E 0 2
2 5 . 6 8 . 0 . 9 6 0 1 1 2 8 E - 0 1 0 • 4 4 1 6 9 1 0  E 02
2 5 . 8 5 . 0 . 1 7 1 2 5 9 3 E  0 0 0 . 4 4 4 5 1 3 4 E 0 2
2 5 . 1 0 2 . 0 . 5 2 0 4 7 5 4 E —01 0 . 3 8 0 5 4 0 2  E 02
25  . 1 1 9 . 0 . 8 6 3 7 4 4 6 E - 0 1 0 . 4 3 3 3 5 7  2E 0 2
2 5 . 1 3 6 . 0 . 3 5 1 8 8 8 8 E - 0 1 0 . 3 9 2 9 2 2 4 E 02
25  . 1 5 3 . 0 . 5 5 2 2 7 7 5 E  —01 0 . 4 4 0 7 6 4 8  E 0 2
2 5 . 1 7 0 . 0 . 2 5  52 0 1 8  E—0 1 0 . 4 3 5 7 9 7  OE 0 2
25  . 1 8 7 . 0 • 4 0  1 4 5  5 1 E —0 1 0 . 4 4 8 3 5 9  5E 0 2
2 5 . 2 0 4 . 0 . 2 0 5 0 2 3 3 E —01 0 . 4 4 9 4 1 8  3E 0 2
5 0 . 1 7 . 0 . 1 6 7 0 7  56  E 01 - 0 . 4 4 9 9 2 1 3 E 0 2
50 . 3 4 . 0 . 1 8 6 2 1 5 9 E  0 0 —0 . 4 4 1 6 2  8 9  E 0 2
5 0 . 5 1 . 0 . 4 5 7 1 0 9 8 E  0 0 0 • 4 4 9 2  3 0 8  E 0 2
50 . 68  . 0 . 1 2 0 3 1 7 2 E  0 0 0 . 4 4 2 6 3 7 3 E 0 2
5 0 . 8 5 . 0 . 1 5 2 1 6 0 6 E  0 0 0 . 4 4 4 3 0 5 0 E 0 2
50 . 1 0 2 . 0 . 6 1 0 6 2 6 1 E - 0 1 0 . 4 1 6 6 4 5 2  E 0 2
5 0 . 1 1 9 . 0 . 7 6 5 1 7 2 2  E —01 0 • 4 3 4 9 1 6 2  E 0 2
50 . 1 3 6 . 0 • 4 0 1 3 9  7 7 E—0 1 0 . 4 1 5 9 5 3 8 E 0 2
5 0 . 1 5 3 . 0 . 5 0 9 4 1 6 1 E - 0 1 0 • 4 3 9 0  0 4 7  E 0 2
50 . 1 7 0 . 0 . 2 9 8 7 0 3 3 E - 0 1 0 . 4 3 4 0 7 6 5 E 0 2
5 0 . 1 8 7 . 0 . 3 7 0 6 1 1 2 E —01 0 • 4 4 4 9 6 9 9  E 02
50 . 2 0 4 . 0 . 2 3 1 1 5 5 0 E - 0 1 0 • 4 4 4 2 7  5 4 E 0 2
7 5 . 1 7 . 0 . 1 2 3 3 0 6 3E 01 — 0 . 4 5 0 0  0 4 6  E 0 2
75 . 3 4 . 0 . 2 4 9 8 2 8 0 E  0 0 —0 . 4 4 9 0 1 2  8 E 0 2
7 5 . 5 1 . 0 . 2 8 5 3 1 7 7 E  0 0 0 . 4 4 9 9 3 7 9 E 0 2
75 . 68  . 0 . 1 1 3 8 3 6 2 E  0 0 0 . 4 5 0 0 0 5 3 E 0 2
7 5 . 8 5 . 0 . 1 1 9 5 6 0 9 E 0 0 0 . 4 4 7 6 9  59  E 0 2
7 5 . 1 0 2 . 0 . 5 4 7 3 1 4 1 E - 0 1 0 . 4 2 9 7 6 7 5 E 02
7 5 . 1 1 9 . 0 . 6 1 8 2 4 1 5 E —01 0 . 4 3 1 4 3 4 9  E 0 2
7 5 . 1 3 6 . 0 . 4 0 2 2 1 4 2  E—0 1 0 . 4 1 8 7 9 7 3 E 02
7 5 . 1 5 3 . 0 . 4 7 2 8 6 1 2 E —01 0 . 4 3 4 4 9 8 7  E 02
7 5 . 1 7 0 . 0 . 3 4 4 9 2 5 7 E - 0 1 0 . 4 3 2 0 9 2 0 E 0 2
7 5 . 1 8 7 . 0 . 3 8 2 1 7 2 7 E - 0 1 0 . 4 3 9 9 7 0 4 E 0 2
7 5 . 2 0 4 . 0 . 2 9 0  52 7 4 E—0 1 0 . 4 3 9 5 4 5 3 E 0 2

1 0 0 . 1 7 . 0 . 9 3 7 1 3 8 8 E  0 0 — 0 . 4 4 9  8 6 9  7 E 02
100  . '  3 4 . 0 . 2 7 8 0 7 1 9 E  0 0 - 0 . 4 4 9 7 3 9 8 E 0 2
1 0 0 . 5 U . 0 . 1 6 0 0  52  7 E 0 0 0 . 4 4 8  3 2 0 OE 0 2
1 00  . 6 8 . 0 • 9  7 8  0 5 6 2  E—0 1 0 . 4 3 2 0 2  3 6  E 0 2
1 0 0 . 8 5 . 0 . 9 3 0 1 6 4 5 E—0 1 0 . 4 4 8 0 8 3 8 E 0 2
1 0 0 . 1 0 2 . 0 . 5 4 3 4 2 8 7 E  — 01 0 . 4 1 5 7 8 7 5 E 0 2
1 0 0  . 1 1 9 . 0 . 5 8  6 5 8 1 4 E —01 0 . 4 0 1 2  5 5 6 E 0 2
1 0 0 . 1 3 6 . 0 . 4 2 2 1 9 4 2 E —01 0 . 3 9 7 2 8 6 4 E 0 2
1 0 0 . 1 5 3 . 0 . 4 3 1 3 5 0 2  E—0 1 0 . 4 2 1 0 8 0 9  E 02
1 0 0  . 1 7 0 . 0 • 3 2  4 6 2 0  8 E—0 1 0 . 4 3 0 4 6 9 1 E 0 2
1 0 0 . 1 8 7 . 0 . 3 2  8 8 6 4 8 E —01 0 . 4 3 9 8 7 5 0 E 02
1 0 0  . 2 0 4 . 0 . 2  5 8 2 8 7 0 E —01 0 . 4 4 5 4 4 9 4 E 02



105

T-1711
X Y Hy

(m) (m) (amp/m) (degrees)

1 2 5 . 1 7 . 0 . 7 2 7 3 1 2 4 E  0 0 - 0 . 4 4 9 3 6 5 8 E 02
1 25  . 3 4 . 0 . 2 7 6 1 0 6 1 E  0 0 - 0 . 4 4 9 7 4 1 2  E 02
1 2 5 . 5 1 . 0 . 7 9 4 9 5 7 9 E - 0 1 0 . 4 3 1 6 0 5 8  E 0 2
1 2 5 . 6 8 . 0 . 8 5 1 1 5 8 5 E —01 0 . 3 8 7 9 1 2 9 E 0 2
1 2 5  . 8 5 . 0 .  7 6 9 2 7 1 9 E —01 0 . 4 4 6 7 3 9 2 E 0 2
1 2 5 . 1 0 2 . 0 . 5 9 3 3 2 7 3 E - 0 1 0 . 4 0 3 5 8 6 4 E 02
125  . 1 1 9 . 0 . 6 3 1 0 3 0  8 E—0 1 0 • 3 7 6 7 1 7  4E 02
1 2 5 . 1 3 6 . 0 . 4 6 5 3 2 2 1 E - 0 1 0 . 3 8  3 4 5 3 1 E 02
125  . 1 5 3 . 0 . 4 1 7 0 4 1 6 E —01 0 . 4 0 6 6 6 5 2 E 02
1 2 5 . 1 7 0 . 0 • 3 0 2 2 0 0 8 E —01 0 . 4 2 6 5 2 1 1 E 0 2
1 2 5 . 1 8 7 . 0 . 2 7 6 6 0 6 9 E - 0 1 0 • 4 3 8 1 8  5 6  E 02
1 2 5 . 2 0 4 . 0 . 2 1 3 5 8 4 8 E - 0 1 0 . 4 4 8 0 7 8  0 E 02
1 5 0 . 1 7 . 0 . 5 8 5 7 4 1 1E 0 0 - 0 . 4 4 6 3 9 9 1 E 0 2
1 5 0 . 3 4 . 0 . 2 7 6 0 0 1 6 E  0 0 - 0 . 4 4 7 2 4 0 6 E 0 2
1 5 0 . 5 1 . 0 . 6 9 1 8 7  4 0 E —01 0 . 8 8 6 3 3 8 7 E 01
1 5 0  . 68  . 0 . 9 2 7 7 8 6 8 E - 0 1 : 0 . 2  5 3 3 5 7 8  E 02
1 5 0 . 8 5 . 0 . 5 8 7 6 6 6 0 E —01 0 . 4 3 3 6 7 0 5 E 02
1 5 0  . 1 0 2  . 0 • 4 4  5 1 2 4 1 E —01 0 . 4 4 6 2 9 5 6 E 0 2
1 5 0 . 1 1 9 . 0 . 4 8 9 1 3 7 4 E —0 1 0 . 4 1 0 8 7 14E 0 2
1 5 0 . 1 3 6 . 0 .  4 1 5 2  5 5 8  E—01 0 . 4 0 3 3 2 4 6 E 02
1 5 0 . 1 5 3 . 0 • 4 0 0 0 2 2  6 E—0 1 0 . 3 9 7 7 1 7 3 E 0 2
1 5 0 . 1 7 0 . 0 . 3  3 1 0 3 4 1 E - 0 1 0 . 3 9 7 7 2 1 6 E 0 2
1 5 0 . 1 8 7 . 0 . 3 0 9 3 4 3 1 E—0 1 0 • 3 9 4 6 7 9 7  E 0 2
1 5 0 . 2 0 4 . 0 . 2  5 5 9 3 7 1 E —01 0 . 3 9 9 0 5 5 0 E 02
1 7 5 . 1 7 . 0 • 4 9 5 3 3 3 6 E  0 0 - 0 . 4 2 9 2  5 4 6 E 02
17 5  . 3 4 . 0 • 3 3 6 7 9 8  1E 0 0 - 0 . 4 2 5 9 2 3 2 E 02
1 7 5 . 5 1 . 0 . 1 3 5 5 9 0 0 E  0 0 - 0 . 1 3 1 8 8 6 3 E 02
1 7 5  . 68  • 0 . 1 2 8 1 0 1 3 E 0 0 0 • 2 4 9 1 1 3 8 E 0 2
1 7 5 . 8 5 . 0 • 5 0 3 5 4 8 6 E—01 0 . 2  8 0 4 7  O I E 02
17 5  . 1 0 2 . 0 • 1 4 3 4 4 5 5 E—01 0 . 4 1 2 2 9 0 2 E 02
1 7 5 . 1 1 9 . 0 . 1 5 2 9 2 0 1 E—01 0 . 1 9 6 8 1 3 4 E 02
1 7 5 . 1 3 6 . 0 . 2 0 8 4 6 4 9 E - 0 1 0 • 2 9  5 4 8 2 9  E 0 2
175  . 1 5 3 . 0 . 2 5 0 2 9 1 3  E—0 1 0 . 3 1 2 0 4 2 4 E 0 2
1 7 5 . 1 7 0 . 0 . 2 6 7 9 3 0 1 E —01 0 . 3 5 5 8 7 4 3 E 02
1 7 5 . 1 8 7 . 0 . 2 7 3 1 0 1 0 E - 0 1 0 . 3 5 7 3 5 6 1 E 0 2
1 7 5 . 2 0 4 . 0 . 2 6 5 3 0 4 8 E - 0 1 0 . 3 8 0 7 5 4 5 E 02
2 00 . 1 7 . 0 . 5 8 7 0 8 3 1 E  0 0 - 0 . 3 7 2 8 2 0 7 E 0 2
2 0 0 . '  3 4 . 0 . 4 6 1 7 7 8 9 E  0 0 —0 . 3 8 4 0 1 2 1 E 02
2 0 0  . 5 1 . 0 • 2 8 9 6 4 3 7 E  0 0 - 0 . 1 9 4 9 7 5 7 E 0 2
2 0 0 . 6 8 . 0 . 2  3 0 9 7 4 0 E  0 0 0 . 6 9 1 8 4 8 1 E 01
2 0 0  . 8 5 . 0 . 9 1 9 5 6 2  6 E —0 1 0 . 2 7 2 1 7 8 1 E 01
2 0 0  . 1 02  . 0 • 2  5 3 9  3 4 1 E—0 1 0 . 4 5 3 8 6 5 1 E 01
2 0 0 . 1 1 9 . 0 . 1 1 8 4 2 9 1 E - 0 1 - 0 . 1 9 3 9 1 5 4 E 02
2 0 0 . 1 3 6 . 0 . 1 3 1 3 1 5 6 E —0 1 0 . 2 0 0 0 9 7 8 E 02
2 0 0 . 1 5 3 . 0 . 1 5 8 8 4 0 6 E—01 0 . 2 4 3 0 2 9 3 E 02
2 0 0  . 1 7 0 . 0 . 1 6 1 9 5 3 9 E - 0 1 0 . 3 7 7 7 9 2 4 E 0 2
2 00 . 1 8 7 . 0 . 1 6 6 0 9 2 4 E - 0 1 0 . 3 7 5 7 1 8 5 E 0 2
2 0 0 . 2 0 4 . 0 . 1 6 7 6 5 5 8 E - 0 1 0 .  4 2 2  02  5 6  E 02
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X

(m)
Y

(m) ( amp/m) ( d e g / e e s )

2 2 5 . 1 7 . 0 • 8 7 3 6 9 9 8 E 0 0 - O . 3 O 8 4 2 O 4 E 0 2
2 2 5 . 3 4 . 0 . 7 6 8 8 8 0 7 E 0 0 - 0 . 3 1 8 2 7 5 9 E 02
2 2 5  . 51 . 0 . 5 3 6 6 6 0 9 E 0 0 - 0 . 1 8 1 1 2 1 7 E 0 2
2 2 5 . 6 8  • 0 . 3 8 0 1 7 8 6E 0 0 0 . 4 7 4 0 5 3 6 E 0 0
2 2 5  . 8 5 . 0 . 2 0 9 1 2 9 3 E 0 0 - 0 . 6 5 1 0 9 5 8 E 01
2 2 5 . 1 0 2 . 0 . 1 0 4 8 9 6 8 E 0 0 - 0 . 9 7 4 0 9 6 5 E 01
2 2 5  . 1 1 9 . 0 . 4 5 5 5 5 1 5 E - •01 - 0 . 2 4 9 7 2 6 7 E 0 2
2 2 5  . 1 3 6 . 0 . 1 3 8 4 4 8 1 E - -01 - 0 . 1 4 7 7 2 7 7 E 0 2
2 2 5 . 1 5 3 . 0 . 6 7 7 5 2 5 3 E - 02 0 . 2 2 4 0 0 4 5  E 02
2 2 5  . 1 7 0 . 0 . 2 1 3 1 4 8 9 E - -01 0 . 3 1 9 7  0 3 4E 0 2
2 2 5  . 1 8 7 . 0 • 2 8 9 9 9 1 8 E - -01 0 . 2 7  5 9 0 5 9  E 0 2
2 2 5 . 2 0 4 . O . 3 2 7 2 9 7 3 E - ■01 0 . 3 1 1 2 9 1 5 E 0 2
2 50 . 1 7 . 0 .  1 1 6 0 6 9  8 E 01 - 0 . 2 7 1 0 5 1 2 E 0 2
2 5 0 . 3 4 . 0 . 9 9 1 6 0 7 0 E 0 0 - 0 . 2 8 7 0 1 8 3 E 0 2
2 50 . 51 . 0 . 7 3 7  6 8 1 2  E 0 0 —0 • 1 7 2 6 9 7 9  E 0 2
2 5 0 . 6 8 . 0 . 5 3 3 5 3 13E 0 0 - 0 . 1 6 4 8 7 4 2 E 01
2 50 . 8 5 . 0 . 2 7 5 9 2 8 9 E 0 0 - 0 . 7 4 1 3 9 5 7 E 0 0
2 5 0 . 1 0 2 . 0 . 1 3 1 3 5 5 5 E 0 0 0 . 6 2 7  8 0 3 6  E 01
2 50 . 1 1 9 . 0 • 4 7 3  5 4 5 8 E - -01 0 • 6 5 4 7 0 7 1 E 0 1
2 5 0 . 1 3 6 . 0 . 2 1 8 2 4 6 3 E - 01 0 . 1 9 5 5 3 1 5 E 0 2
2 50 . 1 5 3 . 0 . 8 7 3 5 5 1 7 E - 0 3 0 . 2 0 9 7 7 9 2 E 0 2
2 5 0 . 1 7 0 . 0 . 7 1 3 9 7 9 8 E - 02 0 .  2 3 3 6 0 6 0 E 01
2 50 . 1 8 7 . 0 . 1 6 1 2 9 4 0 E - ■01 —0 • 1 4 1 6 6 6 1 E 0 2
2 5 0 . 2 0 4 . 0 . 1 5 9 8 7 3 8 E - 01 - 0 .  1 0 0  2 3 4 9  E 0 2
2 7 5 . 1 7 . 0 . 8 2  7 7 3 3 4 E 0 0 - 0 . 2 7 9 8 7 2 0 E 0 2
2 7 5  . 3 4 . 0 . 7 4 6 0 9 2 1 E 0 0 - 0 . 3 0 5 0 8 9 6 E 0 2
2 7 5 . 5 1 . 0 . 5 4 1 2 2 4 2 E 0 0 - 0 . 1 9 4 5 5 1 7 E 0 2
2 7 5 . 68  . 0 • 3 7 9 7 0 8  5E 0 0 - 0  • 2 9 0 2 6 7 7  E 0 1
2 7 5 . 8 5 . 0 . 2 1 0 6 2  88  E 0 0 - 0 .  1 0 2  8 6 6  5 E 0 2
2 7 5  . 1 0 2 . 0 • 1 0  6 0 9 1 5  E 0 0 - 0 . 1 3 6 1 5 5 4 E 0 2
2 7 5 . 1 1 9 . 0 • 4 7  5 6 7  5 6 E - 01 — 0 * 2 8  2 9 7  4 9  E 02
2 7 5  . 1 3 6 . 0 . 1 4 7 7 0 8 0 E - •01 —0 • 2 3 9 7 9 4 8 E 0 2
2 7 5 . 1 5 3 . 0 . 6 2 4 0 4 8 7 E—02 0 . 5 6 7 7 5 2 8 E 01
2 7 5 . 1 7 0 . 0 • 2 0 4 2 2 9  7 E - •01 0 . 3 0 1 2 8 8 6 E 0 2
2 7 5 . 1 8 7 . 0 . 2  8 4 2 1 2  8 E - 01 0 . 2 6 4 4 6 0 0 E 0 2
2 75 . 2 0 4 . 0 . 3 2 2 3 1 6 3 E - -01 0 . 3 0 5 8 9 2 0 E 0 2
3 0 0 . 1 7 . 0 • 4 7 0 5  6 0 7  E 0 0 —0 . 3 0 3 6 7 4 9 E 0 2
3 0 0  . * 3 4 . 0 • 4 0  52  82 6E 0 0 - 0  . 3 5 7 3 9 0 6 E 0 2
3 0 0  . 51 . 0 • 3 0 2 0 6 3 2  E 0 0 —0 . 2 4 3 8  59 7 E 0 2
3 0 0 . 68 . 0 . 2 2  8 0 0 8 2  E 0 0 - 0 . 4 1 8 8 2 8 9 E 01
3 0 0  . 8 5 . 0 . 9 3 8 9 9 6  1 E - 01 - 0  • 1 4 7 1 9 0 6 E 0 2
3 0 0 . 1 0 2 . 0 . 2 7 8 1 6 8 9 E—01 —0 . 2 5 2 9 9 1 3 E 0 2
3 0 0  . 1 1 9 . 0 . 1 7 3 8 0 9 8 E - •01 - 0 . 3 6 8 0 3 7 9 E 0 2
3 0 0 . 1 3 6 . 0 .  1 2 50  62 2 E—01 — 0 . 4 1 4 6 9 5 8  E 01
3 0 0 . 1 5 3 . 0 . 1 4 5 1 6 4 2 E - •01 0 • 1 0 9 6 4 7 7  E 0 2
3 0 0 . 1 7 0 . 0 . 1 4 0 8 8 4 5 E - 01 0 • 3 4 6  37  5 1 E 0 2
3 0 0 . 1 8 7 . 0 • 1 4 9  8 4 3 9  E - 01 0 . 3 5 5 7 1 7 3 E 0 2
3 0 0 . 2 0 4 . 0 . 1 5 4 3 8 9 9  E - 01 0 . 4 1 8 2 9 1 5 E 0 2
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X Y

(m) (m)

3 2 5  » 1 7 .
3 2 5 . 3 4 .
3 2 5  . 51 .
3 2 5 . 6 8 .
3 2 5 . 8 5 .
3 2 5  . 1 02  .
3 2 5 . 1 1 9 .
3 2 5  . 1 3 6 .
3 2 5 . 1 5 3 .
3 2 5  . 1 7 0 .
3 2 5 . 1 8 7 .
3 2 5 . 2 0 4 .
3 5 0 . 1 7 .
3 5 0  . 3 4 .
3 5 0 . 5 1 .
3 5 0 . 6 8 .
3 5 0  . 8 5 .
3 5 0 . 1 0 2 .
3 5 0 . 1 1 9 .
3 5 0 . 1 3 6 .
3 5 0 . 1 5 3 .
3 5 0  . 1 7 0 .
3 5 0 . 1 8 7 .
3 5 0  . 2 0 4 .
3 7 5 . x 1 7 .
3 7 5 . 3 4 .
3 7 5 . 5 1 .
3 7 5  . 6 8 .
3 7 5 . 8 5 .
3 7 5 . 1 0 2 .
3 7 5  . 1 1 9 .
3 7 5 . 1 3 6 .
3 7 5  . 1 5 3 .
3 7 5 . 1 7 0 .
3 7 5  . 1 8 7 .
3 7 5 . 2 0 4 .
4 0 0 . 1 7 .
4 0 0 . - 3 4 .
4 0 0  . 51 .
4 0 0 . 6 8 .
4 0 0  . 8 5 .
4 0 0 . 1 0 2 .
4 0 0  . 1 1 9 .
4 0 0 . 1 3 6 .
4 0 0 . 1 5 3 .
4 0 0  . 1 7 0 .
4 0 0 . 1 8 7 .
4 0 0  . 2 0 4 .

H jP -
(amp/m) (deg/ees)

2 5 9 3 8 4 0 E 0 0 —0 .  3 5 3 3 5 8 0 E 02
2 4 0 1 2  6 7  E 0 0 - 0 . 3 9 8 5 2 7 8 E 02
1 5 8  3 6 3 3  E 0 0 —0 .  2 9 9 9 7 4 8 E 0 2
1 1 0 9  3 3 2  E 0 0 - 0 . 3 7 3 7 0 7 9  E 01
4 4 3 7  5 6 9  E- 0 1 - 0 . 2 1 5 5 0 9 8  E 02
1 1 1 8 7 3  6E - 0 1 - 0 . 4 0 6 4 1 2 5 E 0 2
1 6 9 1 1 2 6 E - 0 1 —0 . 2 5 1 2 5 3 5 E 02
1 7 9 0 2 8 3 E - 0 1 0 . 1 1 5 7 2 9 7 E 0 2
2 1 7 6  7 3 2  E- 0 1 0 . 2 1 4 8 1 9 8  E 0 2
2 4 0  2 0 7 9  E- 0 1 0 . 3 2 2 4 6 6 0 E 0 2
2 4 9 7 0 5 1 E - 0 1 0 . 3 3 4 3 1 2 4 E 0 2
2 4 8  3 6 9  6E - 0 1 0 . 3 7 1 4 4 3 6  E 0 2
19  32 9 4 8  E 0 0 —0 . 4 1 1 8 6 8 6 E 02
1 3 8 3 5 3 5 E 0 0 - 0  . 4 3 9 0 9 3 3 E 0 2
1 0 6 8  7 0 7  E 0 0 — 0 . 3 8 4 6 2 9 8  E 02
8 9 6 6 6 3 1 E- 0 1 —0 . 2 6 1 0 6 6 3 E 02
1 7 6 3 8 3 4 E - 0 1 - 0 . 1 6 1 0 2 1 9 E 0 2
1 7 7 9 2 8 9 E- 0 1 0 . 4 1 1 5 7 9 4 E 0 2
3 4 8 2 0 7 1 E- 0 1 0 . 3 5 0 5 5 7 6 E 0 2
3 3 6 5 0 6 5 E - 0 1 0 . 3 6 7 4 4 6 3 E 02
3 3 0 2  0 7 2  E- 0 1 0 . 3 6 4 2  0 3 2  E 0 2
2 9 0 4 2 9 9  E- 0 1 0 . 3 7 9 0 0 2 1 E 0 2
2 7 2 5 6 3 3 E - 0 1 0 • 3 7 7  32 7 6 E 02
2 3 3 9 4 6 3 E - 0 1 0 . 3 9 0 7 6 5  5E 0 2
1 5 1 1 4 8 4 E 0 0 - 0 . 4 3 3 4 2 3 0 E 02
1 1 2 3 8 5 0 E 0 0 - 0  . 4 4 7 9 8 1 3E 0 2
7 7 0 0 4 7 3 E - 0 1 — 0 . 4 3 6 3 6 5 1 E 02
60 3 0  8 4 1 E- 0 1 - 0 . 3 2 5 7 8 1 3 E 0 2
1 4 6 5 1 5 3  E- 0 1 —0 . 7 7 7 7 8 6 9 E 01
3 7 2 6 8 1 2 E - 0 1 0 . 2 4 5 9 5 1 8 E 02
4 8 2  7 9 8 7 E - 0 1 0 . 2 7  5 6 0 9 4 E 0 2
38  5 3 3 0 4 E - 0 1 0 . 3 3 3  5 4 7 7  E 02
3 2 4 6 3 8 9 E - 0 1 0 . 3 6 8 6 7 0  5 E 0 2
2 5 1 9 0 3 2  E - 0 1 0 . 4 1 6 0 6 9 0 E 02
2 2 0 4 3 0 7 E - 0 1 0 . 4 3 2 8 7 7  5E 02
1 8 7 0  5 9 2  E-- 0 1 0 . 4 4 8 4 1 2 8  E 02
122  3 3 0 4 E 0 0 - 0 . 4 4 0 8 2 7 3 E 0 2
1 0 2  5 8 6 0 E 0 0 - 0 . 4 4 7 1 5 1 5E 02
6 5 7 9 4 0 5 E - 0 1 - 0 . 4 4 5 2 2 4 5 E 0 2
4 1  6 7 9 5 3 E - - 0 1 — 0 . 3 5 8  5 4 9 5 E 02
1 4 9 1 7 0  7 E - 0 1 - 0 . 1 6 9 6 1 1 7 E 0 2
2 9 67  5 8 1  E-- 0 1 0 . 2 1  5 5 8 8 7  E 0 2
3 8 3 4 8 2  8 E'- 0 1 0 . 2 7 2 4 5 5 9  E 0 2
3 3 4 7 0 2 4 E - 0 1 0 . 3 4 7  5 4 1 7  E 02
3 0 8 0 2 7 8 E - 0 1 0 . 3 8  5 6 8 1 8 E 02
2 7 3 4 Ô 3 4 E - 0 1 0 . 4 2  3 0 6 2 6 E 02
2 5 5 8 9 4 8 E - - 0 1 0 . 4 3 4 9 4 1 7E 02
2 3 2  8 9 2 6E - 0 1 0 . 4 4 5 9 1 2 3 E 02

0
0
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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T-1711
Xx Y H f  V(m) (m) (amp/m) ( d e g r e e s

42  5 . 1 7 . 0 . 8 9 7 7 5 2 0 E - 0 1 - 0 . 4 4 8 8 7 1 8 E
42  5 . 3 4 . 0 . 8 4 9 8 9 7 3 E—0 1 —0 . 4 3 7 6 7 3 8 E
4 2 5  . 51 . 0 • 4 9  5 3 3 3 2 E —01 - 0  . 4 4 0 0 2 7 8E
4 2 5 . 6 8 . 0 . 1 6 6 6 0 4 0 E —01 — 0 . 4 3 9 0 6 4 2  E
4 2 5  . 8 5 . 0 . 1 9 0 0 7 8 1 E—0 1 0 • 3 8 6 3 9 4 2  E
4 2 5 . 1 0 2 . 0 . 2  6 4 1 1 0 2  E—0 1 0 . 2 8 2 7 0 6 1 E
4 2 5  . 1 1 9 . 0 • 3 0 9 9 5 5 3 E—0 1 0 . 3 3 8 4 2 8 2 E
4 2  5 . 1 3 6 . 0 . 3 1 0 7 1 4 1 E—01 0 . 3 8 8 3 5 0 4 E
4 2 5 . 1 5 3 . 0 . 3 0 8 4 2 4 6 E - 0 1 0 . 4 1 0 1 8 5 1 E
4 2 5  . 1 7 0 . 0 • 3 0 0 6 4 7 5 E—01 0 . 4 2 7 6 6 0 8 E
4 2 5 . 1 8 7 . 0 . 2  8 8 5 7 4 2  E—0 1 0 • 4 3 4 3 9 7 6  E
4 2 5  . 2 0 4 . 0 . 2 7 1 0 3 9 0  E—0 1 0 . 4 4 0 5 1 3 9 E
4 5 0 . 1 7 . 0 . 8 1 2 5 8 7 7  E—01 —0 . 4 0 3 1 2 6 4 E
4 5 0  . 3 4 . 0 • 7 4 9  7 8 4 1 E—0 1 —0 . 3 6 9 7 2 8 1 E
4 5 0 . 5 1 . 0 . 5 2 5 8 8 5 5  E—0 1 — 0 . 3 2 1 5 0 6 7  E
4 5 0  . 6 8 . 0 * 3 3 9  0 6 1 8 E—0 1 —0 . 1 5 5 4 3 9 3E
4 5 0 . 8 5 . 0 .  3 5 5 0 7 7 3E—01 0 . 1 6 3 4 0 5 6 E
4 5 0 . 1 0 2 . 0 . 3 7 1 9 9 7 2 E —01 0 . 3 0 3 9 2 8 1 E
4 5 0  . 1 1 9 . 0 • 3 6 8 0 5 1 5 E - 0 1 0 . 3 5 8 5 1 2 9 E
4 5 0 . 1 3 6 . 0 . 3 3 2  6 7 2 0 E —01 0 . 3 9 4 4 2  0 9  E
4 5 0 . 1 5 3 . 0 • 3 0 1 3 1 3 0 E —01 0 . 4 1 6 6 7 0 5 E
4 5 0 . 1 7 0 . 0 . 2  7 2 0 6 5 6 E —01 0 . 4 3 2 8 7 9 8  E
4 5 0 . 1 8 7 . 0 . 2 4 8 5 3 4 7 E —01 0 • 4 4 1 1 7  6 9  E
4 5 0  . 2 0 4 . 0 . 2 2 4 6 6 9 2  E—01 0 . 4 4 6 2 7 8 7 E
4 7 5 . 1 7 . 0 . 7 1 8 0 4 9 4 E—01 — 0 • 4 0  0 9 7 0 8  E
4 7 5  . 3 4 . 0 • 7 3 0 4 9 1 3 E—0 1 —0 • 3 4 2 0 9 4 3 E
4 7 5 . 5 1 . 0 . 5 0 1 8 9 5 3 E —01 —0 . 3 1 0 2 0 1 1 E
4 7 5  . 6 8 . 0 . 2 9 7 8 0 2  5 E—0 1 —0 . 1 7  88  3 7  6E
4 7 5 . 8 5 . 0 • 3 7 9 0 2 1 4 E —01 0 . 1 2 9 3 2 9 4 E
4 7 5  . 1 0 2 . 0 • 3 9 6 2 3 4 7 E—0 1 0 . 2  6 1 9 7 5 6 E
4 7 5 . 1 1 9 . 0 . 3 8 5 0 5 7 8  E—0 1 0 . 3 2 4 0 2 8 0 E
4 7 5 . 1 3 6 . 0 . 3 2 8 9 6 9 4 E - 0 1 0 • 3 7 9 4 8 4 6 E
4 7  5 . 1 5 3 . 0 . 2 9 0 1 1 4 1 E —01 0 . 4 1 4 2 0 0 0 E
4 7 5 . 1 7 0 . 0 . 2  5 8 3 1 4 3 E —01 0 • 4 3 8 1 8 4 2  E
4 7 5 . 1 8 7 . 0 . 2 3 8 0 9 4 1 E—0 1 0 . 4 4 6 9 1 3 3 E
4 7  5 . 2 0 4 . 0 . 2 1 8 2  7 1 2 E —01 0 • 4 4 9 9 7  57  E

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



Vertical Magnetic Field Component



T-1711

no

X Y
(m) (m)

2 5 * 17
2 5 . 3 4
2 5 . 51
25  . 68
2 5 . 8 5
2 5 * 1 0 2
2 5 . 1 1 9
2 5 . 1 3 6
2 5 . 1 5 3
25 * 1 7 0
2 5 . 1 8 7
2 5 . 2 0 4
5 0 . 1 7
5 0 . 3 4
5 0 . 51
5 0 . 6 8
5 0 . 8 5
50 . 1 0 2
5 0 . 1 1 9
5 0 . 1 3 6
5 0 . 1 5 3
5 0 . 1 7 0
5 0 . 1 8 7
50 . 2 0 4
7 5 . 17
75 . 3 4
75 . 51
7 5 . 6 8
75 . 8 5
7 5 . 1 0 2 ,
75 . 1 1 9
7 5 . 1 3 6
7 5 . 1 5 3
7 5 . 1 7 0 ,
7 5 . 1 8 7
7 5 . 2 0 4 ,

1 00  . 17,
1 0 0 . ‘ 34 ,
1 00  . 51 ,
1 0 0 . 6 8 ,
1 00  . 8 5
1 0 0 . 1 0 2 ,
1 0 0 . 1 1 9 ,
1 0 0 . 1 3 6 ,
1 0 0 . 1 5 3 ,
100  . 1 7 0 ,
1 00  . 1 8 7 ,
1 0 0 . 2 0 4 ,

m)

0 . 7 3 7 3 4 2 7 E  01 
0 . 2 7 2 2 6 8 2 E  01  
0 . 1 4 7 5  3 1 OE 0 0  
0 . 1  7 8 8 0 3 8E 0 0  
0 * 8  6 0 1 7 7 3  E—0 1 
0 • 6 0 9  8 6 3  5 E—0 1 
0 *  3 9 6 9 9 1 1 E—01 
0 • 3 0 3 3 7 4 6 E—0 1 
0 . 2  5 2 4 6 4 0 E —01 
0 • 1 4 8 1 9 3 1 E—0 1 
0 . 1 7 3 9 1 6 0 E - 0 1  
0 • 8 4 9 9 4 4 7  E — 02  
0 . 3 2 4 0 5 5 3 E  01 
0 . 1 3 9 6 8 5 2 E  01  
0 * 8  5 2 1 9 9 8  E—0 1 
0 *  1 0 0 8  5 2 8E 0 0  
0 . 2 7 2 9 7 5 4 E - 0 1  
0 * 2  7 4 6 9  8 5 E—0 1 
0 *  2 4 9 4 9 4 9 E—0 1 
0 . 1 3 8 7 8 7 6 E - 0 1  
0 . 1 3 4 0  7 7 1 E—0 1 
0 . 5 5 2 8 8 9 0 E - 0 2  
0 * 6 0 6 4 8 5 8 E—02  
0 • 4 2  8 8 5 3 9  E—0 2  
0 * 1 8 5 8 3 0 5 E  01 
0 * 9 2 2  80  02  E 0 0  
0 . 1 4 5 2 8 1  I E  0 0  
0 * 7 1 2  4 4 2 4 E — 0 1 
0 • 1 4 7 4 4 4 5 E - 0 1 
0 . 1 7 7 5 3 3 0 E - 0 1  
0 * 2 1 3 6 2 0 8 E—0 1  
0 . 1 1 6 3 6 8 0 E - 0 1  
0 • 1 3 0 7 4 7 9 E—0 1 
0 . 4 5 1 8 4 9 4 E —02  
0 . 7 2 2 6 1 0 2 E  —0 2 
0 . 2 2 9 0 0 8 8 E - 0 2  
0 . 1 1 7 0 1 7 7 E  01  
0 *  6 7 1 2 4 7 7 E  0 0  
0 * 1 5 0 7 5 5 3 E  0 0  
0 . 4 6 2 0 1 9 9 E —0 1  
0 * 1 8 7 1 3 7  8 E—0 1 
0 * 1 9 5 9 1 6 6 E —01 
0 . 1 1 1 3 8 9 4 E - 0 1  
0 . 8 5 0 0 7 4 4 E—0 2 
0 * 3 2 1 0 2  5 8 E —0 2  
0 • 1 0 9 0 0 7 8 E—0 2  
0 . 2 2 7 5 5 7 9 E—0 2  
0 * 2 1 2 7 2 1 3 E —02

f  z 
( d e g r e e s )

0 . 1 0 2  3 8 6 4 E 0 0
0 . 2 1 2 5 7 8 5 E 0 0
0 . 3 7 9 2 2 2 7 E 01
0 . 4 3 3 6 8 0 2 E 0 0

— 0 . 7 9 8  5 0 8  5 E 01
—0 . 1 5  1 0 3 4 7 E 02
—0 . 2 1 2 3 1 5 1 E 02
- 0 . 1 9 6 3 1 0 0 E 02
- 0 . 1 4 7  3 1 4 7  E 02
—0 . 1 1 8 1 4 2 7E 02
— 0 • 2 7 7 9 4 2  5 E 01

0 . 5 3 6 9 2  7 4E 01
0 . 2 2  3 2 9 8 9 E 0 0
0 . 4 0 2 0 2 4 5 E 0 0
0 . 5 7  5 3 8 6 8  E 01

—0 . 7 1 5 1 0 7 3 E 0 0
—0 . 2 8 9 8 6 3 0 E 02
—0 • 3 5 2 1 0 8 2 E 0 2
— 0 . 3 5 2 7 2 1 7  E 0 2
- 0 . 4 1 4 1 9 4 3 E 02
— 0 . 2  8 5 9 2  6 4 E 02
- 0 . 3 0 2 9 3 1 5 E 0 2
- 0 . 5 5 8 8  5 5 6 E 01

0 . 1 6 3 1 3 2 6 E 02
0 . 5 5 4 2 6 1 0 E 0 0
0 * 1 2 0 3 1 7 9 E 01
0 . 4 6 3 6 4 5 9  E 01

—0 . 2 5 6 0 1 7 0 E 01
- 0 . 4 2 8 4 5 7 5 E 0 2
— 0 . 4 4 3 4 9 8 2  E 02
—0 . 3 5 3 2 4 7  5 E 0 2
— 0 . 4 2  5 7 1 2 9  E 02
—0 . 2 5  3 6  59 2 E 0 2
—0 . 3 2 0 0 2 7 3 E 02
- 0 . 3 3 1 3 9 8 4 E 01

0 . 2 4 4 7 0 8 7 E 0 2
0 . 5 5 3 5 9 4 4 E 0 0
0 . 2 1 5 3 5 1 2  E 01
0 . 2 2 8 3 8 2 1 E 01

— 0 • 2 0 4 3 6 8 6  E 02
—0 . 4 0  0 3 1 7  2 E 0 2
—0 . 3 8 1 2 5 7 9 E 0 2
— 0 • 4 2  8 4 6 7 1 E 02
- 0 . 4 0 5 3 2 6 7 E 0 2
—0 . 4 4 6 0 5 8 0 E 0 2
- 0 . 4 2 7 3 3 1 7 E 0 2

0 . 2 7 1 6 3 3 1 E 0 2
0 . 4 1 1 3 6 4 1 E 02



m
T-1711

X
(m)

Y
(m)

Hz
(amp/m)

(p
(degrees)

125 . 1 7 . 0 . 7 8 6 7 8 0 2 E  0 0 0 . 7 1 6 4 9 7 9  E 00
1 2 5 . 3 4 . 0 . 5 1 2 8 5 8 3 E  0 0 0 . 3 4 0 0 4 2 8 E 01
1 2 5 . 5 1 . 0 • 1 4 7 1072E 00 0 . 7 0 7 9 3 2 5E 0 0
1 2 5 . 6 8 . 0 . 4 4 5 0 6 1 OE—01 — 0 . 3 3 0 2  3 9 1 E 02
1 2 5 . 8 5 . 0 . 2  9 5 5 3 4 0 E—0 1 - 0 . 3 6 1 7 6 0 3 E 02
125 . 1 0 2 . 0 . 2 5 5 7 2 8 0 E  —01 —0 . 3 6 5 1 6 4 8  E 02
1 2 5 . 1 1 9 . 0 . 1 7 3 3 5 5 5 E - 0 1 —0 . 3 3 2 1 5 1 6 E 02
1 2 5 . 1 3 6 . 0 . 1 1 2  3 6 2 4 E —0 1 —0 • 3 4 7 5 1 5 9  E 02
125 . 1 5 3 . 0 • 4 6 0  8 1 1 OE—02 - 0 . 3 0 9 5 5 9 6 E 02
1 2 5 . 1 7 0 . 0 . 1 2 1 2 9 3 1 E—02 — 0 . 2 0 7 5 7 7 1E 02
1 2 5 . 1 8 7 . 0 . 2 3 2 1 3 5 7 E - 0 2 0 . 4 3 1 9 8 3 9 E 02
1 2 5 . 2 0 4 . 0 . 3 3 3 0 6 4 0 E - 0 2 0 . 3 9 7 1 0 9  5 E 02
1 5 0 . 1 7 . 0 • 5 4 4 8 7 4 7 E  0 0 0 . 1 1 4 2 8 7 9  E 01
1 5 0 . 3 4 . 0 . 4 0 8 8 7 5 9 E  00 0 . 7 4 1 8 1 4 9  E 01
1 5 0 . 5 1 . 0 . 1 3 5 8 5 2 OE 00 0 . 1 7 8 2 1 6 7 E 01
1 5 0 . 6 8 . 0 . 4 9 1 6 3 1 1 E - 0 1 —0 . 4 1 3 3 0 2 6 E 02
1 5 0 . 8 5 . 0 . 3 2 6 3 1 2  3 E—0 1 - 0 . 3 0 3 2 1 7 3 E 02
15 0 . 1 0 2 . 0 . 2 4 7 3 2 8 7 E - 0 1 — 0 . 2  7 6 0 7 4 1 E 02
1 5 0 . 1 1 9 . 0 . 1 7 5 2 3 5 9 E —01 - 0 . 1 1 4 2 4 2 0 E 02
1 5 0 . 1 3 6 . 0 . 7 1 1 0 6 8 9 E—02 —0 * 3 2 9 4 9 6 8 E 02
1 5 0 . 1 5 3 . 0 . 2 5 6 6 2 6 3 E - 0 2 — 0 . 3 7 7 9 2 2 2  E 02
1 5 0 . 1 7 0 . 0 • 8 8  7 3 99  5 E—0 2 - 0 . 1 8 0 1 3 1 1 E 02
1 5 0 . 1 8 7 . 0 . 1 1 0 9 8 2 1 E—01 - 0 . 6 1 1 9 7 6 3 E 01
1 5 0 . 2 0 4 . 0 . 1 3 6 9 6 9 6 E - 0 1 —0 • 8 1 8 4 6 9 9  E 01
1 7 5 . 1 7 . 0 • 4 0  6 582 2 E 00 0 . 4 5 1 2  0 4 8  E 01
1 7 5 . 3 4 . 0 . 2 6 1 8 8 9 0 E  00 0 . 1 2 2 9 8 9 5 E 02
175 . 51 . 0 • 1 4 0 0 0 8 3 E  00 0 . 6 0 5 2 3 7 1E 01
1 7 5 . 6 8 . 0 . 1 0 7 4 1 6 8 E 0 0 - 0 . 1 5 9 0 8 2 5 E 02
1 7 5 . 8 5 . 0 • 48  2 52 9 8 E —01 —0 . 2 7 7 1 5 0 9  E 02
1 7 5 . 1 0 2 . 0 . 2 9 2 6 8 2 2 E - 0 1 - 0 . 4 0 3 6 5 6 3 E 02
1 7 5 . 1 1 9 . 0 . 1 6 8 0 9 8 0 E - 0 1 - O . 4 4 9 2 7 2 O E 02
1 7 5 . 1 3 6 . 0 . 1 3 2 9 0 6 2 E —01 - 0 . 4 4 7 6 3 6 6 E 02
1 7 5 . 1 5 3 . 0 . 8 2  5 5 6 9 8 E—02 - 0 . 4 1 2 4 5 7 3 E 02
1 7 5 . 1 7 0 . 0 • 5 1 7 7 5 6 5 E —02 - 0  . 4 1 5 4 8 2 0 E 02
1 7 5 . 1 8 7 . 0 . 3 6 4 6 8 1 7  E - 0 2 — 0 . 1 8 7  37 38 E 02
1 7 5 . 2 0 4 . 0 . 2 0 6 0 9 1 7 E—0 2 - 0 . 9 9 6 3 5 5 2 E 01
2 0 0 . 1 7 . 0 *  3 0 9 5 5 5 2 E 0 0 0 . 1 0 3 7 0 9 5 E 02
2 0 0 . ' 3 4 . 0 . 1 7 1 3 9 13E 00 0 . 2 6 9 2 8 0 4 E 02
2 0 0 . 5 1 . 0 . 1 3 4 9 5 7 0 E  0 0 0 .  1 1 2 6 9 0 9 E 02
2 0 0 . 6 8 . 0 . 1 4 8 8 557E 0 0 - 0 . 1 4 4 4 0 9 3 E 02
2 0 0 . 8 5 . 0 . 5 0  5 1 3 1 5 E —01 —0 . 3 5 3 4 4 0 9  E 02
2 0 0 . 1 0 2 . 0 . 3 7 0 7 0 6 5 E— 01 —0 . 4 4 5 7 8 7  5E 02
2 0 0 . 1 1 9 . 0 . 4 1 8  6 4 1 4 E—0 1 —0 .  30 8 7 2 4 5  E 02
2 0 0 . 1 3 6 . 0 .  3 3 5 7 6 9 5 E r - 0 1 — 0 . 2 8 8 1 4 1 2  E 02
2 0 0 . 1 5 3 . 0 . 2 9 2  3 8 9 4 E—0 1 - O . Î 7 O 2 6 7 2 E 02
2 0 0 . 1 7 0 . 0 . 2 1 1 0  5 9 1 E—0 1 - 0 . 1 1 2 4 7 7 2 E 02
2 0 0 . 1 8 7 . 0 . 1 9 9 4 7 7 2 E - 0 1 0 • 2 8 0 3 5 50 E 01
2 0 0 . 2 0 4 . 0 . 1 4 8 6 4 6 4 E - 0 1 0 . 9 6 3 8 6 84E 01
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T-1711
X

(m)
Y

(m) (amp^m)
y?

( d e g r e e s )

2 2 5 . 1 7 . 0 . 2  5 8 2  0 5 6 E  0 0 0 . 1 0 1 8 4 5 9 E 0 2
2 2 5  . 3 4 . 0 • 1 4 7 8 5 6 5 E  0 0 0 . 3 8 4 9 9 7 9 E 02
2 2 5 . 5 1 . 0 . 1 3 5 9 6 5 0 E  0 0 0 . 1 6 6 6 2  6 7  E 0 2
2 2 5  . 6 8 . 0 . 1 7 7 6 2 1 5 E  0 0 - 0 . 1 7 8 2 9 6 7 E 0 2
2 2  5 . 8 5 . 0 .  5 5 3 8 4 9 8 E—01 —0 . 3 9 1 7 5 2 0 E 0 2
2 2 5 . 1 0 2 . 0 .  4 9 2  3 1 1 0E — 01 —0 . 4 2 6 6 3 9 1 E 0 2
225 0 1 1 9 . 0 • 5 92  9 5 8 9 E—0 1 —0 * 2 5 7 1 5 2 6 E 02
2 2 5 . 1 3 6 . 0 . 4 7 5 3 1 4 7  E—01 —0 . 2 4 9 1 5 8 6 E 02
2 2 5 . 1 5 3 . 0 . 4 1 0 4 7 4 6 E—0 1 —0 • 1 3 7 3 0 6 3 E 02
22  5 . 1 7 0 . 0 . 2 9 3 9 2 8 7 E—01 - 0 .  1 0 1 2  5 9 7  E 02
2 2 5 . 1 8 7 . 0 . 2  6 9 4  5 5 6 E - 0 1 0 . 3 0 5 5 5 2 0 E 01
2 2 5  . - 2 0 4 . 0 • 1 9  5 0 1 0 3 E —0 1 0 . 7 9 5 6 0 0 2 E 01
2 5 0 . 1 7 . 0 . 2 2 5 7 5 1 6 E  0 0 0 . 8 4 2 9 4 9 9  E 01
2 5 0 . 3 4 . 0 • 2 4 0 9 7 5 6 E  0 0 0 . 2  6 1 3 0 6 9 E 02
2 5 0 . 5 1 . 0 . 1 5 6 9 7 2 5 E  0 0 0 • 5 3 8  7 4 7 7  E 01
2 50 . 6 8 . 0 • 1 3 0 1 0 1 4 E  0 0 —0 • 3 4 8 1 8 5 0 E 0 2
2 5 0 . 8 5 . 0 . 6 9 8 2  5 5 3 E —01 — 0 . 3 5 4 5 3 4 5  E 02
2 50 . 1 0 2 . 0 . 4 4 3 9 3 3 7 E - 0 1 —0 . 4 1 7 4 2 6 9  E 0 2
2 5 0 . 1 1 9 . 0 . 1 9 8 5 9 8 4 E - 0 1 —0 . 4 3 2  35 57 E 02
2 50 . 1 3 6 . 0 . 1 6 9  5 6 2 1 E—0 1 - 0 . 4 4 9 8 3 9 6 E 0 2
2 5 0 . 1 5 3 . 0 • 8  22  9 6 4 7  E — 0 2 - 0 . 4 4 0 6 2 3 0 E 02
2 5 0 . 1 7 0 . 0 . 8 0 5 0 7 1 0 E —0 2 —0 . 4 0 7 0 6 4 8 E 0 2
2 5 0 . 1 8 7 . 0 . 5 1 7 4 4 1 3 E - 0 2 —0 • 1 6 9 4 0 0 2  E 0 2
2 5 0 . 2 0 4 . 0 . 5 6 3 7 5 4 5 E—02 —0 . 1 9 1 2 8 7 1 E 02
2 7 5 . 1 7 . 0 . 2 1 8 0 8 7 0 E  0 0 0 • 6 8 7 4 9  37 E 01
2 7 5 . 3 4 . 0 • 3 4 1 9 0 1 1 E 0 0 0 • 1 4 6 5 6 8  5E 0 2
2 7 5 . 5 1 . 0 • 1 7  59 7 4 5  E 0 0 — 0 . 3 9 9 7 9 2  3E 01
2 7 5  . 6 8 . 0 . 9 8 8 4 8 3 4 E—0 1 —0 . 4 4 3 8  52  8E 0 2
2 7 5 . 8 5 . 0 . 8 1 58 0 9 4 E —01 —0 . 3 0 9 7 1 8 6 E 0 2
2 7 5 . 1 0 2 . 0 • 6 8 6 4 3 7 5 E—0 1 —0 . 2 6 3 8 0 8 7  E 02
2 7 5 . 1 1 9 . 0 . 6 6  5 9 4 3 6  E—0 1 - 0 . 1 2 4 6 4 5 3 E 02
2 7 5  . 1 3 6 . 0 . 4 5 8  5 4 7  8 E—0 1 —0 . 1 7 9 7 8  5 6 E 0 2
2 7 5 . 1 5 3 . 0 . 3 6 4 5 0 8 9 E—01 - 0 . 1 3 6 7 6 7 2 E 02
2 7 5  . 1 7 0 . 0 . 2 2 7 8 5 5 9 E —0 1 - 0 . 2 2 2 2 3 1 3 E 0 2
2 7 5 . 1 8 7 . 0 . 1 7 7 1 4 4 3 E—0 1 - 0 . 1 6 8  9 5 1 7  E 02
2 7 5  . 2 0 4 . 0 . 1 0 7 1 2 1 5 E —01 - 0 . 2 9 5 0 5 9 8 E 0 2
3 0 0 . 1 7 . 0 . 2 2 4 6 7 3 4 E  0 0 0 . 4 6 0 0 1 6 5  E 01
3 0 0 . '  3 4 . 0 . 2 9 5 6 5 0 2 E  0 0 0 . 1 3 4 9 6 0 1 E 02
3 0 0 . 5 1 . 0 . 1 6 2 4 5 5 8 E 0 0 —0 . 8 1 8 7 2 7 0 E 0 0
3 0 0  . 6 8  . 0 • 8 5 1 2 6 0 4 E—0 1 —0 . 4 1 1 2 8 2 0 E 0 2
3 0 0 . 8 5 . 0 . 7  5 2 8 3 5 9 E —01 —0 . 3 2 4 2 8 4 5 E 0 2
3 0 0 . 1 0 2 . 0 • 6 1 2 7 2 3 8 E—01 - 0 . 3 3 2 5 2 2 0 E 0 2
3 0 0 . 1 1 9 . 0 . 5 1 8 2 9 8 3 E —01 — 0 . 2 5 2  5 5 8 7 E 0 2
3 0 0 . 1 3 6 . 0 . 3 6 3 3 2 1 7 E - 0 1 - 0  . 3 0 1 7 5 0 6 E 0 2
3 0 0 . 1 5 3 . 0 . 2  6 7 1 5 1 9 E —01 - 0 . 2 6 2 0 0 5 2  E 0 2
3 0 0  . 1 7 0 . 0 • 1 6 8  5 9 9  2 E—0 1 —0 . 3 2 4 8 3 1 1 E 0 2
3 0 0 . 1 8 7 . 0 . 1 1 6 3 3 9 3 E - 0 1 —0 . 2 6 5 4 9 4 5 E 0 2
3 0 0 . 2 0 4 . 0 . 6 8 3 4 9 0  6 E—0 2 - 0 . 3 6 0 6 3 1 4 E 0 2
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(m) (m) (amp^m)
z Z

( d e g r e e s )

32  5 . 1 7 . 0 . 2 1 4 5 2 4 7 E 0 0 0 . 9 6 7 9 4 5 4 E 01
3 25  . 3 4 . 0 • 2 2 5 4 8 0 2 E 0 0 0 • 1 4 6 3 9  5 9  E 0 2
3 2 5 . 5 1 . 0 . 1 4 8 2 4 7 7 E  0 0 0 . 1 8 3 1 2 1 6 E 01
3 2 5  . 6 8 . 0 • 8 9 3  5 82  7 E - 0 1 —0 . 2 9  5 3 4 8 4 E 0 2
3 2 5  . 8 5 . 0 . 6 6 7 2 2 0 4 E - 0 1 - 0 . 3 5 5 8 2 3 4 E 0 2
3 2 5 . 1 0 2 . 0 . 5 1 6 9 5 2 7 E —01 —0 . 4 1 9 0 3 1 4 E 0 2
3 2 5  . 1 1 9 . 0 . 3 6 5 2 9 7 0 E - 0 1 —0 . 4 3 1 6 9 4 3 E 0 2
3 2 5 . 1 3 6 . 0 . 2 6 3 8 0 1 6 E - 0 1 — 0 . 4 4 7  3 7 7 2  E 02
3 2 5  . 1 5 3 . 0 . 1 5 8 0 9 5  8 E—0 1 —0 . 4 4 9 9 3 5  5E 0 2
3 2 5 . 1 7 0 . 0 . 1 0 8 3 3 0 5 E—0 1 - 0 . 4 2 2 0 4 8 3 E 0 2
3 2 5  . 1 8 7 . 0 • 6 9 9  7 9 6 5 E—0 2 - 0 . 2 9 2 2 5 5 4 E 0 2
3 2 5 . 2 0 4 . 0 . 7 2 5 3 6 2 8 E—02 - 0 . 1 0 8 2 3 3 4 E 02
3 5 0  . 1 7 . 0 . 2 1 2 1 8 8 8 E  0 0 0 . 1 2  7 5 2 0 9  E 0 2
3 5 0 . 3 4 . 0 . 1 3 5 2 9 8 7 E  0 0 0 . 1 2 4 9 6 8 1 E 02
3 5 0 . 51 . 0 • 1 4 6 7 0 7 8 E  0 0 0 . 4 1 3 5 9 8 8 E 01
3 5 0 . 6 8 . 0 . 1 4 2  8 7 2 9  E 0 0 — 0 . 6 2 7  3 0 8 8  E 01
3 5 0 . 8 5 . 0 . 6 9 6 1 3 6 4 E—01 - 0 . 3 2 6 1 6 4 9 E 02
3 5 0  . 1 0 2 . 0 • 5 4 1 1 9  7 5 E - 0 1 - 0 . 4 3 8 4 7 5 6 E 0 2
3 5 0  . 1 1 9 . 0 * 4 6 6 6 8 4 5 E—0 1 - 0  . 4 4 7 2 9 6 3 E 02
3 5 0 . 1 3 6 . 0 . 3 2 9 6 7 4 5 E —01 —0 . 4 4 8 7 6 9 4 E 0 2
3 5 0  . 1 5 3 . 0 . 2 0 7 4 1 5 2  E - 0 1 - 0 . 4 4 8 1 2 3 3 E 02
3 5 0 . 1 7 0 . 0 . 1 0 8 0 8 0 1 E - 0 1 — 0 . 4 4 3 3 6 6 9  E 02
3 5 0 . 1 8 7 . 0 • 4 6 5 4 7 0 2  E—0 2 - 0 . 3 9 9 8 7 3 2 E 0 2
3 5 0 . 2 0 4 . 0 . 5 3 9 9 8 9 4 E —02 0 . 7 9 0 1 5 1 6  E 01
3 7 5  . 1 7 . 0 • 1 8 2 0 3 4 7 E  0 0 0 . 1 1 9 4 1 5 0  E 0 2
3 7 5 . 3 4 . 0 . 1 2  5 0 2 8 9 E 0 0 0 . 1 2 5 0 8 4 3 E 02
3 7 5 . 5 1 . 0 . 1 2 8  5 8 8 7 E  0 0 0 . 4 0  7 1 2 1 7  E 0 1
3 7 5 . 6 8 . 0 . 1 2 0 8 6 6 7 E  0 0 —0 . 6 5 6 8 9 0 3 E 01
3 7 5 . 8 5 . 0 . 6 0 6 1 1 1 8  E—0 1 - 0 . 2 9 1 2 9 2 9 E 0 2
3 7 5 . 1 0 2 . 0 . 4 3 1 5 0 9 8 E —01 —0 . 4 2 5 7 0 8 6 E 02
3 7 5 . 1 1 9 . 0 . 3 5 9 5 9 4 8 E —01 — 0 ♦ 4 4 8  7 6 6 2  E 02
3 7 5 . 1 3 6 . 0 • 2 7 5 2 0 4 0 E - 0 1 - 0 . 4 4 5 2 9 6 8 E 0 2
3 7 5 . 1 5 3 . 0 . 2 0 1 5 1 4 1 E —01 —0 . 4 2 8 5 4 7 1 E 02
3 7 5 . 1 7 0 . 0 . 1 3 3 6 9 3 8 E - 0 1 —0 . 4 1 5 6 6 9 9  E 0 2
3 7 5 . 1 8 7 . 0 • 9 9 7  7 3 8 2 E—0 2 —0 . 3 5 1 1 2 7 6 E 0 2
3 7 5 . 2 0 4 . 0 . 6 4 1 3 2 7 7 E —02 — 0 . 2 9 1 5 0 3 8  E 0 2
4 0 0  . 1 7 . 0 . 1 5 2  3 8 5 9 E  0 0 0 . 1 0 1 2 7  18E 0 2
4 0 0 . * 3 4 . 0 . 1 1 0 0 1 6 2 E 0 0 0 . 7 3 9 6 4 9 7  E 01
4 0 0  . 51 . 0 . 1 1 0 5 7 9 6 E  0 0 0 . 1 1 5 6 5 2 4 E 01
4 0 0 . 6 8 . 0 . 1 0 2 0 0 8 8 E  0 0 —0 . 7 6 3 2 2 7 7 E 01
4 0 0  . 8 5 . 0 . 5 7 9  6 5 8  7 E —0 1 - 0 . 2 9 2 3 3 6 1 E 0 2
4 0 0 . 1 0 2 . 0 • 4 2  7 1 6 7 1 E — 01 —0 . 4 1 0 2 4 2 0 E 0 2
4 0 0  . 1 1 9 . 0 . 3 3 7 3 4 5 0 E —01 —0 • 4 4 8  3 0 4 6  E 0 2
4 0 0 . 1 3 6 . 0 . 2 4 7 8 4 1 9 E —01 —0 . 4 5 0 0 0 9 5 E 02
4 0 0 . 1 5 3 . 0 . 1 7 2 2 2 7 2 E —01 — 0 . 4 4 3  3 3 1 6E 0 2
4 0 0  . 1 7 0 . 0 . 1 0 9  5 4 5 3 E—0 1 - 0 . 4 2 7 8 7 2 3 E 0 2
4 0 0 . 1 8 7 . 0 • 8  02  5 4 0 8  E — 02 —0 . 3 5 0 7 8 3 5 E 02
4 0 0 . 2 0 4 . 0 • 5 4 7 7 2 0 5 E—0 2 - 0 . 2 3 0 9 9 9 9 E 0 2
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T-1711
X Y

(m) (m)

4 2 5  . 17
4 2 5 . 3 4
4 2 5 . 51
4 2 5 . 68
4 2 5  . 85
4 2 5 . 1 0 2
4 2 5  . 1 1 9
4 2  5 . 1 3 6
4 2 5 . 1 5 3
4 2 5  . 1 7 0
4 2 5 . 1 8 7
4 2 5  . 2 0 4
4 5 0 . 17
4 5 0  . 3 4
4 5 0 . 51
4 5 0 . 6 8
4 5 0  . 85
4 5 0 . 1 0 2
4 5 0 . 1 1 9
4 5 0 . 1 3 6
4 5 0  . 1 5 3
4 5 0 . 1 7 0
4 5 0 . 1 8 7
4 5 0 . 2 0 4
4 7 5 . 17
4 7 5  . 3 4
4 7 5 . 51
4 7 5  . 68
4 7 5 . 8 5
4 7 5  . 1 02
4 7  5 . 1 1 9
4 7 5 . 1 3 6
4 7 5 . 1 5 3
4 7 5 . 1 7 0
4 7 5 . 1 8 7
4 7  5 . 2 0 4

(amp^m)

0 • 1 0 6 0 6 2 4E 0 0  
0 . 9 4 2 2 0 1 6 E - 0 1  
0 • 8  3 3  69  5 5 E—0 1 
0 , 7  0 6 0 1 1 7  E — 0 1 
0 * 5 3 9  7 5 4 9  E—0 1 
0 * 4 2  5 1 1 75E —01 
0 . 3 1 6 1 3 7 6 E - 0 1  
0 * 2 1 8 8 1 5 7 E —01 
0 . 1 3 5 0 1 0 4 E - 0 1  
0 * 7 4 3 2 4 1 2  E—0 2  
0 . 3 8 0 1 6 8 1 E - 0 2  
0 . 2 6 6 2 0 2 2  E—0 2  
0 . 8 0 6 3 9 1 8 E - 0 1  
0 . 7 3 5 0 2 3 0 E—0 1 
0 . 6 2 8 0 2 6 7 E —01 
0 * 5 1 1  50  4 0  E—0 1; 
0 . 3 9 9  6 3 6 2  E—0 1 
0 * 3 1 5 2  6 3 1 E—01 
0 . 2 3 3 7 3 3 1 E—01 
0 . 1 5 7 9 9  38 E—0 1 
0 . 9 7 8 7 6 0 0 E - 0 2  
0 . 6 3 1 4 4 2 7 E —02 
0 . 5 5 2 9 6 4 6 E —02 
0 • 5 7 2 1 0 4 8 E—0 2  
0 . 7 4 0 3 1 2 9  E—0 1 
0 . 5 8 8  5 0 7 4 E—0 1 
0 . 5 5 7 0 8 3 2  E—01 
0 . 4 9 3 0 5 6 6 E - 0 1  
0 .  3 3 5 8  0 6 8  E—01 
0 . 2 6 3 8 3 0 2 E—0 1 
0 . 2 0 3 6 1 3 4 E —01 
0 . 1 4 4 1 0 3 9  E—0 1 
0 • 9 2 9  3 1 3 2  E—0 2  
0 . 5 3 2 5 5 0 7 E—02 
0 • 3 0  9 8 1 9  8 É —0 2 
0 . 1 9 0 3 5 1 3 E —0 2

( J P  Z X
( d e g r e e s )

0 . 6 6 3 1 0 8 0 E  01  
0 • 4 0 8  0 4 0 3 E  01  

- 0 . 3 4 8 0 6 9 6 E  0 1  
■ 0 . 1 4 7  3 0 2 9 E  02  
- 0 . 2 7 5 0 5 8 6 E  0 2  
■ 0 . 3 4 8 3 8 3 0 E  02  
- 0 . 3 8 6 7 6 9 3 E  0 2  
■ 0 . 4 0 2 8 6 0 9 E  0 2  
• 0 . 4 2 1 4 4 1 3 E  02  
' 0  . 4 4 1 3 3 6 4 E  0 2  
■ 0 . 4 3 9 2 4 9 3E 0 2  
- 0 . 2 5 6 2 9 1 7 E  0 2  
0 . 8  3 4 1 7 1 6 E 01  
0 • 5 6 1 9 0 4 0 E  0 1  

■ 0 . 2 2 0 2 8  5 7E  01  
*0 • 1 4 6 6 5 1 9 E 0 2  
- 0 . 2 7 9 7 1 8 8 E  0 2  
- 0 . 3 5 7  5 2 2 7 E  0 2  
- 0 . 3 9 9 7 6 1 4 E  0 2  
- 0 . 4 2  5 5 4 2 4 E  0 2  
-0 . 4 4 7 6 5 6 1 E 0 2  
■ 0 . 4 3 0 9 0 8 8 E 0 2  
■ 0 • 3 0 1 3 4 0 2 E 0 2  
- 0 . 1 3 6 7 5 4 5 E  0 2  
0 • 6 9 5 2 2 6 4 E  01  
0 • 1 6 7 6 5 2 6 E  0 1  

• 0 •  3 8 7 5 3 1 9 E 01  
-0 • 1 2 4 2 4 5 7 E  0 2  
■ 0 . 3 0 9 2 0 6 5 E  0 2  
-0 •  3 9  5 4 8 4 3 E  0 2  
• 0 . 4 3 3 0 9 6 6 E  0 2  
■ 0 . 4 3 9 9 2  3 4E  02  
*0 . 4 4 8 0 4 1 1 E 0 2  
O . 4 4 9 8 5 3 5 E  0 2  

' 0  . 4 1 4 5 0 2 9 E 0 2  
O . 2 4 6 8 9 4 8 E  0 2



Horizontal Incident Magnetic Field Component 

Perpendicular to the Grounded Cable
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7-1711 inc (0 inc

(m) (m) (amp/m) ( d e g r e e s )

2 5 . 1 7 . 0 . 2  3 3 7 9 4 4 E  01 0 . 1 0 3  58  8 7 E 01
25 . 3 4 . 0 . 9 7 8 5 1 0 4 E - 0 1 0 . 2 0 2 5 3 3 3 E 02
2 5 . 5 1 . 0 . 6 5 6 3 5 7 0 E  0 0 0 . 2 2 5 6 5 3 3 E 01
2 5  . 6 8 . 0 • 7 4 0 2 6 0 5 E—0 1 0 . 1 4 7 4 3 8 6 E 02
2 5 . 8 5 . 0 . 1 4 6 7 7 9 1 E 0 0 0 . 6 0 1 8 4 2 8  E 01
25  . 1 02  . 0 . 2 2 0 1 4 8 0 E—0 1 0 . 2 9 4 0 3 8 4 E 0 2
2 5 . 1 1 9 . 0 . 5 9 2 4 0 1 9 E - 0 1 0 . 9 6 9  8 0 4 7  E 01
25  . 1 3 6 . 0 . 9 8 6 1 7 1 5 E —0 2 0 . 4 0 1 1 9 8 3 E 0 2
2 5 . 1 5 3 . 0 . 3 0 8 4 5 7 4 E—01 0 . 1 2 4 8 5 7 2 E 02
2 5 . 1 7 0 . 0 .  5 7 9 8  4 5 5 E—02 0 • 4 4 0 5 1 0 9  E 02
25  . 1 8 7 . 0 . 1 8 7 1 5 7 9 E —01 0 . 1 3 9 3 1 6 8  E 0 2
2 5 . 2 0 4 . 0 . 3 8 9 0 7 6 0 E - 0 2 0 . 4 4 9 9 8 0 8  E 02
5 0 . 1 7 . 0 . 1 6 8 9  6 7 3 E  01 0 .  1 1 2 8 2 5 2 E 01
5 0 . 3 4 . 0 • 2 0 2  8 4 8 0 E  0 0 0 . 8 7  5 9 2 6 5 E 01
5 0 . 5 1 . 0 * 4 3 5 9 3 8 8 E  0 0 0 . 3 2  3 7 4 0 0 E 01
50 . 6 8 . 0 • 9 7 0 3 5 0 5 E—0 1 0 . 1 0 9 7 7 3 6 E 02
5 0 . 8 5 . 0 . 1 2 6 5 9 9 0 E  0 0 0 . 6 8 8 0 2  89  E 01
5 0 . 1 0 2 . 0 . 3 2 3 4 7 5 3 E - 0 1 0 . 2 0 7 2 6 7 5 E 0 2
5 0 . 1 1 9 . 0 . 4 8  8 7 9 5 5  E— 01 0 . 1 1 6 3 1 4 4 E 02
5 0 . 1 3 6 . 0 • 1 3 7 4 5 5 3 E—01 0 • 3 0 8 3 8 0 4 E 0 2
5 0 . 1 5 3 . 0 . 2 5 8 8 8 5 9 E - 0 1 0 . 1 4 6 2  3 9  3E 02
5 0 . 1 7 0 . 0 . 7 5 6 2 5 8 1 E —0 2 0 . 3 6 0 4 1 7 9 E 0 2
5 0 . 1 8 7 . 0 . 1 5 3 3 4 1 8  E—01 0 . 1 6 3 5 3 4 2 E 02
5 0 . 2 0 4 . 0 . 4 5 0 7 9 9 2 E - 0 2 0 . 4 0 0 7 3 7  3E 0 2
7 5 . ' 1 7 . 0 . 1 2  3 9 7 7 4 E  01 0 . 1 2 4 2 7 0 2 E 01
7 5 . 3 4 . 0 . 2  5 2 9 2 8 1 E 0 0 0 • 6 0 5 7  5 1 1 E 01
7 5 . 5 1 . 0 . 2  7 8 4 3 9 2 E 0 0 0 . 4 7 0 6 3 6 5 E 01
75  . 6 8 . 0 . 1 0 2 3 6 9 8 E  0 0 0 . 1 0 0 2 0 3 2 E 0 2
7 5 . 8 5 . 0 . 1 0 7 1 2 2 6 E  0 0 0 . 7 9 0 6 7 9 9 E 01
7 5 . 1 0 2 . 0 . 3 7 9 3 7 2 1 E—0 1 0 • 1 7 5 4 7 5 3 E 0 2
7 5 . 1 1 9 . 0 . 4 1 4 0 0 5 6 E —01 0 . 1 3 4 5 6 1 5 E 02
7 5 .  - 1 3 6 . 0 . 1 6 9  2 9 1 0 E —01 0 . 2 5 5 5 9 9 5 E 0 2
7 5 . 1 5 3 . 0 . 2 2 4 6 7 5 4 E—0 1 0 . 1 6 5 5 6 5 8  E 02
7 5 . 1 7 0 . 0 . 9 4 5 4 4 2 2  E—0 2 0 . 2 9 9 3 9 2  5E 0 2
7 5 . 1 8 7 . 0 . 1 3 0 6 0 5 2  E—01 0 . 1 9 0 7 4 7 4 E 02
7 5 . 2 0 4 . 0 . 5 5 2  7 9 9  2 E—0 2 0 . 3 4 2 1 5 5 9 E 0 2

1 0 0 . 1 7 . 0 . 9  2 4 2 2 3 7 E  0 0 0 . 1 3 7 2 4 0 0 E 01
1 0 0 . - 3 4 . 0 . 2 6 9 7 2 8 3 E  0 0 0 . 4 8 6 2 1 5 1 E 0 1
1 0 0 . 5 1 . 0 . 1 6 7 5 2  82 E 0 0 0 . 7 1 1 5 0 6 6 E 01
1 0 0 . 6 8 . 0 • 9 6 6 4 9 6 5 E—0 1 0 . 1 0 0 7  6 4 7  E 0 2
1 0 0 . 8 5 . 0 . 8 9 2 0 9 8 5 E —01 0 . 9 1 1 8 6 1 7 E 01
1 0 0 . 1 0 2 . 0 . 3 9  8 3 2 1 0 E —01 0 . 1 6 3 4 3 4 9 E 0 2
1 0 0 . 1 1 9 . 0 . 3 5 9 0 7 1 2 E  —01 0 . 1 5 1 0 0 8 3 E 0 2
1 0 0 . 1 3 6 . 0 . 1 8 9 3 6 1 OE—01 0 . 2 2 7 9 0 1 0 E 0 2
1 0 0 . 1 5 3 . 0 . 2 0 0 3 5 7 8 E—01 0 . 1 8 1 5 9 8 5 E 0 2
1 0 0 . 1 7 0 . 0 . 1 0  7 4  5 3 6  E—01 0 • 2 6 5 6 4 6 2  E 0 2
1 0 0 . 1 8 7 . 0 . 1 1 4 9 3 7 5 E - 0 1 0 . 2 1 2 0 1 9 7 E 0 2
1 0 0 . 2 0 4 . 0 • 6 2 7 0 6 2  8 E—0 2 0 . 3 0 6 7 1 5 9 E 0 2



117

T-1711
X Y Hx 1nC x

y? i n c

(m) (m) (amp/m) ( d e g r e e s )

1 2 5 . 1 7 . 0 . 7 0 0 7 3 7 7 E  0 0 0 . 1 5 0 9 5 0 5 E 01
1 25  . 3 4 . 0 • 2 6 7 4 0 2 4E 0 0 0 . 4 1 8 3 2 1 3 E 0 1
1 2 5 . 5 1 . 0 . 9 0 6 2 9 8 8 E —01 0 .  1 1 7 2 8 1  I E 0 2
1 2 5  . 6 8 . 0 . 8 4 7 8 4 2 1 E—0 1 0 .  1 0 7 5 8 7 9 E 0 2
1 2 5 . 8 5 . 0 . 7 3 1 9 6 0 5 E - 0 1 0 • 1 0 5 5 5 9 0 E 0 2
12 5 . 1 0 2 . 0 . 3 9 2 0 4 7 0 E —01 0 . 1 6 0 7 1 4 4 E 0 2
1 2 5 . 1 1 9 . 0 . 3 1 7 2 1 1 6 E - 0 1 0 .  1 6 5 4 1 6 4 E 0 2
1 25  . 1 3 6 . 0 • 1 9 9  0 8 7 4 E —01 0 . 2 1 3 4 7 9  2 E 0 2
12 5 . 1 5 3 . 0 . 1 8 2 2 6 6 5 E - 0 1 0 .  1 9 4 4 7 8 0 E 0 2
1 25  . 1 7 0 . 0 . 1 1 4 4 7 2  7 E —01 0 . 2 4 7 6 5 6 6 E 0 2
1 2 5 . 1 8 7 . 0 . 1 0 3 8 7 8 4 E - 0 1 0 . 2 2 8 8 9 5 6 E 0 2
1 25  . 2 0 4 . 0 • 6 6 9 1 3 9 6 E—0 2 0 . 2 8 7 3 6 2 4 E 0 2
1 5 0 . 1 7 . 0 • 5 4 0 9 3 9 6 E  0 0 0 . 1 6 4 3 1 3 4E 01
1 5 0  . 3 4 . 0 . 2 5 4 5 5 9 2 E 0 0 0 • 3 7  39  6 8 1 E 0 1
1 5 0 . 5 1 . 0 . 3 9 0 1 8 3 2 E - 0 1 0 . 2 3 2 3 1 2 3 E 0 2
1 5 0  . 6 8 . 0 • 7 0 1 0 1 6 2  E—0 1 0 • 1 2 0 2 6 4 3 E 0 2
1 5 0 . 8 5 . 0 . 5 9 1 4 1 4 1 E—0 1 0 . 1 2 2 8 1 5 7 E 02
1 50  . 1 0 2 . 0 • 3 6 9  7 0 3 0 E —01 0 . 1 6 3 4 8 7  5E 0 2
1 5 0  . 1 1 9 . 0 . 2 8 3 6 8 7 1 E—0 1 0 . 1 7 8 0 3 3 3 E 0 2
1 5 0 . 1 3 6 . 0 . 2 0 0 7 1 4 8  E—01 0 . 2 0 6 6 7 9 2 E 02
1 50  . 1 5 3 . 0 • 1 6 7 9 1 1 0 E —01 0 . 2 0 4 8 8 0 2 E 0 2
1 5 0 . 1 7 0 . 0 . 1 1 6 8 2  05E  —01 0 . 2  3 3 7 2 4 2  E 0 2
1 5 0 . 1 8 7 . 0 . 9 5 7 2 1 5 6 E - 0 2 0 . 2 4 1 8 8 0 5 E 0 2
1 5 0  . 2 0 4 . 0 • 6 8 5 5 8 0 8 E—0 2 0 . 2 7 7 5 8 7 9 E 0 2
1 7 5 . 1 7 . 0 . 4 2 5 5 3 5 9 E 0 0 0 . 1 7 6 0 2  0 2  E 01
1 7 5 . 3 4 . 0 . 2 3 6 4 2 7 3 E  0 0 0 . 3 4 2 0 2 7 0  E 0 1
17  5 . 5 1 . 0 . 1 4 8 1 2 1 6 E—01 0 . 4 4 9  3 2 16E 0 2
1 7 5  . 6 8 . 0 • 5 4 7 5 3 1 9 E—01 0 • 1 4 0 3 6 8 9  E 0 2
1 7 5 . 8 5 . 0 . 4 6 9 7 1 0 8 E —01 0 . 1 4 3 9 1 0 2  E 02
1 7 5 . 1 0 2  . 0 . 3 3 7 9 1 4 5 E —01 0 . 1 7 0 1 5 2 7 E 0 2
17 5 . 1 1 9 . 0 . 2  5 5 3 6 8 4 E—01 0 . 1 8 9 3 5 9 6 E 0 2
1 7 5 . 1 3 6 . 0 . 1 9 6 3 1 8 7 E  —0 1 0 . 2 0 4 7 0 7 3 E 0 2
1 7 5 . 1 5 3 . 0 • 1 5 5  6 7 1 3 E—0 1 0 . 2 1 3 6 3 1 7 E 0 2
1 7 5 . 1 7 0 . 0 . 1 1 5 6 9 9 2 E - 0 1 0 . 2 3 5 3 9  58 E 0 2
1 7 5  . 1 8 7 . 0 • 8 9  3 1 6 0 0 E—0 2 0 . 2 5 1 9 0 8 0 E 0 2
1 7 5 . 2 0 4 . 0 . 6 8 3 4 4 6 2 E—02 0 .  2 7 3 6 6 7 OE 0 2
2 0 0 . 1 7 . 0 . 3 4 1 2 7 7 4 E  0 0 0 . 1 8 4 7  0 5 2  E 0 1
2 0 0 . '  3 4 . 0 . 2 1 6 1 6 6 1 E 0 0 0 . 3 1 7 0 8 1 9 E 01
2 0 0 . 5 1 . 0 . 2 8 3 2 2 2 0 E—01 0 . 2 4 5 4 4 4 9 E 0 2
2 0 0 . 6 8 . 0 • 4 0  0 7 6 0  8 E—0 1 0 • 1 7 2 0 8 2 8 E 0 2
2 0 0 . 8 5 . 0 . 3 6  5 4 9  5 6 E—0 1 0 . 1 7 0 2 9 7 2 E 0 2
2 0 0  . 1 0 2 . 0 • 3 0 1 2  8 9  3 E—0 1 0 • 1 8 0 0 5 8 1E 0 2
2 0 0 . 1 1 9 . 0 . 2 3 0 2 6 9 3 E —01 0 . 1 9 9 9 7 4 7 E 0 2
2 0 0  . 1 3 6 . 0 . 1 8 7 6 1 6 2 E  —01 0 • 2 0 6 0 9 3 0 E 0 2
2 0 0 . 1 5 3 . 0 . 1 4 4 5 5 4 9 E - 0 1 0 . 2 2 1 4 7  5 7 E 0 2
2 0 0  . 1 7 0 . 0 . 1 1 2 1 0 9 1E—01 0 . 2 3 5 7 9 1 5 E 0 2
2 0 0  . 1 8 7 . 0 • 8 3 9  2 0 1 4 E —0 2 0 . 2 5 9 9 2 8 9 E 0 2
2 0 0 . 2 0 4 . 0 . 6 6 8 5 1 3 0 E —02 0 . 2 7 3 4 6 5 3 E 02
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T-1711
X Y Hx 1nc y  i n c

(m) (m) (amp/m) ( d e g r e e s )

2 2 5 . 1 7 . O . 2 7 8 9 9 9 6 2 . 0 0 0 . 1 8 9 1 3 9 8 2
2 2 5 . 3 4 . 0 . 1 9 5 6 5 4 6 2  0 0 0 . 2 9 6 0 5 6 7 2
2 2 5 . 51 . 0 . 4 2 3 9 3 4 2  2 —01 0 . 1 4 8 4 0 2 2 2
2 2 5 . 6 8 . 0 . 2 6 9 0 6 2 3 2 - 0 1 0 . 2 2 4 8 3 0 6 2
2 2 5 . 8 5 . 0 . 2 7 7 2 5 8 6 2 - 0 1 0 . 2 0 4 1 9 6 9 2
2 2 5 . 1 0 2  . 0 . 2 6 2 9 5 0 2 2 - 0 1 0 . 1 9 3 0 5 6 5 2
22  5 . 1 1 9 . 0 . 2 0 7 1 8 9 1 2 - 0 1 0 . 2 1 0 4 4 0 4 2
2 2 5 . 1 3 6 . 0 . 1 7 5 9 6 3 4 2 - 0 1 0 . 2 1 0 0 3 6 9 2
22  5 . 1 5 3 . 0 . 1 3 3 9 8 6 4 2 - 0 1 0 . 2 2 9 0 1 0 5 2
2 2 5 . 1 7 0 . 0 . 1 0 6 8 2 5 2 2 - 0 1 0 . 2 3 8 8 4 1 4 2
2 2 5 . 1 8 7 . 0 . 7 9 0 7 3 6 1 2 - 0 2 0 . 2 6 6 7 3 3 1 2
2 2 5 . 2 0 4 . 0 . 6 4 5 1 0 1 1 2 - 0 2 0 . 2 7 5 7 1 2 7 2
2 5 0 . 1 7 . 0 . 2 3 2 3 2 8 7 2  0 0 0 . 1 8 8 4 0 4 6 2
2 5 0 . 3 4 . 0 . 1 7 5 9 6 8 2 2  0 0 0 . 2 7 6 9 7 0 9 2
2 5 0 . 51 . 0 . 5 1 5 4 9 9 3 2 - 0 1 0 . 1 0 6 3 0 8 3 E
2 5 0 . 6 8 . 0 . 1 5 9 5 8 4 8 2 - 0 1 0 . 3 1 7 7 6 3 2 2
2 5 0 . 8 5 . . 0 . 2 0 3 6 5 5 9 2 - 0 1 0 . 2 4 8 8 7 3 7 2
2 5 0 . 1 0 2 . 0 . 2 2 4 9 5 8 7 2 - 0 1 0 . 2 0 9 3 5 0 3 2
2 5 0 . 1 1 9 . 0 . 1 8 5 4 5 3 3 2 - 0 1 0 . 2 2 1 2 7 0 0 2
2 5 0 . 1 3 6 . 0 . 1 6 2 4 1 2 2 2 - 0 1 0 . 2 1 6 1 0 8 1 2
2 5 0 . 1 5 3 . 0 . 1 2 3 6 6 5 7 2 - 0 1 0 . 2 3 6 6 9 0 7 2
2 5 0 . 1 7 0 . 0 . 1 0 0 4 3 5 0 2 - 0 1 0 . 2 4 3 9 0 7 3 2
2 5 0 . 1 8 7 . 0 . 7 4 5 0 0 1 4 2 - 0 2 0 . 2 7 2 9 2 0 4 2
2 5 0 . 2 0 4 . 0 . 6 1 6 3 0 0 1 2 - 0 2 0 . 2 7 9 6 2 1 1 2
2 7 5 . 1 7 . 0 . 1 9 6 8 1 1 3 2  0 0 0 . 1 8 1 9 8 9 3 2
2 75 . 3 4 . 0 . 1 5 7 6 7 9 3 2  0 0 0 . 2 5 8 4 0 8 9 2
2 7 5 . 5 1 . 0 . 5 6 8 7 8 1 5 2 - 0 1 0 . 8 2 6 2 3 9 8 2
2 7 5 . 6 8  • 0 . 8 9 8 5 0 3 9 2 - 0 2 0 . 4 4 0 1 4 9 8 2
2 7 5 . 8 5 . 0 . 1 4 3 8 9 7 0 2 - 0 1 0 . 3 0 8 1 8  8 6 2
2 7 5 . 1 0 2 . 0 . 1 8 8 6 3 9 2 2 - 0 1 0 . 2 2 9 4 5 7 9 2
2 7 5 . 1 1 9 . 0 . 1 6 4 7 1 7 1 2 - 0 1 0 . 2 3 2 9 4 7 7 2
2 7 5  . 1 3 6 . 0 . 1 4 7 7 6 4 3 2 - 0 1 0 . 2 2 4 1 0 8 4 2
2 7 5 . 1 5 3 . 0 . 1 1 3 4 6 5 0 2 - 0 1 0 . 2 4 4 8 6 3 6 2
2 7 5 . 1 7 0 . 0 . 9 3 3 7 6 6 0 2 - 0 2 0 . 2 5 0 6 0 1 3 2
2 7 5 . 1 8 7 . 0 . 7 0 0 4 6 7 1 2 - 0 2 0 . 2 7 8 9 1 2 4 2
2 7 5 . 2 0 4 . 0 . 5 8 4 2 9 5 0 2 - 0 2 0 . 2 8 4 6 7 7 9 2
3 0 0 . 1 7 . 0 . 1 6 9 3 2 3 9 2  0 0 0 . 1 6 9 8 0 2 9 2
3 0 0 . '  3 4 . 0 . 1 4 1 0 4 6 8 2  0 0 0 . 2 3 9 2 7 4 2 2
3 0 0 . 5 1 . 0 . 5 9 4 9 1 4 2 2 - 0 1 0 . 6 6 8 7 3 1 4 2
3 0 0 . 6 8 . 0 . 9 7 4 3 2 4 3 2 - 0 2 0 . 3 7 7 2 3 0 2 2
3 0 0 . 8 5 . 0 . 9 8 5 3 3 9 3 2 - 0 2 0 . 3 8 1 5 1 3 4 2
3 0 0 . 1 0 2 . 0 . 1 5 4 8 3 2 7 2 - 0 1 0 . 2 5 4 2 2 7 0 2
3 0 0 . 1 1 9 . 0 . 1 4 4 8 4 7 0 2 - 0 1 0 . 2 4 5 9 5 6 4 2
3 0 0 . 1 3 6 . 0 . 1 3 2 6 2 7 9 2 - 0 1 0 . 2 3 4 0 0 1 3 2
3 0 0 . 1 5 3 . 0 . 1 0 3 3 6 2 0 2 - 0 1 0 . 2 5 3 8 0 5 5 2
3 0 0  . 1 7 0 . 0 . 8 5 9 7 3 8 1 2 - 0 2 0 . 2 5 8 6 9 0 2 2
3 0 0 . 1 8 7 . 0 . 6 5 6 3 7 0 4 2 - 0 2 0 . 2 8 5 0 0 2 4 2
3 0 0  . 2 0 4 . 0 . 5 5 0 5 9 2 3 2 - 0 2 0 . 2 9 0 5 4 6 9 2

01
01
02
02
02
02
02
02
02
02
02
02
01
01
02
02
02
02
0 2
0 2
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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X Y Hx 1nc ^ x i n c
(m) (m) (amp/m) ( d e g r e e s

3 2 5 . 1 7 . 0 . 1 4 7 6 6 8 5 e  0 0 0 . 1 5 2 1 0 1 7 E
3 2 5 . 3 4 . 0 . 1 2 6 1 3 8 2 E  0 0 0 . 2 1 8 6 7 1 6E
3 2 5 . 5 1 . 0 . 6 0 2 3 1 9 9 E - 0 1 0 . 5 5 1 3 4 3 9 E
3 2 5 . 6 8 . 0 . 1 4 5 8 1 1 0 E - 0 1 0 . 2 3 8 9 8 8 8 E
3 2 5 . 8 5 . 0 . 7 0 9 2 6 3 2 E —02 0 • 4 4 3 0 3 7 3 E
3 2 5  . 1 0 2  . 0 • 1 2 4 0 8 4 8 E—0 1 0 • 2 8 4 8 4 2 1 E
3 2 5 . 1 1 9 . 0 .  12 5 8 3 1 9  E —01 0 . 2 6 0 3 2 4 4 E
3 2 5  . 1 3 6 . 0 . 1 1 7 4 6 0  5 E—0 1 0 . 2 4 5 8 8 3 5 E
3 2 5 . 1 5 3 . 0 . 9 3 3 9  1 9 8 E —02 0 • 2  6 3 7 6 0 4 E
3 2 5 . 1 7 0 . 0 • 7 8 4 6 3 7 OE—02 0 . 2 6 8 0 4 3 8 E
3 2  5 . 1 8 7 . 0 . 6 1 2 4 3 1 4 E - 0 2 0 . 2 9 1 3 9 2 2 E
3 2 5  . 2 0 4 . 0 . 5 1 6 2 1 5 3 E - 0 2 0 . 2 9  7 0 0 7 9 E
3 5 0 . 1 7 . 0 . 1 3 0 2 9 1 4E 0 0 0 . 1 2 9  3 7 6 6  E
3 5 0  . 3 4 . 0 . 1 1 2 9 0 7 8 E  0 0 0 . 1 9 5 8 5 2 6 E
3 5 0 . 5 1 . 0 . 5 9 7 0 6 5 1 E - 0 1 0 . 4 5 6 3 4 7 0 E
3 5 0  . 6 8 . 0 . 1 9 3 2 1 5 6 E —0 1 0 • 1 5 7 7 9 6 1 E
3 5 0 . 8 5 . 0 . 6 5 2 8 2 4 7 E - 0 2 0 . 4 3 2 2 2  50E
3 5 0 . 1 0 2 . 0 . 9  6 8 2  3 8 7  E—0 2 0 . 3 2 2 6 1 8 7 E
3 5 0  . 1 1 9 . 0 . 1 0 7 7 3 4 1 E—0 1 0 . 2 7 8 1 7 1 2 E
3 5 0 . 1 3 6 . 0 . 1 0 2 6 0 4 7 E - 0 1 0 . 2 5 9 9 7 8 5 E
3 5 0  . 1 5 3 . 0 . 8 3 6 2 1 8 5 E - 0 2 0 . 2 7  4 9  59  6 E
3 5 0 . 1 7 0 . 0 . 7 1 0 1 9 7 2 E —02 0 . 2 7 8 6 0 2  3E
3 5 0 . 1 8 7 . 0 . 5 6 8 6 6 1 5 E - 0 2 0 . 2 9 8 2 1 9 3 E
3 5 0 . 2 0 4 . 0 • 4 8 1 8 6  52 E—0 2 0 • 3 0  3 9 1 1 4E
3 7 5 . 1 7 . 0 . 1 1 6 0 9 0 1 E 0 0 0 .  1 0 2 2 3 6 3 E
3 7 5 . 3 4 . 0 • 1 0 1 2 4 7 0 E  0 0 0 . 1 7 0 1 9 1 0E
3 7 5 . 5 1 . 0 . 5 8 3 4 4 8 5 E - 0 1 0 . 3 7 4 6 3 4 4 E
3 7 5 . 6 8 . 0 • 2 3 1 8 9 2  OE—01 0 . 1 1 0 6 7  3 0  E
3 7 5 . 8 5 . 0 . 7 5 8 6 2 3 7 E - 0 2 0 . 3 5 3 5 6 6 4 E
3 7 5 . 1 0 2 . 0 • 7 3 5 6 6 0 3 E—02 0 . 3 6 7 9 1 2 0 E
3 7 5 . 1 1 9 . 0 * 9 0 6 5 9 2  6 E —0 2 0 . 2 9 8 7  5 4 7 E
3 7  5 . 1 3 6 . 0 . 8 8 3 1 7 4 7 E - 0 2 0 . 2 7 6 6 4 3 5 E
3 7 5 . 1 5 3 . 0 • 7 4 1 2 9  7 8 E—02 0 . 2 8 7 6 5 2 1E
3 7 5 . 1 7 0 . 0 . 6 3 7 6 6 5 0  E— 0 2 0 . 2 9 0 3 6 2 2 E
3 7 5 . 1 8 7 . 0 • 5 2  5 2 3 0 9 E—02 0 . 3 0 5 5 8 5 2 E
3 7 5 . 2 0 4 . 0 . 4 4 8 0 0 8 3 E—02 0 . 3 1 1 1 6 4 1 E
4 0 0  . 1 7 . 0 • 1 0 4 2 7 8 0 E  0 0 0 . 7 1 3 0 8 8 9  E
4 0 0 . - 3 4 . 0 . 9 1 0 1 6 3 5 E —01 0 . 1 4 1 1 7 7 9 E
4 0 0 . 5 1 . 0 • 5 6 4 4 9 4 2  E—0 1 0 . 3 0 1 0 8 8 3 E
4 0 0 . 6 8 . 0 . 2 6 1 3 2  6 4 E —01 0 . 8 0 3 3 8 9 2  E
4 0 0 . 8 5 . 0 . 9 1 7 0 3 3 1 E—0 2 0 . 2 6 9 7  1 2 2  E
4 0 0 . 1 0 2 . 0 . 5 5 2 3  5 7 0 E—02 0 . 4 1 6 1 1 5 3 E
4 0 0  . 1 1 9 . 0 . 7 4 7 5 2  6 1 E—0 2 0 . 3 2  3 4 6 7 3 E
4 0 0 . 1 3 6 . 0 .  7 4 7 9  7 38 E—02 0 . 2 9 6 3 7 3 9 E
4 0 0 . 1 5 3 . 0 . 6 4 9 9 6 3 7 E ~ 02 0 . 3 0 2 1 1 4 6  E
4 0 0 . 1 7 0 . 0 • 5 6 7 9 4 4 7 E—0 2 0 . 3 0  3 3 5 8  5E
4 0 0 . 1 8 7 . 0 . 4 8 2 3 9 0 1 E—02 0 . 3 1 3  5 6 6 7  E
4 0 0  . 2 0 4 . 0 . 4 1 4 9  5 6 0 E—0 2 0 . 3 1 8 7 0 8 2 E

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
0 0
01
01
01
02
02
02
02
02
02
02
02



1 2 0

T-1711
X Y f  x l nC

(m) (m) (amp/m) ( d e g r e e s )

4 2 5 . 1 7 . 0 * 9 4 2 9 1 2  7 E—0 1 0 . 3 7 1 7 6 6 0 E 0 0
4 2  5 . 3 4 . 0 *  8 2 0 6 5 4 6 E—0 1 0 . 1 0 8 4 2 0 5 E 01
4 2 5  . 5 1 . 0 • 5 4 2  3 1 4 6 E - 0 1 0 * 2  3 2 6 4 0 9  E 01
4 2 5 . 6 8 . 0 . 2  8 2 4 2 1 3 E —01 0 . 5 8 9 5 6 2 5 E 01
4 2 5 . 8 5 . 0 . 1 0 7 2 8 6 1  E-*0 1 0 . 2 0  3 9 5 1 6E 0 2
4 2 5 . 1 0 2 . 0 . 4 3 5 2 2 9 8 E - 0 2 0 . 4 4 8 4 1 2 8  E 02
4 2 5  . 1 1 9 . . 0 • 6 0 2 1 5 2 6 E- 0 2 0 . 3 5 3 1 6 6 4 E 0 2
4 2  5 . 1 3 6 . 0 . 6 2 2 0 7 9 1 E—02 0 . 3 1 9 7 8 3 8 E 0 2
4 2  5 . 1 5 3 . 0 . 5 6 3 0 0 5 4 E —02 0 . 3 1 8 6 5 7 4 6 0 2
4 2 5 . 1 7 0 . 0 . 5 0 1 6 8 3 0 E —02 0 . 3 1 7 6 5 8 2 E 0 2
4 2 5 . 1 8 7 . 0 . 4 4 0 4 0 9 4 E —02 0 . 3 2 2 2 3 3 4 6 02
4 2 5 . 2 0 4 . 0 . 3 8 2 9 0 9 5 E - 0 2 0 . 3 2 6 5 1 5 4 E 0 2
4 5 0 . 1 7 . 0 . 8 5 7 2 1 9 1 E—01 0 . 3 4 2 0 4 6 0 E - - 0 2
4 5 0 . 3 4 . 0 • 7 4 2  4 5 3 3  E—0 1 0 . 7 1 6 4 7 5 5 E 0 0
4 5 0 . 51 . 0 • 5 1 8 3 7 7 0 E—01 0 • 1 6 7 3 6 6 2  E 0 1
4 5 0 . 6 8 . 0 . 2 9 6 3 7 3 4 E - 0 1 0 . 4 2 7 7 2 0 0 6 01
4 5 0 . 8 5 . 0 . 1 2 0 8 7 7 5 E - 0 1 0 . 1 5 4 8 9 3 0 6 02
4 5 0 . 1 0 2 . 0 . 4 0 1 2 6 4 8  E—0 2 0 . 4 3 2 2 0 6 4 6 0 2
4 5 0 . 1 1 9 . 0 . 4 7 3 6 1 6 3 E—0 2 0 . 3 8 7 8 8 9 1 6 0 2
4 5 0 . 1 3 6 . 0 . 5 0 7 0 6 7 1 E—02 0 . 3 4 7 4 7 1 6 6 02
4 5 0  . 1 5 3 . 0 * 4 8 1 2 0 0 2 E —02 0 . 3 3 7 6 0 4 7 E 0 2
4 5 0 . 1 7 0 . 0 . 4 3 9 3 5 4 0 E—0 2 0 . 3 3 3 3 4 1 2 E 02
4 5 0 . 1 8 7 . 0 . 3 9 9 5  5 9 0 E—02 0 . 3 3 1 6 5 0 2 6 02
4 5 0 . 2 0 4 . 0 • 3 5 1 9 9 7 5 E - 0 2 0 • 3 3 4 5 8 0 4 E 0 2
4 7 5 . 1 7 . 0 . 7 8 2 7 2 9 4 E —01 - 0 . 3 8 7 8 5 4 5 6 0 0
4 7 5 . 3 4 . 0 • 6 7 4 1 4 7 0 E—0 1 0 .  3 0 7 1 0 1 7 E 0 0
4 7  5 . 5 1 . 0 . 4 9 3 6 9 1 2 E—01 0 . 1 0 4 0 1 2 2 6 01
4 7 5 . 6 8 . 0 . 3 0 4 3 7 6 8  E—0 1 0 . 2 9 8 1 6 4 1 E 01
4 7  5 . 8 5 . 0 . 1 3 2 1 0 0 3 E —01 0 . 1 1 7 5 7 4 1 E 0 2
4 7 5 . 1 0 2 . 0 . 4 3 9 3 9 6 9 E—0 2 0 . 3 6 3 6 8 7 6 E 0 2
4 7 5 . 1 1 9 . 0 • 3 6 7 4 6 5 8  E—0 2 0 . 4 2 4 1 9 4 6 6 02
4 7 5 . 1 3 6 . 0 . 4 0 4 8  7 4 6 E—02 0 . 3 7 9 5 1 1 7 6 0 2
4 7 5 . 1 5 3 . 0 . 4 0 5 3 6 6 7 E—0 2 0 . 3 5 9 2 1 2 2  E 0 2
4 7  5 . 1 7 0 . 0 . 3 8 1 3 2 1 6 E - 0 2 0 . 3 5 0 4 7  32  E 02
4 7 5 . 1 8 7 . 0 . 3 6 0 0 9 3 8 E - 0 2 0 . 3 4 1 8 8 0 8 6 0 2
4 7 5 . 2 0 4 . 0 . 3 2 2 3 0 1 8 E—0 2 0 . 3 4 2 9 1 3 1 6 02



Horizontal Incident Magnetic Field Component

P ara lle l to the Grounded Cable
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X Y H y i n c y  i n c

(m) (m) (amp/m) ( d e g r e e s )

2 5 . 1 7 . 0 . 2  32 5 4 9 6 E  01 — 0 . 4 5 0 0 1 0  1 E
25  . 3 4 . 0 • 7 7 7 7 7 8 6 E - 0 1 —0 . 4 4 9 8 7 1 2  E
2 5 . 5 1 . 0 . 6 6 7 9 1 4 9 E  0 0 0 . 4 5 0 0 1 0 8 E
2 5 . 6 8 . 0 . 8 1 4 6 7 3 3 E - 0 1 0 . 4 5 0 0 1 0 7 E
2 5 . 8 5 . 0 . 1 5 5 3 1 0 5 E  0 0 0 . 4 5 0 0 1 0 8  E
2 5 . 1 02  . 0 . 2 6 6 9  53  6 E —01 0 . 4 5 0 0 1 0 7  E
2 5 . 1 1 9 . 0 . 6 6 3 4 9 2 7 E—01 0 . 4 5 0 0 1 0 8  E
2 5 . 1 3 6 . 0 • 1 2 6 8 7 9 7 E—0 1 0 . 4 4 9 9 9 9 2  E
2 5  . 1 5 3 . 0 . 3 6 9 8 9 1 3 E—01 0 . 4 5 0 0 Q 6 4 E
2 5 . 1 7 0 . 0 . 7 8 7 0 7 5 2 E —02 0 . 4 4 9 8 9 5 3 E
2 5 . 1 8 7 . 0 . 2 4 1 1 1 1 9 E —01 0 • 4 4 9 9 9  3 6  E
2 5 . 2 0 4 . 0 . 5 6 0 6 4 7 2 E—02 0 . 4 4 9  7 1 1 5E
5 0 . 1 7 . 0 . 1 6 7  6 9 2 9  E 01 - 0 . 4 5 0 0 0 7 0 E
5 0 . 3 4 . 0 • 1 8 8 0 8 4 6 E  0 0 - 0 . 4 4 9 9 3 7 6 E
5 0 . 5 1 . 0 . 4 4 7 0 4 1 1 E 0 0 0 . 4 5 0 0 1 0 8  E
5 0 . 6 8 . 0 • 1 0 6 3 3 4 4 E  0 0 0 . 4 5 0 0 1 0 4 E
5 0 . 8 5 . 0 . 1 3 6 2  5 6 0 E  0 0 0 . 4 5 0 0 0 9 6 E
50 . 1 0 2 . 0 . 3 9 7  3 7 1 2  E—0 1 0 . 4 5 0 0 0 2  3E
5 0 . 1 1 9 . 0 . 5 6 7 6 6 2 2 E - 0 1 0 . 4 5 0 0 0 5 3 E
5 0 . 1 3 6 . 0 • 1 9 0  6 7 7 2  E—0 1 O . 4 4 9 9 7 3 6 2
5 0 . 1 5 3 . 0 . 3 2 2 2 1 0 6 E - 0 1 0 • 4 4 9 9 9  5 6  E
50 . 1 7 0 . 0 . 1 1 6 9 7 3 9 E- 0 1 0 . 4 4 9 9 1 9 3E
5 0 . 1 8 7 . 0 . 2 0 5 4 2 7 9 E - 0 1 0 . 4 4 9 9 8 0 2  E
5 0 . 2 0 4 . 0 . 7 8 2 1 3 Î 8 E —02 0 • 4 4 9  8 3 8 9  E
75 . 1 7 . 0 • 1 2 2  7 6 0 0 E  01 - 0 . 4 5 0 0 0 0 3 E
7 5 . 3 4 . 0 . 2  3 8 8 2 7 8 E 0 0 - 0 . 4 4 9 9 2 6 1 E
7 5 . 5 1 . 0 . 2  8 9 0 5 6 0 E 0 0 0 . 4 5 0 0 0 9  0 E
7 5 . 6 8 . 0 . 1 1 1 1 7 6 6 E  0 0 0 . 4 5 0 0 1 0 8 E
7 5 . 8 5 . 0 . 1 1 6 6 5 9 3 E  0 0 0 • 4 5 0 0 0 7 8  E
7 5 . 1 0 2 . 0 . 4 6 0 0 8 7 5 E - 0 1 0 . 4 4 9 9 8 4 4 E
7 5 . 1 1 9 . 0 . 4 9 5 1 0 6 1 E —01 0 . 4 4 9 9 8 1 1 E
75  . 1 3 6 . 0 . 2 3 1 9 3 9 2  E - 0 1 0 . 4 4 9 9 0 7 1 E
7 5 . 1 5 3 . 0 . 2 8 9 2 9 0 0 E - 0 1 0 . 4 4 9 9 5 0 3 E
7 5 . 1 7 0 . 0 • 1 4 4 0 1 2 1 E—0 1 0 . 4 4 9 8 3 2 9 E
7 5 . 1 8 7 . 0 . 1 8 2 9 2 2 7 E—01 0 • 4 4 9 9 1 4 2  E
7 5 . 2 0 4 . 0 . 9 5 1 6 0 7 2  E — 0 2 0 . 4 4 9 7 4 1 8E

1 0 0 . 1 7 . 0 . 9 1 1 9 6 0 5 E  0 0 —0 . 4 4 9 9 8 7 6 E
1 0 0 . - 3 4 . 0 . 2 5 6 2 5 4 0 E  0 0 - 0 . 4 4 9 8 9 5 5 E
1 0 0 . 5 1 . 0 . 1 7 7 8 2 9 3 E  0 0 0 . 4 4 9 9 9 0 7  E
1 0 0 . 6 8 . 0 . 1 0 5 6 9 0 1 E 0 0 0 . 4 5 0 0 0 9 2  E
1 0 0 . 8 5 . 0 . 9 8 5 2 5 6 4 E - 0 1 0 . 4 5 0 0 0 9 0 E
1 0 0 . 1 0 2 . 0 • 4 7 9  3 7 9  2 E—0 1 0 . 4 4 9 9 8 6 6 E
1 0 0 . 1 1 9 . 0 . 4 3 7 2 0 1 1 E—01 0 . 4 4 9 9 6 7 5 E
1 0 0 . 1 3 6 . 0 * 2 5 4 2 6 0 2  E—01 0 . 4 4 9 8 8 5 7  E
1 0 0 . 1 5 3 . 0 . 2 6 3 7 6 2 5 E - 0 1 0 . 4 4 9 8 9 7 0 E
1 0 0 . 1 7 0 . 0 . 1 6 0 0 7 9 3 E—0 1 0 . 4 4 9 7 4 3 7 E
1 0 0 . 1 8 7 . 0 . 1 6 6 8 4 1 6 E - 0 1 0 . 4 4 9 7 8 7 6 E
1 0 0 . 2 0 4 . 0 . 1 0 5 8 7 6 9 E - 0 1 0 . 4 4 9 5 4 4 2  E

02
0 2
02
0 2
02
0 2
02
0 2
0 2
02
02
02
02
02
02
02
02
0 2
02
0 2
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 X Y Hy lnc y V nc
(m) (m) (amp/m) (degrees)

1 2 5 . 1 7 . 0 . 6 8 8 3 9 2 8  E 0 0 —0 . 4 4 9 9 6 7 0 E 02
1 2 5 . 3 4 . 0 . 2 5 4 2 9 3 5 E 0 0 —0 . 4 4 9 8  5 3 5  E 0 2
12 5 . 5 1 . 0 . 1 0 0 3 7 4 5 E  0 0 O . 4 4 9 8 7 5 3 E 02
1 2 5 . 6 8 . 0 . 9 3 9 8 3 1 1 E—0 1 0 . 4 5 0 0 0 2 0 E 02
12 5 . 8 5 . 0 . 8 2 3 5 0 7 3 E - 0 1 0 . 4 5 0 0 1 0 8  E 02
1 2 5 . 1 0 2 . 0 . 4 7 3 0 5 5 6 E - 0 1 0 • 4 4 9 9 9  39  E 02
1 2 5 . 1 1 9 . 0 • 3 9  3 1 7 5 2 E—0 1 0 . 4 4 9 9 6 4 3 E 0 2
1 2 5 . 1 3 6 . 0 . 2  6 4 9  3 3 0  E—01 0 . 4 4 9  8 8 1 6E 02
1 2 5 . 1 5 3 . 0 . 2 4 4 5 4 2  5 E - 0 1 0 . 4 4 9 8 4 8 2  E 0 2
1 2 5 . 1 7 0 . 0 . 1 6 8 4 3 5 9 E - 0 1 0 • 4 4 9  6 6 9  5 E 02
125  . 1 8 7 . 0 . 1 5 5 0 4 9 0 E - 0 1 0 . 4 4 9 6 2 9 8 E 0 2
1 2 5 . 2 0 4 . 0 . 1 1 1 4 7 3 4 E - 0 1 0 . 4 4 9  3 3 9 1 E 02
1 5 0 . 1 7 . 0 • 5 2 8 6 2 8 5 E  0 0 - 0 . 4 4 9 9 3 4 5 E 0 2
1 5 0 . 3 4 . 0 . 2 4 1 6 6 8 5 E  0 0 — 0 . 4 4 9  8 0 1 0  E 0 2
1 5 0 . 5 1 . 0 . 4 7 1 0 8  8 2  E—O 1 0 . 4 4 8 9 8 4 5 E 02
1 5 0 . 6 8 . 0 . 7 9 2 8 8 1 3 E —01 0 . 4 4 9 9 7 8  3 E 02
1 50  . 8 5 . 0 . 6 8 1 6 3 5 1 E—0 1 0 . 4 5 0 0 0 9 6  E 02
1 5 0 . 1 0 2 . 0 . 4 5 0 9 0 8 8 E—01 0 . 4 4 9 9 9 9 8 E 02
1 5 0 . 1 1 9 . 0 . 3 5 8 6 5 4 3 E —01 0 . 4 4 9 9 6 2  3E 02
1 5 0 . 1 3 6 . 0 . 2 6 7 2 8 8 9 E - 0 1 0 . 4 4 9 8 7 5 0 E 0 2
1 5 0 . 1 5 3 . 0 . 2 2 9 4 8 5 3 E—01 0 . 4 4 9 8 0 0 1 E 0 2
1 5 0 . 1 7 0 . 0 . 1 7 1 3 6 7 2  E — 01 0 . 4 4 9 6 0 1 3E 0 2
1 5 0 . 1 8 7 . 0 . 1 4 6 1 5 0 5 E - 0 1 0 . 4 4 9 4 6 3 7  E 02
1 5 0 . 2 0 4 . 0 . 1 1 3 5 6 0 3 E —01 0 . 4 4 9 1 4 9 8 E 02
1 7 5 . 1 7 . 0 . 4 1 3 3 4 1 3E 0 0 - 0 . 4 4 9 8 8 5 7 E 0 2
17 5 . 3 4 . 0 . 2 2  3 7 1 6 0E  0 0 —0 . 4 4 9 7 3 6 9 E 02
175  . 51 . 0 . 1 1 6 6 8 8 8 E—01 0 . 4 2 3 9 3 4 9 E 0 2
1 7 5 . 6 8 . 0 . 6 3 8 0 0 2 8 E—01 0 . 4 4 9 9 0 8 1 E 0 2
1 7 5 . 8 5 . 0 • 5 5 8  3 8 9  6 E —01 0 . 4 4 9 9 9 8  5E 0 2
17  5 . 1 0 2 . 0 . 4 1 9 1 5 8 2  E—01 0 • 4 5 0 0  0 4 9  E 0 2
1 75  . 1 1 9 . 0 • 3 2 9  8 0 4 4 E—0 1 0 . 4 4 9 9 6 0 6 E 02
17  5 . 1 3 6 . 0 . 2 6 3 3 5 5 4 E—01 0 . 4 4 9 8 6 5 3 E 0 2
1 7 5 . 1 5 3 . 0 . 2 1 6 7  5 1 1 E — 01 0 . 4 4 9 7 5 1 1 E 0 2
1 7 5 . 1 7 0 . 0 . 1 7 0 4 2 2 9 E —01 0 . 4 4 9 5 3 1 1 E 0 2
1 7 5 . 1 8 7 . 0 . 1 3 9 0 9 1 4 E —01 0 . 4 4 9 2 9 4 7  E 0 2
1 7 5 . 2 0 4 . 0 . 1 1 3 3 4 9 9 E—01 0 . 4 4 8 9 6 2 9 E 0 2
2 0 0  . 1 7 . 0 • 3 2 9 2 4 9 0 E 0 0 —0 . 4 4 9 8 1 5 8 E 0 2
2 0 0 . ' 3 4 . 0 • 2 0 3 6 4 0 7 E 0 0 — 0 . 4 4 9 6 5 7 9  E 0 2
2 0 0  . 51 . 0 . 1 4 6 2 3 3 5 E—01 - 0 . 4 2 8 7 7 1 8 E 02
2 0 0 . 6 8 . 0 . 4 8 8 5 9 5 8 E —01 0 . 4 4 9 7 0 9 0 E 0 2
2 0 0  . 8 5 . 0 . 4 5 2 1 1 4 4 E - 0 1 0 . 4 4 9 9 6 2 6 E 0 2
2 0 0 . 1 0 2 . 0 . 3 8 2 1 9 2 1 E—01 0 . 4 5 0 0 0 9  3E 02
2 0 0  . 1 1 9 . 0 . 3 0 4 2 2 3 0 E - 0 1 0 . 4 4 9 9 6 1 5E 0 2
2 0 0 . 1 3 6 . 0 . 2  5 4 7 8 4 4 E — 01 0 . 4 4 9 8 5 6 6 E 0 2
2 0 0 . 1 5 3 . 0 • 2 0 5 1 7 5 3 E —01 0 . 4 4 9 7 0 3 8 E 0 2
2 0 0 . 1 7 0 . 0 . 1 6 6 7 3 6 1 E—01 0 . 4 4 9 4 5 6 5 E 0 2
2 0 0 . 1 8 7 . 0 . 1 3 3 1 2 1 1 E—01 0 . 4 4 9 1 2  32  E 02
2 0 0 . 2 0 4 . 0 . 1 1 1 6 4 2 1 E - 0 1 0 . 4 4 8 7 6 4 2  E 02
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T-1711
X Y Hy 1nc

3 ^ y 1 * nC

(m) (m) (amp/m) ( d e g r e e s )

2 2 5 . 1 7 . 0 . 2 6 7 1 7 1 0 E  0 0 — 0 . 4 4 9 7 2  0 3 E 02
2 2 5 . 3 4 . 0 . 1 8 3 3 3 1 9 E  0 0 —0 . 4 4 9 5 6 0 1 E 0 2
2 2 5 . 5 1 . 0 . 2 9 9  5 3 2 9 E—01 - 0 . 4 4 4 1 7 2 8 E 02
2 2 5 . 6 8 . 0 . 3  5 2 2 1 0 0 E —01 0 . 4 4 9 1 2 5 4 E 0 2
2 2 5  . 8 5 . 0 . 3 6 1 0 8 0 8 E —01 0 . 4 4 9 8 6 5 7 E 0 2
2 2 5 . 1 0 2 . 0 . 3 4 3 1 1 3 4 E—0 1 0 • 4 5 0 0 1 0 7  E 02
2 2 5  . 1 1 9 . 0 . 2 8 0 5 7 2 0 E —01 0 . 4 4 9 9  67  8 E 0 2
2 2 5 . 1 3 6 . 0 . 2  4 2 9 6 2 3 E —01 0 • 4 4 9 8 5 2 1 E 0 2
2 2 5  . 1 5 3 . 0 . 1 9 4 1 0 9 0 E - 0 1 0 . 4 4 9 6 6 1 7 E 02
22  5 . 1 7 0 . 0 . 1 6 1 1 5 6 1 E—01 0 . 4 4 9 3 7 8 2 E 0 2
22  5 . 1 8 7 . 0 . 1 2  7 7 4 4 1 E—01 0 . 4 4 8 9 4 9 4 E 0 2
2 2 5  . 2 0 4 . 0 • 1 0 8 9 6 0 0 E—01 0 . 4 4 8 5 4 6 8 E 02
2 5 0 . 1 7 . 0 . 2 2 0 7 2 4 4 E  0 0 — 0 . 4 4 9  5 9 5 3 E 0 2
2 50 . 3 4 . 0 • 1 6 3 8 6 5 3 E  0 0 - 0 . 4 4 9 4 3 9 4 E 0 2
2 5 0 . 5 1 . 0 . 3 9 7 4 3 7 4 E —01 — 0 • 4 4 6 2 0 2 9  E 02
2 50 . 6 8 . 0 • 2 3 2  7 3 2  6 E—0 1 0 . 4 4 7 1 7 4 1 E 02
2 5 0 . 8 5 . 0 . 2 8 3 5 8 8 6 E —01 0 . 4 4 9 6 2 6 5 E 0 2
2 5 0 . 1 0 2 . 0 • 3 0 4 0 2 1 1 E—0 1 0 . 4 5 0 0 0 2 4 E 0 2
2 50 . 1 1 9 . 0 . 2 5 8 1 4 9 3 E—0 1 0 . 4 4 9 9 7 9 2 E 02
2 5 0 . 1 3 6 . 0 . 2 2  8 9 9 8 7 E—0 1 0 • 4 4 9  8 5 4 6  E 02
2 5 0 . 1 5 3 . 0 . 1 8 3 2 2 8 4 E - 0 1 0 . 4 4 9 6 2 6 9  E 02
2 5 0 . 1 7 0 . 0 . 1 5 4 3 1 9 3 E —01 0 . 4 4 9 2 9 7 3 E 02
2 5 0 . 1 8 7 . 0 . 1 2 2  6 5 4 2 E —0 1 0 . 4 4 8 7 7 4 0 E 0 2
2 5 0 . 2 0 4 . 0 . 1 0 5 6 5 5 7 E —01 0 . 4 4 8  3 0 8 4 E 02
2 7 5 . 1 7 . 0 . 1 8 5 4 5 0 0 E  0 0 — 0 * 4 4 9 4 3 9  5 E 02
2 7 5 . 3 4 . 0 . 1 4 5 8 1 0 6 E  0 0 - 0 . 4 4 9 2 9 1 5E 0 2
2 7 5 . 5 1 . 0 . 4 5 5 0 5 7 9 E —01 — 0 . 4 4 6  7 8 1 8  E 02
2 7 5 . 6 8 . 0 • 1 3 2 4 4 3 2  E—0 1 0 . 4 3 8 3 0 2 2 E 0 2
2 7 5 . 8 5 . 0 . 2 1 8 0  3 6 4 E —01 0 . 4 4 9 0 5 1 8  E 02
2 7 5 . 1 0 2 . 0 . 2 6 6 2  6 1 9 E - 0 1 0 . 4 4 9 9 7 0 6 E 0 2
2 7 5 . 1 1 9 . 0 . 2 3 6 6 1 0 8 E - 0 1 0 . 4 4 9 9 9 3 7  E 02
2 7 5 . 1 3 6 . 0 . 2 1 3 7 4 7 6 E—0 1 0 • 4 4 9 8  6 4 5  E 02
2 7 5 . 1 5 3 . 0 . 1 7 2 3 9 8 2 E - 0 1 0 . 4 4 9 6 0 1 3E 0 2
2 7 5 . 1 7 0 . 0 • 1 4 6 6 9  7 2 E - 0 1 0 . 4 4 9 2 1 5 4 E 02
2 7 5 . 1 8 7 . 0 . 1 1 7 6 7 7 0 E - 0 1 0 . 4 4 8 5 9 7 6  E 02
2 7 5 . 2 0 4 . 0 . 1 0 1 9 6 9 9 E—01 0 . 4 4 8 0 5 1 1 E 02
3 0 0  . 1 7 . 0 • 1 5 8 2 2 0 2 E  0 0 - 0 . 4 4 9 2 5 1 9 E 0 2
3 0 0 . * 3 4 . 0 . 1 2 9 4 2 53E 0 0 - 0 . 4 4 9 1 1 1 3 E 02
3 0 0 . 5 1 . 0 . 4 8 4 7 2 7 5 E —01 —0 . 4 4 6 9 3 3 4 E 02
3 0 0  . 6 8 . 0 • 5 7 9  7 4 9 4 E—0 2 0 . 3 5 1 7 4 0 7 E 0 2
3 0 0 . 8 5 . 0 . 1 6 2 9 8 8 5 E - 0 1 0 • 4 4 7  6 5 5 2  E 02
3 0 0 . 1 0 2 . 0 . 2 3 0 6 4 7 8 E—0 1 0 • 4 4 9 8 9 0 1 E 02
3 0 0 . 1 1 9 . 0 . 2 1 5 8 1 7 2  E—01 0 • 4 5 0 0 0 6 7  E 02
3 0 0 . 1 3 6 . 0 . 1 9 7 8 4 8 5 E - 0 1 0 . 4 4 9 8 8 2 2  E 02
3 0 0 . 1 5 3 . 0 . 1 6 1 5 9 2 0 E —01 0 . 4 4 9  5 8 5 1 E 02
3 0 0 . 1 7 0 . 0 . 1 3 8  6 3 4 9 E—0 1 0 . 4 4 9 1 3 3 9 E 02
3 0 0 . 1 8 7 . 0 . 1 1 2 7 2 2 0 E—01 0 . 4 4 8 4 2 1 OE 02
3 0 0 . 2 0 4 . 0 . 9 8 0  6 7 8 9 E—0 2 0 . 4 4 7 7 7 6 9  E 0 2
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T-1711
X Y Hy1nC y  y 1' nc

(m) (m) (amp/m) ( d e g r e e s )

3 2 5 . 1 7 . 0 • 1 3 6 8 3 2 4 E  0 0 - 0 . 4 4 9 0 3 3 1 E
3 2  5 . 3 4 . 0 . 1 1 4 7 7 5 4 E  0 0 - 0 . 4 4 8 8 9 3 6 E
32  5 . 5 1 . 0 . 4 9 5 2 9 4 6 E - 0 1 - 0 . 4 4 6 8 9 4 1 E
3 2 5 . 6 8  . 0 • 5 3 5 4 4 6 0 E—02 - 0 . 2 8 9 3 6 7 2 E
32  5 . 8 5 . 0 . 1 1 7 2 5 8 8  E — 01 0 • 4 4 4 0 6 2 2  E
3 2 5 . 1 0 2 . 0 . 1 9 7  6 2 6 6 E—01 0 . 4 4 9 7 1 5 9 E
3 2  5 . 1 1 9 . 0 . 1 9  5 7 4 3 2  E—01 Q . 4 5 0 0 1 0 5 E
3 2 5  . 1 3 6 . 0 . 1 8 1 7 7 5 2 E—0 1 0 . 4 4 9 9 0 7 1 E
3 2 5 . 1 5 3 . 0 . 1 5 0 8 4 1 2  E—01 0 . 4 4 9 5 7 9 3 E
3 2 5  . 1 7 0 . 0 . 1 3 0  3 8 3 4 E —01 0 . 4 4 9 0 5 4 4 E
3 2 5 . 1 8 7 . 0 . 1 0 7 7 5 2 5 E - 0 1 0 . 4 4 8 2 4 4 9  E
3 2 5  . 2 0 4 . 0 • 9 4 0  6 1 7 9 E—0 2 0 . 4 4 7 4 8 8 6 E
3 5 0 . 1 7 . 0 . 1 1 9 7 2 9 1 E  0 0 — 0 • 4 4 8 7 8 4 8  E
3 5 0  . 3 4 . 0 . 1 0 1 8 1 3 8 E  0 0 - 0 . 4 4 8  6 3 2 4 E
3 5 0 . 5 1 . 0 . 4 9 3 0 0 6 8 E—01 - 0 . 4 4 6 7 4 4 4 E
3 5 0 . 6 8 . 0 . 9 8 1 4 3 2 9  E—0 2 — 0 . 4 1 1 7 9 2 9  E
3 5 0 . 8 5 . 0 . 8 0 0 8 5 1 4 E —0 2 0 . 4 3 3 6 9 2 3 E
3 5 0 . 1 0 2 . 0 . 1 6 7  4 0 8 4 E—0 1 0 • 4 4 9 3 6 5 7  E
3 5 0 . 1 1 9 . 0 . 1 7 6 4 2 5 3 E - 0 1 0 . 4 4 9 9 9 2 5 E
3 5 0  . 1 3 6 . 0 • 1 6 5 8 7 4 1 E—01 0 . 4 4 9 9 3 7 3 E
3 5 0 . 1 5 3 . 0 . 1 4 0 2  0 6 1 E - 0 1 0 . 4 4 9  5 8 4 8  E
3 5 0  . 1 7 0 . 0 * 1 2 2 1 2 3 3 E —01 0 . 4 4 8 9 7 8 3 E
3 5 0 . 1 8 7 . 0 . 1 0 2 7 6 3 8 E - 0 1 0 . 4 4 8 0 7 0 1 E
3 5 0 . 2 0 4 . 0 . 9 0 0 2  7 6 4 E —02 0 . 4 4 7 1 8 8 6 E
3 7 5 . 1 7 . 0 . 1 0 5 8 0 5 2 E 0 0 — 0 . 4 4 8  5 0 8 8  E
3 7 5  . 3 4 . 0 . 9 0 4 3 0 3 8 E—01 - 0 . 4 4 8 3 2 2 OE
3 7 5 . 5 1 . 0 . 4 8 2 2 4 8 3 E —01 - 0 . 4 4 6 5 1 8 4 E
3 7 5 . 6 8 . 0 • 1 3 8 9  5 4 2  E—0 1 - 0  . 4 3 0 2 0 3 6 E
3 7 5 . 8 5 . 0 . 5 1 6 6 6 2 4 E —0 2 0 . 3 9 7 4 3 5 5 E
3 7 5 . 1 0 2 . 0 » 1 4 0 0 5 3 7 E—0 1 0 . 4 4 8 6 8 5 9 E
3 7 5 . 1 1 9 . 0 . 1 5 7 9 2 8 2  E—01 0 . 4 4 9 9 3 2 6 E
3 7 5 . 1 3 6 . 0 . 1 5 0 3 9  59 E—0 1 0 . 4 4 9 9 6 9 3 E
3 7 5  . 1 5 3 . 0 . 1 2 9  7 5 8 9 E—0 1 0 . 4 4 9 6 0 2 2  E
3 7 5 . 1 7 0 . 0 . 1 1 3 9 8 3 8 E - 0 1 0 . 4 4 8 9 0 7 8  E
3 7 5  . 1 8 7 . 0 . 9 7 7 6 9 6 1 E—0 2 0 . 4 4 7 8 9 7 0 E
3 7  5 . 2 0 4 . 0 . 8 6 0 1 6 5 8  E—0 2 0 . 4 4 6 8 7 9 7 E
4 0 0 . 1 7 . 0 *  9 4 2 7 2 0 8 E—01 — 0 . 4 4 8 2 0 6 9  E
4 0 0  . '  3 4 . 0 . 8 0 4 8 4 1 5 E—0 1 - 0 . 4 4 7 9  5 6 8  E
4 0 0 . 5 1 . 0 . 4 6 6 0 8 4 0 E—0 1 - 0 . 4 4 6 2 3 2 5 E
4 0 0 . 6 8  • 0 • 1 7 0 8 5 7 1 E - 0 1 —0 . 4 3 6 1 8 3 8  E
4 0 0 . 8 5 . 0 . 3 4 7 1 6 8 7 E—02 0 . 2 4 5 0 9 7 2  E
4 0 0 . 1 0 2 . 0 . 1 1 5  5 3 8 4 E —01 0 . 4 4 7 3 8 1 4 E
4 0 0 . 1 1 9 . 0 . 1 4 0 3 2 5 6 E —01 0 .  4 4 9  7 9 7 4 E
4 0 0 . 1 3 6 . 0 . 1 3 5 5 1 8  5 E—0 1 0 . 4 4 9 9 9 7 4 E
4 0 0 . 1 5 3 . 0 . 1 1 9  5 7 0 9 E—01 0 . 4 4 9 6 3 2 0 E
4 0 0 . 1 7 0 . 0 . 1 0 6 0 5 6 1 E - 0 1 0 . 4 4 8 8 4 4 5 E
4 0 0 . 1 8 7 . 0 . 9 2 7 9 3 0 7 E - 0 2 0 . 4 4 7 7  2 6 7  E
4 0 0  . 2 0 4 . 0 . 8 2 0  6 2 2  6 E—02 0 ^ 4 4 6 5 6 4 5 E

02
02
02
02
02
02
02
02
02
0 2
0 2
02
0 2
0 2
02
0 2
02
0 2
0 2
0 2
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
0 2
02
02
02
0 2
02
02
02
02
02
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T-1711
X Y H y i n c i n c

(m) (m) (amp/m) ( d e g r e e s )

4 2  5 . 1 7 . 0 • 8 4 5 6 3 6 7  E—0 1 - 0 . 4 4 7 8 8 0 4 E 02
4 2 5  . 3 4 . 0 . 7 1 8 2 3 1 8 E—0 1 - 0 . 4 4 7 5 3 0 7 E 0 2
4 2 5 . 5 1 . 0 . 4 4 6 6 4 6 6 E—0 1 — 0 • 4 4 5 8 9 4 9  E 0 2
4 2 5 . 6 8  . 0 • 1 9 4 3 6 6 3  E—0 1 —0 . 4 3 8 8 4 1 1 E 0 2
4 2  5 . 8 5 . 0 . 3 3 5 1 8 2 3 E —0 2 - 0 . 1 1 0 8 8 0 4 E 0 2
4 2 5  . 1 0 2 . 0 * 9 3 8 0 2 4 0 E—0 2 0 • 4 4 4 8  5 8 1 E 0 2
4 2 5 . 1 1 9 . 0 . 1 2 3 6 8 6 3 E —01 0 . 4 4 9 5 3 3 5 E 02
4 2 5 . 1 3 6 . 0 . 1 2 1 3 6 4 3 E—0 1 0 . 4 5 0 0 1 0 8 E 0 2
4 2 5 . 1 5 3 . 0 • 1 0 9  7 0 6  8 E - 0 1 0 . 4 4 9 6 7 4 1 E 0 2
4 2  5 . 1 7 0 . 0 . 9 8 4 0 3 3 2  E—02 0 . 4 4 8 7 9 0 6 E 02
4 2 5 . 1 8 7 . 0 • 8 7 8 6 0 8 2  E - 0 2 0 . 4 4 7 5 6 0 9  E 0 2
4 2 5 . 2 0 4 . 0 . 7 8 1 8 7 5 1 E - 02 0 . 4 4 6 2 4 5 7  E 02
4 5 0 . 1 7 . 0 • 7 6 2  7 0 8 8 E—01 - 0 . 4 4 7 5 3 0 4 E 0 2
4 5 0 . 3 4 . 0 . 6 4 2 9 6 5 4 E—01 — 0 . 4 4 7  0 3 8 9  E 02
4 5 0  . 51 . 0 • 4 2  5 4 1 2  3 E —01 - 0 . 4 4 5 5 1 1 0 E 0 2
4 5 0 . 6 8 . 0 . 2 1 0 6 5 8 0 E —01 — 0 . 4 4 0 2 0 0 2  E 02
4 5 0  . 8 5 . 0 . 4 2 6 6 5 1 5 E —02 - 0 . 3 0 3 1 0 4 6 E 0 2
4 5 0 . 1 0 2 . 0 . 7 4 7 9 5 6 0 E —02 0 . 4 3 9 8 5 1 1 E 0 2
4 5 0 . 1 1 9 . 0 • 1 0 8 0 7 0 9 E—01 0 . 4 4 9 0 5 0 3 E 02
4 5 0 . 1 3 6 . 0 . 1 0 8 0 1 3 3 E —01 0 . 4 4 9 9 9 2 2 E 02
4 5 0 . 1 5 3 . 0 . 1 0 0 2 2 1 4 E—0 1 0 . 4 4 9 7 2 7 9 E 0 2
4 5 0 . 1 7 0 . 0 . 9 1 0 6 7 5 2  E - 0 2 0 . 4 4 8 7 4 8 6 E 02
4 5 0 . 1 8 7 . 0 . 8 2 9 9 9 7 7 E —02 0 « 4 4 7  4 0 0 7  E 0 2
4 5 0 . 2 0 4 . 0 • 7 4 4 0 6 8 6 E —0 2 0 . 4 4 5 9 2 5 6 E 0 2
4 7 5 . ' 1 7 . 0 . 6 9 0 9 5 8 5 E —01 —0 . 4 4 7 1 5 6 5 E 02
4 7 5 . 3 4 . 0 . 5 7 7 6 1 5 3 E  —01 —0 . 4 4 6 4 7 7  5E 0 2
4 7 5 . 5 1 . 0 . 4 0 3 3 9 4 1 E—01 — 0 . 4 4 5 0 8  32 E 02
4 7 5 . 6 8 . 0 . 2 2 0 9 4 1 9 E —0 1 - 0 . 4 4 0 9 2 7 7 E 0 2
4 7 5 . 8 5 . 0 . 5 3 8 3 8 2 3 E  —0 2 - 0 . 3 6 5 4 2 6 6 E 0 2
4 7 5 . 1 0 2 . 0 . 5 8 5 3 1 9 1 E—0 2 0 . 4 2 9 4 8 7 0 E 02
4 7 5 . 1 1 9 . 0 . 9 3 5 2 9 1 5 E —0 2 0 . 4 4 8 1 9 5 0  E 0 2
4 7 5 . 1 3 6 . 0 . 9 5 5 1 4 0 2 E —02 0 • 4 4 9 9 1 2 7  E 02
4 7 5 . 1 5 3 . 0 . 9 1 1 5 8 5 2 E - 0 2 0 . 4 4 9 7 9 1 7E 0 2
4 7 5 . 1 7 0 . 0 . 8 4 0 7 4 8 8 E —02 0 . 4 4 8 7 2 0 9 E 02
4 7 5 . 1 8 7 . 0 . 7 8 2  3 4 3 0 E —0 2 0 . 4 4 7 2 4 7 8 E 0 2
4 7  5 . 2 0 4 . 0 . 7 0 7 2 9 4 0 E —02 0 . 4 4 5 6 0 6 7  E 02



Vertical Incident Magnetic Field
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X Y Hz inC y  z m c

(m) (m) (amp/m) ( d e g r e e s )

2 5 . 1 7 . 0 . 7 3 6 0 3 6 7 E  01 - 0 . 1 3 4 7 9 3 3 E 0 0
2 5  . 3 4 . 0 • 2 7 1 6 6 0 5 E  01 - 0  . 2 1 1 8 4 3 0 E 0 0
2 5 . 5 1 . 0 . 1 5 8 4 2 1 4E 0 0 — 0 . 1 2 3 5 7 5 0 E 01
25  . 6 8 . 0 . 1 6 4 8 5 3 9 E 0 0 - 0 . 7 8 4 3 2 8 0 E 0 0
2 5 . 8 5 . 0 . 9 0 9 5 2 8 1 E—01 — 0 . 9 4 0 7  0 1 8  E 0 0
25 . 1 0 2 . 0 • 5 7 0 4 4 0 9 E—0 1 - 0 . 1 3 0 6 5 8 6 E 01
25  . 1 1 9 . 0 • 3 4 9 7 7 3 8 E—0 1 —0 . 1 5 3 2 2 7 7 E 0 1
2 5 . 1 3 6 . 0 . 3 0 8 4 2 8 4 E —01 - 0 . 1 4 2 9 0 7 0 E 01
25  . 1 5 3 . 0 • 2 0 8  5 8 0 0  E—0 1 —0 • 1 4 5 0 7  58  E 0 1
2 5 . 1 7 0 . 0 . 1 8 1 8 7 0 6 E —01 - 0 . 1 3 3 3 0 7 9 E 01
25 . 1 8 7 . 0 . 1 3 3 6 0 7 2 E - 0 1 - 0 . 1 2 1 4 1 7 8 E 01
2 5 . 2 0 4 . 0 . 1 2 1 9  69  3 E — 0 1 - 0 . 1 0 9 2 3 1 4 E 01
5 0 . 1 7 . 0 . 3 2 2 4 3 2 6 E  01 — 0 . 3 9 2  6 4 7 0 E 0 0
5 0 . 3 4 . 0 . 1 3 9 8 6 0 5 E 0 1 - 0 . 5 9 0 2 8 3 2 E 0 0
5 0 . 5 1 . 0 . 7 3 9 1 0 1 8 E —01 — 0 . 4 6 9 2 2  02 E 0 1
50 . 6 8 . 0 . 8 1 5 1 5 6 1 E—0 1 —0 • 2 4 6 2  5 4 2  E 0 1
5 0 . 8 5 . 0 . 2 4 3 8 4 0 4 E —01 — 0 . 4 8 8 2 4 0 6  E 01
50 . 1 0 2 . 0 • 2  39  7 2 6 0 E—01 - 0 . 3 5 3 0 7 4 0 E 01
5 0 . 1 1 9 . 0 . 9 7 5 9 2 5 5 E—02 —0 . 5 7 8 1 9 7 8 E 01
50 . 1 3 6 . 0 • 1 2 0  7 2 4 3 E—01 —0 . 3 6 9 0 8  34E 0 1
5 0 . 1 5 3 . 0 . 6 8 9 2 4 6 9 E—02 —0 . 4 5 8 6 6 6 6 E 01
50 . 1 7 0 . 0 • 6 7 8 7 1 4 7 E—0 2 —0 • 3 7 7 9 0 4 4 E 0 1
50 . 1 8 7 . 0 • 4 3 7 4 4 7 8 E—0 2 - 0  . 4 1 9 9 7 7 8 E 01
5 0 . 2 0 4 . 0 . 4 5 8 6 6 3 7 E—02 — 0 . 3 3 7  6 1 4 1 E 0 1
7 5 . 1 7 . 0 . 1 8 5 7 1 7 3 E  01 —0 . 7 4 9  5 4 1 7  E 0 0
7 5 . 3 4 . 0 . 9  3 7 9 0 0 8 E  0 0 —0 . 1 0 7 1 4 9 6 E 01
7 5 . 5 1 . 0 . 1 4 6 2 7 4 9 E 0 0 —0 . 3 4 5 7 4 6 0 E 01
75 . 6 8  . 0 . 6 3 1 8 1 7 6 E—0 1 - 0 . 4 6 7 7 4 2 1 E 0 1
7 5 . 8 5 . 0 . 3 8 3 2 3 3 5 E —02 — 0 . 4 0 2  8 4 8 7  E 0 2
75  . 1 0 2 . 0 . 1 6 0 8 4 6 1 E - 0 1 - 0 . 7 7 2 5 7 9 9 E 01
7 5 . 1 1 9 . 0 . 1 5 6 8 2 2 OE—02 —0 . 4 3 4 3 1 6 4 E 0 2
7 5 . 1 3 6 . 0 • 6 9 3 9 7 8 7 E—0 2 - 0 . 8 9 5 0 2 2 9 E 01
7 5 . 1 5 3 . 0 . 2 0 1 1 5 3 0 E —02 —0 . 2 1 1 6 2 5 8E 0 2
7 5 . 1 7 0 . 0 . 3 5 6 9 6 2 2  E—0 2 - 0 . 9 1 7 7 7 1 0 E 01
7 5 . 1 8 7 . 0 . 1 3 3 2 4 4 7 E —02 - 0 . 1 6 9 4 0 8 3 E 02
7 5 . 2 0 4 . 0 . 2 3 4 6 8 1 5 E - 0 2 - 0 . 7 5 0 5 2 4 2 E 01

1 0 0 . 1 7 . 0 . 1 2 0 2 2 9 2 E  01 —0 . 1 1 9 9 3 3 0 E 01
1 00  . ' 3 4 . 0 • 6 9 2 7 5 7 4 E  0 0 - 0 . 1 6 2 8 9 9 8 E 0 1
1 0 0 . 51 . 0 . 1 7 0 1 6 9 0 E  0 0 - 0 . 3 7 6 2 1 4 6 E 0 1
1 0 0 . 6 8 . 0 . 5 9 5 8 0 2 3 E —01 — 0 . 6 4 4 0 7 4 5  E 01
1 0 0 . 8 5 . 0 . 1 6 7 8 0 2 8 E —01 - 0 . 1 5 0 6 4 8 8 E 0 2
1 0 0  . 1 0 2 . 0 . 1 4 1 9 9 5 4 E  —01 —0 • 1 2 2  3 4 9  7 E 0 2
1 0 0 . 1 1 9 . 0 . 4 5 1 6 1 4 3 E —02 —0 . 2 5 9 3 1 4 1 E 02
1 0 0 . 1 3 6 . 0 . 5 2  4 8 9 4 9  E—0 2 - 0  • 1 6 9 3 9 9 0 E 0 2
1 0 0 . 1 5 3 . 0 .  1 3 0 5 2 2 1 E—02 — 0 . 4 1 8  3 3 2 7  E 0 2
1 0 0  . 1 7 0 . 0 . 2  4 8  2 0 5 1 E —0 2 —0 . 1 8  7 0 9 4 3  E 0 2
1 0 0 . 1 8 7 . 0 . 6 2 9 6 4 1 1 E —0 3 — 0 . 4 3 8 2  0 9 8  E 0 2
1 0 0 . 2 0 4 . 0 . 1 5 2  7 4 3 3 E —02 - 0 . 1 6 1 1 1 0 5 E 0 2
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T-1711
X Y Hz l n c y M n c

(m) (m) (amp/m) ( deg r ees )

12 5 . 1 7 . 0 . 8 3 4 6 5 5 0 E  0 0 - 0 . 1 7 3 8 4 7 9 E 01
125 . 3 4 . 0 • 5 3 6 7 9 6 7 E  0 0 - 0 . 2 2 3 6 4 2 0 E 01
1 2 5 . 5 1 . 0 . 1 7 3 4 6 4 2  E 0 0 - 0 . 4 2 8 3 7 1 5 E 01
1 2 5 . 6 8 . 0 . 6 0 3 3 6 9 8 E - 0 1 -“ 0 . 7 6 4 0 7  88  E 01
1 2 5 . 8 5 . 0 . 2  5 1 5 3 0 2  E—01 - 0 . 1 2 5 7 1 6 2 E 0 2
125  . 1 02  . 0 • 1 4 3 2 1 4 2  E—0 1 - 0 . 1 5 0 9 8 4 1 E 02
1 2 5 . 1 1 9 . 0 . 6 9 2 9 8 3 7 E - 0 2 - 0 . 2 2 0 9 0 8 2 E 02
1 25  . 1 3 6 . 0 • 4 8 4 7 1 6 9 E —0 2 - 0 . 2 2 9 8 7 8 1 E 0 2
1 2 5 . 1 5 3 . 0 . 2 4 3 6 8 4 2 E —02 - 0 . 3 2 0 9 0 9 4 E 02
1 2 5 . 1 7 0 . 0 • 2 2 0  3 3 2 9 E—0 2 - 0 . 2 6 5 5 5 7 3 E 0 2
1 2 5 . 1 8 7 . 0 . 1 2 1 1 2  8 7 E —0 2 —0 . 3 3 6 6 1 5 1 E 02
1 2 5 . 2 0 4 . 0 . 1 2 5 1 2 9 1 E—0 2 - 0 . 2 5 2 2 8 5 8 E 0 2
1 5 0 . 1 7 . 0 . 6 0 8 7 0 8 9 E 0 0 —0 . 2 3 6 2 1 5 9 E 01
150  . 3 4 . 0 • 4 2 7 9 8 0 8E 0 0 - 0 . 2 8 8 6 8 6 7 E 01
1 5 0 . 5 1 . 0 . 1 6 7 2 3 1 1E 0 0 — 0 • 4 8 9 2  6 5 2  E 01
1 5 0 . 6 8 . 0 • 6 2 0 0 2 7 7 E—0 1 - 0 . 8 4 9 4 0 9 0 E 01
1 5 0 . 8 5 . 0 . 3 0 3 2  3 2 7 E - 0 1 - 0 .  1 2 1 2 4 9 8  E 02
150  . 1 0 2 . 0 . 1 5 1 7  6 0  8 E—0 1 - 0 . 1 6 5 8 2 7 2 E 0 2
1 5 0 . 1 1 9 . 0 • 8 4 4 9 1 7 1 E—0 2 - 0 . 2 1 4 1 4 7 0 E 02
1 5 0 . 1 3 6 . 0 . 5 0 1 6 6 9 2 E - 0 2 - 0 . 2 5 8 8 9 1 1 E 02
1 5 0 . 1 5 3 . 0 . 3 2 6 3 8 3 0 E - 0 2 - 0 . 2 9 1 6 9 3 4 E 0 2
1 5 0 . 1 7 0 . 0 . 2 2 6 6 7 5 3 E —02 - 0 . 3 0 1 7 8 3 4 E 02
1 50  . 1 8 7 . 0 . 1 6 2 2 7 0 9 E - 0 2 —0 • 3 0 9  3 1 2 9  E 0 2
15  0 . 2 0 4 . 0 . 1 2 0 9 6 7 5 E - 0 2 - 0 . 3 0 5 5 2 0 5 E 02
1 7 5 . 1 7 . 0 . 4 6 1 1 2 79E  0 0 - 0 . 3 0 6 4 2 4 9 E 01
1 75  . 3 4 . 0 • 3 4 7 8 7 5 2 E 0 0 —0 . 3 5 8 4 5 3 0 E 01
1 7 5 . 5 1 . 0 . 1 5 6 6 9 3 2  E 0 0 - O . 5 5 6 3 7 9 2 E 01
1 7 5 . 68  . 0 . 6 3 3 1 1  7‘6 E —01 —0 . 9 1  8 6 6 0 0 E 01
1 7 5 . 8 5 . 0 . 3 3 4 5 8 0 4 E - 0 1 - 0 . 1 2 2  8 4 5 6 E 02
175  . 1 0 2 . 0 • 1 6 2 4 1 8 1 E —0 1 - 0 . 1 7 4 2 8 2 5 E 0 2
1 7 5 . 1 1 9 . 0 . 9 5 1 1 6 9 1 E—02 — 0 . 2 1 5  3 5 4 5  E 02
175  . 1 3 6 . 0 . 5 4 5 2 1 1 5 E - 0 2 - 0 . 2 6 9 4 1 9 4 E 0 2
175  . 1 5 3 . 0 . 3 8 8 1 0 7  8 E —0 2 —0 . 2 8 1 5 1 4 9  E 02
1 7 5 . 1 7 0 . 0 . 2 4 8 0 0 7 9 E - 0 2 - 0 . 3 1 2 7 4 0 3 E 02
1 7 5 . 1 8 7 . 0 • 1 9 0 2 4 9 OE—0 2 - 0 . 3 0 2 9 5 3 5 E 0 2
175 . 2 0 4 . 0 . 1 2 7  0 4 4 8  E—0 2 - 0 . 3 2 7 8 1 2 7 E 0 2
2 0 0 . 1 7 . 0 . 3 6 0 2 1 6 8  E 0 0 —0 . 3 8 3 6 9 1 4 E 01
2 0 0  . * 3 4 . 0 • 2 8 6 8 5 4 1 E 0 0 - 0 . 4 3 3 4 9 4 3 E 01
2 0 0 . 5 1 . 0 . 1 4 4 4 9 9 9  E 0 0 - 0 . 6 2 8 9 8 1 5 E 01
2 0 0 . 6 8 . 0 • 6 3 8  38  6 6 E - 0 1 - 0  . 9 8 2 2 3 0 5 E 01
2 0 0 . 8 5 . 0 . 3 5 2 1 4 6 8 E - 0 1 - 0 .  1 2 7  3 2 1 1 E 0 2
2 0 0  . 1 0 2 . 0 . 1 7 2  6 8 6 1 E—0 1 —0 • 1 8 0 6  5 5 7  E 0 2
2 0 0 . 1 1 9 . 0 . 1 0 3 1 4 1 9 E - 0 1 - 0 . 2 1 9 9 0 4 3 E 02
2 0 0 . 1 3 6 . 0 . 5 9 9 9 3 5 7 E - 0 2 —0 . 2 7  2 5 4 0 1 E 0 2
2 0 0 . 1 5 3 . 0 . 4 3 8 0 5 1 3 E—0 2 - 0 . 2 7 8 6 6 6 8 E 0 2
2 0 0 . 1 7 0 . 0 . 2 7 5 9 2 3 9 E - 0 2 —0 • 3 1 3 8 8 9 5 E 0 2
2 0 0 . 1 8 7 . 0 . 2 1 1 6 3 7  6 E—0 2 - 0 . 3 0 3 6 6 5 6 E 0 2
2 0 0 . 2 0 4 . 0 . 1 3 7 7 0 1 3 E —0 2 - O . 3 3 5 7 9 6 7 E 02
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T-1711
X Y Hz i n c y y nc

(m) (m) (amp/m) ( d e g r e e s )

2 2 5 . 1 7 . 0 . 2 8 8 6 0 5 9 E  0 0 - 0 . 4 6 7 0 3 2  3E 01
2 2 5  . 3 4 . 0 . 2 3 9 2 7 0 2 E  0 0 - 0 . 5 1 4 1 1 0 3 E 01
2 2 5 . 5 1 . 0 . 1 3 2 0 3 1 0 E  0 0 — 0 . 7 0 6 5 1 5 6  E 01
2 2 5  . 6 8 . 0 . 6 3 5 1 2  3 3 E —01 - 0 . 1 0 4 4 9 2 3 E 0 2
22  5 . 8 5 . 0 . 3 6 0 0 1 0 2 E - 0 1 - 0 . 1 3 3 4 4 0 7 E 02
2 2 5  . 1 0 2  . 0 .  1 8 1 3 7 0 9 E - 0 1 —0 • 1 8  6 6 4 5 2  E 02
2 2 5 . 1 1 9 . 0 . 1 0 9 4 3 1 0  E - 0 1 —0 . 2 2 6 0 2 3 7 E 02
2 2 5  . 1 3 6 . 0 . 6 5 6 8 7 0 4 E - 0 2 - 0 . 2 7 3 5 5 1 6 E 0 2
22  5 . 1 5 3 . 0 . 4 8 0 1 3 1 4 E —02 —0 . 2 7 9 4 3 6 0 E 02
2 2 5  . 1 7 0 . 0 . 3 0 5 7 4 8 4 E - 0 2 - 0 . 3 1 2 5 7 0 3 E 0 2
2 2 5  . 1 8 7 . 0 . 2 2 9 3 5 4 2 E - 0 2 —0 • 3 0  7 5 6 4 7  E 0 2
22  5 . 2 0 4 . 0 . 1 5 0 1 0 1 1 E - 0 2 - 0 . 3 3 8 8 6 8 4 E 02
2 5 0  . 1 7 . 0 . 2 3 6 1 5 4 4 E  0 0 - 0 . 5 5 5 3 3 7 0 E 01
2 5 0 . 3 4 . 0 . 2 0 1 5 2 7 6E  0 0 —0 . 6 0 0 3 2 4 1 E 01
2 50 . 51 . 0 . 1 1 9 9 9  74E 0 0 - 0 . 7 8 8 3 7 3 0 E 01
2 5 0 . 6 8 . 0 . 6 2  4 1 2  4 8  E—01 - 0 . 1 1 0 8 6 8 1 E 02
2 5 0 . 8 5 . 0 . 3 6 0 9 3 3 5 E - 0 1 - 0 .  1 4 0  5 5 3 8  E 0 2
2 50 . 1 02  . 0 . 1 8 8 0 1 3 7 E - 0 1 —0 • 1 9 2 7  5 4 2 E 0 2
2 5 0 . 1 1 9 . 0 . 1 1 4 4 0 7 7 E - 0 1 — 0 . 2 3 2  7 4 1 9  E 02
2 50 . 1 3 6 . 0 . 7 1 0 7 8 0 9 E  —0 2 - 0 . 2 7 4 4 1 9 6 E 0 2
2 5 0 . 1 5 3 . 0 . 5 1 5 9 8 0 3 E - 0 2 — 0 . 2 8 2  0 5 2 9 E 0 2
2 50 . 1 7 0 . 0 • 3 3 4 6 0 6 2  E—0 2 - 0 . 3 1 1 4 6 0 9 E 0 2
2 5 0 . 1 8 7 . 0 . 2 4 4 5 6 1 0 E —02 —0 . 3 1 2 8 8 0 1 E 02
2 50 . 2 0 4 . 0 . 1 6 2  5 8 9 4 E —0 2 - 0 . 3 4 0 8 8 1 3 E 02
2 7 5  . 1 7 . 0 • 1 9 6 6 5 9 3 E  0 0 - 0 . 6 4 7 4 9 0 7 E 01
2 7 5 . 3 4 . 0 . 1 7 1 1 9 8 7 E  0 0 —0 . 6 9 1 9 5 3 9 E 01
2 7 5 . 5 1 . 0 • 1 0 8 7 4 6 0 E  0 0 —0 • 8  7 3 9 4 0  3 E 01
2 7 5 . 6 8 . 0 . 6 0 6 7 7 9 0 E—01 - 0 . 1 1 7 4 1 6 9 E 02
2 7 5 . 8 5 . 0 • 3 5  6 8 9 3 9 E—0 1 - 0 . 1 4 8 2 7 7 4 E 02
2 7 5 . 1 0 2 . 0 . 1 9 2 5 5 7 6 E - 0 1 - 0 . 1 9 9 0 7 2 4 E 0 2
2 7 5  . 1 1 9 . 0 . 1 1 8  3 0 9 1 E—O 1 —0 • 2 3 9  5 3 6 0 E 02
2 7 5 . 1 3 6 . 0 . 7 5 8 8 7 6 7 E —02 —0 . 2 7 5 7 2 6 5 E 02
2 7 5 . 1 5 3 . 0 . 5 4 6 4 1 4 8 E - 0 2 — 0 . 2 8 5 5 5 0 8  E 0 2
2 7 5 . 1 7 0 . 0 . 3 6 0 8 8 1 7 E —0 2 - 0 . 3 1 1 2 5 1 5 E 0 2
2 7 5 . 1 8 7 . 0 . 2  5 7 7 6 3 4 E —02 - 0 . 3 1 8 6 0 4 0 E 02
2 7 5 . 2 0 4 . 0 • 1 7 4 2 3 6 3 E—0 2 - 0 . 3 4 3 0 6 0 2 E 0 2
3 0 0 . 1 7 . 0 . 1 6 6 1 8 4 8  E 0 0 —0 . 7 4 2 4 9 4 5 E 01
3 0 0 . '  3 4 . 0 • 1 4 6 5 6 9 3 E 0 0 —0 • 7 8 8 6 8 0 6 E 01
3 0 0  . 51 . 0 . 9 8 4 2 0 1 4 E - 0 1 - O . 9 6 2 6 5 2 6 E 01
3 0 0 . 6 8 . 0 . 5 8 4 5 8 8 8 E—01 - 0 . 1 2 4 1 5 7 2 E 02
3 0 0 . 8 5 . 0 . 3 4 9  3 4 1 9  E—0 1 —0 • 1 5 6 3 8 1 9 E 0 2
3 0 0 . 1 0 2 . 0 . 1 9 5 1 4 6 2 E - 0 1 —0 . 2 0 5 5 8 0 3 E 02
3 0 0  . 1 1 9 . 0 . 1 2 1 2 8 7 5 E—0 1 —0 ; 2 4 6 1 6 8 2 E 0 2
3 0 0 . 1 3 6 . 0 . 7 9 9 9 0 8 5 E —02 — 0 . 2 7 7  5 8 3 3 E 02
3 0 0 . 1 5 3 . 0 • 5 7 1 9 6 5 4 E - 0 2 - 0 . 2 8 9 4 2 9 3 E 0 2
3 0 0 . 1 7 0 . 0 . 3 8 3 8 1 7 8 E—02 —0 . 3 1 1 9 7 0 5 E 02
3 0 0  . 1 8 7 . 0 . 2 6 9  2 3 7  2 E—0 2 - 0 . 3 2 4 2 1 5 1 8 0 2
3 0 0 . 2 0 4 .  ' 0 . 1 8 4 6 1 8 0 E —02 — o". 3 4 5 6 4 0 1  E 02
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X Y H2 i n c y M n c

(m) (m) (amp/m) ( d e g r e e s ]

3 2 5 . 1 7 . 0 . 1 4 2 1 5 9 4 8  0 0 - 0 . 8 3 9 5 1 5 6 E
3 2 5  . 3 4 . 0 . 1 2 6 3 8 7 2 E  0 0 —0 • 8 9 0 0 9 7 4 E
3 2 5  . 51 . 0 • 8 9 0 5 1 8 4 E - 0 1 —0 . 1 0  5 4 0  04E
3 2 5 . 6 8 . 0 . 5 5 8 9 5 0 1 E - 0 1 - 0 . 1 3 1 0 9 4 2 E
3 2 5  . 8 5 . 0 • 3 3 9 3 5 4 8 E—0 1 - 0 • 1 6 4 7  27 2 E
3 2 5 . 1 0 2 . 0 . 1 9 6 0 0 8 2 E - 0 1 — 0 . 2 1 2 2 4 0 4 E
3 2 5  . 1 1 9 . 0 . 1 2  3 4 5 3 3  E—0 1 - O . 2 5 2 5 5 7 5 E
3 2 5 . 1 3 6 . 0 . 8 3 3 5 3 3 7 E - 0 2 - 0 . 2 7 9 9 6 2 6 E
3 2 5  . 1 5 3 . 0 . 5 9 3 0 4 4 2  E—0 2 - 0 . 2 9 3 4 5 9 2 E
3 2 5 . 1 7 0 . 0 . 4 0 3 1 8 7 8  E—02 - 0 . 3 1 3 4 8 6 2 E
3 2 5  . 1 8 7 . 0 . 2 7 9 1 6 0 1 E—0 2 - 0 . 3 2 9 5 1 3 9  E
3 2 5 . 2 0 4 . 0 . 1 9  3 5 9 7 0 E  —02 — 0 . 3 4 8  6 0 7 6  E
3 5 0  . 1 7 . 0 . 1 2 2  8 4 5 8 E  0 0 - 0  . 9 3 7 9 8 3 4 E
3 5 0 . 3 4 . 0 . 1 0 9 7 2  54E 0 0 - 0 . 9 9 5 6 3 6 7 E
3 5 0 . 5 1 . 0 . 8 0 6 0 6 6 4 E —01 - 0 . 1 1 4 7 6 1 1 E
3 5 0  . 6 8 . 0 . 5 3 1 0 8 5 7 E —01 - 0 . 1 3 8 2 2 3 8 E
3 5 0  . 8 5 . 0 • 3 2  7 7 2 9 2  E—0 1 - 0 . 1 7 3 2 2 6 6 E
3 5 0 . 1 0 2 . 0 . 1 9 5 3 9 9 2 E - 0 1 - 0 . 2 1 9 0 1 2 5 E
3 5 0  . 1 1 9 . 0 • 1 2 4 8 8 7 0 E —01 - 0  . 2  5 8 7 1 0 0 E
3 5 0 . 1 3 6 . 0 . 8 5 9 9 2 6 3 E —02 - 0 . 2 8 2 7 9 9 2 E
3 5 0  . 1 5 3 . 0 . 6 0 9 9 8 3 9 E - 0 2 - 0  . 2 9 7 5 5 8 1 E
3 5 0 . 1 7 0 . 0 . 4 1 9 0 6 5 7 E - 0 2 - 0 . 3 1 5 6 4 8 8 E
3 5 0  . 1 8 7 . 0 . 2 8 7  6 5 7 3 E—02 —0 • 3 3 4 4 7  6 9  E
3 5 0 . 2 0 4 . 0 . 2 0 1 2 1 4 1 E—02 - 0 . 3 5 1 8 7 2 7 E
3 7 5  . 1 7 . 0 • 1 0 7 0 6 4 5 E  0 0 - 0 . 1 0 3 7 3 9 4 E
3 7 5 . 3 4 . 0 . 9 5 8 6 4 5 9 E - 0 1 - 0 . 1 1 0 4 7 5 5 E
3 7 5  . 51 . 0 * 7 3 0 2 7 3 7 E—01 —0 » 1 2 4 3 0 3 8 E
3 7 5 . 6 8 . 0 * 5 0 1 9 7  62 E — 01 - 0 . 1 4 5  5 4 5 0  E
3 7 5  . 8 5 . 0 . 3 1 5 0 6 3 6 E—0 1 - 0 . 1 8 1 8 1 9 6 E
3 7 5 . 1 0 2 . 0 . 1 9 3 5 5  59 E — 0 1 - 0 . 2 2 5 8 7 0 5 E
3 7 5 . 1 1 9 . 0 . 1 2  5 6 5 7 7 E — 0 1 - 0 . 2 6 4 6 5 5 2 E
3 7 5  . 1 3 6 . O . 8 7 9 4 5 4 6 E - O 2 —0 ♦ 2  8 6 0 4 0 0  E
3 7 5 . 1 5 3 . 0 . 6 2 3 0 9 0 6 E - 0 2 - 0 . 3 0 1 6 9 7 4 E
3 7 5 . 1 7 0 . 0 . 4 3 1 6 2 6  7 E —02 - 0 . 3 1 8  3 4 9  3 E
3 7 5 . 1 8 7 . 0 * 2  9 4 8  2 5 6 E —02 — 0 . 3 3 9 1 4 0 8  E
3 7 5  . 2 0 4 . 0 . 2 0 7 5 5 3 5 E  —0 2 - 0 . 3 5 5 3 7 2 6 E
4 0 0 . ' 1 7 . 0 . 9  3 9 7 7 6 3 E —01 —0 . 1 1 3 7 4 5 3 E
4 0 0  . - 3 4 . 0 . 8 4 2 5 8 1 4 E - 0 1 - 0 . 1 2 1 6 7 5 8 E
4 0 0 . 5 1 . 0 . 6 6 2 3 7 7 5 E —01 - 0 . 1 3 3 9 9 4 7 E
4 0 0  . 6 8 . 0 • 4 7 2  4 1 6 4 E—0 1 —0 • 1 5 3 0 5 0 9 E
4 0 0 . 8 5 . 0 . 3 0 1 7 9 8 2 E  — 01 - 0 . 1 9 0 4 6 2 2 E
4 0 0  . 1 0 2 . 0 • 1 9 0  6 9 9  7 E—0 1 - 0 . 2 3 2 7 8 2 4 E
4 0 0 . 1 1 9 . 0 . 1 2  5 8 2 2 9 E  —01 — 0 • 2 7 0 4 3 1 2  E
4 0 0  . 1 3 6 . 0 . 8 9 2  6 4 5 1 E—0 2 —0 . 2 8 9 6 2 1 4 E
4 0 0 . 1 5 3 . 0 . 6 3 2 6 1 7 3 E —02 - 0 . 3 0 5 8 8 0 9 E
4 0 0 . 1 7 0 . 0 • 4 4 1 1 2  32 E —02 - 0 . 3 2 1 4 8 5 9 E
4 0 0  . 1 8 7 . 0 . 3 0 0 7 2 4 2  E—02 —0 • 3 4 3 5 7 7  0 E
4 0 0 . 2 0 4 . 0 . 2  1 2 7  2 7 2 E —02 — 0 . 3 5 9  0 4 9 1 E

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 Y Hzlnc y>2inc

(m) (m) (amp/m) ( d e g r e e s )

4 2  5 . 1 7 . 0 . 8 2 9 8 7 2 5  E—01 - 0 . 1 2 3 7 9 3 2 2
4 2 5  . 3 4 . 0 . 7 4 4 7 6 6 6 E - 0 1 - 0 . 1 3 3 0 9 2 3 2
4 2 5 . 5 1 . 0 . 6 0 1 6 0 4 7  E — 01 - 0 . 1 4 3 7 9 8 7 2
4 2 5  . 68  . 0 • 4 4 3 0 1 3 3  E - 0 1 - 0  . 1 6 0 7 3 2 1 2
4 2 5 . 8 5 . 0 . 2 8 8 2 6 0 9 E - 0 1 - 0 . 1 9 9 1 1 9 0 2
4 2 5  . 1 0 2  . 0 . 1 8 7 0 2 5 7 2 - 0 1 - 0 . 2 3 9 7 1 9 8 2
42  5 . 1 1 9 . 0 . 1 2 5 4 3 8 4 2 - 0 1 - 0 . 2 7 6 0 6 9 8 2
4 2 5  . 1 3 6 . 0 . 9 0 0 0 7 4 5 2 - 0 2 - 0 . 2 9 3 4 8 5 6 2
4 2 5  . 1 5 3 . 0 . 6 3 8 8 1 8 7 2 - 0 2 - 0 . 3 1 0 1 1 0 0 2
4 2 5 . 1 7 0 . 0 . 4 4 7 8 1 8 3 2 - 0 2 - 0 . 3 2 4 9 7 4 4 2
4 2 5  . 1 8 7  . 0 . 3 0 5 4 0 1 9 2 - 0 2 - 0 . 3 4 7 8 4 4 2 2
4 2 5  . 2 0 4 . 0 . 2 1 6 8 3 7 1 2 - 0 2 - 0 . 3 6 2 8 4 9 6 2
4 5 0 . 1 7 . 0 . 7 3 6 5 6 6 8 2 - 0 1 — 0 .  1 3 3 8 6 6 5 2
4 5 0  . 3 4 . 0 . 6 6 1 8 1 7 8 2 - 0 1 - 0 . 1 4 4 6 5 0 1 2
4 5 0 . 51 . 0 . 5 4 7 1 9 8 8 2 - 0 1 - 0 . 1 5 3 6 8 3 0 2
4 5 0  . 68  . 0 . 4 1 4 2 2 0 8 2 - 0 1 - 0  . 1 6 8 5 7 7 7 2
4 5 0 . 8 5 . 0 . 2 7 4 6 9 3 9 2 - 0 1 - 0 . 2 0 7 7 5 8 5 2
4 5 0  . 102  . 0 • 1 8 2  7 0 2  7 E—0 1 - 0 . 2 4 6 6 5 5 7 2
4 5 0 . 1 1 9 . 0 . 1 2 4 5 5 7 2 2 - 0 1 - 0 . 2 8 1 5 9 4 4 2
4 5 0  . 1 3 6 . 0 . 9 0 2 3 3 2 7 2 - 0 2 - 0 . 2 9 7 5 7 7 7 2
4 5 0 . 1 5 3 . 0 . 6 4 1 9 4 6 5 2 - 0 2 - 0 . 3 1 4 3 8 1 9 2
4 5 0  . 1 7 0 . 0 . 4 5 1 9 8 1 3 2 - 0 2 - 0 . 3 2 8 7 3 6 3 2
4 5 0 . 1 8 7 . 0 . 3 0 8 9 0 5 2 2 - 0 2 - 0 . 3 5 1 9 8 5 0 2
4 5 0 . 2 0 4 . 0 . 2 1 9 9 7 9 7 2 - 0 2 - 0 . 3 6 6 7 2 5 5 2
4 7 5  . 1 7 . 0 . 6 5 6 6 1 2 5 2 - 0 1 - 0 . 1 4 3 9 5 1 6 2
4 7 5 . 3 4 . 0 . 5 9 1 0 4 7 4 2 - 0 1 - 0 . 1 5 6 2 7 4 9 2
4 7 5 . 51 . 0 . 4 9 8 4 5 9 6 2 - 0 1 - 0 . 1 6 3 6 1 5 6 2
4 7 5  . 6 8 . 0 . 3 8 6 3 6 9 4 2 - 0 1 - 0 . 1 7 6 5 7 3 6 2
4 7 5 . 8 5 . 0 . 2 6 1 2 7 5 0 2 - 0 1 —0 . 2 1 6 3 5 3 6 E
4 7 5  . 1 02  . 0 . 1 7 7 8 7 5 3 E - 0 1 - 0 . 2 5 3 5 6 5 5 2
4 7 5 . 1 1 9 . 0 . 1 2 3 2 3 1 5 2 - 0 1 - 0 . 2 8 7 0 2 1 8 2
4 7 5  . 1 3 6 . 0 . 9 0 0 0 0 4 8 2 - 0 2 - 0 . 3 0 1 8 4 8 8 2
4 7 5 . 1 5 3 . 0 . 6 4 2 2 5 9 4 2 - 0 2 - 0 . 3 1 8 6 9 0 5 2
4 7 5  . 1 7 0 . 0 . 4 5 3 8 7 8 2 2 - 0 2 —0 . 3 3 2 7 0 4 2  E
4 7 5 . 1 8 7 . 0 . 3 1 1 2 9 0 3 2 - 0 2 - 0 . 3 5 6 0 2 5 4 2
4 7 5  . 2 0 4 . 0 . 2 2 2 2 4 7 3 2 - 0 2 - 0 . 3 7 0 6 2 9 0 2

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
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COMPUTER PROGRAMMES

The subprogrammes required by each of the four main programmes are 
lis ted  below.

Main Program. EMXYZ

Sub-Progs. GPS
GMNP
EXYZ
KPXYZ1
KPXYZ2
KSXYZ
SIMPON
CMATEQ
GSS
WABSS
GAUSS!
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
GAUSS!
KEXYZ
SIMPON
CBESNI
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Main Program. 

Sub-Progs.

HOMMO

INTHX
HX
HY
NT
HZ
BEKEP
SIMPON



■n
o 

r
t

o
o

o
o

o
o

o
o

o
o

o
o

.
 o

o
o

o
o

 
o 

<1 
o 

ci 
o 

o 
o 

o 
o 

<1 
o 

n 
o 

o 
o 

ci 
o 

ci 
o 

o 
o 

ci 
o 

o 
o 

o 
o 

o 
o 

o 
o 

o 
o 

o

T-1711 136

THI S PROGRAM CALCULATES ThE ELECTRI C F I E L O  COMPONENTS 
I N A CONDUCTOR 8 UEI r o  ThE CONDUCTIVE HAL F - SPACE HEAR A 
GROUNDED CABLE OF F I N I T E  LENGTH.

T HE P R OGRA M I S  WRITTEN I N  FOHTRA-M-4 L A N G U A G E ,  AND WAS 
D E V E L O P E D  ÛH A D I G I T A L  C C H P U T E R  C O R P O R A T I O N  M O D E L  P D R - l O  
C O M P U T E R ,

F OU R  C O N T R O L  C A R O S  ARE R E C O G N I Z E D  BY T h E  P R O G R A M , T H E  
F O R M A T  OF STATEMENT HAME PUNCHED L E F T - J U S T  I F I EO IN C O L S ,
1 - 4 , FOLLOWED BY PARAMETERS PUNCHED IN COLS,  1 1 - 2 3 , 2 1 - 3 0 , 3 1 -  
4 0 , 4 1 - 0 3 , 5 1 . - 9 3 , 6 1 , 7 3 , T l - e O . T H E S E  PA«AMaTERS ARE 
READ WITH AN F 10 « O FORMAT AND MUST THEREFORE ALL Hf tVE A 
DECI MAL POI NT , WHETHER I NTEGER OR NOT.
CONTROL C A L L S

I DEN -  THE CARO FOLLOWI NG THI S  CONTROL CARD WI L L  BE READ 
ANU L I S T E D  AS I D E N T I F I C A T I O N , A N  U N L I M I T E D  NUMBER OF 
" I  OEM' '  CARDS r  A Y 8 E USED i
D A T A  -  T H I S  C P N T R O L  C a RD I N I a T E S  R E A D I N G  OF T H E  F O L L O W I N G  
P A R A  ME T E P S •

F= FREQUENCY I N HZ,
SI G- - ' 1 A t  .  C O N D U C T I V I T Y  OF T H E  H A L F , S P A C E .  (MHO/M. )
SI GNAS = CONDUCTI V I T Y  OF THE CONDUCTOR, ( H H O / H , )  

l -  H A L F - L f  H G TI i  CF T H g  GROUNDED C A B L E .  < M , )
I ;  c u r r e n t  i n  a l p l r e s , 

p a r a  -  t h i s  CONTROL C a RC I N I T I A T E S  R E A D I N G  OF T H E  
L O C A T I O N  a n d  G E O M E T R Y  OF THE C O N D U C T O R ,
t h e  p a r a m e t e r s  a r e :
WORD <1 >  S D I S T A N C E  i n  t h e  X - D I R E C T I O N i  B E T W E E N  T H E  S O U R C E  
AND T h E  C E N T E R  OF THE C O N D U C T O R ,  
l C ' R D ( 2 1 =  DEPTH OF T H E  T OP  OF T H E  C O N D U C T O R ,  ( M .  ) 
wORO( 3) =wORO' ( . i )
-10 R D < 4 ) = w 0 R D ( 2 )

H=  N U M B E R  OF C E L L S  I N  THE X - 0 1 R E C T 1 O N ,
Li a LUMBER OF CELLS I N THE Z - D I R E C T I Q N .  

E X E C - T H I S  CDl TSOL CARD I - ’ I a TLS COMPUTATI ONS AND 
READI NG OF THE WAVE NUf l SLRS, AND THE I NTEGRALS C,  11, AND 
TAU2 COMPUTED NUMERI CALLY BY THE PROGRAM I N T ç R L , 

GY =  w a v e  N U MB E R  
E X I T -  CALL E X I T ,

01 V I CE s p e c i f i c a t i o n s :
I E  I N  I N P U T  C O N T R O L  C A R D S  AND P A R A M E T E R S
1.1 I N P U T  OF T H E  I N T E G R A L S  C . M . A N Q  T a V 2 .
f i s I OUT - RESULTS TC D I S K  F I L E ,

PROGRAM EMXYZ WAS DEVELOPED A T  THE C O L O R A D O  S C H O O L  OF 
MI NES AS P A S T  o f  a THESTS- RESEARCH S T U D Y  F OR T H E  D E C R E E  OF 
D O C T O R  OF P H I L O S O P H Y  I N  GEOPHYSI CS, FDR F U R T H E R  I N F O R M A T I O N  SEE 
CSM T H E S I S  T - 1 7 1 1 , ’ ’ E L E C T R O M A G N E T I C  SCATTERI NG FROM C O N D U C T O R S  
I N A CONDUCTI VE H a l F - S P a C E  NEAP A GROUNDED CARLE OF F I N I T E  LENGTH1 
BY JORGE 0 .  P A R R A ,

JORGE 0 .  PARRA DECEMBER 1 9 7 4
C O L O N A 0 0  S C H O O L  OF M I M E S ,

S E A L  N O ,  L E N G T H
INTEGE ;i CONTRL.  IDEA , PARA , DAT A , EX I  T
I n t e g e r  e x e c  
d a t a  e x e c / ' e x e c /
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a t a  i n î i ' - i , p a r a , d a t a , l x i t / '  n t N %  ' p a r a ' o a t a ' ,  ' e x i t 1/
O M P L E X  K P X X l . K P Y Y l , K P Ü j i l . K P X Y l . K P X Z l . K P Y X l , K P Y Z l . K P Z X l
ty D ^ V j*  » K P Z Y i

r
z . r  à .  ■

:OMMON/ciNGl /XPXXl ,KPYYi ,KPZ^l ,KPXYl ,KPX2l fKPYXl ,KPY21  
$ ,KPZXl ,KPZYi

COMPLEX KPXX?,KPYY2,;:PZZ%,KPXY2,XPXZ2,KPYX2,KPYZ2,
*  K P Z X 2 , X P Z Y 2

Cû H M G / S ING2X KP X X K PC ) , XPYY2 ( 6 0 ) t K P H Z 2 ( 60 > , 4 P X Y 2 ( 6 ^ )
KPXZ2 <63 ) , K P Y X 2 ( 6^ )  , xP YZ 2 ( 6 0 ) i K P Z X 2 C6 0 ) .* r . P ZY 2 ( 6 0 )
co - P L [ X XSXX. KSY XX | K '6 X Y | X SYY, K S Z Y i K SX I i XS Y Z , K 5 Z Z
CQ .M M 0 / G 0NSI . \ ' / KS XX (1 21 ) i K S Y X d Z l ) #KSZX( 12 1 ) , K S X Y ( 1 2 1 )

S Y Y ( 1 P I ) , K S %Y (1 2 1 ) , x s XZ ( 1 2 1 ) , K S Y Z ( 1 2 1 ) i K Z Z ( 1 2 1 )
GOMPL E < E X , E Y , E Z f  E
CD -'IMO / £ L X Y r /  EX ( 62  ) #E Y ( 60 ) , EZ ( 6 3 ) i E ( 1 8 0 )
^ I 10 X W O P D d 0 )  , I û< 22 ) , 1 2 1 )
CD CMC XV A P I /  Z (6 G ) i Xu ( ) , X M ( 6 / )  , X ( 6 0 ) , OE L TA , 0 E L T A 1
CÛ MPL X i<HN ( 1 1 , 1 1 ) , T CM ( P I ,  31 ) i I I , G A M M A2
CQ -IMG / A B S W r / x i J (160 5 , R I J ( 1 6 E ) i RS ( 1 6 0 ) , w s ( 16 M )
c o '-tpL I N I , ] N 2 , c T , C f !wG Y i ARGA > r  l <5 2 )
CD / $ S S /  I N K 1 2 1 ) * I M2 ( 1 2 D ,GAM MA2 U 2 1 )
Cü MPI. £ X UY, U
C 0 .IMG / n EL TAP/ OE L 2 , AL A Mü A
CT = CMPux ( * t « )
CA LL WA3 s s r w i  j , P u , w Si RS >

co ^ST A AS A G' 0  P  A RAMET CR S

PI = 3 $ i 41 5 9 2 6 5
-̂ 0= 4 , » P I * 1 , E - ^ 7
F I 2 = 5 Q R T ( P I )

C I NPUT A NO OUTPUT 01 VI CES
c

IN = 1
I 0 U T l = 4
I 0 U T 2 = 4
I 0 U T = 3

c
c READ CONTROL CAPOS
c
100 % E A 0 ( I N , 1 )  CONTRL, K ORD
1 FORMAT(  A 4 , 6 X , 7 F l 0 , i ^ ).

I FCCONTRL mEQ, I OEN) GO TO 10
I F ( C O N T R L , E O , D A T A ) GO TO 4 0
I F ( CONTRE, COMPARA) GO TO 31
I F ( q O W T R L , E O . E X E C ) GO TO 30
I F ( C O N T R L , E O , E X I T ) GO TO 3
W R I T E ( I 0 u T 2 f 4)

4 F 0 P M 4 T ( / / 1 % X , ^ I LLEG AL COR TPO
W R I T E ( I 0 u T , 4 )  COuTRLfwORU

5 F O R M A T ( / / 1 0 X , A 4 16X, l ü F 7 , Z )
3 STOP
10 I N T l ^ W O R O d )

00 K l  1 = 1 ,  I \ T 1  
REA0 ( I N , i 6 ) ID 
W R I T E ( I 0 u T 2 , l 7 )  ID

101 COMTl NUr
16 FORMAT( 2 2 A 4 )
17 F O R M A T ( / 1 0 X , 2 0 A 4 )

GO TO 1 00

-CARO S T O P V )
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81

4 4

C
C

F s t O R D d )
$ I GMA1 " WORO( 2 )
S I 0 M 4 2 = W 5 R 0 ( 3 )
L E \ G T H = W 0 R 0 ( 4 )
A K W 0 R n ( 5 )  
w s 2 $ ^ P l * F
0 E L T 4 1 = S Q R T ( 2 , / ( N * M 0 * S I G M A 1 ) ) 
D E L T A g z S Q R T  ( 2  , /  )
RX=SI GMA2 / S I G M A 1 
A L & Mo A = R X- 1 ,  
n r c o = . 9
0 E L T A = D [ C 0 * D E L T A 2
0 E L 2 = ( D F L T A # * 2 ) / ( 0 E L T A 1 * ^ 2 )
A = 0 Z L T A / P I 2
A. 3A/ r , [ L , TAl

X/ 1  ) = ; , o R n ( i )  
z k ) = K 0 R0 ( 2 )+ D E L T A / 2 ,
X H ( 1 ) g v.' g H  U ( M )
Z N ( l )  = - , 0 R 0 ( 4 ) + 0 E L T A / 2 ,
^ = v 0 ^ 0 ( 5 )
'.' = A0 i \ D ( 6 )
DO 4 4 X%1 , N
Z N ( X + i ) = Z N ( K ) + O r L T A
7 ( K + l ) = Z ( K ) + D E L f A
DO 4 5 K = 1 ,M
XM<K + i ) = X M ( K ) 4 . 2 E L T A
X ( K + i ) = X ( K ) + G E L T A

PARAMETRI C RELATI ONS

'Aft'PTrr^

f/M-r.,

= 40,10(1. )

79

P I 1  = T
C = C M P L X ( 0 . , 1 , )
DO 56  1 = 1 , 6 0  
KSXX(1 )=CT 
KSXY(Î ) =CT 
K S x Z ( I ) z C T  
LSYX( I )=CT 
KSYZ( I )=r;T 
<SYY(I )=CT  
KSZX( I )%CT 
KSZY( I )=CT 
KSZZ( I )=CT

U = C H P L X ( G , 2 . )
UY=CSORT(U)
SS = S1-%(GY^LE\;ÇTH/0ELTA1)/CY 
A RGAs UY* A
CALL C B E S N I ( A R G A , 2 , F I )
u = n  ( P )
W R I T E ( I 0 U T 2 , 7 9 )  I I
F O R M A T ( / / 1 0 X , ' 11 = * , 2 ( E l  4 , 7 , 2X ) / )
MYT=2i

CALCULATIONS OF THE SINGULAR PART

CALL K P X Y Z 1 ( G Y , C , U Y , A , A R G A )



5 0

2 6

22

22
21
15
14

1.8

1 9

23

93

25

139
SI TE ( 4 » 50 >

F"ORMAT< / / l e X ,  ' HOLA ' / / >
CALL K''JX Y Z 2 ( G Y , C , U Y , A , ! 4 ,  ! 1 )'
r.:Z A s 2 , » i j
0 ? A s 2 , « H ( l )
00 26 a s i , O2A
Z D ( K l s ! D ? A  + DELTA»( ; < - l )  ) / U [ L T A l
* R 1 TE C 4 » 53 )
S'EAO ( l a  , 222  ) ( I N2 ( I ) • CAMMA2( ! >,  I =1,  HZ A )
FORMAT( 4 { 2 X . E 1 4 , 7 ) )
READ ( 1 1 ,  25 > ( I N K  I > , i = l ,  -HA)
CALL KSXYZCM,2D, JZA.GY.UY)
0 2 = 0 ELTAl
C I = < S , a A I ) / ( P î *  S I GFA1» d 2 )
J T = 1
1 T = i
00 14 11=1,3  
DO 1.5 JJ = 1 , 3  
A T = U V * 3 » ( I i - 1 )
I F C K T . E D . l )  CALL 
! F < K T , E D ,2 Î CALL
I F c k t , r o , 3 )  c a l l  
I F C K T . E 5 . 4 )  CALL 
I F C K T . E 0 . 5 )  CALL
1 F ( KT , 0 3 , 6 1  CALL 
I F C K T . r O . 7 )  CALL 
1 F CKT . E0 , 3 )  CALL 
1 F < K T , E D.9 ) CALL 
DO 21 1 = 1 , w 
nd 22 2 = 1 , M '
TKM.Nf I T J T ) = '< M H ( I >
J T = J * « ( v J - l )
I T *  I *■•!«< I I - 1  )
COOT I DOE ■
CO' T I Dut  
us I TÉ ( 4 » 50 >
CALL EXYZ ( N , S S , C I , C , G Y , UY1 
i -RITE (4 , g,;)
t., T = 3*N
K = 1
DO 18 1=1 , 0  
L ( K ) = - E X < I i
'■< s K, + 1
CO 19 1 = 1 , N 
E.(K) = - 2Y ( I )
x = x ♦ i
DC 20 1 = 1 , M
E ( K ) s - E Z ( I j
X z K * 1
CALL CMATEQ(TKMk; ,E,NT, l .MT> 
u R I T E t I  DUT, 93)  GY 
FORMAT(F.1.3, 3)
WRITE ( I  OUT, 25)  ( r  ( L L ! . L i n . M T )  
F0;9MAT(2(E14,7,2X)  )
GO TU 100  
tXO

5FS(KF-XXi,KPXX2,KSXX, KMN, d ) 
GFS < K p x Y l , KPXY2, K5XY, ;<k?j ,  ̂) 
G P S ( r, P X A 1 , X H X Z: 2 , K S X Z , X *•' , D ) 
G F S £ k P Y X 1 , K P Y X 2 , K S Y X , X M D , N )  
5 P S ( K P Y Y l , K P Y Y 2 , K 5 Y Y » K MN, d )  
GFS<KPY'41,KFYZ2,KSYZ, KMP, M) 
GPS i K P Z X i . K P Z X a . K S Z X ,  XMu , M ) 
G P 5 ( K P Z Y1 ,  K F Z Y 2 , >( G F Y , x i ; ,  f I ) 
G F S ( K p 2 *  1 . K R F s  2 , K S 2 2 . K M ; ; ,  M )
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o * ̂  » » * * * # * S y g R n U T I N E G P S * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

GPS CONSTRUCTS THE SUBMATRÎCES OF THE DYADIC GREEN'S 
TEn5 OR,

JORGE o, PARRA 
C O L O R A D O  S C H O O L  OF M I M E S

# • * « # * * * * » * * * « * * * * * » » * • » * « * « * * * * * * * # * « * » # » * * * * » # * * # * » * * » * * * * * * *
SUBROUT IRE GPS( i , GA , GSx , KMN, N)
COMMON/ DCLT. AP/ OEL2 ,  ÂLAMDÂ 
COMPLEX GP1
COMPLEX G A ( 1 ) , G B ( 1 1 > . C G P ( 1 1 , 1 1 ) # G S X ( 1 )  
G 4 ( D = G P 1
M = 1 
: ( z t
DO 1 ^ 2  J N = N , 1 , - 1
G B ( J 'M ) = G A ( K )

0 2  / = K + i
• V 26 A Z 2 »
DO 103 1=1,'':

Xk = 1
f DO 103 V = I , N 

GGP( I , J)=GA(K)
03 XzK+l

DO 1 0  4 1 = 1 * - -
k s f-- - 1  + 1
DO 104 J = 1 , I  
GGP( I ,J )=GB(K)

0 4  K z K + 1
CALL G'v'P (GSX.KMN.C, N, GĜ  )
RETU:
END

G M N P * * # * * ' * * * * * * * * * * *

GMNP CONSTRUCTS THE DYADIC GREEN'S TENSOR.'

JORGE 0. PARRA 
COLORADO SCHOOL OF MIN^S

0 * * * * * * * * * *  * * # * * # ' * * * * * * * * * * * * * * * * * * * # * * * : * * * * * * * * * * * * * * * * * * * * * * *  
SUBROUTI NE GMNP( CS X , K h N , M , N , GGP)

COMPLEX £ 3 X { 1 )  , K M > ! ( 1 1 , 1 1 )  ,GGP(11 ,11)  , G S , G Î
COMM O^/OEL TAP/ DE 1-2, AL AMD A 
HO 3 1 = 1 , M 
00  s  J = l , N  
K = j
1 1 = ( I -  i  ) » m *  J
DO 6 =
DO 6 JN = 1 1N 
J 1 s ( I i 1 -  1 ) » M + J N 
G S = G S X ( K )
G T = 0 E L 2 * C S * G G P ( I I , w l )
IF !  J l !  D E L - s « -
I F ! I l . E O . J l )  □E L a 1, Æ 
KMM( 11 , J 1> = A L A M D A * G T - C h P L X ( D E L , 0 ,  )

6 X s K +1
5 CONTINUE

R E T U ^ n
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C # * * * * * * * * *  * * * * * $ U B R 0 U T I ‘ IE t  X Y % * * * * * * * * * * * * * * * * * * * * * * * * *  * * *  * * * *
r
0 E X Y Z  C A L C U L A T E S  t h e  I N C I D E N T  E L E C T R I C  F I E L D
0 COMPONENTS IN THE CONDUCTOR,

C J O R G E  0 ,  » a RR A
C C O L O R A D O  S C H O O L  OF K l  MES
C
G * * * » * * * # * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

^ v S R O U T I û . ' E  E X Y 2 ( \ , S S , C I  , C , G Y , U Y )
C O M P L E X  UY 
COUPL E: A
C O ^ M O i X A B S ' ^ E / A ' I  f , W S ( l 6 ^ )
( ; O - i M U N / F L X Y ? / [ X ( 6 0 )  , R Y ( 6 ^ )  , [ Z ( 6 0 )  , [ ( 1 8 0
C O ^ M e ' . i / V A R l / ? ! ( 6 0 )  , , X H ( 6 0 )  , X ( 6 0 )  , U E L T A , u E L T A l
C O M P L E X  & P G , X O , % l , S , C , O X , Q Y
X l  = X ' ' ( l ) / D K : L T A l
X 2 * X 1 * X 1
r , 0 1 1= 1 , N
t l  = E< Î ) / 3 E L T A l
7:2 = Z 1 *  /! 1
R=yQ^T(X?+^2)
ARr; = UY*R
CALL C R E S N K ( A R G , ? , F K )

% 1 = F K ( 2 )
% R *  R

R 2 = P 1 *  R
:; = u Y * U Y # K 0 * Z 2 / R l  + U Y * K l A ( g 2 « X 2 ) / R 2

A L L  C -v.S f 7 1  # X 1 # G Y # P # u # 1 )
OX = : : ' ' P L X ( ^ , G )
& X ( I ) : : I * G * v x * S S * G Y  
CALL G S S ( Z l , x i * G Y , P , Q , 2 )
Q Y = G ^ P L X ( P , C )
F Y ( I ) = - C l * ( C + Q Y ) * S S

I ) = - C I * C * U Y * Z l * l < l * S S * G Y / R
1 CONT I NUE

R C T U R f ,

r \ j
C * * * * * * * * * * * * * * * S U B R O U T I N E  K P X Y 7 1 * * * * * « •  * * * * * * * * * * * * * * * * * *  ^ *  *  *  *
C
C KPXYfi-COMPUTES THE SINGULAR PART OF THE GREEN'S
C TENSOR FJjR A SINGULAR CELL,
C
c  J O R G E  0 ,  P A R R A
C C O L O R A D O  S C H O O L  OF M I N E S

C * * * * * * *  ■«■** * * *  <-• * * * * * * * * * * * * * * * * *  ̂  * * * * * * * * * * * * * * * * * * * * * * *  ^ *  *  *  *  *  
SUBROUTINE K P X Y 2 l ( G Y , C , U Y , A , A R G A )
C O M P L E X  K P X X i , K P Y Y l , K P i Z l i K P X Y l , K P X Z t , K P Y X l , K P Y 2 t , K P Z Y l  

*  . X P H X l , K e Z Y i . K P Z Y l
C G - H O M / S I M G I /  KPXXl ,KPYYl ,KPZZl ,KPXYl ,hPX21 ,ÀPYXl ,

» > i P Y 2 l , r < F £ X l , : < P Z Y l
C O M P L E X  C , C 3 Y , U Y , F K ( 5 8 ) , A r G A . K I . C O M , Q , CT 
C O M P L E X  C P , U U  
5P = C--.P1.X(Z, , 2 .  )
CT = C ’ P L X < 0 , , 0 . )
F I = 3 , 1 4 1 5 9 2 6 5  
P I  i  s 2 , *  PI
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*

CALL C^ESNKCARGA,2 , FK)
i!U = UY*UY 
IU = FK(2)
C0N=1, /UY
U = (jûi"s* ( -  A *K1 + 1 1 /  U Y )
XpXXl5- (UU* . '3  + CP)*C
x-pXYlzCT
KPXëlzGT
XPYXlzCT
KpYYls-(GY*GY+CP)*C
KPYZlsCT
KP2X1=GT
xpZYlzCT
! \P/Zl  = /PXXl

[  T U /  ;\j

c:
C KPXYZg COMPUTES THE SINGULAR PART OF THE GREEN'S TENSOR
C FOR A wON-SlNGULAR CELL,
C
C JORGE 0,  PARRA
C COLORADO SCHOOL OF HINES
C
C * # * » * *  » * * « • * ' » #  » * * * * * *  *  * * * * * * * * * *  *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

SUGROUmE KRxYZ2(GY,C,UY,A,i ' - ,  I D
COMPLEX kPXX?,KPYY2, i<PZZ2»KPXY8,KPXZ2,KPYX2,KPYZ2,

*  KP2X2, KF2Y2
r-O^MiVi/SlNGR/KPXXZtàx) , KKYY2 ( 6 0 ) ,  KPHH2 ( 6V; ) , KPXY2 < 6;; ) ,  
f- p X 2 2 ( 6 3 ) ,KPYX2(63)  ,KPYZ2(60)  »KPZX2(60) ,KPZY2(6Z)  
COMPLEX C»Ci5Y ,UY , I l .CT ,AK G, FK( 5g) ,K 0 , Q, 3T  
îQ - ' 'V 'n /v aR 1 /  H(écn , Z û ( 6 0 )  . X M ! 6 à ) , X(60 )  , DELTA, DELTA! 
COMPLEX UUiCP 
CP-C ' r̂'LX f 0 1 , 2 . )
P I = 3 , 14159265  
f  * I i  *  2 , *  P I  
vT=C^PLX!T, , 9 . )
X X s X C D - x M ( l )
U U = U T « U Y 
U - 1 
J N » 2
00 3 L = i ' N " l  
% Z = ( Z W ) - Z N ( J N ) ) / O E L T A l  
R3SQPT(XX*XX+%Z*ZZ)
ARG=UY*R '
CALL CBESNK(ARG,2,FK)
K0=FK<1)
G=KO^I1*A/UY 
KPXX2(JN)=- (UU* ,5+CP)*Q  
KPXYRCUN):CT 
KPXZRCJN)aCT 
KPYX2(JN)=CT 
KPYY2( JN):- (GY*GY*C.P)#Q 
KPYZ2(JN)=KPYX2(JN)
KPHX2(JN)=CT 
KPZY2(JN)=CT 
KPHZ2( J: I)=KPXX2( JN)
J N 3 J N + 1 
CONTINUE 
RETURN
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ENO
C e * e e » * # e # e » e * e » # e S l f 8 R 0 V T I  NE 1 N T ü L S * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C
c î n t g u s  c a l c u l a t e s  t h e  n u m e r i c a l  i n t é g r a t i o n  o r  t h e
C ' ■'OH-SINGULAR E I, E i i E S T 5 I N THE GREEN' S TENSOR.
C
C JORGE 0 .  PARRA
C COLORADO SCHOOL OF MINES
C

SUBRUUT I uE I HT GL S t  I !n ,  I N E ,  GAniHAO,  Gy .  ZD,  NO)
COMPLEX I N l ( l )  , V ! 2 ( l )  , G A H M A 2 U >
O I H E h S I O h  Z D ( 1 ) 
r l Mf c  ;S I Oh X H ( 1 )
C 0 N M 0 - , /  A H 3 W E /  W I J ( 1 é 2 ) i R I J ( 16 0 > . R S ( 1 à 0 ) , ' ■! S < 16  J )
COM°LEX C . K ( s Z ^ )
0 I U £ R 5 ' 0 U R(602)  , p ( 0 0 2 ) , u (602 )
0 1 HE; 3 I ON R1 ( 602  ) 
r  ! = 3 . 1 4 1 6 9 2 6 5  
P 11 s 2 . * P I 
C = C H H L X ( k .  . 1 , )
GsGY#GY 
N R "  4 " 0 
0 R= . 'S
; m )  = 0 . o
00 i  i s i , N R  

1  R(  ! * l ) = R < I ) * DR
R1 U  ) = 0 . 0 
n R l = . i  
' Rj, = «?N 1 
no 7 n  = l , N = i  

7 U K  I 1 * 1 )  =R1 U  I ) * 0 R1
00 6 1= 1 , NO 
£ l  = Z U ( i )
CALL KK2 < R i G, ;R , 7 1 , K , l  )
CALL S U B I N T ; H , N R , » , G , R Y , O Y . D R )
G A M H A 2 ( I ! = C N P X ( R Y , 0 Y ) /  P i 1 
CALL k . < 2 ( R , g , N R , Z 1 , K , 2 )
CALL SU8 INT ( K , N S , P , R , R Y ,  QY ,  [)R )
1 N2< I ) = C ' i P L X ( R Y , O Y ) / P U  
CALL K K 2 ( R 1 , G, N R l , H i , K» 3 )
CALL S U B t N T < K , N R l , F , 6 , R k , Q X , 0 R l )
I N K  I ) = C H P L X ( R X , G X ) / r U  

6 CONTINUE-
r e t u r n
END

C
C SU81 NT HANDLES t h e  NUMERI CAL I NTEGRATI ON o f . THE REAL AND
C I MAGI NARY PART OF THE I NTEGRALS,
C
C JORGE 0 .  PARRA
C COLORADO SCHOOL OF MI NES
C

5-:. * * * * * *
SUBROUTI NE S i ; 8 I T ( K , r: G X » lJ, û , R X . 3 X , H G )
COMPLEX ; < ( ! !
u I HENS t ON P ( l ) , 5 ( l ) , r , ( 7 0 J )  
no  1 1= 1 , NGX 
PC I > 1 3 E A L < K C I  ) )
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1 Q ( I ) = A ! '  u  G ( K ( I ) )

c a l l  S I M P O M P , R , ; , G X , M G >
hx  = rc -.‘a x )
CALL S i ’ i P ONt O. R ,  i GX. ' I G)
QX=R(NGX)
RETURN 
t. NO

C U 8 R OL T I N E
C
C KX2 CALCULATES THE KERNEL OF THE I NTEGRALS C, M
C AND TAU2 AT X - X l = 0 ,
C
C JORGE o ,  PARRA
C COLORADO SCHOOL OF MINES
C
C # # » # *  ><- «• # * «  •» # & a # «. # # » •;> # « «• *  « *  » #«■•»»-$>«*» ■» y * # # * # # # * # * # * * * * # # # * # * #

SU8R0UT I NE KXg ( G X , G ,  i .GX,  4 , K , IK >
COMPLEX K ( 1 ) , U , U X , E  
n i n E w S l O N  G X ( i )  
nO 1 1 = 1 , NGX 
v = G X ( I )
V2 = V * V
A % V 2 + G
U = C M P L X ( A , 2 , )
UX=CSORT( U)
E = C E X P ( « U X * Z )
S = S q n T ( A )
I F ( IK . K 0 , 1 )
I F (  IK , r j , 2 )
I F ( I r( . E 0 . 3 )
v O ^ T l HJE
RETJJ

1

C * * * * * * * * * * * * # # * * * * ' * * * S ! J 0 R C U T I N E  KSXVt»»»»*#'»--»#'»*»»#»»»*««••»*■»»#«
C
c KSXYf  ̂ CALCULATES THE NON"»SINSULAR ELEMENTS OF THE
C DYADIC GREEN'S TENSOR,
C
C JORGE 0, PARRA
C CCLRAOO SCHOOL OF MINES
C
0 # # # # * * # #  *  ^ *  *  *  *  *  ^ *  4 ^ ^ ^ *  O % tF ^  # <1- # *  ^  # # *  *  O #

SURROUT I NE :<SXYg(N,gU,NO,GY,UY)
COMPLEX I N I , I h 2 , GAYMA2,KO, K l , C , UA• FK( 5 3 ) . GC,UY 
COMHON/SSS/I '■; 1 ( 1 2 1 ) , I n  2 ( 1 2 1 ) , GAMMAS ( 121) .
DIMENSION 2d « D
r*D m M l l X V A B 17 2 (6 3 ) , 2 . - i (6 0 ) ,X K <6 0 ) . , X (6 3 ) ,n i :L TA ,D F LT Al  
COMPLEX X3XX,;<SYX,KS5X,KSXY.KSYY,KS2Y,XSXH,KSY2,K322 
COMMON/NGNSI NX K3XX( 1 2 1 ) , K 3 Y X ( 1 2 1 ) , KSZX( 1 2 1 ) , KSXY( 121 ) , 

e K S Y Y ( 1 2 1 ) , K 5 2 Y ( 1 2 1 ) . K S X Z (1 2 1 ) ,K S Y 2 ( 1 2 1 ) , K S 2 Z ( 1 2 1 )
COMPLEX CT 
L' zCMPLX ( G . 1 1 ,  )
C T= CK P LX (0 . , Z .>
P I » 3 , 14159265
P l l = 2 , s P l
XX=XN(1 ) -X (1 )
XXi. = aX»xX 
GC=C»5Y

° 26 6 = 1 , NOW
Z1*2D(K)
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i -2 Mr .1
AS = S J RT <?. 2 + X
UA -  JY v>RS
- 5 l  = AS # s

2 3 As 1 » R 3
c; a LL c r S rjK (
ko = Ff<( 1 ) XPI
K l %FK ( 2 ) / PI I.
KSXX( K ) 2 A"1

XY( K ) Z c T
- SXZ( K ) z V- T
KS YX< 1/ 5 X VT
HS YY( K ) c AM
/  a K ) 2 1.3
r. 5 ^ X ( K ) : r I

EY( ) w SY g
K 52UY*

2 6  CO ' : !  I E

x i  )

U A , 2 , F K )

A 2 ( X > - I N K K )

A 2 ( K ) - ' G Y * G Y * i N 2 (
Y * U Y * E 1 * K 1 / R ^

( K )
Y * 2 2 * X C / R S 1  + U Y *

K)

K 1 * Z 2 / R S 2
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C *  *  *  *  *  * * #  « *  P R 0 G R A K H X Y Z * * * * * *  «- » *  * * *  *  *  % *  * * # *  *  # » *  » *  *  o » * *  *
L'
c l ' XYg p r o g r a m  c a l c u l  ate,  5 t h e  m a g n e t i c  c o m p o n e n t s  a t  t h e
C SURFACE OF T-!E EARTH BY CONDUCTORS NEAR A GROUNDED CABLE OF 
0 F I N I T E  LENGTH.
C THREE OOKTR-X CARO ARE RECOGNIZED BY T h f  PROGRAM IN FORMAT
C < A A , 6 X , 7 F 1 K , N ) f
C CONTROL CANQS
G . I D E S -  THE CARD F ILL ON 1 NO T HI S  CONTROL CARD WILL BL READ
C A NO LISTED AS IDENTIFICATION,AN UNLIMITED NUMBER OF "IOEN"
C C A R D S  n a y  R E  USED.
C DATA - T h i s  CONTROL CARD I N I a TES r e a d i n g  OF t h e  f o l l o w i n g
c p a r a .-'f t e k s ;
C Fr FREQUE ICY IN H E .
P RI CMA1 ^ CONDUCTI V I TY OF T h f  HALP- 5PACE IN MHO/M.
c s I G H A 2  ; 0 . 7 0 UCT I V I TY F T H E  c ONDUC T OR I N  MH O / M ,

Î %c ü ' t R ; T I U A MP F RE s 6
c A r u 13 C O N T P ' l 3 A RD I N I A T E S  C 0 MP U T A T I O N3  AND R(: A o i NG.
c F THE A VF UUMB E RS # A NO T H E E L E C T R I C F I E L D COMP ONE^ JTS
c 1 T u e c n u ü U C T O P G A L C U L A T C O BY TH F P ROGRAM E M X Y Z #
c Cr Y = W A VS h'UM PER I N F M A T ( F 1 0 . 3 0
V e: X ! T - ■ -y A L L E X I T
c D E V I C E U P E C I ^ - i CAT I : N s :
u I N î \ ' P U T  C ONT RC L C A R O S  A NO PA R AM E T E R S .
c I P U T  = 8 I N PU T  OF T HE E L E C T R I C  F I E I D c o M p q N E N T S  I N T HE
c V 0 v ' OUC' r o R A NO THE WA V E N U M 8 E R .
c I p H I')! c  H := 1 4 O U T P U T C r T H E  MAG N E T I C F I E L O  COIM P O N E N T S I N THE
c
f"

A V I  NuJ ;ï 3 E R O O M A I N ,

I /

c J O H GE 0 , PA RR A
c COL, 0 P A O 0 S C H O OL F M I N E S

C
REAL HO, LG
i n t e g e r  p a RA 
data p a r a / ' p a r a ' /
DIMENSION I.Of 20)
COOPLF'X I N3 , r ( 3 2 ) , A U X ( 2 2 ) , H X ( 2 2 ) ,  H> ( 2 2 ! , S U M l . H X T t 2 2 )  
D I MENSI ON Z U f 1 2 ) , X Y ( 1 2 ) . x ( 2 2 ) . WORD( 1 2 )
COMPLEX I i G S 3 , A R G , L Y , u . K T , S U H2 
COMPLEX FK <5?)
INTEGER l O E U , D A T A , E X I T , CONTRE
BATA IDEN,DATA,EXIT / ' I D E M ' , 'DATA' , ' E X I T ' /
COMPLEX HAZ(2p),:- i2T<2f.)  , HZ < SS > , SY < 29 > . ASY ( 2 3  > , AUX1 < 2e> ) 
nCMPLfX "SUM1, MAY ( 22 ) .  HYT ( 23 ) ,  H Y <2f, ) , I N 4 , INGS4 » I Nr,S5 
COMPLEX X3, KtO , K t i , S’j h S , SyH4, C22
CONMCN/ ARSWE/ WI J ( 1 6 2  ! , R I U ! 1 6 C ) , RSS( 1 6 0 ) , WSS( 1 6 0 )
CALL WABSSCI!J , R I J,WSS,RSS)

C
C C0'”3T ANTS

4 )NiY 5 £
J M P U î  s 8 
I O U T  = 4 
I  P U N C H  a 1 4  
P I = 3 , 1 4 1 5 9 2 ^ 5

100 % E A 3 ( M ! , 7 0 )  CONTRL , ( W O R U ( I ) , 1=1 ,7 )
70  F O R M A T ! A 4 , 7 P 1 0 , 0 )

I F ( C 0 N T R L , E : 0 , I D E ^ )  GO TO 7 1
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I F ( C o O . O A T / , ) GO TO 7 2
I F ( CO :' - T R L , E Q. PARA) GO T v 9 0
I F ( CO NT R L . E O . E X I T ) GO TO 7 3

I TE < I o u t  « )
7 4 P 0 9 M4 T e / / 1 0 X , ' I L L E G A L CO"•JTR
73 ST CP
71 ■COv t i ; IU E

1

20

1 5

2 7

CARE

I L P  = r . OHL ! ( l )
0 0  9 1  1 = 1 , I L P  
^ E 4 D (  I ' N : , 9 2 )  IQ
: . ; RI TE(  i n u T , 9 3 )  13

91 C0 TIN
92 F 0 r< AT ( 2 / A4)
93 FC M\T ( / / 1 ox t 2 2A

C; 0 T 107
72 F"% 0 ( 1 )

« 2 9 î
S I. A1 K W 0 RDC 2 >
S I UH* 2 - 00 ROC 3 )
À I z ORU ( 4 )

EL TA l p TC 2. , / (
E L T A 2 =so R T C2 , / (
E T 4 9* DEL T A2

* M 0 * S I G M A 1 ) )

r : E L , ; , j E L T . \ / O E L T A l
S I G 3 = S I G M A 2 m $ I G M A1A1

1 4 ? ? î? pI 4
ALAMDA=SlGO/(PIi^OELTAl>
ALAHüA = ALAMDA*DELTA*r,ri,TA.
r,0 T- 100  

93  CONTINUE
kEACX l p P U T , : 3 Z 3 )  GY 

3 0 0  P O P ( y A T ( T i 0 . 3 )
= I 0

.X = 1 9
t. G - i •S 1 /
7 1  = ( 2 5 8 «f

> r£1
0 0 1 I s 1
Z N ( I + i }
x ( l ) s. 2 5
00 20 1= 1 , NX
X ( 1+ 1 ) = X ( I ) + X ( l )
0 =GY^G Y
C22=GY * O M P L X ( 0 , , 1 , )
o=CN>L X ( G , 2 , )
uY=CSô R T ( u )
X H ( î  > = 2 5 : / ,

T = 3 , * 9-:
PEAQX I M P U T , 1 5 )  ( [ ( L L
FORMAT ( 2 ( E 1 4 , 7 , 2 X ) )
no 27 1= 1 , NX
X 1 = X ( I ) / O E L T A l
CALL HX X ( H X ( I ) , H Y ( I )
n û o T I N UE
XXX=13
r. = l  '

LN = 1
I K = 9
0 0  5 0 2 1 = 1 , XXX
X X = X ( I ) / D E L T A l

STOP V )
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SU:M1=CMPLX(0, 2 , 0 , 0 )
su M3 = CUPLX( 0 , 0 , 0 )
su M4=CMPLX(0. 0 , 0 , 0 )
su M2*CU.PLX(0, 0 , 0V0 )
J J 5 1
00 533  1 ^ = 1 , H 
X1 = X ^ ( H j / O E L T A l  
0 0 5 : ^  i v  = l , . \ '

I N ) / n E : L T A l  
XL = XX^'<1
n S - S ? R T < X L * X i . t Z i  * ^ 1 )
A R G : H $ * U Y
CALL G B E S N K ( A R G , 3 , F K )
K I S F X (%)
K 0 = F /  ( 1 )
< T = U Y * K 1 * 2 1 / R S
KTi.zVY*XL*K4 / RS  
KT0=C2?»K0
I F ( X L , p ; O , 0 , m)  GO TC 10 
CALL G S - S ( Z l , X L , G Y , P , a ,  I K )  
I N G S 3 s C M P L X ( P , 0 )
CALL G S S ( Z 1 , X L * G Y , F 1 , Q 1 # 1 2 >  
INGS4ccMPLX(Pi ,Ql )
S U ^ 3 * S U ^ 3  + E ( J j  + 2 * N ) » < X T O + I N G $ 4 * C 2 2 ) 
CALL G S S ( Z 1 , X L , G Y , P 2 , Q 2 , 1 4 )
I NG8 :) = C' ' ! PLX( P2 , 0 2 )
0 U h 4 % S u 4 + E ( J j  + ) *  ( KT1+ I )
SL'^lrSUYl + L ( JJ)  * ( I LGS3-KT )
$UH2 = . 3UM2*L(  JJ + N ) * ( K T - I N G S 3 )
GO Tv 5.23 

10 CALL GCK ( Z l ,  S Y,  M 3 ,  1:14)
SUX1 = SU:11 + E:( J J ) * (  I i \ 3 - K T )  
t )UM2a$i ;^2 + E: ( J j  + N ) * ( : < T - I :\ i3)  
AUM3«SVM3*E( JJ + 2 * \ j ) * ( K T 0 +  M 4 *C 2 2 )  

503 J J 5 JJ + 1
AUXK I ) =$UM2  
S Y ( I ) = - R u M 3  
A $ Y ( I ) e - 5 U M 4  

5 0 2  AUX(I)=SUH1
I C = 1 
-< = 1 
LN = 1
DO 5 0 5  1 = 1 , NX
I F ( K , E W . 1 0 ) . L N = - l  
HA( I ) s ALa HOA»AUX( K)
H A Y ( I ) = A L A M 0 A * A U X 1 ( K )
HAZ (  I ) = A L A M O A * (  i ( i ^ A S Y ( K ) + S Y ( K )  )
UXT( I ) ^HA( I ) + H X ( Î )
^ Y T ( I ) = : ! A Y ( % ) + H Y (  I )  
r Z T ( i ) = H A Z ( I ) + H g ( I )
I F H , E O , 1 0 )  I C = - 1  
K 3 K + L 

5 0 5  CnNTl MUE -
, R I T L ( I 0 L T , 3 l )
^ R I T E ( I O U T , 3 0 0 )  GY 
k 9 I T E U P U N C H , 3 0 0 )  GY 
< R I T C C I D U T , 3 1 )

31 F 0 R M A T ( / / 1 ^ X , ^ , V / )
W R I T E ( I 0 V T , 1 4 )  ( H A ( I ) , H X ( I ) , I = 1 , NX )  
00  2 4 0  1= 1 , NX
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242

1 4

2 5 0

2 6

E l s R E .  AL  ( H X T  ( I ) ) 
E.2 = AI MAG( HXT(  I ) )
A E = S T ( F l * C i * [ 2 ^ F 2 )
P[  = AT A\ 2 ( F 2 , r i ) * i 8 g . / P I
[ 3  = RE ÂL( r l A (  P  )
ÿ. 4 " A I A G ( H A ( I ) )
AE1 = S f ' . N T ( E 3 * F : j  + C4»F 4 )
PE1 = A A ; i 2 ( ^ 4 , E 3 ) * i e 0 , / P I
/ R I T l ( M u T , 1 4 )  A C , FE,  A E l ,PE 1
NRI TE ( I OU T , 31)
TORN AT M ( 2 X # E 1 4 , 7 )  )
- R I T E ( 1 0 U T , 1 4 )  ( - A Y ( I ) *H Y( I 5 *
CO 23 1=1* NX
C1 = RCAL ( H Y T ( ! ) )
E. 2 ”  A i. h A:1(HYT(  J ) )
6 [  = S:,! H T ( E l * E l  + E2^r :2 )
r c = A T A \ 2 ( E 2 , C l ) * i 6 0 . / P I
E3 = NC ÀL ( H A Y ( 1 ) )
C4 = AI A G ( H A Y ( I ) )
A F 1 = Sd HT(E:3*C3 + r 4 * E 4 )
PE1 = AT A ^ ? ( E 4 , E 3 ) * 1 G X . / P I
/ :RITC( I O U T , 14)  AE,P E,  AE1 *PE 1
^ R I T E ( P U T , 31)
PRITE CI O U T P 4 )  ( H A Z ( P , H Z p ) i
UO 2 4£■ 1=1* A

AL ( H Z 7 ( I ) )
C2 - A i A G ( H Z T ( I ) )
AE;SO RT(L1*E:1  + E2 * E 2 5
p p  3 A T AH2 ( E 2 , E l ) * i a 2 , / P I
F3 = RL A L ( H A Z ( I ) )
r  4 = A i A O ( H A ^ ( I ) )
AE1 = 1 ^ T ( E 3 » C 3 + F 4 * E 4 )

PE1 = AT A ' 2 ( b 4 , E 3 ) * i e H . / P I
< I 0 U T * 1 4 )  A C , P F , A F 1 *PE 1

i . N X )

( I P UNC: M, 1 4 )  
I TE. ( I PUNCH,  1 4 )  

^ R I T E : ( I P L N C H , 1 4 )

( k X T t 1 ) , H X ( 1 ) , 1=1,NX)
IX 
X )

GO
( H X; ï  U  5 * H Z ( P  # I “ 1 #
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Ce# # » # * # « » » * « * »  eeSUCRCUT I "'IE S I MPON * * * * * *  * * * * * * * * * * * * * * * * * * * * * *

c stMPOi j  c a l c u l a t e s  thf: v e c t o r  o f  i n t e g r a l  v a l u e s  f o r  a
C GI VEN EQUI D I S T A NT  TAFiUF, OF FUNCTI ON VALUES,
c

SU8 R 0 UT I NE  S I M P 0 U( Y . Z . N HAXS. DR)
C

D I M E N S I O N
H T * ( 1 , 0 / 3 , 0 ) * D R
R O I M p N ' U X S
I F ( N D I M " 5 ) 7 , a , i

r*
NOIM 13 ST, THAN 5 .PREPARATION OF INTEGRAL LOOP

1 SVM1=Y(2)+Y(2)
= S U M i + 5 Ux i

S'JMlcHT*(Y( l )+SU' ' ' l  + Y<3) )
AUX1?Y(4)+Y(4)
A U X 1 = A X i  *  A U X 1

AUXl=Su%i+HT* (Y(3)+AUX1+Y(5) )
AUX2 = H T * (  Y ( l ) f 3 . a 7 5 * ( Y ( 2 ) + Y ( 5 )  )' +

1 2 , 6 2 5 * ( Y ( 3 ) 4 . Y ( 4 )  ) + Y ( 6 )  )
SU;<2 = y ( 5 ) + Y ( 5 )
SL:M2 = SUM? + 3UM2
SV!':2 = AvX2^HT* (Y(4 )*SUM2*Y(6)  )
7(1)3^' ,
A- X = Y ( 3 ) + Y ( 3 )
A LI X s A Ij X + A U x :
Z(2)3G:J: I2-HT*(Y(2)+AUX + Y(4)  )

j - z
/* ( 4 ) = S v " • ?.
I F ( N 0 I M - 6 ) 5 , 5 , 2

C
C INTEGRATION LOOP
C
2 00  4 I = 7 , NO I H , 2 

SUXlsAVXl  
SUM2=AUX2
AUX1 = Y( I - l )
A;.'Xl = A-Xl  + AUXl
A U X l s S U M l + H T * ( Y ( 1 - 2 ) + A U X l + Y ( I ) )
Z( I -2 )=SUM1
1 F ( I ^ N 0 l M ) 3 , 6 , 6

3 A U X 2 = Y ( I )+ Y ( I )
AUX2=AUX24AUX2
Al}X2 = S U X 2 * H T * ( Y (  I - l ) + A U X 2  + Y(  I + D )

4 Z ( I - l ) c S u M 2 -

Z(N0lY!)sAUX2
RETURN

6 g ( N 0 I M - l ) = S V M 2  
g(NOIM)=AU.Xl
RETURN

C
C END OF INTEGRATION LOOP
C
7 I F ( N Ü I H - 3 ) 1 2 , l l , 8 
CNDIM IS E3U0
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8 S U M 2 = 1 , 1 2 5 * H T » ( Y ( 1 > * 3 . 0 « T < 3 ) * 3 , 0 » Y ( 2 ) * Y ( 4 > )
S U M l » Y ( 2 ) t Y ( 2 )
s u M i s s u u i  + Si u- ' i  
SU;U*hT*(  Y<1) ♦SUi! l * Y ( 3 >  )
/  ( 1 ) ” 2? •
AUX1=Y(3)+Y( j )
AWXl aAUXl  + Al i Xl
Z ( 2 ) a S U H ? - H T * ( Y ( 2 ) + A U X l + Y ( 4 ) )
I F ( N O I M - 5 ) 1 0 , 9 , 9

9 AUX1 = Y(4)4 'Y(4)
AUXl=AUXi+AUXl
& ( 5 ) s S U H i + H T # ( Y ( 3 ) + A U X 1 + Y ( 5 ) )

10 Z ( j ) = S U H l

C
C - D I M  i s  EQUAL TO 3
C
11 SUMl = H T * ( l , 2 5 * Y ( i ) .  + Y ( 2 ) + Y ( 2 ) m 0 , 2 5 * Y ( 3 )  >

SUM2sY(2)+Y(2)
Z ( 3 ) = r T * ( Y ( l ) + S U : 1 2 * Y ( 3 )  )

/ ( 2 ) =sjMl
12 RETURN 

END
U 8 R 0 U T I N E

C
C 8EXEP CALCULATES THE HOUIFIED BESSEL FUNCTIONS l U , I i , K 0 .
C K1. FOR COMPLEX ARGUMENT X.  AMPLI TUDE OF THE ARGUMENT
C MUST BE LESS, THAN 8 , PHASE IS 4 5 ,  DEGREES.
C
C JORGE 0 ,  PARRA.
C COLORADO SCHOOL OF MI NES.
C
C** * * * * * * * * * * * * * * * * * * * * * # * * * * * # * * # * # # # # * * * * * - & # # * * * * * # * * # * * * # * * * #

SUBROUTINE 9 E K E P ( 1 0 , U , K 0 , K 1 , X , M X )
COMPLEX 1 0 , I l , K O , K l , C C , I O A , I 1 A  
COMPLEX CCI  '
S = l , / S 0 R T ( 2 , )
CC=-S#CMPLX( l , , 1 . )
CCl=5#CMPLX( 1 , * 1 . )
I F ( H X . E 9 . 2 )  I O A * I O  
1 F ( - 4 X . £ 3 . 2 >  11 As 11 
REAL K E R X , K E I X , K E R P X , K E I P X
D1 MENS I ON A ( . 5 ) , 9 i 7 ) , C ( 8 ) , 0 i 7 ) , E ( 7 1 . F ( 7 ) , G ( 7 ) , H ( 7 )
DATA A / 1 . , - 6 4 , , 1 1 3 . 7 7 7 7 7 7 7 4 , - i32,3634 5 6 s 2 f 2 . 64191397»- . 0 8 3 4 5  6; 

6 , 3 0 1 2 2 5 5 2 , - , 0 3 0 D 0 9 8 1 /
DATA 8 / 1 6 . » - 1 1 3 . 7 7 7 7 7 7 7 4 , 7 2 . 8 1 7 7 7 7 4 2 . - 1 0 . 5 6 7 6 5 7 7 9 , , 5 2 1 8 5 6 1 5 ,  

e-  , 2 1 1 3 3 6 6 7 , . 0 0 3 1 1 3 4 6 /
DATA C / - . 5 7 7 2 1 5 6 6 , - 5 9 . 3 5 8 1 9 7 4 4 , 1 7 1 . 3 6 2 7 2 1 3 3 , - 6 0 . 6 0 9 7 7 4 5 1 ,  

e 5 . 6 5 5 3 9 1 2 1 , - . 1 9 6 3 6 3 4 7 , , 3 2 3 3 9 6 9 9 , - , 0 0 0  32453 /
DATA 0 / 6 . 7 6 4 5 4 9 3 6 . - 1 4 2 . 9 1 8 2 7 0 8 7 , 1 2 4 . 2 3 5 6 9 6 5 0 , - 2 1 . 3 0 0 6 0 9 0 4 »

» 1 . 1 7 5 2 9 0 6 4 , - , 7 2 6 9 5 8 7 5 , . 0 0 3 2 9 5 3 2 /
DATA E / - 4 . , 1 4 . 2 2 2 2 2 2 2 2 , - 6 , 3 6 8 1 4 8 1 0 , , 66 04 734 9 ,

« -  , 02639253,  « 03045957 , -  . (53800394/
DATA F / . 5 , - 1 2 . 6 6 6 6 6  6 6 6 , 1 1 . 3 7 7 7 7 7 7 2 , - 2 , 3 1 1 6 7 5 1 4 , . 1 4 6 7 7 2 0 4 ,

« - , 3 7 3 7 9 3 3 6  , , 7 'U!0460>/
DaTA D / - 3 . 6 9 H 3 7 3 4 , 2 1 . 4 2 ^ 3 4 0 1 7 , - 1 1 . 3 6 4 3 3 2 7 2 , 1 , 4 1 3 8 4 7 8 0 ,

» - . 3 6 1 3 6 3 5 3 , . 0 0 1 1 6 1 3 7 . - . 0 0 S D 1 0 7 5 /
DATA H / . 2 1 3 9 2 1 7 , - 1 3 , 3 9 8 5 8 8 4 6 , 1 9 . 4 1 1 8 2 7 5 8 , - 4 . 6 5 9 5 0 8 2 3 ,

» . 3 3 0 4 9 4 2 4 , - . 0 8 9 2 6 7 0 7 , . 0 0 6 1 1 9 9 7 /
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P i s 3 , l 4 l 5 9 2 6 5 3 5 8 % 7 9
HATA U O . U ,  Y l , P l , 9 i / 0 .  ^0

*  *# 0 I » '-'»» 0 * * f'' , » 0 0 0 * '  Ÿ3 ' /
I F f X . L T .  . g s ? 2 8 0 ? i )  GO TO 30  
U0=X/8.
U a U 0 * U O
Ï F ( X , L T , , 3 3 0 3 1 )  00  TO 3 3  
v * u * u
i F ( X , L T .  . 0 0 0 1 )  GO TO 3 0  

• Z s V e U  
Ï F « X , L T .  , 3 0 9 )  GO TC .10 
w s 2 *  u
I F ( X . L T ,  , 0 4 )  GO TO 3ù 
y = k » u
î F î X . l T,  . 0 3 !  GO TO 30 
p = Y * u
Q a P ■» U
I F C X . l T ,  , 4 )  GO TO 3 0  
U 1 = 0 * U
v i a u i » u
I F ( X . l_ T . , 3 )  GO TO 30 
r 1 = V1 » U

Y1=«Î#U 
P 1 z Y1 9, j

CALCULATION OF BES(X)

R E R X 8 A < l ) « A i ; 2 ) e V * A ( 3 ) » W * A ( 4 ) e p * A ( 5 ) e U l * A ( 6 ) » Z l * A ( 7 > « n * A ( 8 ) e G

c a l c u l a t i o n  of bf: i t x !

B E l X s 8 < i ) » U * B ( 2 )» 2 * B < 3 > « Y * . 8 < 4 ) » Q * 6 (5 ) e v i * B < 6 )» H l * B (7 ) » P t ^
I F ! H X , L 0 , 1  ) GO TO 13  
I F < > i X , L 3 . 3 )  CONTI . OLE

CALCULATI ON OF KKRCX)

A U X A 8 - A L 0 G C , 5 » X ) # B E R X * , 2 5 # P I e B E I X '
a;JX3 = C ( 1 ) + C ! 2 ) » L  + C ( 3 } « L i + C ( 4 ) » P  + C ( 5 ) * U 1  + C ( 6 ) » 2 1  + C < 7 ) 0 Y i  + C ! 6 ! «Q
k e r x $a uxa* auxb

Ca LAUALATIO-J OF K E I  CX)

A U X C  = - A L O Û ( , 5 « X ) « 8 E I X - , 2 5 » P I  9 R E R X
Al )XDsDCn*U*D< 2>* 2*D <3 >* Yf0< 4) * Q*0 C5> *V i *0 <6) *WU Q<7 >* PC  
KEIX* A-JXC* AUXD

C A L C U L A T I O N  OF B E R ( X )  '

CONTINUE
8ERPX = X # < E < t ) « U * E ( 2 3 e Z * E < 3 ) e . Y * E t 4 ) » 0 * E ( 5 > « V l * E ( 6 > # W l * E m ' e F

CALCULATION of 8EI  <x>'

P E I p X = X » ( F ! i  ) + F ( 2 > » V *  F £ 3 ) *  U + F ( 4 ) « p + F ( 5 ) ft U i  + F ( 6 ! » T I. + F ( 7 ) ® Y 1 ! 
i F d x . e a . i )  g o  t o  21 
I F ( M X . E l . 3 ) CONTINUE

A--3
-
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C A L C U L A T I O N  OF' K E R ( X )  *

AUXEs-ALOG( ,5 * X )  ^3CRPX-"Bk.RX/X+ ,2 5 *P I * B E  IPx
A U X F = X * ( G ( 1 ) » U + G ( 2 ) j ) * Y * G ( 4 ) * Q + G ( 5 ) * v i + G ( 6 ) * W i + G ( 7 ) * P l )

. KFRPXgAUXE+AUXF
C
C CALCULATION op K E I ( X ) '
C

AUXGR-ALOGC,5^X)*BEIPX-BLIX/X- , 25*PI*BERPX 
A U X H ; X * ( H ( l ) + H ( 2 ) * V + H ( 3 ) * W + H ( 4 ) * P + H ( 5 ) * U l + H ( 6 ) * 2 l + H ( 7 ) * Y l )

20 TO=CXPLX(8EPx,8ElX)
I l -CC^G^PLr . ( -BEIPx,B[RPx)
I F ( M X .T O .1) GO TO 120 
KO = C h P L X ( % F : ? X , K E I X )

2 0 0

KE I P A .-i A G + AUX H
: 1 s C l %CM PL X ( - K F I P X , K E R P X )
I F ( H X . L p . 3 ) GO TO 2 0 0
I F ( Mx , E 0 . 2 ) 1 0 X 1 3 4
I F ( X . o . 2 ) 11 - I 1 A
0 0 T 2 0 0
KO K V xp) L X ( 0 t # 2 . )
K l S V x p L X ( 3 , , 3 . )
1 0 3 1 0

v 1 = 3 , 0  
/ 1 = 0 , 0  
V 1 = 0 * 0
Y l = j , 2  
P l = 0 , a  
Q 1 = 0 $ 0  
RFTUPU
FNC

C
C CMATEO SOLVES A SET OF COMPLEX SI MULTANEOUS L I NEAR
C [ OV AT I ONS BY GAUSS E L I M I N A T I O N  C O E F F I C I E N T S  WITH
C PART I AL  P I V O T I N G .
C

COMPLEX FUNCTI ON C M A T E O ( A , B , I I I , J J J , I D )
DI MENSI ON 4 ( 3 1 , 3 1 . )  ,B< 3 1 , 1 )
COMPLEX a , B , S , D .
COMPLEX F 

' F = C H P L X < 0 , , 3 , >
KK» I I I
M V s l A B S C J J J )
0 : C M P L X ( 1 , . 3 , )
I F ( J U J  . L T . t f )  0 = C M p L X ! 0 >
KKMsKK-1 
WRITE< 4 , 111)  

i l l  F O R M A T < / ' P A 5 E  FOR l ' )
CO 9? U t . K K M  
S z c M P L X i i ' ,  , 0 ,  )
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00 10 J = t , K K
R s C A B S ( A t J » I ) !
!F<R.l .T,CAB3(S)  > GC TO 10
S = R
L s J

10 CONTINUE
I F ( L , E O , I )  GO TO 50 
TO 23 J=I ,KK  
S S A ( I , J )

20 A (L W)=G
I F U V . L E . 0 )  GO TO 40 
UO 30 U=1,NV 

1

3 0 3 ( L , J ) = o
40 0=^0
50 I F ( C 4 8 S ( A ( I , I ) ) . L Q V 0 , 0 )  GQ TO 90

IPOs I + 1
00 S/; Jz?PO,KK
I F ( C A B S ( A ( J , I ) ) . C O . 0 . 0 )  GO TO 60 
S = A(J,  I ) / A(  I , D  
A ( J , I ) ± C N P L X ( ^ , )
CO 60 K=IP0,KK 

60 J , i < ) = A W , K ) _ A ( I , K ) * S
I F ( N V , L E , 0 )  GO TO 60 
00 70 K=1;NV

7 0 P ( J , K ) = 0 ( J f r\ ) '- 0 ( I , K ) * S
80 CONTINUE
90 CONTINUE

L-.'ÜITE(4„i22)
122 F04MAT(/*PASE POP 2 ' )

-0  1U0 1 = 1 , x,<
1 3 0  5 z O # A ( 1 , I )

I F ( N V , L E , 3 )  GO TO 130 
k:MO = KK- l  
DO 120 K = 1, \ 'V 
8(KK,K)=P(KK,K) /A(KK,KK)
DO 126 1 = 1 , KHO 
N = N K -  I
no 110 J=N,XNQ 

110 H ( N , X ) 9 B ( N , K ) ^ A ( N , J * 1 , K )
120 H ( N , K ) = R ( N , K ) / A ( U , N )
130 CMATE0=0.

WRITE(4,125)  CMATEC 
125 FORMAT</10X, 'DETER:SE14»?)

RrTURN

C#»* «•»*«• » « » * * » » * # *  *  S U B R 01 i T I N E OSS* *  * » # # # * * * #
C
C GS5 CALCULATES THE INTEGRALS OF THE NON-SINGULAR DYADIC
C GREEN'S FUNCTION AND THE INTEGRALS OF THE ELECTRIC
C FIELD BETWEEN THE ZEROS OF THE COSINE AND SINE FUNCTIONS
C
C jORCE 0,  PARRA
C COLORADO SCHOOL OF MINES
C

* * * * * * * * * * * * * * * # # -a & # # * * »# * * * # * #  
SUBROUTINE GSS(Z,Y,GX,.P,U,  %K)
COMMO0/AR5MG/HlJ i l6 i : ) ,P lU<1691,RS(160) ,BS( j ,6v ! )
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CI 5 1 0?. PH ( 101 ) ,  en ( 101 ) . R ( 101 )
P I s 3 . l 4 1 5 -

h S P I /  ( 2 . -K :-j )
I F (  I K . t O . l )  GO T -1 6  

I F d K . K O . l S )  GO TC 6  

! F ( I K , F.G , 1 4 S GO TO 6  

I F  H  ;< , £ Fî . 1 3  ! 5 0  TO 6

p ( 1 ) ™ i;' t vi
f  2 5 P *  1 
DO 3 1*1, ,N2 
G * H » ( J - I )
Y = A 3 S ( Y )
CALL K L X Y Z C 5 / Y , G X * 2 » P , Q . I K )  
P R ( I ) s P e c O S C 5 )
D R ( î ) =  û " C0 S { G ) •
COaTIDUE
CALL GAUSSi(g,Y,Y P| Y3 , IK ,GX)
H - î-! /  Y
CALL SIMPON(PR,R, M2 # ;■!>

RY1 = ;^(N2)
CALL SIMPON(QR,R, N2, H)
DY1 = P('Y2)
p=RYltYP
QzCYl+YQ
PETU:' -

CALL GA'JSS1(Z,Y,P i G i 1K,GX)
RETURN
CNC
«##«»■»* * * * *«$  U 8 R 0UTI î E M A B S S * * * * * * * * * * * * * * * * * * * * * * * # # * * *

kAHSS CALCULATES THE WEIGHT OF THE GAUSS QUADRATURE
YETHCQ OF INTEGRA T I 0 ! «

JORGE 0 .  P a RRa 
C COLORADO SCHOOL OF h I ;«ES,
C

S UB ROUT I NE  •-;A g s S ( l » l J , R I J » W S , R S >
DIMENSION W1J( 1 ) ,R IJ <1>
DIMENSION WS(1) ,RS<1)
DI m j pS I Of-: X(H) ,u<8>
DATA X / " . 9 6 0 2 8 9 8 6 , - . 7 9 6 6 0 6 4 8 , - . 5 2 5 5 3 2 4 1 , - . 1 8 3 4 3 4 6 4 ,

» .15343464 .  .5255.3241,  . 79666643 ,  , 9 6 0 2 8 9 8 6 /
DATA U / . 1 3 1 2 2 8 5 4 , . 2 2 2 3 8 1 0 3 , . 3 1 3 7 0 6 6 5 , . 3 6 2 6 8 3 7 8 , , 3 6 2 6 8 3 7 8 ,  

*  . 3 1 3 7 0 6 6 5 , . 2 2 2 3 8 1 3 3 , . 1 0 1 2 2 8 5 4 /
P t =3,14159265
P2 = F>I/2
K î l
DO 1 J * l , 2 0
00 2 1=1,8 
X1 = X ' I )
P l = W i I )
RIJCk )=P2»(X1*2.»J)
HJC* )=P2#W1

2 K s K +1
1 CO.-Tl DUE

4 = 1
DO 3 J * l , 2 0  
DO 4 1=1,8
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X 1 = X ( I ) 
w 1 Z W ( 1 )
R S f X i c P e H X l  + Z . a J - l ,  )
^ S ( X ) = P 2 * W 1

4 k s i< + x
3 C O M l N U E

F NO
*  » # * « » * » # *  5 U B ft û U T Î i'v E G A U S S !  * * * # * * * * * * - * * * # # * * * # # # # # * #  *  # & *

C
C G A U S S i  C O M P U T E S  THE ULj MEPl CAL I N T E G R A T  I OU B E T W E E N  T H F
C HE ROS  OF T HE C O S I N E  AND % M E  F U N C T I O N S ,
C
C u O R G E  0 ,  P A ^ f t A
C C O L O R A D O  S C H O O L  OF H I N E S
C
C #  * * * #  *  * « • » » « • ■ « -  ■» % *  #  »  »  «■ *  »  #  *  «  *  »  *  « # « • « • » « •  t  # - # * *  #  *  «• »  «• <i #  &  *  * » « . # • » #  *  A #  » * * *

S UBROUTI NE G A U S S K 2 ,  Y,  YP,  YO,  I K , G X )
D I ME N S I O N  P R ( 2 0 ) , Q I ( 2 ^ )
COMMON/AftSWE/WIJ(l60) , R I J ( l A 0 ) , R S ( l 6 0 ) , W S ( l ^ ^ )
I R - 3 :
1=1
T S 1 = 0 , 0  
T S 2 = J . Y 
P = , 1 E - : A 5
Y p s 3 , 0
Y 0 = 3 , 0
DO 5 1  K = l , 2 0

Q I ( X ) = ^ , /;
UO 5 “  1 # 6
ye A3 < Y )
i r n 3 , D GO TJ  1
I r  ( Ï K . E O . I O ) GO TO
! F f I : < , E 0 , 1 4 ) GO TO
; f t r K , F Q , 1 5 ) GO TO
CALL  X E X Y Z ( % I J (  I ) / Y , G X , Z , P , Q ,  I .K)
H = W I j ( I ) * C 0 S ( R I J ( I j ) / Y  
CO TO 20 

10 rONTIUUr
CALL XEXYZ(RS(%) /Y,GX,Z ,P,Q, IK>
L = W S < I ) * S I N ( R S ( I ) ) / Y  

20 CONTINUE
PR(X)=pR(K)+e*W 
0 1 ( X ) e O I ( K ) + Q * W

50 1 = 1 + 1  
YP=YP+PR(K)
YO=YO+OI(X)
F P 3 A 8 S ( P R ( K ) )
FG=\OS(OI(X ) )
I F ( ( F P , L T , H ) , A N D . ( F 3 , L T , R ) )  GO TO 61

51  CONTI NUE-  
TS1=TS1+YP 
TS2=TS2+YQ

COMPUTE DIFFERENCES FOR RR( I )

I F ( F P . L T . R )  CO TO 1 0 0  
CALL EULER(PR,Z33 , I^ .VMD  
Y P = T S l + Z 3 R - Y P
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GO TO 6 2

100 vpsTSl
62 I F ( F O . u T , R ) GO TO 2 00

CALL L'JLER( 0 1 , 2 3 0 , IR,VM2)
Y.Q = T$2*Z30- YN
GO TO 63

200 YQ=TR2
63 IF (  I : \ E O , 0 ) RETURN

. t R X T E ( 4 , % ) IR,  Y
5 F0RMAT(/ /1X , ' I R = ' , I 1 0 , 2 X , E 1 4

. R I T E ( 4 , 5 9 ) VN1,VM2
59 F0RMAT(2(2X

RETURN
, E l 4 , 7 ) )

61 YP = TS14,YP 
Y0 = TS^4,Y0 
IR = 0
^ETUR-j

Ce ** * e e «• *********** S U B R 0 U T I ’ i E E U L E R eeeeeeee * e#*#*»*#*#.*******# o
C
C E U L E :  C A L C U L E T E S  E L L E R ' S  T R A N S F O R M A T I O N ,
C JORGE 0 ,  PA^ RA
C COLORADO SCHOOL OF M I N E S ,
C .
Ç * * * * * * * * * * * * * * * a * *  e * * * * # * * * * * * * # * * * * * ' * * * * * * * * * * * * * * # * * * * * * # . » * * *  

S U B R O U T I N E  E U L E R ( G , 2 3 , I R f V M )
0 ; M E i , S I 0 M  G ( 1 )
^ 1  = 1 ,

DO 5 7  K = l , 1 5  
L = 2 l m K  

= , 5
% 2 s N *  A ? S ( G ( L *  1 ) ) 
n o  5 2  M = L , 2 0
0 = , 5 e Q
G ( M ) = A S S ( G ( M - i ) ) : A G S ( G ( M ) )

52 %2 = f!2+(3*G(M) )
M S = L " 2
F = 0 , 2
D û  5 3  H = i , M 3

53 F=F+G(M)
j /2 = S I G N ( Z 2 , G ( L - l )  ) 
rsF + <!2
I F ( F )  5 5 , 5 4 , 5 5

54 V = 0 , f
GO TO 56

55 V = 4 B S ( Z 1 / F - 1 , ) .
IF(V-VM)  5 6 , 5 6 , 5 7

56 VMs V 
Z3 = F

57 0 1 - F
IF (  (VM-. lEmSô) ,LT.2,F; )  GÜ TO 80 
1R = 1
R E T U R N  

80  I R = 0
R E T U R N
END

C # * * e *  % * <}• *  * « » «. » oeee *  ;j 0 R 0 i IT I N L B E KP l ee ee e  e » ee-eeeeeeee»»#» o * # * #
C
C B E K P 1  C A L C U L A T E S  T HE M O D I F I E D  B E S S E L  F U N C T I O N S  1 0 , U , K O
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C AND 'FOR COMPLEX ARGUMENT X.AMPLITUDE OF X
C MUST BE GREATER THAN 8 . THE PHASE IS 45 DEGREES.
n
C JORGE 0 ,  PARRA
C COLORADO SCHOOL OF MI ^ ' ES
C

« *  a- it $• a- *
SUPR 0 U T I N E PEKP 1 ( I p 11, AO,
01 MEN' S I ON H ( 7 ) , A ( 7 ) #R l ( 7 I » A
DATA R / 0 , , , 0 1 1 0 4 86# , 000
DATA A /  ^ » 3 9 26 9 91 1 1 0 4 6 5 ,

* 0 1 9 /
DATA P I / , 7 0 7 1 0 6 8 !  ~  I 6250 ^ 1 ,

0 1 6 /
DATA A l /  , 7 0 7 1 0 6  9 > "  • 0 0000 A l ,

* ”  | <'■ i* lv0024 , - . 0 0 0 0 032 /
r  o M D l EX T , P , T X , P X m <0 , A l , 1 0 ,

1 , . O 0 l 3 a l l , . 0 0 0 2 4 5 2 , ,000%338
. 0 0 0 0 0 3 2 /

.. , T X , P X , X O , X l * %
COMPLEX P X X
00 1 1=1,7
T ( I  ) = C H P L X ( P (  I ) , .A( I ) )

1 P ( I ) = C M P L X ( R l ( I ) , A l ( I ) )
«1=3 ,1415965
u= ^ , / X
v = -. 8 , /  X
TX = T ( 1 )  4 - v * ( T ( 2 ) * V * ( T  ( 3 > + V * ( T \ 4 ) + V * ( T ( 5 ) + V * ( T  (6)»V#T (7)  ) > ) ) )
p X = P ( l ) + v * ( p ( 2 ) + V * ( p ( 3 ) + V * ( p ( 4 ) + V * ( P ( 5 ) + V < x ( p ( 6 ) + V * p ( 7 ) ) ) ) ) )  
C l = S 0 R T ( P l / ( 2 . * X ) )
C 2 = ( l . /SORT( 2 , ) ) *CMPLX(1, , 1 , )
C 4 = ( 1 . / S C R T ( 2 , > ) * C K P L X < 1 , , - 1 , >
F X 3 Ci a CE X P ( + . C2 * X  + TX)
K 0 = F X . 
xi=C4*Fx*PX  
I F ( M X .E 0 . 2 )  RETURN
TXX = T< l  )+U* ( T ( 2 )+ U *  ( T < 3 ) + U * ( T ( 4 ) + U * ( T ( 5 ) + U * ( T ( 6 )  + T(7 ) *U) - )  ) ) )
P X X  = P (  1 ) + U * ( P  ( 2 )  <HJ* ( P X 3  ) + U * ( P ( 4  ) + U *  ( P ( 5 )  + U * ( R (  6 ) + U * P (  7 ) ) ) ) ) ) 
C 3 = l , / S D M T ( 2 , * P l ^ X )
G X = C 3 * C E x P ( G 2 ^ X + T X X )
I O@G X + C M P L X ( 0 . , 1 , ) Q X O / P I  
AUX=^CHPLX(0,, 1 . )*FX*PX/PI+GX*PXX
11 = c 4 * A U X
R E T U R N

M 0
I ME CBESN| * * * * * * * * * * * * * * * * * * * * * * * *

C .
c c s E S ' i i  c a l c u l a t e s  the m o d i f i e d  b e s s e l  f u n c t i o n s  i  . . f ob
C ANY ORDER WHEN THE PHASE OF THE ARGUMENT JS LESS THAN
C 4 5 DEGHEES,
C

SUgSDUTI ivE C6ES -.il ( H , NHAX, F I i 
COMPLEX F I  ( 5 0 )  , P I  (SZ-e) , H « S U H » T 2 , A
SUH=CMPLx(a , .a , )
REsREAL(2)
C E = A I M A 5 ( 2 )
A a S Q P T <PE*RE + Q E * 0 E )
1 = R
J H A X = 1 + 21 
T Z * 2 , / 2

9 F 0 R H A T ( 4 ( 2 X , E 1 4 , 7 )  )
P i i J M A X * 2 ) = C M F L X < 0 .  i H . )
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P I  ( j M A X  + l ) 9 C M P L X ( l , E " 3 8 ^ , g )
6 FORMAT(110,110)
7 F 0 3 M A T ( l X , 8 ( i X , E l 4 . 7 ) )

UO 1 J = l , JMAX 
K = J M A X + 2 " J
;) K « K p» 1
P I ( X - 1 ) = Ü X * T Z * P I ( K ) + P I ( K + 1 )

1 SUM=SUM+PI(K)
SUMsSUM+SUM
4 =CE XP (Z) / ( P I ( 1 )+ SL M )
00 2 N=1,NMAX

2 F I ( N ) = & * P I ( N )
PETUhN  
F MO

C
C CBESNK CALCN^LATES TH[ MOO I FIFO 8ESSEL FUNCTION K,FOR
C ANT 0R[^;1 WHCN THE PHASE OF THE ARGUMENT IS LESS THAN
C 45 DEGREES,
C
C * * * * * * *  *  » *  # # *  » # * * « " » » » » * « . - » »  *  *«"?«-«• •»#*»*»»*«•»*#  # «• % if >t a
C

Si:OROtjT%\E C3ESNX(X,KNAX,FK)
COMPLEX X , F I ( p 0 ) , F K ( 5 0 ) , T , T 2 , T l ' .
XH= CA8 S( X)
IF IX M^ e . )  2 , 3 , 3

2
T s T » T

F K ( 1 )  = < ( ( ( ( , 20 2 8 / ! 7 4 - %* T + .  0 0 3 1 0 7 5 0 )  *T+, 0 0 2 6 2 6 9 3  ) * T + * 0 3 4 8 8 $ 9 ) * T  +* . 23069756 ) * T + ,  42278422: ) * T ^ ,  57721566
FK(2)  = ( ( ( < 0 0 0  0 4 6 8 6 * T - % 0 0 1 1 0 4 0 4 ) * ! - . 0 1 9 1 9 4 0 2 ) * T - , 1815 689 7) *

*  .6 7278^79) * T + , 15 44 314 4) * T + l ,
CALL C'SESNI ( X , 2 0 , F I  )
T 2 = . 5 * C L 3 G ( T )
F K ( 1 ) = F K ( 1 ) ^ T 2 * F I (1)
P " K ( 2 ) = F K ( 2 ) / X  + T 2 i f F I  ( 2 )
T= 2 . / X  
00 TO 1

3 T = 2 , / X
FK( ! ) = ( ( ( < ( , 0 0 0 5 3 2 0  8 * 7 - . ^ 0 2 5 1 5 4 0 ) * T + , 00 5 8 7 87 2 )*Tm,%i0624 46)*Ti

*  , 0 2 1 8 9 5 6 8 ) * T - . 0 7 8 3 2 3 5 8 ) * T ^ 1 , 2 5 3 3 1 4 1 4
FK(2)  = ( ( ( ( 000662 45*  T+, 00325614 ) * T - ,  0078^353 )*T"^, 01504 2 6 6 ) *

*  ,03655620.)  *74., 23498 619 ) * T * i .  25331414  
T1=CEXP(-X) /C50RT(X)
F K < l ) = F ' K ( l ) * T l
F K ( 2 ) a F K ( 2 ) * T l  

1 00 4 N=3,KMAX
n K - N - 2

4 PK (N ) s T * 0 K *F K (N - l )  + FX(N' '2)
OETUHN
END .

c *  » « *  if *  «’ if if if » *  » *  *  s if *  *  » if if S U BR OUT I NE K E x Y Z if if if if if if «- *  if if *  if » if » if *  if if if if if *  if
c
c iJEXYZ CALCULATES COMPLEX KERNEL. OF.THE INTEGRALS,
C
C jORGE 0, PARRA
C COLORADO SCHOOL OF MINES
C
Ç if # if *  if if if if if if # if *  if if if if # if if if *  if *  if *  # if *  *  if if if % if *  if if if if *  *  *  *  if *  if if *  if if if if if # if if *  # if if if

3 u SRCUTI - : E k e x v z ( G y * gj< , z . p , o , IX.)
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COH DL£X u, u% # E # K , U Y
G1 t;GY*0 Y
02 = GX*G X

G1
GMP£X ( A , 2 . )

hY = CSQF T ( U )
s =SOA T ( A )

C £ XP( -  j )
IF ( I K.E 0 , 6 ) K=£^GY
IF ( I K.E 0 , 3 ) K = U Y # G1 F/ S
IF ( I K ♦ £ : , 4 ) K=UY*GY F/ S
IF ( I X, £ 0 , 5 ) X = £ / 0
I F (  I K , t 0 . 6 ) KcUYiFJY <?■C / 5
IF ( I K.E Q , D K=E* OY/ S
IF < I k .E ^ . 2 ) < =E^ G1 / s
IF ( I X. F 0 . 7 ) K-=Gl / (  ( Y f S ) ^S)

C I K , L 0 , 9 ) K=( UY- S ) ^ £ / ( UY^S)
IF ( I K. F 0 , 1 3 ) K = O v / ( ( EY + S ) * S )
IF ( I K . F 0 , 1 2 ) K = F -% ( L Y- S ) / ( U Y * (
IF ( I K. F 1 . 1 4 ) K = G Y * ( Y - 5 ) * F / ( U
IF ( I K . F0 . 1 $ ) K=GY/ ( S+ v  Y )
P $RT AL C;< )

A I A G( K)
%CT Ur ^
r  xi il.

3 ) )
J Y + S ) )
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Q  »  -% * & * *  4 #4  * *  *  4 v  #  i f  44  p  R  ( )  Q R  ^  ,vj R  f;  ^  M ( j  #  4 4 4 #  4 #  4 4 4 4 4 4 4 4 4 4 4 » » » 4 4 4 » 4 » * 4 » * #

C
C PROG-'vA'" HOM' i O C A L C U L A T E S  THE M A G N E T I C  FIELD C O M P O N E N T S
C AT T H E  S U R F A C E  OF THE E A S T , ,  FOH THE CONDUCTIVE HALF-SPACE.
C
C CONTROL CA;.DS
C I D C ' j -  THE CARD FOLLOWING T HI S  C O N T R O L  C A R D  WILL UE R E A D
C AMD L I S T E D  A3  I D E N T I F I C A T I O N ,
C D A T A  -  T H I S  C O N T R O L  CA RD I N I A T E S  R E A D I N G  OF F O L L O W I N G
C F A RA h ET E RS i
C F s F R E O U E - i C Y  I N  H d .
C SIGHftia C O N D U C T I V I T Y  OF T HE H A L F - S P A C E . (MHO/M, >
C L s H A L F - L E N G T H  OF the GROUNDED C A B L E (h.  )
C UX:UUH8ER CF POINT j ;i THE X - D I R E C T I ON
C NY = Ui.i:-!8FR CF POINTS I N ThE Y- D I RECT I ON,
C : <!  = A B S C I S S A  OF THE F I R S T  S T A T I O N ,
C Y 1 = O R D I n a TE OF THE F I R S T  S T A T I O N ,
C E X I T -  C a L L  E X I T
c o i v i c e  s p e c i f i c a t i o n s :
C 1 5 = i n  I N P U T  C O N T R O L  C A R D S  . AND PARAMETERS,
C 1 6 = I C UT  R E S U L T S  TO D I S K F I l E ,
c
C JORGE o. P A R R A
C C O L O R A D O  S C H O O L  OF M I N E S
C
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

R E A L  h O . l
I N T E G E R  C Q M T R L . I D E A , D A T A , E X I T  

C O N T R E , I D E A . DATA,E X  IT

13
1

ÜATA l J E \ ! , O A T A , E X I T / f I D E M* , * O A T A ' , '
01 MENS I 0 \  X ( 3 2 ) , Y ( 2 0 ) , , 10( 2
COMPLEX
' W E N S  10 ;.; Ax ( 3 0 ) * P x ( 3 0 )

^ T = i e 0 , / P l
r N= 1 5
TOJT%16
h E A O ( I N , i )  CONTRL.WOP D
FORMATCA4, 1GF)
1 F ( C 0 N T R L . E 0 , I O E x )  CO TO 10
I F ( C O: \ T R L , E O , D A T A >  GO TO 40
1 F ( 0 0 N T R L , S 0 , E X I T )  GO TO 2
' . . 'RITE( I O U T M )
F O R M A T ( / / 10 X , * I L L r c A L CONTROL CARD
STOP
R E A O d ^ , ^ )  ID
FORMAT( 20A4 )

: < R A T E ( I 0 U T , 5 ) ID

4 0

FO%M A T ( / / 1 0
GO T
F = <0 h O d )
SI GH AsWORO(
L = W 0 - n ( 3 )
À I ~ 'N0 R 0 ( 4 )
l"X = \' ORD( ^ )
A Y % WORD( A)

Yl eW o R n ( e )
I'U g 2 . 4 p  Ï 4 F
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O E L T A = S O R T ( 2 , / ( W * M C * 3 I G M A ) )
0Y = Y1 
O X ^ X l
y ( D = x i
Y ( 1 ) 3 Y Ï
(; = A I /  ( 4 , P I n [  L % ^ )
C C 3 - C h P L x ( C , 2 i .  )
0 0  50  I = 1 , \ X

50  X < 1 ^ 1 ) = X ( I ) + 0 X  
UO 51 l 5 l , N Y

51  Y ( i * i ) z Y ( I ) * : ) Y  
' " 'RITEX I CUT,  7 2 )
0 H = , 4
)0 6/ :  1 = 1 ,  NY 

Y l = Y ( I ) / O E L T A
0 0  7Y J = 1 , N X  
X 1 = X ( j ) / O E L T A
CALL  1 Y T H X ( X 1 , Y 1 , H , L , O H , D E L T A )

70 " X ( J ) = C C * H
r n  11  K K = 1 , 0 X
^ 1  = ^ E A L  ( HX (;<:<) )
h 2 = A I M A G ( H X ( K K ) )
AX( X: <)  = SCRT ( P l * R l * R 2 ^ R 2 )
P X ( K : < ) = A T A N 2 ( R 2 , A 1 ) * P T

11 CONTI NUE
\ R l T f ( I 0 U T , 7 l )  ( Y ( % ) , X ( K ) , A X ( K ) , P X ( X ) , K = 1 , N X )

6.0 CONTI NUE
72 F 2 2 H A T ( / / / 1 3 X , %  V )
71  r O R M A T ( l O X * F 5 , 0 , 3 X , F 5 , 0 , 4 X , E l 4 , 7 , 4 X , E l 4 , 7 )

Ou Tv  10% '

C - 9 * * * * * * * * * * * * * S u 8 R 0 U T I  NE I N TH
C
C l iNTHX CAL CUL ATES THE H A G ^ E Ü C  F I E L D  c o m p o n e n t  MX Orï HZ
c a t  t h e  s u r f a c e  o f  t h c  e a r t h  f o r  d i f f e r e n t  v a l u e s  qf  x a n d  y
c
C JORGE 0 ,  - Pâ Rï U
C COLORADO SCHOOL OF MI NES
C
C  ^  #  *  *  *  *  #  ^  *  > a  % O •*> ir  *  *  *  #  *  i> i f  i f  ;f i f  fl i K -  If O ti- ir *  i r  # # #  % *  #  #  ü  ü *  *  a  *  #  #  #  #  *  #  #  *  #  *  #  #  4

SUBROUTI NE I i ' i T H X t X ,  Y , O H X » L , Q V , D E L T A )
COMPLEX OHX
REAL L -
0 1  M E U S ! O U  Y i ( 1 0 0 0 ) , U ( 1 0 2 0 ) , P R ( 1 0 0 0 ) , O R ( 1 U 0 9 )
N Y = 2 » L / 0 Y * 1
Y K l J s - L / D f c L T A  
X 2 = X » X  
n o  1 1 = 1 , MY 
YY = Y - Y ) . (  i  )
Y2=YY»YY 
R s S 3 H T ( X 2 * Y 2 )
CAL L  H Z I R . Y Y . Y , Q H X , Y 2 . X 2 . X )
P R ( I ) = R E A L < C H X )
« R(  I î r A  I MAO ( D'HX )

1 y i { I + 1 ) s ï 1 ( I j + d y / d e l t a
O = O Y / 0 E L T A
CALL S l M P O N ( P R , u , N Y , D )
F‘ s U ( '■ Y )
CALL S I H P O N ( S R , U , N Y , D . )
5 = U ( H y )
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pHX = CMPt,X(P,Q)
RTTURN 
c  À; D

C * » * * » » * # * * * « » * SuBROUTI  NE H X * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C
c hx  c a l c u l a t e s  t h e  m a g n e t i c  f i e l d  c o m p o n e n t  h x  f o r  t h e
C CONDUCTIVE HALF- 3PACE,
c
C JORGE 0, PARRA
C COLORADO SCHOOL OF MI NES
C
C 4 « • » « » # * « »  *  *  *  *  » «■ *  # *

SVBRC ' UT I ^ F  : ' X ( R , Y Y ,  v , D H X , Y g , X 2 , X >
I M P L I C I T  COMPLEX ( A . P )
GA^M4=C^PLX(l . , 1 , )
Q = C A' : HA*GAMHA 
P 2 s R 4) R
h' k) =  :! c  % NT

R 2 2 = l , / R 2  
x x x = . / S : n T ( 2 , >
CALL B E K E P C 1 0 , I 1 , K C , K 1 , X X X , 3 )
C11=CAMNA*R22*("2.+o,*X2*R22)
C v l = ^ u ^ X 2 / R 3
C l O c ' C O l
n H X = 3 A ^ M A * , 5 * ( C l l * I l * ^ l + G O l * I O * K l * c l O * % l * K O )
PETU
ENO

C
G HY CALCULATES THE MAGNETIC F I E L D COMPONENT HY FOR THE
C CONDUCTIVE H.&LFmSPACE,
C
C JOHGE 0.  PARRA
C COLORADO SCHOOL OF MINES
C

StVJSOijT I HE hy(X,Y.L,HTY»UELTA)
COMPLEX H T T i '; 1 « N 2 
REAL L
Y H  = Y-L/OELTa
YL2 = Y + l . / uELTA  
CALL U T C X . Y L l . N l i  
CALL l i T f X ,  Y L 2 . N S )
HTY=
PET I) < : ' j  

END
C # » * e # * « e e » » e « * » e » » » 5 U 8 - R 0 U T 1 NE N T * * * » * * * * * * * * * * * * * * * * * * * * # » * * * * «
C
c NT CALCULATES Ea ch  t e r m  OF THE MAGNETIC F I E L D
C COMPONENT HY,
C
C JORGE 0 .  PARRA
C COLORADO SCHOOL OF MINES.
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

SUBROUTINE : : T ( X , Y , D H Y )
COMPLEX 1 0 , 1 1 , KO, K l , GAMMA , OHY , BOO, 8 1 1  .
COMPLEX p l O . g O l  
G A M M A : C N F L X ( 1 . , 1 , )
R « S 3 H T ( X * X * Y * Y )  '
R 1 « R * R
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A R S s ' V S 0 3 T ( 2 ,  )
CALL [K'KF:P( M ,  I 1 ,X C, K1 ,  AHG,3) 
nHY3"GANi'lA*GAMMA#Il*!<l*X/Rl
R E 1 L : H 
END

U T I h E » * * # *  o * * * * * * * * * * * *  *  *
C
C HR CALCULATES THE MAGNETIC FIELD COMPONENT H2 FOR THE
C CONDUCTIVE HALFeSPACC,
C
C UORGE O, PARRA
C COLORADO SCHOOL OF NINES
C
C * * * # *  * * * * * * * *  * * * * * *  * <: * * * * * * * * *  *  * * * * * * * * * *  * * » * *  *  *  *  *  *  *  *  * * * #  *  * * * *  

SU8RÜUTINE Hg(R,YY,Y,DHg,Y2$X2 ,X)
IMPLICIT COHPLEX(A-P) 
lA^MAsCMPLXd, , 1 ,  )
G:GA'iMA*3AMMA 
R 1 = R * R  
n 2 ^ R1 *  H
0 0 1 = ( 3 , / R 1 ^ 3 ) / R 1  
D10=L01
X X X = ; / < n R T ( 2 , )
CALL BEXEPUO, I1,KC# K1,XXX,3)
CN1 = GA>' M A * X * , 5 * ( 3 0 l * 1 0 * K l  + D l O * I l * K O )  
AOl s C, ' ;P LX (^ l , /R l , 0 ,0 )
A10=A01
U;\l2sGAMMA*X#, A01*IO*K1 + A10*I1*KO)
F=3 , / R l + 3 , *GAhMA/R*G.
EX;F»C:,X?(~GAMMA*R)
PeX*EX/R2

!1 +2, *GMPLX( 1, . . 0 ) ^DN2^P 
:':ETV R 
FNÜ
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