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PART II.
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INTRODUCTION

In Part I of this report, the development of
a numerical solution technique is described to
obtain the potential distribution in three-
dimensional space due to a point source of
charge injection in or on the surface of a half
space containing any arbitrary two-dimensional
conductivity distribution. Finite difference
approximations are made to discretize the
governing Poisson's equation with appropriate
boundary conditions. It is shown that the dis-
cretization of Poisson's equation by elemental
area brought about a numerical formulation for
a more effective matrix technique to be utilized
to solve for the potential distribution at each
node of a discretized half-space. A FORTRAN
algorithm named RESIS2D has been written to
implement such a generalized solution method.

In this paper, a brief description of the
FORTRAN program in terms of its construction is
given. The formal input and output parameters
for the relevant subroutines are discussed. The
program is designed to be implemented on a CDC
7600 machine. The language of the algorithm is
FORTRAN IV and certain programming norms for
the CDC 7600 machine and the RUN76 compiler
(developed at Lawrence Berkeley Laboratory,
Computing Center) are routinely used. Some
variables are stored in the LCM (Large Core
Memory) of this machine and their calling sequence
and usage apply to the CDC7600 alone.

The resulting solution of the potential dis-
tribution can be obtained for a current source or
sink located on the surface or at any arbitrary
surface location. Any arbitrary configuration
of transmitter or receiver electrode arrays,
therefore, could be simulated to obtain the
resistivity response over arbitrarily shaped
two-dimensional geologic bodies. For brevity,
in the source deck provided in this report, only
two electrode arrays commonly used in geothermal
reservolr delineation are illustrated. These are:
i) the collinear Dipole-Dipole or collinear Pole-
Dipole configuration, and ii) Fixed Bipole trans-
mitter and roving dipole receiver configuration.

GENERAL DESCRIPTION OF THE ALGORITHM

The source-deck consists of a main program
RESIS2D and the following subroutines:

i) SOLVENT
ii) BANDSYM
iii) LUDCOMP

iv) SOLVE
v) YTRAN
vi) ARRAYS

vii) CLINDIP
viii) RECON2D

A brief outline of each of these subprograms
is given in the following sections.

RESIS2D
In this part of the program, all of the

input data for the model simulation are read in.
These are:

i) Description of the rectangular, irregular-
1y spaced discretization grid in x-z
section.

ii) Selection of the discretized Ky values.
iii) Selection of the electrode configuration.

iv) Selection of the transmitter and receiver
electrode locations.

v) Description of the two~dimensional con-
ductivity distribution in the lower half
space.

vi) Description of the intrinsic percent
frequency effect or chargeability dis-
tribution of the lower half space.

SOLVENT

This subprogram is called by the main program
RESIS2D and it sets up and solves the Capacitance
Matrix equations described in the previous sec-
tion in (x, Ky, z) space for all specified trans-
mitting nodes, simultaneously. The solution pro-
vides the potential distribution ¢(x, Ky, z) at
every node in the grid and their values at rele-
vant receiver nodes are selected and stored.

BANDSYM

This subroutine is called by SOLVENT and
solves the equation C$ = S. The C matrix is
symmetric, banded, and positive definite. The
equation is solved by Cholesky's LU-decomposition
technique. The cholesky decomposition is per-
formed by the subroutine LUDCOMP and the relevant
backsubstitution steps are done by the subroutine
SOLVE to yield the solution set ¢(x, , z) at
each node, simultaneously, for all transmitting
point sources.

YTRAN

Once the solution sets of ¢(x, Ky, z) at all
the selected receiver nodes are obtained for
several optimally chosen Ky values, the subroutine
YTRAN performs the inverse Fourier transformation
to yield the solution of the potential in (x, y,
2z) space. The integration for the transformation
is performed either by subsectional exponential
fit of the envelope which yields an analytic
solution for each subintegral, or by trapezoidal
integration. For any configuration, with a
finite displacement of the receiver location
in the strike direction (y-axis), the envelope
of ¢(x, Ky, z) is sharply modulated by cos(ky, V),
and the use of subsectional exponential fit is
recommended.

The choice of an optimal set of Ky values is
critical to the accuracy and execution time of
this algorithm. For any grid chosen to represent
the lower half-space, the behavior of ¢(x, Ry, z)
at several receiver nodes for several fixed
transmitter nodes should be studied by comparison
with available analytic model solutions (e.g.
layered earth and outcropping vertical contacts)
in (x,Ky,z) space as a function of in the range
10-° < Ky < 10. Based on this analysis, 5 to 7



optimal Ky values should be chosen to discretize
adequately the range 0 < < », so that the
inverse transformation is accurate to 1~3%.

ARRAYS

The three-dimensional potential distribution
for all of the selected receiver nodes for the.
prescribed transmitter nodes are used, in combina-
tion, to evaluate the apparent resistivity response
for any arbitrary electrode array. The subroutine
ARRAYS selects the specific subroutine required to
compute responses for any particular configuration.

CLINDIP

This subroutine evaluates the apparent
resistivity, the apparent percent frequency
effect and apparent metal factor, for Collinear
Dipole-Dipole and/or Pole-Dipole arrays along a
profile perpendicular to the strike of the two-
dimensional geologic selection. Options are pro-
vided for displaying the data in standard pseudo-
sectional form, for the standard input data,
as illustrated later in the examples. It is
possible to obtain the apparent resistivity
response for Collinear DP-DP or P-DP along
profile lines inclined to the strike of the
inhomogeneity at angles other than 90°. This
is done by a linear interpolation in one~dimension
for the transmitter node and a linear interpola-
tion in 2-dimensions (X-Y plane) for the receiver
node. The details of such interpolations are to
be obtained from the listing of the subroutine,
and care should be taken to see that the density
of the prescribed transmitter and receiver node
locations is adequate to perform the interpola-
tions required.

RECON2D

This subroutine produces a map of several
apparent resistivity parameters on the X-Y plane
of the ground surface. The length and orientation
of the transmitting dipole with respect to the
strike-direction can be made arbitrary, by a
proper selection of the grid in X-2 and X~Y
planes. The definitions of the various parameters
used to evaluate apparent resistivity, apparent
conductance etc. are described in the listing of
the subroutine. °

DESCRIPTION OF THE INPUT PARAMETERS

Mesh Description

NNODX - Number of nodes in the x-direction
(perpendicular to strike)

NNODZ - Number of nodes in the z-direction
(vertically downward)

DX(I), I = 1, (NNODX-1l) - Array of separation
distances between the columns in the
x-direction

DZ(J), I = 1, (NNODZ-1l) - Array of separa-
tion distances between the rows in
the z-direction

XSCAL - Scale factor for the DX Array

ZSCAL -~ Scale factor for the DZ Array.

UNIT - Scale factor for the mesh distances
(x- and z~direction) in terms of an
arbitrary unit length. The dimen-
sions of the electrode configuration
and the size and location of the
inhomogeneities in the section are
defined in terms of this unit
distance, e.g. for a Collinear
Dipole-Dipole array, unit length
= a = dipole length.

It is to be noted that the minimum size of any
element in the DX(I) or DZ(I) array is to be

kept at 1.0. Thus, if 1/4th dipole length (unit)
resolution is sought in x-direction of the mesh
and 1/6th unit resolution is sought in z-
direction, the appropriate mesh parameter input
should be XSCAL=1.0, ZSCAI=1.5, UNIT=4.0. For
routine use with high accuracy, it is recommended
that a mesh resolution of at least 1/3 unit be
used in the x and z directions.

In the working example to be illustrated in
the following, a grid of 113 x 16 nodes is
employed. In the standard usage of this mesh
the parameters XSCAL = ZSCAL = 1.0 and UNIT =
4.0 are used. For this grid, accurate results
could also be obtained with XSCAL=1, ZSCAL=2
and UNIT=4.0, thus providing higher resolution
in z-direction (e.g. near surface vertical dis-
tribution), for an identical scale of simulation
in the lateral extent.

The discretization of the infinitely extended
lower half-space in the x-z plane is made by a
finite choice of M and N for the mesh. The
infinitely distant edges are handled by appro-
priate coarsening of the node intervals in #X
and + Z - direction and by applying the empirical
mixed boundary condition at the nodes located on
the bounding edge. An increased value of M or
N results in sizeable increase in the number of
elements in the mesh, and optimization studies
in this direction indicate that very rapid
coarsening of the mesh away from the finely
divided zone, where inhomogeneities are described
and potentials measured, can be utilized using
only a few node points in conjunction with the
mixed boundary condition described. This can be
illustrated by a mesh of 113 x 16 nodes (in x
and z direction respectively) used in later
examples. In this mesh, 105 inner nodes in the
x=-direction are used to define the zone of
simulation with equal node intervals of high
resolution (say 1.0 distance unit). The first
4 nodes to left and the last 4 nodes to the right,
are rapidly coarsened in steps of 4, 20, 100 and
1000 times the internodal distance used in the
description of the 'fine' mesh area. Similarly,
the nodal separations in z-direction are coarsened,
in the mesh, as 1, 1, 1, 1, 2, 2, 2, 2, 2, 2, 4, 4,
8, 64, 512 (DZ array). The zone defined by 6 <
XNODE < 108 and 1 < ZNODE < 14, is used to simulate
subsurface inhomogeneities in conductivity.

TRANSFORM PARAMETERS

NKY = Number of discrete Ky values used in the
solution
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YKY(I), I=1,NKY - Array of Ky values used.

IOPT . Eq. 0 - Inverse Transformation is done by
integration with subsectional exponential
fit. (Recommended for general use.)

IOPT .NE.O - Inverse Transformation is done by
integration with trapezoidal rule.
(Recommended only for Collinear arrays
perpendicular to the strike direction.)

The number and choice of Ky values should
be optimal for each mesh size to provide at

least 1% accuracy in the numerical integration.

PHYSICAL PROPERTY DISTRIBUTIONS

ICODE(I.J), I=1, NNODZ, J=1, NNODX - Array of
coded conductivity distribution in the
lower X-Z plane in terms of symbols 0
through 9.

RESIS(I), I=1, 10 - Array of intrinsic resistivity
values assoclated with the code symbols 0
through 9, respectively.

PFE(I), I=1, 10 - Array of intrinsic percent
frequency effect values associated with
the code symbols O through 9, respectively.

COND(IX,IZ) - The nodal conductivity 04,4 is
determined from ICODE(IX,IZ) and it
indicates the conductivity in the region
bounded by X(IX) and X(IX+l) in the x-~
direction and 2(IZ) and Z(IZ2+l) in the
Z-direction.

NXBEG, NXEND - The nodal conductivity distribu-
tion is read row by row (increasing in
z-direction) for the range NXBEG < XNODE
< NXEND, i.e., COND(NXBEG, 1Z), Iz=1,
NNODZ, are assumed to extend identically
horizontally up to COND(1,I1Z2), I2=1,
NNODZ, and COND{NXEND,IZ), IZ=1, NNODZ,
are assumed to extend identically hori-
zontally up to COND(NNODX,IZ), IZ=1,
NNODZ.

ARRAY DESCRIPTION

NARRAY = Number of Resistivity Survey Configura-
tions modelled.

ICONFIG(I), I=1, NARRAY - Array of code numbers
for various electrode configurations.

These codes are as follows:

ICONFIG=1, for Collinear Dipole-Dipole and/or
Pole-Dipole profiling configuration at
an arbitrary angle to the strike-direction;
=2, for Reconnaissance Bipole~Dipole
Mapping Configuration.

SPECIAL INPUT DATA FOR THE COLLINEAR DIPOLE-
DIPOLE AND POLE-DIPOLE CONFIGURATION

If OPTPUN # O - output of the ICONFIG=1 array
is punched out.

If IPRINT = 0, The Standardized Pseudo-Section
plot of apparent resistivity and apparent
P.F.E. only are deployed for the Collinear
Dipole-Dipole Configuration. (This is a
special plot requiring the input parameters
illustrated in the working example given
later.)

If IPRINT = 1, The output for the Collinear Dipole-
Dipole and Pole-Dipole arrays are printed
out. With this option, the standardized
pseudo section display is suppressed.

If IPRINT.GT.1l, The normal printed output for
DP-DP and P-DP as well as the standardized
pseudo-section display for DP~DP is
deployed. (This requires the input
parameters to be .as shown for the standar-
dized cases, illustrated later in this
paper.) The relevant sections dealing
with the output formats for the results
of Collinear DP-DP and P-DP can be easily
understood from the listing of the sub-
program CLINDIP.

SPECIAL INPUT DATA FOR THE RECONNAISSANCE BIPOLE

DIPOLE MAPPING CONFIGURATION

If, INCLINE = O, The Transmitting Dipole is
perpendicular to strike for ICONFIG=2
array.

If, INCLINE = 1, The Transmitting Dipole is
inclined at an acute angle to the line
perpendicular to the strike (+X direction).

If, INCLINE = 2, The Transmitting Dipole is
inclined at an obtuse angle to the line
perpendicular to the strike direction
(+X direction).

ISHIPT = Number of shifts of one pole of the
Bipole from y=0 line in terms of the
specified YSHIFT array (described in
the following). In the Bipole-Dipole
Configuration, one of the transmitter
poles is always required to be located
on y=0 line.

NRLIM = Number of shifts in the y~direction

required to define the y~extent of the
map to be produced, in terms of the
specified YSHIFT array. The detailed
formulation of the transmitter and the
receiver positions are outlined in the
listing of the subprogram RECON2D.

TRANSMITTER AND RECEIVER ELECTRODE COORDINATES

NTX = Number of Transmitting electrode nodes

(projected to the line y=0, 2z=0}.

NRX ~ Number of receiving electrode nodes

(projected to the line y=0, z=0).

ITXP(J),J=1, NTX - Array of node numbers of the

transmitter electrode lacations.

IRXP(I),I=1, NRX - Array of node numbers of the

receiver electrode locations.



NZSFT - Total number of surface and subsurface
layers of transmitter electrodes.

ZSHIFT (J) ,I=1,NZSFT - Array of the depths of the
layers of transmitting electrodes (in
terms of UNIT).

NYSFT - Number of lines shifted along the strike
where receiver lines are located (including
y=0 1line).

YSHIFT(I), I=1,NYSFT - Array of values of Y-shifts
for various receiver lines {in terms of
UNIT).

The locations of the layers of transmitter
or receiver poles in the half-space are
required to coincide with a row of the
discretized mesh.

MODEL NAME AND TERMINATION PARAMETERS

TITLE(I),I=1,4. - 12 space alphanumeric name of
the model.

IPKEY, if equal to O, only resistivity response
is evaluated; if equal to 1, resistivity as
well as percent frequency effect and metal
factor responses are evaluated.

MORE - An end of data indicator with following
characteristics:

i) If only one model is to be evaluated,
at the end of the data model data set,
MORE is read twice with value O.

ii) If more than one model is to be
evaluated, at the end of the first
data set, MORE is read twice as O
and 1, respectively.

At the end of each of the intermediate
continuing model data sets, MORE is read
twice as 1 and 1 (or any other non zero
integer), respectively. At the end of
the last model data set, MORE is read
twice as 1 and 0, respectively.

DIMENSION STATEMENTS AND STORAGE

The dimension requirements of the key
variables defined in the main program are as
follows:

VARIABLE NAME DIMENSION REQUIRED

X NNODX

b4 NNODZ
ZSHIFT NZSFT
ZRSHIFT NZRSFT
YSHIFT NYSFT
RESIS 10

PFE 10

DX (NNODX-1)
DZ (NNODZ~1)
ICONFIG NARRAY

VARIABLE NAME DIMENSION REQUIRED

IXS NTX*NZSFT

178 NTX*NZSFT

ICODE (NNODZ , NNODX)

COND (NNODX , NNODZ)

ITXP NTX

IRXP NRX

XMAT NNODX*NNODZ

KY NKY

VKY NKY* (NTX*NZSFT) * (NRX*NZRSFT)

v (NTX*NZSFT) * (NRX*NZRSFT*NYSFT)
(NNODX*NNODZ , NNODZ+1)

RS (NNODX*NNODZ , NTX*NZSFT)

In the standardized form of the source-deck
attached herewith,the variables A and RS are
stored in the LCM (Large Core Memory) and are type
declared as LARGE, wherever used.

Dimension requirements of the local variables
defined in the subprograms are evident from their
listing, and will not be outlined here.

For the standardized working model with the
input parameters shown later, the program requires
approximately 107,0008 words in SCM (Small Core
Memory) and 215,000g words in LCM (Large Core
Memory) using the RUN76 Compiler on a CDC7600
machine.

GENERAL COMMENTS ON VKY AND V ARRAYS

The array VKY consists of the solutions of
potentials in the (x,Ky,2z) space at selected
receiver nodes, from all point sources of current.
VKY is a three-dimensional array described as
(((VkY(1,J,K),I=1, NKY), J=1, NTX*NZSFT),K=1,
NRX*NZRSFT). The data stored in VKY is analogous
to a five-dimensional storage in the implied DO
form of (({((vVKY(I,J,K,L,M),IKY=1,NKY),J=1,NTX),
K=1,NZSFT) ,L=1,NRX,M=1,NZRSFT) .

The array V(I,J),I=1,NTX*NZSFT,J=1,NRX*NTSF*
NZRSFT, contains the transformed potential in the
(x,y,2) space. The storage in this array is
illustrated in an analogous five~dimensional
array in implied DO-form as (((((V(I,J,K,L,M),
I=1,NTX) ,J=1,NZSFT) ,K=1,NRX) ,L=1,NYSFT) ,M=1,
NZRSFT). The sequence of accumulation of data
in VKY is indicated in the final section of the
subprogram SOLVENT and that of V in the first
section of the subprogram YTRAN.

The output of the program could be generalized
for any arbitrary electrode configuration, by pro-
per combination of the data in V array for
arbitrary values in ITXP and IRXP arrays.

COORDINATE SYSTEM

In the process of discretization, the
coordinates of all nodes are defined with the
origin at the top, left corner node i.e., IX=1,
IZz=1l. 1In later processing for specific electrode
configuration, all distances are expressed in
terms of UNIT normalizing length and the coordi-

33
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nates of transmitter or receiver electrodes are
defined with reference to an origin at the top,
central node (i.e., node with IX = NNODX/2 +1;

1Z=1).
RESULTS

In the following section, a listing of the
FORTRAN Source Deck RESIS2D is given. 1In later

sections, sample outputs of the program for the
Collinear Dipole~Dipole and Reconnaissance Bipole-
Dipole Configuration, over a few simple 2-
dimensional conductivity distributions are
presented.



PROGRAM RESIS2C (INPUT,OUTPUT,PUNCH)

c

Sy Y Yy Yy Yy Y Yy Yy Y Y T Py S Y P T Ty e
Covsovcnns AUTHOR ..o ABHIJIT DEY

c ENG INEERING GEOSCIENCE

c UNIVERSITY OF CALIFCRNIA

c BERKELEY

Cossnne LATEST FEVISION +o¢ APRIL,1976

c

P Y Y Y Y Ty Y Y Y N Y Y R YT TY YR T Y TY Py Ty
¢ .

c ALL RIGHTS OF USAGE AND MODIFICATICNS ARE RESERVEC BY

c THE AUTEOR.,

C

(22 R I R A R e I X e R R R R T R T Y Y R R R R YRR
Cosoesoes PURPOSEesvees

PROGRAM RESIS2D SOLVES FOR THE FOTENTIALS IN 3-DIMENSICNS
(X=Y=-Z SPACE) CUE TO A POINT SOURCE OF CURRENT WITH ARBITRARY
2-0IMENSIONAL CCNDUCTIVITY DISTRIBUTIGN IN THE X=-Z PLANE OF THE
LOWER HALF SPACE. THE GENERALISED POISSCN,S EQUATION IS
DISCRCTISED IM THE X=Z SPACE USIN5 5-PCINT FINITE DIFFERENCE
APPROXIMATION, IN THE TRANSFORMED (X,KY,Z) COMAIN. THE
CAPACITANCE MATRIX EQUATIONS THUS OBTAINED FOR ARBITRARY
CONDUCTIVITY DISTRIBUTICNS ARE SOLVED SIMULTANECUSLY FOR SINGLE
AND/OR MULTIPLE, SURFACE OR SUBSURFACE LOCATIONS OF THE INJECTING
SOURCE FUMNCTICNS. THESE SCLUTIONS ARE THEN INVERSE FOURIER
TRANSFORMED BACK TO (X-Y=Z) SPACE. ANY ARBITRARY SURFACE +OOWNHCLE
CONFIGURATION OR COMBINATIONS THEREOF USED IN RESISTIVITY
SURVEYS,y CCULL EE SIMULATED FOR GENERAL 2-CIMENSIONAL SUBSURFACE

DISTRIBUTION OF CONDUCTIVITIES,
e T S}

erssnan THE INPUT PARAMETERS ARE AS FOLLOWSeaess

eoreee MESH OESCRIPTIONesse
NNOD X = NUMBEK OF NODES IN X-ODIRECTION (PERP. TO STRIKE)
NNODZ = NUMBER OF NODES IN Z=-DIRECTICN (VERTICALLY COWN)

DX(I)yI=14(NNCDX~1) SEPARATION BETWEEN NODES IN X-DIRECTION
0Z(I)I=1,4(NNCDZ~1) SEPARATION BETWEEN NODES IN Z-DIRECTION
XSCAL = SCALE FACTOR IN X-DIRECTION OF THE MESH

ZSCAL SCALE FACTOR IN Z-DIRECTICN OF THE MESH

UNIT SCALING FACTOR OF THE MESt+ DISTANCES IN TERMS GF

THE UNIT LENGTH FOR THE ELECTRODE CONFIGURATICNS
2y XY T T2

sessee TRANSFORM PARAMETERS s
NKY = NUMBER OF DISCRETE KY VALUES USED IN THE SOLUTION
YKY(I}sI=14NKY - ARRAY OF KY VALUES USED

IOPT - IF +EQ. 0 =-- INVERSE TRANSFORMATICN IS DONE BY
INTEGRATION WITH EXPONENTIAL SUESECTICN FIT,

I0PT - IF JNE. 0 =« INVERSE TRANSFORMATION IS OONE BY
INTEGRATION WITH TRAPEZOIDAL RULE

(22222 SR A 22 AR a2 a2l R 2l el e Rl A R A R A R R R IR X TR RN 2y

sessvce PHYSICAL FROPERTY DISTRIBUTIONesesse
ICODE(I+J)+I=14yNNODZyJ=1,NNOD > = ARRAY CF COLED CONDUCTIVITY
DISTRIBUTION IN THE LOMWER X-Z PLANE IMN TERMS OF SYMBOLS 0 THROUGH
9
RESIS(I)yI=1410 -~ ARRAY OF INTRINSIC RESISTIVITY VALUES

s XsRzNeRrEsEsErReNoN oo e NNl N v Ne oo oo o e e No s Ro Re o N o N o N o Ne Xo X kv Re ke Ro X2 Ro R o RO NS,



se o0

leXe X iz Xz Rviekr ke Xz kv iz ki ks X2kl Xz e Xr K X X2 X2 X2 X2 K2 X3 Xz e X2 X2 Xv Xy e X e el v N o N2 NN s No o N o NoN s Nolo o Ne o o No Ro N No No N ol ¢

ASSOCIATED WITH THE SYMBOLS 0 THROUGH 9

PFE(I)yI=1410 == ARRAY OF INTRINSIC FERCENT FREQUENCY EFFECT
VALUES ASSOCIATED WITH THE SYMBOLS 0 THROUGH 9
COND (IX412) == IS OETERMINED FROM ICOCE(IX.IZ) AND IT

INDICATES THE CCNDUCTIVITY IN THE REGICN BOUNDEC BY X(IX+1) ANG
X(IX) IN X=-DIRECTIOGN ANC Z(IZ+¢1) AND Z{(IZ) IN Z-DIRECTICN

NXEEG y NXENC == THE PHYSICAL PROPERTIES ARE DESCRIBED IN THE
RANGE NXBEG +LEs XNODE +LE. NXEND

FEELF 4444243344444 0444440340044 3 704030444204 4240 0340444202040 44004

. ARRAY DESCRIPTICNseecssee
NARRAY = NUMBER OF RESISTIVITY SURVEY CONFIGURATIONS
ICONFIG(I)oI=1,NARRAY -~ ARRAY OF CODE NUMBERS FOR VARIOUS

ELECTROOE CONFIGURATIONS

THESE CODES AREeee

ICONFIG = 1, FOR COLLINEAR OIPOLE-DIFOLE AND FOLE-DIPOLE

2y FOR RECOMAISSANCE BIPCLE-DIFOLE

IF OPTPUN .NE«. 0 -- OUTPUT OF ICONFIG=1 ARRAY IS PUNCHED

THETA = ANGLE (IN DEGREES) OF THE DIPOLE-IIPOLE PROFILE
LINE TO THE STRIKE( Y DIRECTION) OF THE CONDUCTIVITY DISTRIBUTION

INCLINE +EQ. ( -- FOR TRANSMITTING BIFOLE PERFENDICULAR TO
STRIKE FOR ICONFIG=2

INCLINELEQe 1 -=- FOR TRANSMITTING BIFCLE INCLINED AT AN ACUTE
ANGLE TC THE X=AXIS (PERPENCICULAR 71O STRIKE)sFCR ICONFIG=2

INCLINE .EQe 2 =-- FOF TRANSMITTING BIPOLE INCLINED AT AN CETUS
ANGLE TC THE X=-AXIS (PERPENCICULAR TO STRIKE)FCR ICONFIG=2

ISHIFT = NUMBER OF SHIFTS OF ONE FCLE CF THE BIPOLE FROM
Y=0 LINE IN TERNMS OF THE SPECIFIED YSHIFT ARRAY

NRLIM = NUMBER OF SHIFTS IN Y-DIRECTION (IN TERMS OF THE
SFECIFIED YSHIFT ARRAY) REQUIRED TO DEFINE THE Y-EXTENT OF THE
SURFACE MAP DESIRED, FOF ICCNFIG=2., FOR THIS ARRAY NYSFT PUST BE
GREATER THAN CR EQUAL TC (NRLIM+ISHIFT-1)

IPRINT +EQ. 0 -- THE STANCARDISZD PSEUDO SECTION PLOTS OF
APPARENT RESISTIVITY AND P.F.E. ARE DEPLOYED FOF COLLINEAR CP-CF
ALONE. ( REQUIRES STANDARDISED INPUT DATA )

IPRINT +EQs 1 == OUTPUTS FOR THE COLL INEAR DP -~ DP AND P - DP
ARRAYS ARE PRINTEC OUT. THE STANDARDISEL PSEUCC SECTION PLOTS
ARE SUPPRESSEC.

IPRINT +6T., 1 =-- NORMAL OUTPUTS FOR DF - DP AND P- DP ARRAYS
ARE PRINTEG OUT . THE STANDARDISED FSEULO SECTICN PLOTS ARE
DISPLAYED FOR DF = DP ARRAY ALCNE «( REQUIRES STANDARD INPUT )

X Y YR R R R R R R R R R R R R R R X A A R A A R A R A R R d A S Al A AR A A R a2 2

TRANSFITTER AND RECEIVER ELECTROOE COORLINATESsess

NTX NUMBEF CF TRANSMITTING ELECTROCE NOCES(FROJECTED AT Z=0)

NRX NUMBEFR CF RECEIVER ELECTRODE NOCES (PROJECTED AT Z=0)

ITXP(I) 4I=1,NTX -~ ARRAY OF NOOE NUMEERS OF THE TRANSMITTER
ELECTRODES

IRXP(I) »I=1,NRX =-- ARRAY CF NCDE NUMEERS OF THE RECEIVER
ELECTRODES

NZSFT = NUMBER OF SURFACE ANL SUBSURFACE LAYERS OF TRANSFMITTER
ELECTRODES

ZSHIFT(I) »I=1,NZSFT == ARRAY OF DEPTHS OF THE LAYERS OF
TRANSMITTING ELECTRODES ( IN TERMS OF LNIT)

NZRSFT = NUMEER OF SURFACE AND SUBSURFACE LAYERS OF RECEIVER
ELECTRODES

ZRSHIFT(I)yI=z1,NZRSFT == ARRAY OF DEFTHS OF THE LAYERS OF
RECEIVER ELECTR(DES ( IN TERMS OF UNIT )

NYSFT = NUMBER OF LINES SHIFTEDC ALONG STRIKE WHERE RECEIVER
ELECTRODES ARE LOCATED (INCLUDING Y=0 LINE)



YSHIFT(1)4I=1,NYSFT ~-= ARRAY OF VALUES CF Y=SHIFTS FOR VARIOUS
RECEIVER LINES ( IN TERMS OF UNIT )

FHEEP T 2442424444414 4444444304424 444 4322320242020 04 0844400000040 000

I MODEL NAME AND TERMINATION PARAMETERSeesss
TITLE(I)»I=1,4 == 12 SFACE ALPHANUMERIC MAME OF THE MODEL
IPKEY +EQs 0 =-=- IF ONLY RESISTIVITY RESPONSE IS SOUGHT
IPKEY oNEs 8 -~ IF RESISTIVITY AS WELL AS PERCENT FREGUENCY
EFFECT RESFOSES ARE SOUGHT
MORE +EQe 0 =- AT THE END OF THE FIRST DATA SET == FOLLOWED
B8Y ANOTHER MORE=0 CARD» IF NO FURTHER MCDELS ARE TO BE COMPUTED
MORE «NE, 0 -~ IF MORE THAN CNE MCCEL IS TO BE COMPUTED.
AT THE END OF THE LAST QOATA SET MORE SHCULD BE READ .EQ. O

I R R R R A R R R A R R R S R R A R R A R S A R A R R R R A R R X R R S R R AR X A2 R 2 24

2R Ne s NoNe NoRoNo Rr e e X s As e X2 X2 K2

INTEGER CFTPUN
LARGE A(1808,17),RS5(1808,23)
DIMENS ION VKY(5000),v(15G0)
DIMENSICN X(120)+Z(20) 3 YKY(L10)sITXP(B0)4IRXP (120 )y YSHIFT(4L()
1ZSHIFT(20) y2ZRSHIFT (2C),ICODE (20,4120 ) yRESIS(10),PFE(10),IXS(60),
2IZS(60) 4 TITLE(3) +COND(120+20),DX(120),02(208),ICOMNIG(25)
DIMENSION XMAT(1808)
COMMCN /PACK1/ INCLINE,ISHIFT,NRLIM
COMMON /GANG1/ OPTPUNs THETA, IPRINT
READ 19 NNCOXyNNCDZyNKYyNXBEG,NXEND ¢y NARRAY 4 XSCAL yZSCALUNIT
NELX=NNODX=-1
NELZ=NNODZ~-1
READ 24 (DX(I)I=14NELX)
READ 3, (DZ(J) +J=1,NELZ)
READ 4y (YKY(K) o K=1,NKY)
READ 54 (ICCNFIG(I),I=1,NARRAY)
READ 64 NTXyNZSFToNRXy NYSFTyNZRSFT
READ 74+ (ITXP(I)+I=1,NTX)
READ 8y (IRXP(J)sJ=14NRX)
READ 9, (ZSHIFT(I) I=1,NZSFT)
READ 10y (ZRSHIFT(J) +J=1,4NIRSFT)
READ 11, (YSHIFTU(K)K=1,NYSFT)
888 READ 12, IPKEY, (TITLE(I)yI=1,3)
IF(IPKEY .NE, 0) GO TO 104
READ 14y (RESIS(]1),I=1,10)
GO TO 102
161 READ 149 (RESIS(I)I=1,10)
READ 154 (PFE(I)I=1,10)
102 CONTINUE
DO 103 I=1,NNODZ
READ 16y (JICOCE(IyJ)sJ=NXBEGNXEND)
183 CONTINUE
FORMAT(6IS5,3F10.5)
FORMAT(20F4,.0)
FORMAT (20F4.0)
FORMAT(8F10.5)
FORMAT(2015)
FORMAT (516)
FORMAT (241I3)
FORMAT (241I3)
FORMAT(10F8,.3)
10 FORMAT(10F8.3)
11 FORMAT(10F8.3)
12 FORMAT (IS, 3A4)
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1% FORMAT(10F8,.,3)
15 FORMAT(10F8,3)
16 FORMAT(80I1)
17 FORMAT(I1)
Cevnea READ IMN THE SPECIAL INPUY DATA FOR CERTAIN ARRAYS
IF(NARRAY .EQ. 1 .AND. ICONFIG(1) .EQ. L)READ 21+ OPTPUN, IPRINT,
1THETA
IF(NARRAY .EQs 1 .AND. ICONFIG{(1) .EQ. 2) READ 224 INCLINE,ISHIFT,
INRLIM
21 FORMAT(2I5,F10.5)
22 FORMAT (315)
READ 17, MOKRE
Covsnse PRINT CARD IMAGES CF THE INPUT DATA
PRINT 99
99 FORMAT(1HL, //425X+*CARD IMAGES OF THE INPUT DATA *,//)
IF( MCRE oNE. 0) GC TO 998
PRINT 1,NNGDXyNNCDZyNKYoNXBEGsNXEND 9 NARRAY ¢ XSCAL 9ZSCALyUNIT
PRINT 24 (DX{I)yI=14NELX)
PRINT 3, (DZ(J)yJ=14NELZ)
PRINT 4, (YKY(K)sK=14NKY)
PRINT 5y (ICONFIG(I),I=1,NARKAY)
PRINT 69 NTXyNZSFToNRXyNYSFT4NZRSFT
PRINT 74 (ITXP(I)sI=14NTX)
PRINT 84 (IRXP(J)sJ=14NRX)
PRINT 9, (ZSHIFT(I),I=1,NZSFT)
PRINT 104 (ZRSHIFT(J)yJ=1yNZRSFT)
PRINT 11,y (YSHIFT(K) ,K=1,4NYSFT)
998 PRINT 12, IPKEYs (TITLE(D) I=1,3)
PRINT 14, (RESIS(I)sI=1510)
PRINT 15, (PFE(I)yI=1,410)
00 133 I=1,NNCDZ
PRINT 16y (ICODE (I 4J)yJ=NXBEG,NXEND)
133 CONTINUE
PRINT 174 MORE
PRINT 214 OPTPUN,IPRINT,THETA
PRINT 22y INCLINE.ISHIFT,NRLIM
NTXTOT=NTX*NZSFT
NRXTIT=NRX*NZRSFT
NRXTOT=NRX*NZRSFY*AYSFT

IPCOUNT=0
Cosee SETTING UP THE SCALED DISTANCES AND ASSIGNED CONDUCTIVITY
c DISTRIBUTION AT EACH ELEMENY IN THE MESH o

IF{ MORE .NE. C€) GC TO 1303

X(1)=0.00

201)=0.00

DO 104 IX=24NNCDX
104 X(IX)=X{IX=1)+{(DX{IX-1)/XSCAL)
DO 105 IZ2=2,NN0ODZ
105 Z(IZ2)=2(12-1)+(DZ(1Z2-1)/72SCAL)
1303 CONTINUE
IPCOUNT=1
999 [£O0 106 I2=1,NNCDZ
DO 106 IX=1,NNCOX
IFCIPCOUNT .NE. 1) GO TO 167
IF(IX «LTse NXBEG) ICODE(IZoIX)=ICODE (IZ,NXBEG)
IF(IX +GTe NXEND) ICODE(IZHIX)=ICOJE(IZ,NXEND)
IRESX=ICODE(IZ,IX)+1
COND(IXsIZ)=140/RESIS(IRESX)
60 TO 10¢€
107 IRESX=ICODE(IZ,1IX)+1
COND(IXyIZ)=(1e0+PFE(IRESX)/10040)/RESIS(IRESX)
10 € CONTINUE
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IF( MORE oNEs § +ORse IPCCUNT .NEs 1) GO TO 1304
0O 130 IXx=14NELX
130 OX{IX)=DX(IX)/XSCAL
CO 135 IZ=1,NELZ
135 DZ(IZ2)=DZ(1Z)/2SCAL
PRINT 1045
1045 FORMAT (5X.*NOCE [ISTANCES IN MES+ UNITS FROM THE ORIGIN LOCATED AT
1 THE TOP, LEFT HAND CORNCR OF THE MESH *,//)
PRINT 10640y ((IXoX{IX)oDXCIX))IX=1yNNCCX)
1040 FORMAT (22X *¥IX=¥9I5 33 X9 ¥ X {IX)=*3F 104 393X DX {IX)=¥yF10,3)
PRINT 1060y ((IZ4Z(1Z)4DZLIZ)),I2Z=14NNCD2) ’
1050 FORMAT (2Xo*IZ=%431543Xs*Z(12)=%4F10.393X5¥DZ2(1Z)=*,F10,3)
1304 CONTINUE
DO 111 IZTX=1,NZSFT
ZSFT=ZSHIFT(IZTX)*UNIT
DO 112 INDXZ=1,.NN0ODZ
IF( 2ZSFT +EQe Z(INDXZ)) IZSQ=INDXZ
112 CONTINUE
DO 114 IXTX=14NTX
NTXCNT=(IZTX=1 ) ENTX+IXTX
IXSINTXCNTI=ITXP(IXTX)
IZSINTXCNT)=IZSQ
114 CONTINUE
111 CONTINUE
NNODE=NNODX*NNCD2
NBAND=2*NNODZ+1
NNODTOT=NNODE*NTXCNT
NLNA=NNQCE*(NNODZ+1)
NBANDZ2=NNODZ+1
PRINT 1171y NLNAJNNODTOT
1171 FORMAT (1K1 425X *CIFENSION OF A SHOULD BE AT LEAST =%,120+5X,
17+24X+*DIMENSION OF RS SHOULC BE AT LEAST =%,120)
DO 110 IKY=1,NKY
YLAMDA=YKY (IKY)
Cereeoee FINITE DIFFERENCE SOLUTICN FOR EACH OF THE KY VALUES
CALL SOLVENT (X9sZyCONDsIXSeIZSsYLAMDADX9DZyANODI9NNODZ,IKY,
INTXCNT o NTX o ITXP o NRXJIRXP NZRSFT oy ZRSHIFT JNKY o NTXTCToNRXTITSANCOTOT,
2NBANDyNBANDZ2 s NNCOE 4 NLNA » VKY UNIT yA,RS 9 XMAT)
110 CONTINUE
Coeose INVERSE TRANSFORMATICN OF THE POTENTIALS IN (X +KYy Z) SFACE
c WITH APFROPRIATE Y-SHIFTS.
Covosnse JOPT +EQe G seo INTEGRATICN BY SUESECTIONAL EXPONENTIAL FIT
Cesveee IOPT oNEe [ ooo INTEGRATICN BY TRAFEZCIDAL RULE
I0PT=0
CALL YTRAN (NRX NYSFToyNZRSFT9YSHIFT yNTXyNZSFToNKYSNTXTOT yNRXTOT»
AINRXTIT,) YKY VKY,ZVo,ICPTLUNIT)
Coeeose SORT OUT COMEBINATIONS OF THE POINT SCURCE POTENTIALS FOR
C VARIOUS ELECTRCCE ARRAYS,
IF(IPKEY +EQs 0) IPINDEX=0
IF(IPKEY +NE« 0 +AND. IPCOUNT EQ., 1) IFINDEX=0
IFCIPKEY +NE. O +ANO. IPCOUNT +EQ. 2) IPINDEX=1
CALL ARRAYS( X3ZoyNARRAY,ICONFIG, TITLE JNTXTOT4NRXTOToNTXsNRXsITXP
1IRXPINZSFT 4NYSFT oNZRSFT 9 ZSHIFTyYSHIF T2 ZRSHIFTyIPINDEXy V9 NNGDX,
2NNODZ,UNIT)
IPCOUNT= IPCOUNT +1
IF( IPKEY .NE. 8 .AND. IPCOUNT .EQ. 2) GO TQ 999
READ 17,4 MCKRE
IF ( MORE .NE. 0) GO TO 888
STOP
END
SUBROUTINE SOLVENT (XeZsCONDyIXSHIZSyYLAMDA ¢DX9DZyNNODXsNNODZyIKY,
IHTXCNTyNTXyITXPoNRXy IRXPyNZRSFT 9 ZRSHIFT o NKY ¢ NTXTCT o NRXTIT oNNOCTCT,
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2NBANDyNBAND2 ¢y NNGCE yNLNA sy VKY 3 UNIT yA 4RSSy XMAT)

I A X E RS R R RS RS R S SRR R RS E R R R RS R RS R E R RS RS SRS R RS R X RS R LSS R RS L R R L E X 2 )

c

C.I..... AUTHOR L N ] AB’IJIT DE'

C LATEST FEVISION eee APRILy1976

c......l....l

c ALL RIGKTS OF USAGE AND MODIFICATIONS ARE RESERVED BY AUTHOR
Cl’...l.'....

c....'.. PURPOSE...I.

c SUBROUTIME SOLVENT DISCRETISES THE GENERALISED POISSON,S
c EQUATION 1IN (X~ KY = 2Z) DOFAIN FOR A SET OF PRESCRIBEOD SET

C OF KY VALUES USING A 5=-FOINT FINITE DIFFERENCE SCHEME. THE

C SYSTEM C(F CAPACITANCE MATRIX EQUATICNS ARE THEN GENERATED WITH

c NEUMANN CONDITICN FOR THE TOP SURFACE AND MIXED BOUNDARY CONOITIO
c FOR THE LEFT,RIGHT AND BOTTOM EDGES, TAKING INTC ACCOUNT THE

c ARBITRARY CONCUCTIVITY DISTRIBUTION IM THE X~=Z FLANE. THE

c CAPACITANCE MATRIX IS PCSITIVE DEFINITE ANC SATISFIES YOUNG,S

c PROPERTY A o THE SYSTEM OF EQUATIONS ARE SOLVED SIMULTANEOQUSLY

c FOR ALL DELTA FUNCTION CURRENT SOURCE TERMS.

c

T Y Y Yy Y Yy Y Ty Y Yy

LARGE A(NNODEJNEAND2) 4RS(NNOCELNTXCNT)
DIMENSION XMAT (NNOOE)
DIMENSION IXS(1),IZS(1),C(60)
DIMENSION VKY(NKY NTXTOT ZNEXTIT)
DIMENSIGN COND (126 91) 90X (1) 40ZUL)oITXP(L)IRXP (L1)sX 1) oZ(1),
1ZRSHIFT (L)
DIMENSION NSOQUKCE(60)
EXTERNAL AKO,AK1
OATA PI/3.141592E53/
AMP=2,0%*P1
XCENTR= (X(1)+X (NNOOX}) /2 0
NELX=NNODX-1
NELZ=NNODZ-1
CALL SFCOND(TIME)
PRINT 33, TIME
33 FORMAT(25X*CP TIME =%,F20.5)
DO 100 ITX=1,NTXCNT
IXSP=IXSCITX)
IZSP=TZS{(ITX)
NSOURCE (ITX)=(IXSP-1)*NNCD 2¢11Z5P
00 100 IXx=14NNODX
CO 100 IZ=14,NNCD2Z
N= (IX=1)*NNODZ+I2Z
RSIN,ITX)=0.,00
IF( N «NE« NSCURCE(ITX)) GO TO 100
RS(N,ITX)=AMP/2.00
100 CONTINUE
Cevecsce SET UP THE COEFFICIENT MATRIX FCR THE MESEH.
Ni=1
NCENT=NBAND2
NMIDL=NBAND2~1
NMIDU=MNBAND2+1
NEND=NBAND
00 210 IX=14NNCOX
DO 220 IZ=1,NNCOZ
N=(IX=-1)*NNCDZ+¢IZ
IF(C IX +EQs 1 +O0Fs IX +EQs NNODX) GO TO 310
IF( IZ EQ. NNCDZ) GO TO 315
IF(C IZ .EQ. 1) GC TO 320
Cosnee COEFFICIENTS FOR THE SELF ADJOINTY EQUATION OF AN INTERIOR
c NODE
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AREACON= (COND(IX=1+IZ~1)*¥DX(IX-1)*%02Z(IZ-1)/4D)+(COND(IX,1Z=1)*
10X (IX)¥DZ(IZ=1)/7420){COMD(IXTI2)*DX(IX)*DZ(IZ)/4eD)+{COND (IX=1,412
2I*OX(IX=1V*DZ(IZ)/4.40)

00 400 KC=14NBANC

400 C(KC)=0.00

CINL)=~((DZ(IZ-1)%COND(IX=1,1Z«1)4DZ(XZ)SCOND(IX=1,1I2))7(2.0%0CX
1(IX=1)))

CINMIDL) == ( (DX (IX~1)*COND(IX=1,12=1)+DX(IX)*COND(IX9IZ~1))/(2.0%D2Z
1(1Z-1)))

CINMIDU) =~ ((DX (IX=1)¥COND(IX=1,12) +DX(IX)*COND(IXsIZ))/(2.0%D2
1(12)))

CINEND)==((DZ(IZ-1)*COND(IX9IZ-1)¢DZ(IZ)PCOND(IXIZ))7(2.0%DX
1 (IX)))

CINCENT)}==(CIN1)+C(NMIDL)*C(NMIDU) +C (NENC) ~YLAMDA*YLAMDA*AREACON)

D0 410 KC=1,NBANC2

k10 A(NyKC)=C{(KC)
GO TO0 350
320 CONTINUE
Covosvee COEFFICIENTS FOR THE SELF ADJOINT EQUATION (F A NODE
C LOCATED CN THE TOP SURFACE

AREACON=(COND(IX=1+IZ)*OX(IX~1)*0Z(IZ)/4 0 )+ (CONCG(IX,IZ)*DX(IX)¥*
10Z(I2)/4.40)

DO 420 KC=1,NBANC

420 C(KC)=0.00

CINL)==-DZ(IZ)*COMD(IX=1+12)7(2.0%DX(IX=1))

C(NMIDL)=0.00

CANMIDU)==({DX(IX)*CONDCIXsIZ)+DX{IX~1)*COND(IX=1412Z))/7(2.0*0D2Z
1(12)))

CINENDY==DZ(IZ)*CONDI(IX,IZ)/7(2.0%DX(IX))
CINCENT)==(CINL)+CINMIDL)+C(NMIDU) +CINENL) -YLAMDA*YLAMDA*AREACON)

00 430 KC=1,NBAN(2

430 A(N,KC)=C(KC)
GO 10 350
315 CONTINUE
Cesonns COEFFICIEMTS FOR TH SELF ADJOINTY EQUATICON (F A NODE
C LOCATED ON THE BOYTOM SURFACE

AREACON=z (COND(IX~1,I2=-1)%*0X(IX=-1)%DZ(XZ=1)/4 4 0)+{(COND(IX,12-1)"%
10X (IX)*D2(IZ2-1)/4.0)

XTX=zABS (X(IX)=XCENTR)

R=SQRTIXTX*XTX+Z(IZ2}*Z(12))

ARG=YLAMDA*R
ARG1=AK1 (ARG)

ARG2=AKO (ARG)

IF(ARGL «LTe 1.0E~70 +ANCs ARGZ +LTe 1.,0E~70) AR(C3=1.00
IF(ARG] +GEes 1.,0E-70 +OR, ARCEZ +GEe. 1,0£-70) ARG3I=ARGL/ARG2
THETA=ATAN(XTX/Z(12))

00 440 KC=z1,NBANL

W40 C(KCI=0.00

CIN1)==DZ(IZ-1)*¥COND(IX=1+,1Z-1)/(2.,0%0X(IX~1))

CINMIDL )=~ ((DX(IX)*CONDC(IX9IZ=-1)4DX(IX=1)*COND(IX=1y1Z-1))7(2.,0*
10Z(I12Z2-1)))

C(NMIDU)=0.00
C(NEND)==0Z(IZ-1)*COND(IXyIZ=1)/7{2.,0%DX(IX))
CADD=~-C(MIDL)*DZ(IZ~1)*YLAMDA*COS(THETA)*ARG3
C(NC:NT)‘-(C(Nl)0C(NMIDL)0C(lMIDU)fC(NEBC)'YLAHDA‘YLAMDA‘AREACON)f
1 CAQDD
DO 441 KC=1,NBANC2

441 A(N,KC)=C(KC)

GO TO 350

310 CONTINUE

IFC(IX LEQ. NNODX) G0 TO 330

DO 450 KC=1,NBANC
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450 C(KC)=3,00

IF(IZ .GTs 1 +ANCs IZ oNE. NNODZ) GO TO 4501
IF(IZ +EQ. NNODZ) 60 TO 4502

Conenen COEFFICIENTS FOR THE SELF ADJOINT EQUATION (F A NODE

C

LOCATED AT THE TOPLLEFT CCRNERK

AREACON=COND(I)4IZ)*DX(IX)I*0Z(IZ)/4,400

XTX=ABS (X(IX)-XCENTR)

R=XTX

ARG=YLAMDA*R

ARG1=AK1 (ARG)

ARG2=AKO0 (ARG)

IF(ARGL oLTs 1.0E-70 +ANCe ARGZ oLTs 1.0E~-70) ARC3=1,00
IF(ARGL +GE. 1.0E-70 .OR., ARC2 .CE. 1.0E~-70) ARGI=ARGL/ARG2
C(N1)=0,.00

C(NMIDL)=0.00

CINMIDU) =-DX(IX)*COND(IX,IZ2)/(2,0%02(12))
CINENC)==DZ(IZ)Y*COND(IX,IZ)/(2.0%0X(IX))
CADD==C(MNEND) *DX(IX) *YLAMDA®ARG3

CINCENT) == (CI(N1)+C(NMIDL)+C(AMIDU)+C(NENC) -YLAMDA*YLAMDA*AREACON )+
1 CADOD

GO TO 4503

Coovven COEFFICIEMTS FOR THE SELF ADJOINT EGUATION (F A NODE

c

LOCATED ON THE LEFT ECGE

4501 AREACON= (COND(IXsIZ=1)*DX{(IX)*¥DZ(IZ=1)/4.0)+(CONCG(IX,XZ)*OX(IX)*

10Z(12)/4.0)

XTX=ABS (X(IX)=XCENTR)

R=SQRT (XTX*XTX+Z(I2)*Z (1))

ARG=YLAMDA*R

ARG1=AK1 (ARG)

ARG2=AK0 (ARG}

IF(ARGY +LT. 1.0E~70 +ANC. ARG2 +LT, 1.0E-70) ARC3=1.00

IF(ARGL +GE., 1.0E-70 .OR. ARC2 ,GE. 1,0E~-70) ARGI=ARG1/ARG2
THETA=ATAN(Z (1Z) 7XTX)

C(N1)=3.00

CINMIDL)==DX(IX)*CCND(IX+IZ=1)/(2.0%0Z(I12-1))
CINMIOU)==DX(IX)*CONDIIX,IZ)/(2.,0%D2(1I2))
CANENDYI==((DZ(IZ)*COND(IXyIZ)4DZ(IZ~-1)*COND(IX,IZ-1))/(2.,0%DXLIX)
1)

CADO==-C (NEND)*DX(IX)*YLAMDA*COS(THETA)*ARG3

CUNCENT) == (C(N1)+C(NMIDLI+C(NMIDUI +CINENC)-YLAMDA*YLAMDA*AREACON )¢
1 CADOD

GO TO «503

Cecosnae COEFFICIENTSE FOR THE SELF ADJOINT EGUATION C(F A NODE

c

LOCATED AT THE BOTTOM o LEFT CORNER

4502 AREACON=COND(I )yIZ-1)*DX(IX)*DZ(1Z-1)/4.00

XTX=ABS{X{(IX)=XCENTR}

R=SQRT(XTX*XTX+Z(IZ)*Z(12))}

ARG=YLAMDA*R

ARG1=2K1 (ARG)

ARG2=AKO0 (ARG)

IF(ARGL o+LTe 1.0E-70 +ANL. ARG2 LT« 1.0E-70) AR(321.00

IF(ARGL +GEe 1.0E-70 +OKs ARG2 oGEs 1.0E-70) ARG3I=ARGL1/ARG2
THETA1=ATAN(Z(IZ)/XTX)

THETA2=ATAN(XTX/2(12))

C(N1)=0,00

CINMIDL)==DX(IX)*COND(IXsIZ=-1)/(2.0%D2Z(IZ~-1))

C(NMIOU)=0.00

CINEND)==-DZ(IZ~1)*COND(IXsIZ-11/(2.0%0X(IX))
CADD=-{(C(NMIDL)*CZ (IZ-1)*COS(THE TA2) +C(NEND)*DX(IX) *COS(THETA1))*
1YLAMDA*ARG3
CONCENT)==(C(N1)+C (NMIDL)+C(MMIDU) +C (NENC) ~YLAMDA*YLAMDA*AREACON) ¢
1 CADD
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c
c

c
c

c
c

453 DO 4511 KC=1,NBAND2
4511 A(N,KC)=C(KC)
GO TO 350
330 CONTINUE
CO 460 KCz=1,NBANC
460 C(KC)=0.,00
IF(IZ .6T. 1 +ANC. IZ +NE. NNODZ) GO TO 4501
IF(IZ .EGs NNOLCZ) GO TO 4602
sseeee COEFFICIEANTS FOK THE SELF ADJOINT EQUATION CF A NOODE
AT THE TOP,RICHT CORNER
AREACON=COND(IX=1,IZ)*DX(IX=-1)*DZ(I17Z)/4.00
XTX=ABS {X{IX)=XCENTR)
E=XTX
ARG=YLAMCA*R
ARG1=AK1 (ARG)
ARG2=AK0 (ARG)
IF(ARGL LT+ 1.0E=7C +ANCe. ARG2 +LT. 1.0E~70) ARCG3=1.00
IF(ARGL +GEe 1.0E-70 +OR, ARCZ2 +GE. 1,0E-70) ARG3=ARG1/ARG2
CIN1)=-DZ(IZ)*CCID(IX=1+1IZ)/(2.0%DX(IX=-1))
CINMIDL)=0.00
CINMIDU)=-DX(IX=1) *COND(IX=1,12)/(2.0%DZ(IZ))
C{NEND)=0.00
CADD==C (M )I*DX(IX~1)*YLAMDA*ARG3
CUNCENT)==(C(N1)+C(NMIDL)+C(NMIDUI+C(NENC)-YLAMDA*YLAMDA*AREACON )+
1 CADD
GO TO wE0D3
sevece COEFFICIEMTS FOR THE SELF ADJOINY EGUATION CF A NODE
LOCATED ON THE RIGHT EDGE
4601 AREACON= (COND(IX~141IZ-1)%DX(IX-1)¥DZ(12-1)/4.0)+(COND(IX=1,12)%
10X (IX=-1)1%0Z(1IZ)/4,0)
XTX=ABS (X (IX)=XCENTR)
R=SQRT(XTX*¥XTX+Z(IZ)*Z(I2))
ARG=YLAMDA*R
ARG1=AK1 (ARG)
ARG 2=AK0 (ARG)
IF(ARG]Y +LTe 1.0E-70 +AN[: ARG2 +LT.+ 1.0E~70) ARC3=1.00
IF(ARGL +GEes 140E-70 +OK. ARGC2 +GE. 1,0E~-70) ARG3=ARG1/ARG2
THETA=ATAN(Z(IZ) /XTX}
CIN1)==C((DZ(IZ)*COND (IX~14IZ)4DZ(IZ~1)*COND(IX~1+1Z=1))/(2.D0%DX
1{IX~-1)))
C(NMIDL)==DX(IX=1)*COND(IX=1,1Z-1)/(2.0%*DZ(1Z2~1))
CINMIDU) ==DX(IX=1)*COND(IX~-1,IZ)/(2.0%0Z(1Z))
C(NEND)=0.00
CADD==C(M)I*OX (IX=1) *YLAMDA*COS(THETA)*ARG3
CINCENT) == (C(N1)+CANMIDL)+C(MIDU) +CINENC) ~YLAMDA*YLAMDA*AREACON )+
1 CADD
GO 70 4€03
sescne COEFFICIENTS FOR THE SELF ADJOINT ECUATION (F A NODE
LOCATED AT THE BOTTOMsRIGHT CORNER
4602 AREACON=COND(IX=1,IZ-1)*%0X({IX~1)*0Z{(IZ-1)/4.00
XTX=ABS{X{IX)=XCENTR)
R=SGRTIXTX¥XTX4Z2(IZ2)*Z(12))
ARG=YLAMODA*R
ARG1=AK1(ARG)
ARG2=AK0 (ARG)
IF(ARGL +LTe 1.0E-70 +ANCe ARGZ2 +LT+ 1.0E~70) ARC3=1.00
IF(ARGL +GEe 1.8E~70 +OR., ARC2 +GEs 1.0E-70) ARG3I=ARG1i/ARG2
THETAL1=ATAN(Z(IZ) /7XTX)
THETA2=ATAN(XT X/Z(1Z))
C(N1)=-DZ(IZ-1)*COND(IX=1,IZ-1)/(2 O¥DX(IX~1))
CINMIDU)==DX{IX~1)*COND(IX=1,1Z~12)/(2.0%02(12~-1))
C(NMIDU)=G.C0
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C(NEND) =0.00
CADD=~(C(NMIDL)*DZ(IZ-1)*COS(THE TA2)+C(N1) *DX(IX~1)*COS(THETAL))*

1YLAMDA*ARG3
C(NCENT)==(C{N1) ¢C(NMIOL)+C{NMIDU) +CINENC) ~-YLAMDA*YLAMDA*AREACON )+
1 CADD

4603 00 4611 KC=1,NBANDZ
4611 A(N,KC)=C(KC)
353 CONTINUE
220 CONTINUE
210 CONTINUE
CALL SECOND(TIME)
PRINT 33, TIME
CALL BANDSYM (AyNNODE+NNODZ s NNODEsRSyNNODE,NTXCNT,14,01,D2,NBANC2,
1XMAT,IER)
PRINT 910, IER
910 FORMAT(23Xs*MATRIX SOLUTION ERROR INODEX =*%,I5)
CALL SECOND(TIME)
PRINT 33, TIME
DO 1210 ITX=1sNTXCNT
00 1220 IDWN=1,NZRSFT
ZRSFT=ZRSHIFT(IDWN)*UNIT
00 1230 INDXZ=1,NNODZ
1230 IF( ZRSFT .EQs Z(INDXZ)) IZRS=INOXZ
0O 1240 IRX=1,NRX
IRXX=IRXP(IRX)
IRDWNX=IRX+(ICWN=-1)*NRX
NRXCHK= ( IRXX=-1)*NNODZ+IZRS
VKY (IKYsITX, IRDWAX)=RS (NRXCHK,IT X)
c PRINT 14119 IKYsYLAMDAyITXaIRDNNXy VKY(IKYyITXyIRCHNX)
Cl41l FORMAT (2Xy¥IKY= %41 342X *LAMOA="yF124 592X+ *ITX=¥,]5,2Xy *IRONNX=*,1I5
c 192Xy ¥VKY=*4£15.4)
1240 CONTINUE
1220 CONTINUE
1210 CONTINUE
RETURN
END
FUNCTION AKD (X}
CHIFFE PP E4 4240033434403 3 4440000003044 0344230344440 4 3242434302000 00040%

c ve AUTHOR e ABHIJIT DEY

c LATEST REVISION eee APRIL,1976

C LR B B N pURpCsE'.l..

c EVALUATES THE MODIFIED BESSEL FUNCTION OF ZEROETH ORDER FOR
c AN ARGUMENT X

CHEtt 4444240804002 4 4702000000244 04 0000400224020 0 404000042440 40444040200

IF( X «GE. 2.0) GO TO 190

T=X/3.75

T=T*T
B1=1,04¢T%(3,5156229+T*%(3,08994244T%(1,20€7492+T*(0.2659732+T7T%(
10.0360768+7%0.0045813)))))

T=G «5%X

Y=T*T

AKO=~ALOG(T)*B1-0,577215€E64¢Y%(0,4227084204Y*(0.,23069756+Y*
2(0.0 3488590+V*(0,00262698+Y*(0.,00010750+4Y%0,00000740)))))

RETURN

10 T=2.0/X

F=EXP(=X)/SQRT (X)
AKO=F¥(1.,253314144T*(~0,078323584¢T*(0,021895684T*(~-0.,01062446+T*
1(0.00587872+T*(~0,00251540+4T%0,30053208))))))

RETURN

END

FUNCTION AK1(X)
CHEFPPPL R PR32 0440441412004 00 2431004004000 0 404000000
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C
C

c

AUTHOR co0 o ABHIJIT OtY
LATESYT REVISICN sees APRIL, 1976

es e8P PURPOSE.’O'.

Covsne EVALUATES THE MODIFIEL EESSEL FUNTICN CF CRCER 1 FOR AN

c

ARGUMENT X

(R X R R R T R R R e R R R X R R TR R Y R Y Ry Y R I Y]

[+ X2EsRsRr o NoNoNo e R N Ne NoNoNo Re No Xe v X2 Ky ]

IF(X +GE. 2.00) GO TO 100

T=X/3.75

T2=T*T

T4=T2%T2

Te=T4*T2

T8=To6¥T2

T10=T8*T2

T12=T10*T2
B=0+50+0.87890E94L*T2+40,514988€9*TL+0,15084934*T6+0,02658733%T8+
10,00301532*T10+0.,00032411%T12

BI1=X*3

T=X*0.5

T2=T*T

Te=T2%T2

T6=To*T2

T8=To*T2

T10=T8*T2

T12=T13*72
AA=X*ALOG(T)*BI1+1,0040.15443144%T2-0,67278579*T4=0,181568G87*T6~
10,01919402%T8-0,00110404*%T10-0.00004€8E%T12
AK1=zAA/X

RETURN

100 T=2.0/X%

T2=T*T

T3=T2*T

T4=T3*T

T5=TL*T

T6=T5*T
BB=1,253314144¢0423498619%¥T-0,03655620%T240.01504268%T3~
10,00780353%T4+0,00325614%¥T5~-0.00068245*T¢€

AK1=BB*EXP {(=X)/SGRT(X)

RETURN

END

SUBROUTINE BANCSYM (AgyNyNCsIA+By IByMeIDGTyD14029MBNDyXy IER)

FUNCTION = LINEAR EGUATION SOLVER =~ SYMMETRIC BAND
STORAGE MODE - SFACE ECONOPIZER SOLUTION
PARAMETERS A = THE COEFFICIENT MATRIX OF THE EQUATION

AX = By WHERE A IS ASSUMED TO BE AN N X N
POSITIVE DEFINITE SYMMETRIC BAND MATRIX. A
IS STORED IN SYMMETRIC BAND STORAGE MODE
ANT THEREFORE HAS CIMENSION N BY (NC+1),
(INPUT)

ON OUTPUT, A IS REPLACED BY L WHERE
A = L*L-TRANSPOSE. L IS A LOWER BAND
MATRIX STORED IN BAND FORM AND THEREFORE
HAS DIMENSION N BY (NC+1). NOTE THAT THE
DIAGONAL ELEMENTS OF L ARE STORED IN
RECIPRCCAL FORM. (OUTPUT)

N - ORDER OF MATRIX A AND NUMBER OF ROWS IN B.
(INPUT)
NC = NUMBER OF UPPER OR LCWER CO-CIAGONALS OF A,
(INPUT)
NBND= NC+#1
IA = ROW CIMENSION OF A AS SFECIFIED IN THE MAIN
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PRCGRAM. (INPUT)

BETERMINANT(A) = D1%*2,.%*D2. (OUTPUT)
IER - ERROR PARAMETER.,
TERMINAL ERROR = N
N = 1 INDICATES THAT THE MATRIX A IS
ALGORTHMICALLY NCT POSITIVE DEFINITE.

P L L L L L T T T T coeccssae cCoasecncecncscvacnncsrmrccnencaane - ---

c

c 8 = INPUT MATRIX OF DIMENSICN N X M CONTAINING
c THE M RIGHT-HAND SIDES OF THE EQUATION

C AX:B-

c ON OUTPUT, THE N X ¥ SOLUTIGMN MATRIX X

c REPLACES 8.

c I8 - ROW CIMENSION OF B AS SPECIFIED IN THE MAIN
c PRCGRAM. (INPUT)

c M - NUMBER OF RIGHT HAM SIDES (COLUMNS IN 8)

C (INPUT)

c IDGT - THE ELEMENTS OF A ARE ASSUMEC TO BE CORRECT
c TO ICG1 DECIMAL (IGITS (INFUT - CURRENTLY
c NOT USED)

c D1,D02 = COMPCNENTS OF THE OETERMINANT OF A,

c

c

c

c

c

c

c

LARGE A(IA+NBNC) » B(IBM)
DIMENSICN X (N)
IER =0
c OECOMPOSITI(N COF MATRIX A INTO
c L*L-TRANSFCSE
CALL LUDCCMF(A4NyNCyIAy014D29NBNCyIER)
IF (IER oNE. 0) GO TO 9000
BO S I = 1,M
c SOLUTION CF AX = 8
00 51 IX=14N
51 X{IX)=B(IX,I)
CALL SOLVE(A4XyNyNCy1A,NEND)
BO 52 IX=1,4N
52 BLIX,IN=X(IX)
5 CONTINUE
9000 CONTINUE
RETURN
END
SUBROUTINE LUDCOMP (A4NyNCyIA,D1,D24NBND,y IER)

LU DECOMFOSITION OF A PCSITIVE DEFINITE
SYMMETRIC BAND MATRIX - CHCLESKY
DECOMPCSITION

N X N POSITIVE OEFINITE SYMMETRIC BAND MATRIX
STORED IN SYMMETRIC BAND STORAGE MODE.

A SHCULD BE AN ARRAY CF SIZE N BY NC+#1, AT
LEAST. (INPUT)

FUNCTION

PARAMETERS A

N - ROW CIMENSION OF A FCR THE PRESENT CALL
CINPUT)

NC - NUMBER OF UPPER OR LCHWER CO-CIAGONALS (INPUT)

IA - ROW CIPENSION OF A AS SFECIFIED IN THE MAIN
PRCGRAKM., (INPUT)

UL - OUTPUT MATRIX L WHERE A = L*L-TRANSPOSE. L IS

STORED IN BAND STORAGE MOCE. UL SHOULD EE
AN ARRAY CF SIZE N BY NC+1, AT LEAST,
NOTE - THE DIAGONAL OF UL CONTAINS THE
RECIPRCCALS OF THE ACTUAL ([IAGONAL ELEMENTS.
Iv = ROW CIMENSION OF UL AS SFECIFIED IN THE MAIN
PRCGRAM. (INPUT)
COMPONENTS OF THE OETERMINANT OF A,

DO O000000

D1,02

17



OO0

(e XoNe] loNe]

QOOOOO0O0O00O0 O

DETERMINANT(A) = D1¥2.%¥D2, (OUTPUT)
IER - ERROR PARAMETER.,
TERMINAL ERROR = N
N = 1 INDICATES THAT THE MATRIX A IS
ALGORITHMICALLY NOT FOSITIVE DEFINITE,
LATESY RFVISION - FEBRUARY 66,1974
LARG: A(IA,N8NED)
DATA ZEROyONE 9y FOUR 9 SIXTNySIXTH/De9lasbba91649008625/
IER =0
RN = ONEZ(N¥*SIXTM)
D1 = ONE
D2 = ZERO
NCPL = NC+i
IF (NC +EG. 0) GC YO 15
INITIALIZE ZEROC ELEMENTS
00 10 I = 1,NC
DO 5 J = IWNC
K = NCP1-J
A(l,K)=ZERO
S CONTINUE
10 CONTINUE
I IS ROW INCEX OF ELEMENT BEING
COMPUTED
15 DO 65 I = 14N
IMNCP1 = I-NCP1
I1 = MAX0(1,1-IMNCP1)
J IS COLUMN INDEX OF ELEMENT BEING
COMPU TED
DO 60 J = I1,NCPL
L IS ROW INDEX OF PREVIOUSLY COMPUTED
VECTOR BEING USED TC COMPUTE INNER
PRODUCT
L = IMNCP1+J
12 = NCPi-J
SUM = A(I,.J)
JML = J=1
IF (JUM1) 30,30,20
20 DO 25 K = 1.4M1
M IS COLUMN INDEX
M = I24K
SUM=SUM=A(IK)*A(LyM)
25 COATINUE
30 IF (J +NE. NCP1) GO TO 55
IF (A(I,J)¢+SUM*RN LE. A(I,J)) GO TO €5
A(I4,J)=ONE/SQRT(SUM)
UPDATE THE CETERMINANT
D1 = D1*SUV
35 IF C(ABS(C1)-ONE) 45,45,40
49 D1 = D1*SIXTH
D2 = D2+4FOLR
GG TO 35
45 IF (ABS(D1)~-SIXTH) 50,50,60
50 D1 = D1*SIXTN
D2 = D2=-FCUR
GO TO &5
S5 A(I,J)=SUM*A(L ,NCP1)
60 CONTINUE
GO TO 9005
65 IfR=1
9005 RETURN
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X7 EeRrNeNolrNoNoXrNeNoloRoRoNrNoNoNoNoNoNvNo o)

END

SUBROUTINE SOLVE (UL +XsNsNCeIA,NBND)
)
FUNCTIOCON - FLIMINATION PORTION CF THE SCLUTION OF AX = B
SYMMETRIC BAND STCRAGE MODE
PARAMETERS Ut - THE RESULT L COMPUTED IN THE ROUTINE LUOAPB
WHERE A = L*L~-TRANSPOSE. L IS A LONWER BANC
MATRIX STORED IN BAND STCRAGE MODE ANOD
THEREFCRE HAS DIMENSION N X (NC+1i). THE MAIN
DIAGONAL ELEMENTS CF L ARE STORED IN
RECIPRCCAL FORM. (INPUT)
8 - VECTOR OF LENGTH N CONTAINING THE RIGHT HAND
SIDE OF THE EQUATICN AX = EBs (INPUT)
N - OROER OF A AND THE LENGTH OF 8 AND X. (INPUT)
NC - NUMBER OF LOWER CO-DIAGONALS OF A, (INPUT)
IA - ROW CIMENSION OF UL AS SFECIFIED IN THE MAIN
PRCGRAY, (INPUT)
X - VECTOR OF LENGTH N CCNTAINING THE SOLUTION TO
THE EQUATION AX = B. (CUTPLT)
PRECISION - SINGLE
LANGUAGE - FORTRAN
LATEST REVISICN - SEPTEMBER 1441973
LARGE UL (IA,NEBND)
DIMENSION X (1)
SOLUTION LY = B
NC1 = NC#1
IW = 0
L =0
CO 15 I = 14N
SuM=X(I)
IF (NC .LE. 0) GO TO 10
IF (IK +EQs 0) GO TO 9
L = L+t
IF ( L «GT+ NCY L = NC
K = NCi-L
KL = I-L
DO 5 J = KgyNC
SUNM = SUNM=X(KL)*ULI(I J)
KL = KL+1
5 CONT INUE
6C TO0 10
10 X(I) = SUM¥UL(I,NC1}
15 CONTINUE
SOLUTION UX = Y
20 X(N) = XIN)*UL(N,NC1)
IF (N +LE. 1) CC TO 40
N1 = N+1
DO 35 1 = 24N
K = Ni-I
SUM = X(K)
IF (NC JLE. 0) GO YO 30
KL = K¢1
K1 = MINO (NsK+NC)
L =1
DO 25 4 = KL,K1
SUM = SUM=X(J)*UL (JyNC1-L)

L L+l
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25 CONTINUE

30 X(K) = SUM®UL (KsNC1)

35 CONTINUE

40 RETURN
END
SUBROUTINE YTRAN (NRXyNYSFTyNZRSFT, YSHIFTyNTXyMZEFToNKY 4 NTXTOT,
INRXTCTyNRXTITy YKYy VKY s Vs INDEX,UNIT)

LR Ry e e e R R R s R

c . AUTHOR osese ABHIJIT OEY

c LATEST REVISICON a0 APRIL 1976
c

CQ.I... PURPOSE.......

c SUBROUTINE YTRAN PERFORMS THE INVERSE FCURIER TRANSFORM

c OF THE POTENT JALS IN (X-KY-Z) SPACE BACK TO (X-Y-Z) SPACE.

c THE TRANSFORMATION INTEGRAL IS DETERMINED BY FITTING SUBSECTIOMNS
c IN KY-SFACE EY EXFONENTIALS CR B8Y TRAFEZOIDAL RULE.
c
c

Y I Iy R R S R R R R R R R X I R L R R I SRR R RS S RS X RS X2 R 224
CIMENSION VKY(NKYoNTXTOT NRXTIT) yVINTXTCTJNRXTOT)
DIMENSION YSHIFT(1),YKY(LD)

DO 100 ID=14NZSFT
CO 100 IE=1,NTX
ITX=(ID=-1)*NTX+IE
IRX=0
00 100 IA=1,NZRSFT
00 100 IC=1,NYSFT
Y=YSHIFT(IC)*UNIT
00 100 IE=1,NRX
IRXA=(IA=-1)*NRX+1IB
IRX=IRX+1
IF( INDEX «NE. 0 +AND. Y JEQs C.00) GO TO 300
Cooansne INTEGRATION BY SUBSECTICONAL EXPONENTIAL FITS
IF(Y +€Qs 0,00) VAzVKY (1 ,ITX,IRXA)*YKY (L)
IF(Y oNEs 0400) VASVKY(1,ITX,IRXAI*SINIYKY (1)*Y) /Y
DO 200 IKY=2,NKY
IK1=IKY~1
XK1=YKY (IK1)
XK2=YKY (IKY)
Yi=VKY(IK1,ITXyIRXA)
Y2=VKY(IKYITXsIRXA)
IF(Y1 +LTe 1.0E=30 +ORe. Y2 +LTse 1.0E-30) GO TO 210
z=ALOG(Y2/Y1) 7 (XK2=XK1}
GO TO 215
210 A=0.00
215 CONTINUE
IF( A EGe 0+0C +ANDs Y EQ. 0,00 GO TC 220
VASVA+(Y1*(A*COS(XKL*Y)=Y*SINI(XKL1*Y))=Y2¥(A*COS{(XK2¥Y) «Y*SIN (XKZ*Y
1)) )7 (A*A+Y*Y)
GO0 TO 225
220 VAzVA#Y1¥(XK2-XK1)
225 CONTINUE
200 CONTINUE
GO TO 250
300 CONTINUE
Cressee INTEGRATION BY TRAPEZOIDAL RULE
VA=VKY{(1,ITX,IRXA)*YKY (1)
00 310 IKY=2,4NKY
IKi=IKY~1
XKi=YKY (IK1)
XK2=YKY (IKY)
Y1=VKY{IKL1,ITX,IRXA)
Y2=VKY(IKY,ITX,IRXA)
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AA=(Y1+4Y2)%(.50*(XK2=-XK1)
310 VAzVA+AA
250 CONTINUE
VIITXyIRYI=(VA¥2,0/3.141£592653)*UNIT
100 CONTINUE
RETURN
END
SUBROUTINE ARRAYS (X9Z NARRAY,ICONFIGy TITLE JNTXTCT o NRXTOT»NTX,
INRXp ITXP y IRXP g NZSF Ty NYSFToNZRSFT yZSHIFTo YSHIFTyZRSHIFTLIPKEY 9V
2NNODXsHNCDZSUNIT)
CHEFP P44 4401444441422 4 4004334443444+ 44 4344043404400 020044040
Crsscee AUTHOR oeos AEHIJIT DEY
C LATEST REVISION oo APRIL,1976
CHEF T L4 4442414034242 4 2440023034430 4442220300428 00 2444443340240 440
CIMENS ICN VINTXTCT,,NRXTOT)
DIMENSION X(1),Z(1)yICONFIG(1)+TITLE(L1)ITXP(1)4IRXP(1) ¢ZSHIFT(1),
1YSHIFT(1), ZRSHIFT(1)
DO 10 IX=1,NNCDX
10 X(IX)=X{IX)/UNIT
00O 15 IZ=1,NNODZ
15 Z(1Z2)=2(1Z)/UNIT
DO 130 I=1,NARRAY
INDEX=ICONFIG(I)
GO TO (142), INDEX
1 CALL CLINDIP{X+ZsIPKEYsTITLE JNTXTOT g NRXTCOT yNRXyIRXPyNTX s ITXP,
ANYSFT,YSHIFT,V4NNOCX 4 NNODZ)
GO TO 99
2 CALL RECONZD (X yZoNTXTOT yNRXTOTsNTXsNRXyITXP yIRXP ¢NYSFT, YSHIFT,
1TITLZ,VoNNODX,NNCDZ)
99 CONTINUE
100 CONTINUE
DO 11 IX=1,NNODX
11 X(IX)=X{IX)*UNIT
00 16 IZ=1,NNODZ
16 Z(1Z2)=2Z2(IZ)*UNIT
RETURN
END
SUBROUTINE CLINDIP (X9 ZyIPKEV,TITLE y NTXTCT9NRXTOT9NRXy IRXP,
INTX o ITXP yNYSFT,YSHIFT,V4ANCOX,NNODZ)
c.....'. PURPOSE.......

TO OBTAIN PROFILES OF APPARENT RESISTIVITY GVER INHOMOGENEITIES
WITH DIFCLE-CIFOLE AND PCLE-LIPCLE CCNFIGURATION OF ELECTRODES.
THE PROFILE LINES ARE INCLINED TC THE STRIKE OF THE INHOMOGENEITY

AUTHOR seeee ABHIJIT DEY

DATEeoeee APRIL,1974
INTEGER OPTPUN
COMMON /GANG1/ CPTPUNsTHETALIPRINT
CIMENSICN VINTXTCT,NRXTCT)

DIMENSION X{1)+Z{(1)2IRXP (1) oITXP (1) o TITLE(1),YSHIFT (1)

DIMENSION NPTS(2C) NRA(20) 4NRB(2C),GEOMFC(20),GECMFP(20),APRES1 (25
1) JAPRES2(25),AFIF1(25,20),APIP2(25,20),APRDC1(2%,20) 4APRDC2(2E,
120) 4APMCFD(25,20) ,APMCFP (25,20) ,TXA (50),TXB (50)4RXP(50)

DIMENSION TXPOS(50 ),RXPOS(50)

DIMENSICN CRFD(20) CRFP(20)

OATA NTA/1/4NTB/72/

DATA NRA/Z/1+293 949596979899 +1C911412913914915,16,17,18/

DATA NRB/2+3 949591697 9899+10911912933914915,1€,517,18,19/

DATA NPTS/22+21+2091991851 791651591491 39129119109998,79645,47

DATA TXPOS/"12 «0 ,'11.0"10 on'°9u°'°800 "'700 1'600 )'5 o0 "‘0009‘3009
1°2¢09=1¢8900091e09C0090300944095¢6096e097e0+84039.0(,10.0/

DATA RXPOS/'iD.O "900"800 9‘7.09‘5;0"50 0."'000' 3-01‘2.0,"1. 0’0. 0,
116092¢0930094e0950096e097e098404+9,09140.0,11,0,12,0/

OO0
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C....

QOO0

C.'..

C...‘

12

13
C....

CATA GECMFD/340912e03300Cy60+091C05e0+1€8609252:093606094S5.09€6040
1985846091092¢0913€5.091680404200L0.0924484092%07.0,3420,0/

DATA GEQMFP/2e09€400912e0+2000930e0942e09€6¢0+72e¢0+90640,110.0,132.0
1915640:182¢0921040924040+272409306¢04342.07/

THE ARRAYS CRFD AND CRFP CONSIST OF THE CORRECTION FACTORS
EMPLOYED TO THE DF-DP AND P=-DP ARRAYS FCR DIFFERENT DIPOLE
SEPARATIONS. THESE FACTORS ARE BASED ON COMPARISONS WITH KNCWN
SOLUTIONS OVER TWO-DIMENSIONAL STRUCTURES ( FOR A PRESCRIBEC
SET OF KY VALUES USED ).,

DATA CRFO/0e945+0 4969404965906 9690¢9690:9690:96+40¢3690¢96,0.96,0.96
1904966904979 049790e9790+9790¢9750497908.57/
CATA CRFP/0¢99 934009140093 60151001916029300292+0391:.04491,0€91,.(7,
11¢0841,0891¢09+140941.09,1,09,1, 09/
XCENTR= (X{1)+X (NNCDX)) /2.0
THETAX=THETA/57.296

DO 1€ NSEP=1,18

N1=NPTS (NSEP)

DO 15 I=1,N1

JA=NTA+I-1

IB=NTB+I-1

JC=NRA(NSEP) +I~1

JO=NRB{(NSEP) +I-1

IF(THETA .EQ. 90.00) GO TO 771

COOROINATES OF THE TX ANC RX ELECTRODES ON THE IPCLINED PROFILE
AX=TXPOS (IA) -
BX=TXP0S(IB)

CX=RXPOS (4C) /

DX=RXPOS (JUD)

COORDINATES OF THE TX AND RX ELECTRODES ON THE X=-Y PLANE

CC=SIN(THETAX)

SS=COS(THETAX)

XATX=(AX*CC)+XCENTR

XBTX=(3X¥CCI+XCEMTR

XCRX={CX*CC) +XCENTR

XDRX=(DX*¥CC) +XCEANTR

YAT X=AX*SS

YBT X=BX*¥SS

YCRX=CX*SS

YORX=DX*SS

NTPOSX=NTX=1

DO 12 IX1=14NTPOSX

NX1=ITXP(IX1)

NX2=ITXP(IX1+1)

X1=X(NX1)

X2=X (NX2}

AA=ABS (X1-X2)

IF(XATX oLTe X2 +AND. XATX «GE. X1) ITAX=IX1
IF(XBTX +LTe X2 +ANDs XETX oGE. X1) ITBX=IX1
CONT INUE

NRPOSX=NRX=-1

00 13 IX2=14NRFOSX

NX1=IRXP(IX2)

NX2=IRXP(IX2+¢1)

X1=X(NX1)

X2=X(NX2)

IF(XCRX oLTe X2 +ANDs XCRX «GE. X1) IRCXzIX2
IF(XDRX +LTe X2 +ANDe XDRX oGEs Xi) IRDX=IX2
CONT INUE

DETERMINATICN (F THE RELATIVE Y-SHIFT BETWEEN TX AND RX POLES

NRLINY=NYSFT-1

00 14 IY1i=1,NRLINY

Yi=zYSHIFT(IY1)
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Y2=YSHIFT(IY1+1)
IF(ABS(YATX~-YCRX) oLTe Y2 +AND. A3S(YATX-YCRX) +GEe« Y1)IACY=IY1L
IF(ABS(YATX=-YDRX) LT. Y2 AND. ABS(YATX-YDRX) .CE. Y1)IADY=IY1i
IF(ABS(YETX=YCRX) oLTe Y2 ANDe ABS(YBTX-YCRX) .GE. Y1)IBCY=IY1
IF(ABS(YBTX=YORX) «LTe Y2 AND. ABS(YBTX-YDRX) .GE. Y1)IBDY=IY1
14 CONTINUE
Cees THWO-DIMENSICNAL INTERPOLATICN OF V(RECEIVER) ASSUMING LINEAR
C VARIATION ALONG THE EDGES OF A SQUARE CGRID OF KNOWN CORNER VALUES,
C AA IS THE SIDE DIMENSION OF THE SQUARE GRID
KNXA=ITXP(ITAX)
DXA=ABS (X{KNXA)=XATX)
KNXC=IRXP(IRCX)
KRC1=(IACY~-1)*NRX+IRCX
KRC2=KRC1+1
KRC3=KRC2+NKkX
KRC4=KRC1+NRX
Vi=V(ITAX,KRC1)=-(DXA*{V(ITAX,KRC1)-V(ITAX+1,KRC1))/AA)
V2=V (ITAXyKRC2 )= (DXA*(V{ITAXsKRC2) =VIITAX+1,KRC2))/7AA)
V3= VIITAXyKRCI V= (OXA*(V(ITAX,KRC3)-V(ITAX+1,KRC3))/7AA)
Vh=VIITAX,KRC4) =(DXA*(V(ITAXsKRC4) =VIITAX+14,KRC4))/AR)
CXC=ABS (X{KNXC)=XCRX}
DYC=ABS (ABS(YATX=YCRX)=YSHIFT(IACY))
VIIA,JC)=VI+(DXC¥(V2=-V1) 7AA) +(DYC*(VL=V1)/AA)+(DXC*DYC*(Vi-V24V3I-V
14)/7 (AA*AA))
KNXO=IRXP(IRDX)
KRDL1=(IADY=-1) *NRX+IRDX
KRD2=KRD1+¢1
KRO3=KRD2+NRX
KRD4=KRDO1#NRX
V1=V (ITAXyKRO1 )= (OXA®(V(ITAX,KRO1) =V (ITAX+1,KRD1))/7AA)
V2=V{(ITAX,KRD2 )=~ (DXA®(V(ITAX,KRD2)-V{ITAX+1,KRD2))/AA)
V3=V(ITAXyKRDO3) - (DXA¥(V(ITAX+KRD3) -V(ITAX+14KRD3))/7AR)
Vae=V(ITAX,KRDY )= (DXA*(V(ITAX,KRD4) -V(ITAX+1 ,KROL))I/AA)
OXD=ABS (X{KNXD}=XDRX)
CYD=ABS(ABS(YATX~-YORX)-YSHIFT(IADY))
V(IA,JO)=VL+(DXD*(V2=V1)/AA) +(DYD*(V&=V1)/AA)+ (OXD*OYD*(V1-V2+V 3=V
14)7(AA*AA))
KNXB=ITXF(ITBX)
DXB=ABS (X(KNXB}=XBTX)
KNXC=IRXP{IRCX)
KRC1=(IBCY~1)*NRX+IRCX
KRC2=KRC1+1
KRC3=KRC2+NRX
KRC4=KRC1#+NRX
Vi=V(ITBX4KRC1I=-(DXB*(V(ITBXsKRC1)=VIITBX#+14KRC1))/AR)
V2=V(ITBXyKRC2 )~ (DXB*(V(ITBX,KRC2)~VIITBX+1,KRC2))/AA)
V3=V(ITBXsKRC3)=(DXB*(V(ITBX9KRC3)-V(ITEX+1,KRC3))/AA)
V4=VI(ITBXyKRC4)=(DXBO(VIITBX+KRCU)=V(ITBX+1,KRC4))/AA)
DXC=ABS (X{KNXC) =XCRX}
OYC=ABS (ABS(YBTX~-YCRX)~YSHIFT(IBCY)})
VIIByJC)I=VI+{OXC¥(VZ=VL1) /AA) + (OYC¥*{V4=V1)/AA )+ (DXC*BYC* (V1=-V24V3=~V
14)/ CAA*AA))
KNXD=IRXP{IKODX)
KRO1={IBCY=1)*NRX+IRDX
KRDZ2=z=KRD1+¢1
KRD3=KRD2+#NRX
KRD 4=KRD1+NRX
Vi=V(ITBXyKRD1)={(DOXB*(V(ITBXKKD1) ~-VIITBX+1,KRD1))/AA)
V2=V(ITBXyKRD2)=-(DXBO®(V(ITBX,KRD2) -V(ITBX+1,KRD2})/AA)
V3=V(ITBX,KRO3)~{DXB*{ V(ITBXsKRO3)-VIITEX+1,KRD3))}/AA)
V=V IITBXyKRDL )= (DXB¥(VIITBX+KROL)-VIITBX+1,KRD4))/7AA)
0X0=ABS (X(KNXD)~XDRX) '
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OYD=ABS(ABS(YBTX~YCRX)=-YSHIFT(IBOY))
VIIByJD)=Vie (CXDY(V2-V1) /AA) ¢ (DYC*(VL=VL)/AA) + (DXD¥DYD* (V1-V2+V 3=V
14) /7 (AA*AA))
774 CONTINUE

c FRINT 23334 IAvIE¢JCsJDyWVIIALJC) oVIIA,JUC)V(IBLJC),VIIB,JD)
C23533 FORMAT (1Xs*IAz¥,12,%IB=%,12,%JC=%,12,%J0=%,12,*V(IAyJCI=*,F 12,4,
c 1¥VIIAyJDI=¥yF12e4 0 *V(IB,JCI=*,F12:4 9 *VIIBaJD)=*,F1244)

TXA(I)=TXPOS(IA)
TXB{(IN=TXPOS(IB)
RXP(I)=(RXFOS(JCI+RXPOS (JD I /2.40
APRES1(I)N=ABS((V(IByJCI+VIIA,JD)=V(IA4JC)=V(IB+JC))*GEOMFD(NSEP))*
1CRFD(NSEP)
APRES2(I)I=AES((V(IELJC) =V(IB,JO))I*GEOMFF INSEP))*CRFP(NSEP)
IF(IPKEY)11410,11
11 APIPI(I,NSEP)=((APROCL(I,NSEF)~-APRESL(I))I/APRESL1(I))*100.0
APMCFD (I JNSEP)=APIPL (I NSEP)*1000.0/APRDCL{INSEF)
APIPZ(I,NSEP):((APRDCZ(I'NSEF)'APRESZ(I))/APRESZ(I?”lﬁﬂoﬂ
APMCFPUIJNSEP)=APIP2(I+NSEP)*1000.0/APRCCZ2 (I,NSEF)
GO T0 15
10 APRDCL(INSEP)=APRESI1(I)
APRDC2 (I NSEP)=AFPRES2(I)
15 CONTINUE
IF(IPRINT LEQ., 0) GO TO 991
PRINT 170, (TITLE(I),I=1,3)
170 FORMAT (1H1 /77777 4ySEX s ¥*CASE* 41X 2384 49//7+50X+*01 FOLE-DIPOLE CONFIG
1URATION CF ELECTRODES*,/7/)
PRINT 171, THETA,NSEP
171 FORMAT (/20Xs*THE PROFILE LINE IS INCLINED TO THE STRIKE (+Y QOIR)
1AT  *,F10.,3,*¥DEGREES*+7+50Xy» s0IPOLE=SEPARATION=%,1I5,/7/)
PRINT 172y ({(TXA(I)oTXBLI) oRXP(I)yAPRDCL(INSEP) APIP1(I ,NSEP
1) ,APMCFD(IZNSEP)) 4I=14N1)
172 FORMAT (1X,*CURRENT ELECTRODES AT*41Xy F7e291Xs *AND*91X+F7.2,
12Xy ¥CENTER CF RECEIVER=%4F74241X9*APPs RESs =¥,F84242Xy*APPs P.F.E
Le=¥3F7 342X APP. MCF =%,F8.2)
PRINT 173, (TITLE(I) I=1,3)
173 FORMAT (1H1,//77777 4S5X s *CASE* +1X 304 3//7 s50X»*POLE~DIPOLE CONFIGUR
1ATION OF ELECTROCES*,//)
PRINT 171, THETA,NSEP
PRINT 174y ((TXB(I) RXP(I)AFRDC2(I 4NSEP) APIP2(I,NSEP),
1APMCFP(ISNSEP) ) I=1,4N1)
174 FORMAT (2X s *CURRENT ELECTRODE AT =¥ 41X sF7s2+3X+*CENTER OF RECEIVER
=*4F7¢213X9*APPe RESe =¥yF3e242Xe¥APP,s PuF JE.=*,F7,342X¢s*APP. NCF
1=%,F9,3)
991 CONTINUE
IF (OPTPUN .EQ. [) GO TO 998
PUNCH 1808y (RXP(I) I=1,N1)
PUNCH 181, (APRDCL(IJNSEF) +I=14N1)
c PUNCH 182y (APRDC2(IWNSEFP) +I=1yN1)
180 FORMAT (8F10.4)
181 FORMAT (8F10.4)
182 FORMAT (8F10.4)
398 CONTINUE
16 CONTINUE
IF(IPRINT .EQ. 1) GO TO 9915
PRINT 200, (TITLE(I)I=143)
200 FORMAT (1H1455X, ¥CASE*91X93ALy /950X *DIPOLE-DIFOLE CONFIGURATICN
1 OF ELECTRODES*)
PRINT 221
221 FORMAT( 56 Xy *FSEUDO~-SECTION OF THE APPARENT RESISTIVITY®)
PRINT 205y THETA
205 FORMAT ( 45X, *THE PROFILE LINE IS INCLINEC TO THE STRIKE ( +Y QI
1R ) AT *,F4.1,* OEGREES*)
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PRINT 210

210 FORMAT (//,4Xy*-11 -10 -9 -8 -7 -
16 -5 -4 -3 -2 -1 0*)
PRINT 22¢

220 FOR”AT (Sx,'x.ll.Xl..lX'lo.X...oXo..OXO..IX.'..XCO.QXQ.IOX0.00XOCQ
l.x.'..X.".x....x....x..‘.x....x....x...'x....x.'..x'...x....x’)
PRINT 231, (APRDC1(Iy 1) ,1=1,11)
PRINT 232, (APRDC1(I, 2),I=1,11)
PRINT 233, (APRDC1(I, 3)+I=1,10)
PRINT 234y (APRDC1(I, &) +I=1,10)
PRINT 235, (AFRDC1(I4 5),I=1, 9)
PRINT 23€y (APRDC1(I, 6) sI=1, 9)
PRINT 237, (APRDC1(Is 7),I=1, 8)
PRINT 238, (APRDC1(I, 8),I=1, 8)
PRINT 239y (APRDOC1(Iy 9),I=1, 7)
PRINT 243, (APRDCi(Iy1C) I=1, 7}
PRINT 241, (APKDC1(I,11) ,I=1,6)
PRINT 242, (APRDC1(I1,12),I=1,6)
PRINT 243y (APRDC1(I413) 412145}
PRINT 244y (APRCC1(Is14) 4I=1,5)
PRINT 245, (APRDC1(I,415),I=1,4)
231 FORMAT (/7777 ,8X 4% 1% 411(F741,3X))
232 FORMAT ( //+3Xs* 2%, S5X911(F741,3X))

233 FORMAT ( //93Xs™% 3%310X4510(F7.1,3X))
234 FORMAT ( //743Xs* 4¥y15X910(F7.1,3X))
235 FORMAT ( //43Xe* S%,20Xy 9(F7.1,3X))
236 FORMAT ( //43Xy* 6%425Xy 9(F741,43X))
237 FORMAT ( /743X s* 7%430X,y 8(F741,3X))
238 FORMAT ( //43X,"% 8%435Xy 8(F7.1,3X))
239 FORMAT ( //43Xs* 9%,40Xy T(F7.1,43X))

240 FORMAT ( //43Xe*10%+45Xy 7(F741,43X))
241 FORMAT(//43Xy*11%950X+s6(F701+3X))
242 FORMAT (//743Xs%12%,55X96(F74143X))
243 FORMAT(//+43Xs*13%96CXeS5(F7.143X))
244 FORMAT (/793X y*14%465Xs5(F74143X))
245 FORMAT(//+3X % 15%, 70Xy 4(F741,3X))
PRINT 264
264 FORMAT (1H1)
PRINT 260
260 FORMAT( 1/7777+9% 4% ( 1 2 3 &
1 5 6 7 8 S 10
1 11%)
PRINT 27&
270 FORMAT (5x,'x....x.-..x.oooXooo.XooooXooooX.oochonoXooochoooXooa
1ox.oooX‘ou oXloooXo.ooXonn-Xc-'ox.oaoXconoXoooch.ooXoooQXooncx")
PRINT 281+ (APROC1(Is 1)4I=12,22)
PRINT 282, (APRDC1(I, 2),I=11,21)
PRINT 283y (APRDC1(Is 3),I=11,20)
PRINT 284y (APRDC1(Is &) +I=10,19)
PRINT 285 (AFRCC1(Iy 5)+1=10+18)
PRINT 28€y (APRDC1(Is 6)+I= 9,17)
PRINT 287, (APRDC1(Iy 7)+I= 9,410)
PRINT 28¢€s (APRDC1(Is 8),I= 8,15)
PRINT 28Sy (APRDC1(Is 9)+I= 8,14)
PRINT 290y (APRDC1({I+18)+I= 74+13)
PRINT 291y (AFPRDC1(I411)41I=7,12)
PRINT 292y (APROC1(Is12),+I=6,11)
PRINT 293, (APRDC1(I+13)4+1=6+10)
PRINT 294, (APROC1(I.14) ,I=5,9)
PRINT 295y (APRDC1(I+15) +I=5,8)
281 FORMAT (///7/7/7+10X 911 (FT7e143X)4*1¥)
282 FORMAT ( //y SXs11(F74143X)y 5X, ¥2%)
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283 FORMAT ( 7/+10X910(F74193X)910X,*3%)
284 FORMAT ( /75 S5Xe1G(FT74143X) 15Xy ¥4*)
285 FORMAT ( //y10Xy 9U(F74143X) 920Xy ¥5*)
286 FORMAT ( //4y SXs 9(F74143X)425X, *6*)
287 FORMAT ( /7/4910Xs B(F7.193X) 930X, ¥7*)
288 FORMAT ( //4 5Xy BUF74193X)935X,*8%)
289 FORMAT ( /7/410Xs 7(F74143X) 240X,y *¥9%)

290 FORMAT ( //s 55Xy T(F74193X)o45X,¥10¥)
291 FORMAT(//y10X4E(F741+43X)50X,%11%)
292 FORMAT(//y S5X96(FT74153X) 455X,¥%12%)
293 FORMAT (//41CXsSU{F741+3X) 460X,%13%)
294 FORMAT(//y SXs5(F7+193X) 465X %14*)
295 FORMAT(//310Xs4(FTs143X)470X,*15%)

IF(IPKZY EQ. 0) RETURN

FRINT 200y (TITLE(I) I=1,3)

PRINT 222
222 FORMAT( 50Xy *PSEUDO-SECTION OF THE PERCENT FREGUENCY EFFECT*)

PRINT 20%, THETA

PRINT 210

PRINT 220

PRINT 331, (AFIP1(I,1),1I=1,11)

PRINT 332y (APIP1(I,2),1I=1,11)

PRINT 333, (APIP1(I+3)+1I=1,10)

FRINT 334y (APIF1(I,4)+sI=1,10)

PRINT 335y (APIP1(I+5)51I=1,9)

PRINT 336y (APIP1(Iy6)41I=1,9)

PRINT 337, (AFIP1(I47),1=1,8)

PRINT 338y (APIP1(1,8),;I=1,38)

PRINT 33¢, (APIP1(I,9),1=1,7)

PRINT 340y (AFIP1(I,10),1I=1,7)

PRINT 341, (APIP1(I,11),I=1,€)

PRINT 342y (APIP1(Is12)4I=1,6)

PRINT 343y (AFPIP1(I413)4I=1,5)

PRINT 344y (APIP1(Is14)sI=1,5)

PRINT 345, (APIP1(I1+15) 12144}
331 FORMAT (//7//7+4X %1% 311(F741,3X))
332 FORMAT ( /7/43X+* 2%y S5X911(F741,3X))

333 FORMAT ( /7/7+3Xs* 3%,10X210(F7.1,3X))
334 FORMAT ( //43X+* 4%,15X+10(F7.1,3X))
335 FORMAT ( //4+3X+s* 5%420Xy 9(F741,43X))
336 FORMAT ( //743Xs* 6%425Xy 9(F7.143X})
337 FORMAT ( //43Xs® 7%,30Xy 8(F7.1,3X))
338 FORMAT ( //,3Xs% 8%,35X,y B8(F7.1,3X))
339 FORMAT ( //+3Xs™ 9%,40Xs 7{FT74143X))

340 FORMAT ( /743X 3*10%445Xy T(F7.143X))
341 FORMATU{//+3Xs%11%,50X46(F741,3X}))
342 FORMAT(//+3Xs%12%,55X+6(F74153X))
343 FORMAT(//7+3Xy%13%,60Xs5(F741+3X))
364 FORMAT(//+3Xs*14%46EXs5(F74143X))
345 FORMAT (/793X *15% 370X 94 (F7e14+3X)}
PRINT 2864
PRINT 260
PRINT 2790
PRINT 381, (AFPIP1(1,1),1I=12,422)
PRINT 382, (APIP1(142)s1I=11,21)
PRINT 383, (APIP1(I,3)9yI=11,420)
PRINT 384y (APIP1(I+4)+1=10,19)
PRINT 385, (APIP1(1I+5),1=10,18)
PRINT 3864 (APIP1(I46)4129,17)
FRINT 3874 (APIF1(I+7),1=9,16)
PRINT 388, (APIP1(I +8)4+1=8,15)
PRINT 389, (APIP1(149),1I=8,14)
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FRINT 390, (APIP1(I,10)4+I:7,13)
PRINT 391, (APIP1(I,s11)41=7,12)
PRINT 392,y (APIP1(I412),I=6,11)
PRINT 393, (AFIFP1(I1,13),1I=6,10)
PRINT 394y (APIP1(I414),I=5,€)
PRINT 395, (APIP1(I,15),1=5,8)
381 FORMAT (//7/77+10%Xs11 (F7e143X) %1 ¥%)
382 FORMAT ( //y SXs11({F7e193X)y 5Xy ¥2%)

383 FORMAT ( /7/910X91C(F74193X) 910X, *3%)
384 FORMAT ( //s SXe10(F74143X) 915X, %u*)
385 FORMAT ( //410Xs 9(F74143X) 420Xy *5%)
3856 FORMAT ( //y 5X9 9UF7 193X} 925X, *6*)
387 FORMAT ( //410Xy B{F7e143X) 430Xy ¥7%)
388 FORMAT ( /74y SXy B(FT7e143X)y35X,%8%)
389 FORMAT ( //410Xy 7(F74193X)s4CXy ¥3%)

390 FORMAT ( //y SXy 7(F7e1,43X)945X,*10%)
331 FORMAT(//y10Xs€E(F74193X) 950Xs%11%)
392 FORMAT(//y S5XsB{F74193X) 455X,%12%)
333 FORMAT(//, 10Xy S(F74143X) 6 (Xy*13%)
394 FORMAT(//y S5X9S5{FTe1+3X),65Xs%14%)
335 FORMAT(//410Xs4(F74193X)7CX,*15%)
9915 CONTINUE
RETURN
END
SUBRCUTINE RECCN2D(XsZyNTXTOT JNRXTOT ¢NTXoNRX9ITXFsIRXP,
INYSFT4YSHIFT,TITLE »V4NNCGOX,NNODZ)
c BB e bR bR I Ce st in 08B s TP ESeEs o8P PessE 83832838383
C
Covennoe AUTHOR«s¢e« ABHIJIT DEY
C.ll.. PURPOSE..I....
TC PRCOUCE A TWO=-DIMENSICMAL RESISTIVITY MAP (N THE X-Y SURFACE

ABOVE AN ARBITRARY 2-D INHOMGGENEITY. AT EACH OBSERVATION POINT,

TWO SMALL ORTHCGCNAL RECEIVER DIPOLES EACH ORIENTED AT 45 DEGREES

TO THE X-AXIS , CR IN THE X=- AND Y-DIRECTION, RESPECTIVELYs ARE

USED, TOTAL APPAFRENT RESISTIVITY MAPS ARE PRODUCED USING MODIFIEC

KELLERS*S PARAMETERS, AS WELL AS IN THE [IRECTIOM OF THE VECTCR

E-FIELD OBSERVED ON THE SURFACE.

PRCGRAM PARANMETERS eeee
FOR INCLINED CIPCLE TXse NRLIM= LIMIT IN ¢Y AND -Y DIRECTION
NYSFT +GT. NRLIFM ALSO +€T. ISHIFT
NYSFT =ISHIFT+NRLIM-1
e 008000
SPECIAL NOTEsess
IN THIS SUBROUTINE THE APPARENT CONDUCTANCE PARAMETER (CONKEL)
IS SCALED BY THE NORMALISING OISTANCE UNIT .« THUS, IF UNIT= 1 KM,
ACTUAL CCMKEL IS EQUAL TO CONKEL®1000.0 ( IN MHOS ).,
LI BRI BB B Y B

e b oS s PP T e e s Dt oS00 00 tBP TPt eses3383383838383332833

LARGE TOTRES(50,+30),TOTCCNISC,30)

DIMENSION X(1)4Z(1)3TITLE(L)yYSHIFT (1)4IRXP(1),ITXP (1)

DIMENSION VINTXTCT NRXTOT)

CIMENSION RESKEL{50)¢CONKEL(50) 4RXP(50),THETA(S50),APREST (50),
1APRESX(50) yAPRESY(50) yAPRESP(SC) sCRFX(50), YSHIFTX(50),APRES1(50),
1APRESZ2(50) yGMFX(50),GMFY(50) yGMFP(50)4GFFL(58)4G¥F2(50)

CIMENSION CRF1(S50),CRF2(EQ)

COMMON /PACK1/ INCLINE,ISHIFT.NRLIM

0O 1333 III=1,50

CRF1(III)=0.96

CRF2(III)=0.96

1333 CRFX(III)=0.96

FI=3.141592€54

c XCENTR={X(1)+X(S5))1/2.0

+XvyEvRs o NoReRoNoNoNoloRvioRoNoNoRe Nl
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XCENTR=(X(1)+X (NNODX)) /72 .0
NTXX=NT X=1

00 100 ITX=1,NTXX

IA=1ITX

IB=ITX+1

NIA=ITXP(IA)

NIB=ITXP (IB)
TXA=X(NIA)-XCENTEK
TXB=X(NIB)-XCENTR

CRF=1.30

IF ( INCLINE «NE. 0) GO TO 500
NRL=NRL IM

ILX=0

0O 200 I=1,NRL,2

C DO 2080 I=1,NRL
ILX=ILX+1
RYY=YSHIFTI(I)

YSHIFTX(ILX)=RYY
RYYD2=RYY+YSHIFT(2)
NRP=NRX=2

JRX=0

c DO 300 J=1,4NRP
CO 300 J=24.NRP,2
JC=J+1
JD1=uC+1
Joz=J4C-1
JE1=J01
JEZ2=JC
JCC=JC+(I-1)*NRX
JOD1=z=JCC#NRX+1
JDD2=JCC#+NRX~1
JEE1=JCC+1
JEE2=J0D1~-1
NJC=IRXP (JC)

NJDL=IRXP(JC1)
NJD2=IRXP (J02)

C RXL=ABS (X{NJC) =X(NJD1)) *1,4142
RXL=ABS(X{NJC) -X(NJD1})
TXLONG=ABS (X (NIB)=-X(NIA))

Cesens CALCULATE THE RELEVANT DISTANCES
AC=X(NJC)=-X(NIA)
BC=X(NJC)=X(NIB)

IF((AC+BC) .EQ. 0.,0) GO TO 300

IF( ABS(AC) +LTe 1410 +ORs ABS(BC) +LT. 1.,10) GO TO 300
JRX=JRX+1

RXP (JRX)I =X (NJC }=XCENTR
AEL=XINJDL) =X (NIAR)
BE1=X{(NJD1) =X (NIB)
AD2=X(NJD2) =X (NIA)

B2 =X{NJC2)~X(NIE)

AE2=AC

BE2=8C

RAC=SQRT (AC*AC+RYY¥*RYY)

RBC=SQART (BC*BC+RYY*RYY)
RAC3=1.0/RAC

R8C3=1.0/RBC
RAE1=1,0/SQRT(AEL1*AEL1+RYY*RYY)
RBE1=1.0/SART(EEL1*LEL+RYY*RYY)
RAE2=1.0/SORT (AEZ*AE2+RYYD2*RYYD2)
RBE2=1.0/SQRT(EEZ*BE2+RYYD2*RYYD2)
RAD1=:1.0/SGRT(AEL*AEL+RYYD2*RYYD2)
RB8D1=1.0/SQRT(EEL*BEL+RYYD2¥RYYD2)

28



RAD2=1.0/SQRT(ADEZ*AD2+RYYD2*¥RYYD2)
RBD2=1.0/SART (EC2*BO2+RYYD2*RYYD2)
Cesvnen tVALUATE THE POTYENTIAL DIFFERENCES OBSERVEL AT THE TWO
C ORTHOGONAL RECEIVER DIPGLES.
CELVL=(V(IA,JCC)=VI(IB,JCC)=VI(IA,JDDL)+VIIB,JDD1))
DELV2= (V(IA,JCC)I=V(IByJCC)I=V(IA,JUDD2)+V(IB,JDD2))
DELVX= (V(IAyJCCI=V(IBsyJCCI=-VI(IA,yJEEL1)+V(IByJEEL))
CELVY=(V(IA,JCC)=-VI(IByJCCI-V(IA,JEZ2)+V(IB,JEE2))
DELVP=(V(IA,JCC)-VI(IByJCC))
c PRINT 777y IA+IE»JCCyJ001,J0C2,V(IA9JCC) sV (IB,JOLL)DELV1,DELV2
C 777 FORMAT (2X,*IA=%*,I13,*I8=%y13,*JCC=*,13,%JD01=*%,13,%*J0D2=%,13,
C 1¥VIIAWJCC) =*4yF12,3+*VIIBsJOD1)=%3F12e3 91X *LELVI=*,F12.5+2X,
C 1¥DELV2=%,F12.5)
DELVX=DELVX*CRF1 (JRX)
DELVY=DELVY*CRF2 (JRX)
E1=DELVX/RXL
E2=DELVY/RXL
ETOT=SQRT(EL1*EL1+E2*ER)
COSDEL=(REC*REC+FAC*RAC-TXLONG*TXLONG) /(2.0 *RAC¥RBC)
DELTA=ACCS(COSDEL)
Coeseennse IVALUATE RESISTIVITY PERAMETERS A LA KELLEF
CENOML1=RAC3-REBC3-RAD1+RBC1
DENOM2=RAC3-RBC3-RAD2+RBC2
CENOMX=RAC3-RBC3-RAE1+RBE1
CENOMY=RAC3-RBC3-RAE2+4RBE2
DENOM=SQRT (1.0 + ({RAC*RAC*RAC¥RAC)/(RBC*RBC*RBC*RBC))-2.0* (RAC*RAC/
1 (RBC*RBC))*COS(DELTA))

c RESKEL (JRX)=ETCT*RAC*RAC*CRF/DENOM
DNUM=SQRT(1.0+ (RAC*RAC/(RBC*RBC)I)=-2.0*(RAC/RBC)*COS(BELTAM)
c CONKEL (JRX)=DNUM/ (ETOT*RAC)

VTOT=SQRT(DELVX*CELVX¢DELVY*CELVY)
RESKEL (JRX)=VTOT/ (SQRT (DENOMX*DE NOMX+DENCMY *DENONY ) )
DNUMA=ALOG(RAC3) ~ALOG(RBC3)-ALOG(RAEL) +ALOG(RBE1)
DNUMB=ALCG(RAC3)~-ALOGI(RBC3)-ALOG (RAE2) +ALOG (RBE2)
DNUMX=SQRT {(DNUMA*ONUMA +DNUMB*DNUMB)
CONKEL (JRX) =DNUMX/VTOT
Ceaoen EVALUATE THE TOTAL APPARENT RESISTIVITY IN THE VECTOR E=~FIELC
c CIRECTION AT EACt OBSERVATION PO INT,
IF( DENOMI +EQ. 0400) GMF1{(JURX)=0.00
IF( DENGCFML o NE. (.0) GMF1(JURX)=1.,0/DENCH1
IF( DENOM2 +EQ. G+00) GMF2{JRX)=0.00
IF ( DENOM2 JNE. 0.00) GMF2(JRX)=1.,0/0ENCM2
IF{ DENCMX +EQ. Ce00) GMFX (URX)=0.00
IF( DENQMX +NE. 0.0C) GMFX(JRX)=1.00/DENCMX
IF( DENOMY .EQ. 0.00) GMFY(JURX)=0.08
IF( DENCMY JNEs 0.00) GMFY(JRX)=1.0/DENCHY
IF( RAC3 +EQe« RBC3) GMFP (URX)=0.00
IF{ RAC3 .NE. RBC3) GMFP (URX)=1,0/{RAC3I-RBC3)
APRESL (URX)=ABS(LELV1*GMF1 (JRX))
APRES2(JURX)=ABS(LELVZ2*GMF2 (JRX))
APRESX LJRX)=ABS(CELVX*GMFX (JRX))
APRESY (JURX)=ABS(LCELVY*GMFY (URX))
APRESP (JURX)=ABS(CELVP*GMFP (JRX)) *CRF X (JRX)
RXTL=RXL:
DELVT=ETOT*RXTL
c .e ANGLE OF THE FIELD LINES ARE CALCULATED ON THE BASIS OF
C THE MEASUREZD EX ANC EY GVER THE LENGTH CF THE ORTHOGONAL RECEIVER
IF (E1 +EQe 0.0) BETA=PI¥0.5C
IFC E1 oNE. 0.0) BETA=ATAN2(E2,c1)
BELX=RXTL*COS(EETA)
DELY=RXTL*SIN(BETA)
THETAL1=BETA*57.296
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RAD3=1.0/SQRTY{(AC+DELX)* (AC+LELX )+ (RYY4DELY)*(RYY+DELY))
RED3=1,0/SORT((BC+DELX)*(BC+CELX)I+(RYY+DELY)*(RYYDELY))
GMF=1,0/7(RAC3-RBC3-RAD3+RBD3)

APREST{JRX)=ABS(CMF*DELVT)*CRF

Ceseesne CALCULATE THE DEVIATION IN THE CURRENT LINES FROM THE
c HOMOGENECU S HALF SFACE SITUATION.

HOEL V1=RAC3-RBC3-RAE 1+RBE1

HDELV2=RAC3-RBC3I-RAE2+¢RBE2

IF(HDELVL +EQ. G.0) BETA=PI*(.S0

IF(HDELV1 oNE, 0.0) BETA=ATANZ2(HODELVZ2,FDELV1)

THETA2=BETA¥57,.,2%6

THETA(JRX)=THETAZ-THETAL

NJRX=JR X

3006 CONTINUE

PRINT 310y (TITLE(I),I=1,3)

310 FORMAT (1H14///7+S5 X *CASE* 41X +3A4y// 40X ,*TRANSMITTING DIPOLE IS P
1ERPENDICULAR T0 THE STRIKE OF THE INHOMCGENEITY¥*,/)

PRINT 311, TXA,TXBo,RXL

311 FORMAT (/430X *CURRENT ELECTRODES ARE LOCATED AT *,F12.442XsPAN(*
1F12049/7 935X *LENCTH OF THE RECEIVER OIPCLES ARE ¥,2XyF12.4)

PRINT 2125 RYY

312 FORMAT (/,20Xys *POINTS OF OESERVATION ARE SITUATEC ON A LINE SHIFTE
10 ON Y=AXIS BY *,F12444/)
PRINT 1110

1110 FORMAT (/910X s¥0BSePTe 95X ¥GMF X¥ySX ¢ *APRES (X) *¥,5X s *GMF Y * 45X,
1 *APRES{Y)® 45X ¥GMFP* 45X o YAPRESP* 45X 3 *RESKEL ¥45X 4 YCONKEL *#,5X,
1¥APREST* ,SX+*THETA*,//)

PRINT 3449 ((RXPCIRX) gGMFX (IRX) yAPRES X (JRX ) +GMFY (URX) yAPRESY (URX )y
1GMFP (JRX)IyAPRESP (JRX) yRESKEL (URX)I9CONKEL (URX) JAPREST(URX) s THET A{JR
1X)) s JRX=1y NJRX)

314 FORMAT(7XgF842 st XoEL100392X9FBe292X9E106392X9F84242X9EL106392Xs
1FB842¢42X3FBe292XeFBu292X9FBe292XysFB42)

NRLX=ILX

200 CONTINUE
60 TO 1500
500 CONTINUE
Cooss INCLINE=1 FCR THE CASE WITH TX AT AN ACUTE ANCLE TO X-AXIS
Ceveo INCLINE=2 FOR THE CASE NITYH TX AT AN CBTUSE ANGLE TO X-AXIS

AYA=0.00

AYB=(.,90

NRL=2*NRLIM~1

RYT=YSHIFT(ISHIFT)

TXLONG=SART{{X (INIA)=XI(NIB)I*{X(NIA I=X(NIB)) +RYT*RYT)

ILX=0

C 0O 600 I=14NRL

DO 600 I=14NRL,2

ILX=ILX+1

IF(I JLEe NRLINM) RYY=YSHIFT(I)

IF(I +GTo NRLIM) RYY==YSHIFT(I-NRLIM+1)

YSHIFTX(ILX)=RYY

RYYD2=RYY+YSHIFT(2)

NRP=NRX=~2

JRX=0

c DO 700 J=1,4NRP

DO 700 J=24NRP,2

JC=J+1

JO1=JUC+1

Jp2=JC~-1

NJC=IRXP (JC)

NJD1=IRXP(JG1)

NJD2=IRXP(JD2)

AC=X(NJCI-X(NIA)
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7190

715

716

BC=X(NJC) =X (NIR)

IF(C ABS(AC) +LT. 1.10 «ORs ABS(BC) LT, 1.10) GO TO 700

IF(RYT +LEG. 0.0 +AND. (AC#BC) .iC. 0.0) GO TG 706G
JRX=JRX#4

AEL=X{NJDL1) =X (NIA)

IF{ AE1 .EQ., 0.0) GO TO 700

BEL=X(NJO1) =X (NIE)

AD1=AE1L

BD1=BE1L

AE2=AC

BE2=8C

RXL=ABS{(X{(NJC)=-X{NJDO1))

802=X{(NJD2)-X(NIA)

BD2=X(NJD2)=X (NIB)

RXP (JRX)I =X (NJCI=-XCENTR

IF ( I +LEs NRLIM) GO TO 710

IF (I +GT+ NRLIM) GO TO 720

NRY=IABS(ISHIFT=-1)*NRX

JCC=JC+ (I-1) *NRX

JOD1=JCC+NRX+1

JOD2=JCC#NRX~-1

JEE1=JCC+1

JEE2=JCC+NRX

JCCX=JC+NRY

JEEL1X=JCCX+1

IF(ISHIFT JLE« I) JDDIX=JC+NRY+NRX+1

IFCISHIFT «GT. I) JDDIX=JCH+NRY-NRX+1

JDD2X=JD0D1X~2

JEEZ2X=JD01X~-1

IFCINCLINE .EQ. 1) GO TO 715

IF(INCLINE +EQ. ) GO TO 716
RAC=SQRT(AC¥AC+RYY¥*RYY)

RBC=SQRT (BC*BC+ (RYY=RYT) *(RYY=-RYT)}

AYB=RYT

RAE1=1.0/SQRT(AE1*AEL+RYY*RYY)
RAD1=1,0/SQRT(AD1*ADL+RYY*RYY)
RBE1=1.0/SQRT(EEL*BEL+(RYY=RYT)I*(RYY-RYT))
RBO1=1.0/SQART(B01*BD1+ (RYY-RYT)*(RYY=RYT))
RAE2=z1.,0/SQRT(AE2*AE2+RYYD2*RYYD2)

RAD2=1.0/SQRT (AD2*AD2+RYYD2¥RYYD2)
RBE2=1.0/SQRT(BE2*BE2+ (RYYD2=-RYT)*(RYYD2-RYT))
RBD2=1.0/SQRT(BD2*BD2+ (RYYD2=RYT)*(RYYD2~-RYT))
CELVLI=(VIIA,JCC)-VIIA,JOD1)=V(IB+JCCX)+V(IB,JDOLIX))
BELV2=(V(IAWJCC)-VIIAL,JO02)=V(IBJCCX)+V(IB,JDO2X))
DELVX=(V(IAyJCCI-V(IAYJEEL)=V(IBJCCX)+V(IByJEELX))
DELVY=(VI(IA,JCCI-VIIAL,JEE2)-V(IB,JCCX)+V(IBLJEE2X))
DELVP=(VI(IA,JCC)=V(IB,JCCX))

RYTC=z=RYY=RYT

GO0 TO 745

RAC=SQRT (AC*AC +(RYY=-RYT ) *(RYY=-RYT))
RBC=SQART(BC*BC+RYY*RYY)

AYA=RYT

RAE1=1.0/SART(AEL1*AE1+ (RYY~RYT)®(RYY=RYT))
RAD1=1.0/SARYT (AC1*AD1+(RYY=-RYT)* (RYY=RYT))
RBE1=1.0/SQRT(EE1¥BEL+RYY*RYY)
RBD1=1.0/SQRT(BD1*BO1L+RYY*RYY)
RAE2=1.0/SQRT(AE2*AE2+(RYYD2-RYT )*(RYYD2-RYT))
RAD2=1.0/SQRT(AD2*AD2+ (RYYD2=RYT)I*(RYYD2-RYT))
RBE2=1.0/SQART(BEZ2*BEZ2+RYYD2*RYYD2)

RB802=1.,0/SQRT (BD2*BD2+RYYD2*RYYD2)
CELV1=(VIIA,JCCX)=V(IAyJOD1X)=VI(IBsJCC)+V(IB,JOD1))
DELV2=(V(IA,JCCX)=VIIA,JCD2X)=V(IByJCC)+V(IB,JDD2))
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CELVX=(VIIAyJCCX)=VI(TIAZJEEIX)I=V(IB,JCCI+VIIB,JEED)
DELVY=(V(IAyJCCXY=V(IR,JEE2X)=V(IB,JCC)+V(IB,JEEZ))
DELVP=(V(IA,JCCX)=V(IByJCC))
RYTC=RYY=-RYT
GO TO 745
720 NRY=IABS{ISHIFT+I-NRLIM=1) *NRX
JCC=JC+ (I-NRLIM)*NFX
JBB1=JCC-NRX+1
J0D02=JCC=-NRX~1
JEE1=JCC#+1
JEE2=JCC=NRX
JCCX=JC+MRY
JODLX=JCCX-NRX+1
J002X=J0C1X=2
JEEL1X=JCCX#1
JEE2X=J0C1iX=1
IFCINCLINE LEQ. 1) GO TO 725
IF(INCLINE EG. 2) GO YO 726
725 RAC=SGRT (AC*AC+RYY*RYY)
RBC=SQRT (BC*BC+(RYY=RYT)*(RYY=-RYT))
RAE1=1.0/SQRT(AEL1*AEL+RYY*RYY)
RAD1=1.0/SQRT(ACL1*ADL+RYY*RYY)
RBE1=1.0/SQRT(EEL1¥BEL1+ (RYY=RYT) *(RYY=RYT))
RBD1=1.0/SQART(BG1*BO1+ (RYVY-RYT)*(RYY«RYT))
RAE2=1.0/SQRT(AE2*¥AE2¢RYYD2*KYYD2)
RAD2=1.0/SQRT{ADZ2*AD2+RYYD2¥RYYD2)
RBE2=1,0/SGRT(BE2*BE2+ (RYYD2~-RYT }*({RYYD2-RYT))
RB02=1.,0/SQRT(EQL2¥*BD2+ (RYYD2-RYT)I*(RYYD2<RYT))
DELV1=(V(IA4JCC)=V(IAyJOLL)=V(IBHJCCX) +V(IB,4OO1X))
DELV2=(V(IAyJCC)=-V(IAyJDL2)=VI(IBJCCX)+V(IEBy4D02X))
DELVX=(V(IA,JCC)-V(TAyJEEL1) =V I(IB4JCCX) +VIIE,JEELX))
DELVY=(V(IA4JCCI=V(TASJEER2)=V(IB,JICX)+V(IB,yJEEZX))
DELVP=(V(IA,JCC)=VIIByJCCX))
GC TG 745
726 RAC=SQRT (AC*¥AC+{(RYY=RYT)*(RYY-RYT))
RBC=SQRT(BC*BC+RYY*RYY)
RAE1=1.0/SGRT(AEL*AEL1+(RYY~RYT)® (RYY-RYT))
RAD1=1.0/SQRT(ADL1*AD1+ (RYY=RYT)*(RYY~-RYT))
RBE1=1.0/SQRT(EE1*EBEL+RYY*RYY)
RBD1=1.0/SGRT(EC1*BDL+RYY*RYY)
RAE2=1.0/SQRT(AE2*AE2+ (RYYD2-RYT )*(RYYD2-RYT))
RAD2=1.0/SQRT{AD2*AD2+ (RYYD2~-RYT)*(RYYO2-RYT))
RBE2=1.0/SQRT(EE2*BE2+RYYD2¥RYYD2)
RBD2=1.0/SQRT(BD2*BD2+RYYD2*RYYD2)
DELV1={V(IAyJCCX)=V(IAyJOD1X)=V(IByJCC)+V(IE,JOD1))
CELV2={(VI(IA,JCCX)=V(IA,JLD2X)~V(IByJCCI#VI(IB,JDDZ))
DELVX=(V(IA,JCCX)=V(IAyJEELX)-V{IB,JCC)+V(IB,JEE))
DELVY=(VAIA, JCCX)-V(IAyJEE2X)-V(IBsJCCI+VIIB,JEEZ))
CELVP=(V(IA,JCCX)-V(IB4JCC))
745 CONTINUE
DELVX=DELVX*CRF1 (JRX)
CELVY=DELVY*CRF2 (JRX)
E1=DELVX/RXL
E2=DELVY RXL
ETOT=SQRT(EL*E1+E2%E2)
c PRINT 1440, IA4IB»JCCyJDDL,JDD2yJCCXyJDD 11X, JDD2X I, V(T A, JCC),
c 1V(IB,JDOD2X) 4y DELV1, DELVZ ¢
C1640 FORMAT (2X,¥IA=z%,12,%IB=%y124%JCC=%+13,*0D01=*,13,%J0D2="+13,%JCCX
c 1=%9I3+%J0D1X=*9I3+*J002X=*9I3+¥1=%912y*VIIA,JCCI=*,FB,Ly*VIIB,JC(2
c IX)=%,FBelag¥*DVLz¥yFBebhy*0OV2=*,F8.4)
Ceosses EVALUATE THE RESISTIVITY PARAMETERS A LA KELLER
RAC3=1.0/RAC
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KBC3=1.0/RBC

DENOMX=RAC3-RBC3I~-RAE1+RBE1

DENOM1=RAC3-RBC3-RAD1+RBO1

DENOMY=RAC3-RBC3-RAE2+RBE2

DENQM2=RAC3-RBC3-RAD2+RBC2

COSDEL= (RBCPRBCHRAC*RAC-TXLONG*TXLONG) /{20 %RAC*RBC)

DELTA=ACCS(COSCEL)

DENOM=3QRT (1.0 +((RAC*RAC*RAC*RAC)/(RBC*RBC*RBC*RBC))~2.0" (RAC¥RAC/
1 (RBC*RBC})*COS (DELTA)}

c RESKEL(JURX)=ETCT*RAC*RAC*CRF /DENOM
DNUM=SQRT(1.0+(RAC/RBC)*(RAC/RBC)~2,0*(RAC/RBC)*COS(DELTA))
c CONKEL (JRX)=DNUM/ (ETOT*RAC)

VTOT=SART(DELVX*CELVX+DELVY®*CELVY)
RESKEL (JRX)=VTOT/{SQRT (DENOMX*DZ NOMX+DENOMY *DENONY))
ONUMA=ALOG(RAC3)-ALOG(RBC3)-ALOG (RAEL) +ALOG (RBEL)
ONUME=ALCG(RAC2)-ALOG(RBC3) ~ALOG (RAE2) +ALOG (RBE2)
DNUMX=SQRT (DNUMA*DNUMA+DNUMB¥*DNUMB)
CONKEL (JRX) =DNUMX/VTOT
IF( DENOMLI +EQ. 0,00) GMF1(JRX)=0.00
IF( DENOM1 JNE. 0.0) GMF1(JRX)=1.0/DENOM1
IF( DENOM2 +EQ. 0.08) GMF2UJRX)=0.00
IF ( DENCM2 oNE. 0.00) GMF2(JRX)=1.0/DENCM2
IF( DENOMX +EQe (.00) GMFX(JRX)=0.00
IF( DENOMX JNEe 0400) GMFX(JRX)=1.07DENOMX
IF( DENOMY +EQ. €.00) GMFY(JRX)=0.,00
IF{ DENOMY .NE. G.00) GMFY (JRX)=1.]/DENOFY
IF( RAC3 .EQ. RBC3) GMFP(JRX)=0.00
IF({ RAC3 «NEe. RBC3) GMFF(JRX)=1.0/(RAC3-RBC3)
c PRINT 3139y RXP(JRX) 4YSHIFTX(I),GMFP,OEL\P
C3139 FORMAT (10X *RXP=* F10s3+*YSHIFT=*,F10e3+*GMF=¥4EL24+*DELV=¥,
c 1€14,5)
APRES1 (JRX)=ABS(CELV1*GMF1 (JRX))
APRES2 (JRX)=ABS(LELV2*GMF2 (JRX))
APRESX(JRX)=ABS(CELVX®*GMFX (JRX))
APRESY (URX)=ABS(CELVY*GMFY (URX))
APRESP (JRX)=ABS{CELVP*GMFP (JRX)) *CRF X (JRX)

Coseo EVALUATE THE TOTAL APPARENT RESISTIVITY IN THE VECTOR E-FIELC
C BIRECTION
RXTL=RXL

CELVT=ETCT*RXTL
Ceness ANGLE OF THE FIELG LINES ARE CALCULATED ON THE BASIS OF
C THE MEASURED EX ANC EY OVER THE LENGTH CF THE ORTHOGONAL RECEIVER
c CIPOLES .
IF (E1 +.EQe C.C) BETA=PI*0.50
IF( E1 o NE. 0.0) BETA=ATAN2(E2,E1)
CELX=RXTL*COS(EETA)
DELY=RXTL*SIN(EBETA)
THETA1=BETA¥S57.296
IFCINCLINE +EQ. 1) GO TOC 810
IF(INCLINE +EQ. 2) GO TO 820
810 RAD3I=1.0/SQRT((AC+DELX)®(ACHCELX)+(RYY+CELY)®(RYY+DELY))
RBD3=1.0/SGRT((EC+CELX)Y*(BCH+LELX)+(RYY=RYT+DELY) *(RYY-RYT+DELY))
GO TO 84¢
820 RAD3=1.0/SQRT ((AC+DELX)®(AC+DELX )+ (RYY=RYT+DELY)*(RYY-RYT+DELY))
RBD3=1.0/7SQRT((EBC+CELX) *(BC+CELX )+ (RYY+DELY) *(RYY+DELY))
845 GMF=1,0/(RAC3-RBC3-kAD3+RBD3)
APREST(JRX)I=AES(CMF*DELVT) *CkKF
Ces CALCULATE THE DEVIATION OF THE CURRENT LINES FRCM THE HOMOGENEGUS
c HALF SPACE SITUATICON o
HDELV1=RAC3-REC3-RAE14RBE1
HOEL V2=RAC3-RBC3-RAE2+RBE2
IF(HDELV1 «EQ. G.G) BETA=PI*(.58
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O (9] (¢ (9] OOOOO0

IF(HDELVY «NE« 0.0) BETA=ATANZ2(HCELV2yFCELV1)
THETA2=BETA*¥57.296
THETA(JRX) =THETA2=-THETA1
NJRX=JRX
TOTCON(JRX s ILX)=CONKEL (JRX)
TOTRES(JRXy ILX)=RESKEL (JRX)
700 CONTINUE : "
PRINT 918y (TITLE(I)»XI=1,3) v
910 FORMAT (1H147//950Xy*CASE* 91X y3AUe// 335X 9* TRANSMITTING DIPOLE IS I
AINCLINED TO THE STRIKE OF THE INHOMOGENEITY*,/)
PRINT 911, TXA,AYA,TXByAYBsRXL
911 FORMAT (/7 425X *CURRENT ELECTRODBE POSITI(NS ARE AT X1=%4F10.242X,
1¥Y1=%4F104292X 9 *AND AT X2=%yF10e2+2X9*Y2=%,F10.29/925X+*LENGTH CF
1THE RECEIVER DIPCLES ARE *4F1Ce34/)
PRINT 912, RYY
912 FORMAT (/,20Xs*POINTS OF OBSERVATION ARE SITUATED ON A LINE SHIFTE
10 ON Y-AXIS BY *4F12.ly/)
PRINT 1110
PRINT 914y ((RXP{JRX) yGMFX(JRX) s APRESX{(JRX) yGMFY (JRX) 4 APRESY (URX )y
1GMFP {JRX) sy APRESP(JRX) yRESKEL {JURX )3 CONKEL (JRX) 4 APREST(JRX)» THETA(JR
1X)) y JRX=14 NJRX) '
914 FORMAT (7X9FBe29s4XoEL0s392X9sFB8s242X9E100392X 9F8.292X9E104342X,
1FBe292X9FB8e292X9FB8e292X9F84292XyF8 42)
NRLX=ILX
600 CONTINUE
1200 CONTINUE
NJRXX=NJRX=1
0O 1444 J=24yNJIRXX
00 1444 I=14NRL
IFLAPRESF(J) «NE. 0.00) GO TC 1444
APRESP(J)=(APRESF (JU=1)+APRESP(J+1)) *( .50
144t CONTINUE
PUNCH 328, (TITLE(I) I=1,3)
325 FORMAT (3AS5)
PUNCH 321, (RXP(JRX) yJRX=14NJRX)
321 FORMAT(8F10.3) .
PUNCH 322, (YSHIFTX(ILX),ILX=15NRLX)
322 FORMAT(10F8.3)
PUNCH 323y ((TCTRES(JRX»ILX) pJRX=1,NJIRX) 9ILX=1yNRLX)
323 FORMAT(8E10.3)
PUNCH 324y ((TOTCON(JRXyILX) 9JRX=14NJIRX) »ILX=14NRLX)
324 FORMAT(10F8,.3)
100 CONTINUVE
RETURN
END
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c L e e Py e T L I L R R LR I Y
C
[ SMAPLE INPUT DATA CAKOS FOR THE MODELS SINULATED USING THE
C COLLINEAR DIPOLE - DIPOLE CONFIGUPATION
c THE SEQUENCE AND FORMAT OF THE [NFUT PARAMEYERS ARE AS INDICATED
c IN THE LISTING OF THE MAIN PROGRAM RES1520. THE CHOICE QF YKY
< ARRAY 1S OPTIMISED FOR THE STANDAKD 113 X 16 GRID USED.
c
C C Ly L P e I N T PN SR 2 T A RS AR TR 2 2 1]
113 16 5 2 85 1 1.00 1.00 4.00
1000 100 2v 4 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 i 1 1 1 1 1 1 1 1 1
1 1 1 i 1 1 1 1 i 1 1 L 1 1 1
i 1 1 1 1 3 1 t 1 1 i 1 1 1 1
1 1 1 1 1 1 1 1 i 1 1 1 1 1 1
1 ! 1 1 1 1 1 1 4 20 1001000
1 i t 1 2 2 2 2 2 2 4 4 8 64 512
0. 006 0.050 U.150 0.300 1.250
1
23 1 23 1 1
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INDEX FOR RESISTIVITY (CHM, M)

0 = 100.J0 1= 10.00 2 = =J.00 2 = -C.CO 4 = -0.00
5 = -0.00 6 = -0.00 7 = -0.00 8 = -0,00 9 = -3.00
UNIT IN X SCALING = 1.0¢ UNIT IN Z SCALING = 1.C0

CUNFIGURATICN CISTANCE UNIT = 4.000
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INDEX FOR PERCENT FREQUENCY EFFECT

0 = 1.00 1= 25.00 2 = ~0.00 2= ~0.C0 4 = ~0. 00
S = -0+s60 6 = -~0.00 7 = -0.00 8 = -0.,00 g = -8.00
UNIT IN X SCALING = 1.€0 UNIT IN Z SCALIM = 1.00

CONFIGUR2TICN CISTANCE UNIT = 4.000
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INDEX FOR RESISTIVITY (QHM. M)
C = 100.00 1 = 30.00 2 = 10.00 2 = -0.00 4 = -0.00
5= =-C.00 6 = -0.00 7 = =0. 33 8 = -0.00 9 = -0.00
UNIT IN X SCALING = 1.CcC UNIT In Z SCALING = 1.C0O

CONFIGURATICN DISTANCE UNIT = 4.000
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=3.77CE+02
~3.119€E+02
-2.557E+C2
~2.107E+C2
-1.738€+02
-1.462E+402
-1.294F+02
~1.314E+02
~2.158F+02
~-2.184E+Cl
~3.293F+C1
-4.853E+01
-£.5235+01
~G.572E+C1
-1.287E%02
~1.589E+C2
-2.27CE#C2
-2.738E+02
-3.401E+02
~4.1€64F+02
-5.037F+02
-6.027E+02
-7.14CE+02
-8.385F+C2
-9,769F+02
=1.130E+03
-1.298E+03
-1.483E+C3

. =1.684E+03
-1.903E+03

 APRES(X)

112.30
111.60
110.93
110.27
109.c%
109, 14
109.10
110, 97
126.29
81.89
67.41
55.68
50.7%
51,62
54.60
S8.02
61,30
€%.27
£6.90
69.19
71.19
72.93

14.5¢.

75.80

16,99 .

78.05
79.02
79.91
80.75.
81l.56

GMF Y

5.139€ +02
3.965E402
3.004L4C2
24233E +02
1.628E402
1.163E +02
8.187&+C1
5.729E +01
4.074E #C1
-2.872E 401
=5.714E+01
~1.074E +C2
=1.914E 402
- 3.266E4+C2
= 5.38¢E 402
-8.559E 402
=1.368E¢C3
=2.139g+03
=3.343E+03
-5.273E+03
-8.530E+02
—1.454E +04
~2.787 +C4
~7.122E +04
l.116E+Cé
9.157E +04
5.699E +04
4. 584LE +C4
4.098E+04
3.870E 404

APRES{Y)

97.11
97.55
97.86
98.01
97.96
97.65
96.97
95.79
94.08
75.2¢
64,05
£4.98
49,38
46.47
44,9¢
43.88
42,73
41.12
.38.67
34,61
28 .45
17.10
. 6492
84.38
1891.71
197.42
135.04
113.47
102,60
96405

.250

GMFP

« 583E+C)
2.259€+01
1.960E+01
1. £8SE+0]
1.445E+01
1.231E+01
1.C48E+401
9.008€E+00
T.582E+00

-3.2¢61E+00
-4 4T2E+00
~-5.541E+C0
=7.661E+00
=-5.629E+00
~-1.185€+C1
-1.431E+01
~1.702E+01
-1.598€E+0!L
-2.319E+01
=2.664E+01
~3.034F+01
=-3.430E+01
-3.E85CE+C)
-4,295E+01
=4,764E+01
—-5.258E+01
~5.77T9€E+01
=6.324E+01
=84 EG2E+ 0L
-T7.488E+01

=4.00 Y1l=

APRESP

108.45
108.91
109.24
109.45
109.55
109 .54
1C9. 47
109.45
109.82
£€5.85
61.10
59.99
61.69
64,51
67,32
69.81
71.90
73.¢1
75.01
T6.14
-17.03
17.74
78.28
78.68
78 .97
79.14%
79.23
79.23
79. 15
78.99

2..0000

RESKEL

107.23
106.45
105.61
104.67
103.5¢8
102.26
100.5%
58.37
95.37
79.52
66.59
55.56
50.58
51.23
54,12
57.56
60.91
63.67
66.67
69.03
71.09
72.87
74.43
75.80
T7.01
78.08
79.06
79.95

- £0.79

81.60

0.00 AND AT X2=

CONKEL

+04
«03
.03
.03
«C3
.03
.03
.02
.02
.C2
02
.03
«04
.05
«05
.05
.05
.05
«05
.06
.0¢
.06
06
.07
.07
.07

«07. .

.08
08

.08

[ 3 K]

=2.CC Y2=

APREST

118.00
117.49
116.81
115.86
114.44
112.25
108.90
102.97
97.56
62.70
54.26
46.33
42.50
44,04
47.09
50.61
54,05
57.22
60.06
62.57
64.79
t€. 75
68.49
7C.03
71.41
72.65
73.78
74.83
75.82
16.77

1.00

THETA

-3.87

~3.68
-3,8C

Se o

-3.35
~3.23
-3.14
~3.12
~2.24

- _E9

X R4

2.30
-1.2°¢
«27
«5C
1.5¢
2.31
2.64
2.7C
2.61
2044
2.24
2.03
1.€2
~358.39
-358.58
1.2¢
1.08
«92
.78
b4
«50
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CASE

MODEL A

TRANSMITTING DIPOLE. IS INCLINED TO THE STRIKE CF THE INHCMOGENEITY

CURRENY ELECTRODE POSIT ICNS_ARE AT Xl= coNNn Yi= 0.00 AND AT .X2= .. .. =-2,00 Y2a= 1.00
LENGTH OF THE RECEIVER CIPOLES ARE «250
PCINTS CF ORSERVATICN ARE-SITUATED_CN. A_LINE--SHIFTED.-ON-Y-AXIS BY.- =6.0000 - -
CBS .PT. GMFX APRES (X} GMF Y APRESIY) GMFP APRESP RESKEL CONKEL APREST THETA
9.50 ~1.224E+03 106.60 =8.432E+02 106.30 2.936E+01 $9. 60 106.40 04 112.57 .08
-9.00 -1.223E+GC3 1€6.10 ~T7.250E+02 106 .35 3.701€401 100.02 106.29 » 04 112.91 -.C¢
~8.50 ~1.2€61E+03 105.54 =6.27T1E+C2 106.39 3.491E+01 100.36 106.22 04 112.329 ~-18
-3.C0 =1.3C2F+02 104.71 =5.467£402 106.42 2.31CF+01 1C0. €1 106.19 « 0% 114.05 ~e32
-7.50 - 1.585E+03.. 103413 =4.820&8402 106 .46 3.161R+C1 . .. 100.78 106,18 <04 114.87 ~e s
-7.00 ~-2.0G69E+03 69.14 =4.311E+02 106. 44 3.C47E+01 100.84 106.16 .04 115.79 --78
-6.50 =3.780F+03 83.87 ..-3.928E+02 10¢.25 2.989E+01 1C0.75 106.C4 « 04 116.70 -1.24
-5.900° 2.058E+(5 2348.560 ~3.682E402 105.62 2.934E+01 100 .41 105.71 .04 117.40 ~2.1¢€
-2 .50 3.082F+C3 188.76 =3.513k1C2 104. 48 2.G4GE+01 - 69.59 105.99 - 04 118.92 -5.12
-. 20 €.511LE+C2 T1.95% 2.931E+03 194.50 «23EE+02 87.34 8l.92 .09 83.37 ~18.46
8.C0 T.6C8E+02 61.55 .. . 1. 688E 402 134.43 T.608E+02 .. 440..24 - 18.74 ~03 81.06 -20.2%
.50 9.183E+402 51.97 1.304E+03 111.84 -8.325€+02 605.94 77.16 .10 80.63 =21.43
1.00 1.145E+C3 42.74% l.144£+403 . 99.60 -3.059E+02 - 254 .06 76.65 .10 g1.08 -21.77
1.50 1.475F+C3 2i.84 1.080e+C3 62429 -2.034E+02 182.59 77.10 -10 81.91 -2l.18
2.00 1.973E+03 23.05 1.059E+03 87.55 =1.€176+02 161. &3 77.76 -« 10 82.62 ~20.33
2.50 2.784E+03 8. 04 1.093E +03 84.28 =~1.404E+02 134.28 78.43 .10 83.11 ~16.42
3.00 4.12ZE+03 15.54 1145403 81.52 . -1.285E+02 123.17. - 79.05 -+ 10 83.39 - =18L.EC
3.50 6.885F+03 59.96 1.219E 403 80.16 -1l.217€E+02 115. 44 19.¢€3 .10 83,51 ~17.5%
4.00 1. 456E+CS 178.42 1.316E+03 78.84 .~1.181E+02 109.74 80.14 . - »10 82,53 ... ~16.172
4.50 1.080E+4C5 1587.58 1.433E+03 77.82 <=1l.1&7E+C2 105.37 80.¢1 «10 83.48 -15.8¢
5.00 . .. —2.TE2E+C4 482.72 1.570€+03 77.02 =~1l.168E+02 101.61 81.C3 .10 83.40 -=15.13
£.50 =1.437E+C4 247.18 1.730E+03 T6.40 =1.180E+02 99 .09 81.40 .10 23.31 -14,42
£.00 .. —=1.064E+04% 187.564 1.912£+03 . 15490 —=1.2026+02 S€ .74 8174 1l - 83.21 - ~13.77
6.50 ~9.0C0E+03 159.49Q 2.118€+03 75.49 =1.231E+02 94 . T4 82.04 «11 83.13 -13.17
7.00 . -8.171E+03 142.98 2+ 348E+C3 <-T5e14 ~l.266E+02 93.00 82.31 -11 83.05 .. ~12.&4
7.50 -7.733E+03 132,31 2.606E+03 74.85 =-1.3C76+02 Sl. 47 82.56 .11 82.98 -12.16
g.00 ~7.525¢+C3 124.88. .. 2.891E+03 - T4458 . =1.354E€+02 90.10 82.78 11 82.63 ~11.74
8.50 ~7.468F+03 116, 46 3. 206E +C3 74432 =1.404E+02 88.86 82 .97 -11 82.90 -11.27
9.00 . =7.51TE+03 115.39 3.532E+403 . .. .74.07 . =1.4566+02 -87.7C 83.16- - w12 82.89 -11.07
$.50 =7.€47E+C3 112.29 3.931€+403 73480 ~1.518E+02 86.62 83.33 .12 82.90 -1C0. 82
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2-b MODEL SECTICN MCDEL B -~ RESISTIVITY

-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7
Mo % ok ok o o ok o ot ok ok % o ok e oot o ok ok ok v R ol e K e e KRR X ****”('*#t**“*#*#**#**#****v##*#****tv*****#****#*18t##t##»_ﬁ#*#t#t#‘t#*#*###
$1111111133121211122102121331212322221222222201212211222821221022212022002220022212222202222222022222120322202012031111111
Ak detok ok & g ok o ek ook kokolok o kokoRokg R R RN R kR A AR 4ﬂ'¢4*$#$*"‘t####*##’yﬁ######ﬁ##****#*ﬁ**###*t##**###*#*ﬁ###**#ttt&**tt#*
€00C0C0000C00ICICICO0CECELCLCCUVVEI0IN0I00C00000000CC0CC000C00000000000000000000090000060000000000000008C0CLLLLCCLL
00000000000000C000000033000000300000U00030 COCCOCOR* #iskssnyxrxxx CGCCCLC0000000000000000000000000000000000000000036
CCOO0COCCO0CCEOCCO000CaCCOC00000000000000000000000%222222222222222%C00000500000000000CGCCCECECC0000C000QCLCLCSCOCCL0
C00C00CEIICCLOCCCCCSCECEECCECCIIVD0TU00000CLCI000%222222222222222%0009000003000209030000008000000000C3CCCLLLCLLTLCE
00CCC000030303900060030C0CI0000uUU000000U00 COC00CO%*222222222222222*C00C00C0000000000000000000000C00300000C000000000C
CCCCCCCCCCCLTCCCCO00CAC00CA000J00000J0000000C0000%222222222222222%00030030003000000063330630C0CCOGCCO6GCCICCCEEOC00
00CCC00300S0CC000COCEECLCCCO000000000030CCCI000%2222222222222224000000000000000000000000000000000C0006C0060CCCCCC
COCC030000000000000000000000000II0U0I00000CCCEOCE#222222222222222%CLCO000000006CO0COCCCLELCECO000000000000035000000
€000ECC000COCCCCCCCCOCCACCCECCuI0tudCu00ud00300004222222222222222%00030000000000000000000C00030000C0C0LLCLLLICLLCAT
00000009000000000000CCCCCLCCCCIINGUIIC00000 COCOL Ok s ksskaakekiks CO000I00000000030000000000000000000020C3006500CCE
€0CC0000000902000000000CCCI00003000u00000000000C00000000000000C00300600C0C0CO0000000000000CC030006000000300000000000
CCUCCLCABOCOCOLCCCCOCCCCCCCCCICUcddIV0LnICO00C000C00000000CC000I00003CICO0I0000000000000C00000C000CC0CCLLLLLLLLCLC
00000000000002000000€303CCCCOCIV0A00000003 COGCECOCCCO0COC0CCLCCCLC00C00CC00000000000000000060000000600000000060066C0C
C00CC00C00C0CECo0CCACCCeCCO000000G0000000000C00C00C00000C00CCACCCCCCCCCCCOCCO00CC0CECOCCeCCCc0000000006CC0CCCECOLA0
£00C0002930CC6CCOC00CCOCCCCCCCII0CUIBIN00I0000CC0IC000000000000000000000000000000006000008000000000CC0CLLCLLLTCCCOO
000C0000000300000000C0CECCEC00I00IVICV0GU0000CLCCOC00CCCCCCLOCCOSCCCoC0000000030000000000000000000000000000C8CCECE
€00CCOCCeeCeoc000000C00CCa00030000000000000000000000000000000C0C0CO00CECO0CCO0C000000000ECO000COCCCEOCCLOL000C00AD
CGCCCCO0CECCCCCCOCCCCCCELCELCCaouiIl0uO0UwCe00000030C0C000CC00000000000000000000000000000C00000£006C000CCCLCLCCCLLL
£0000000000300000030000000000J000J0000300CCCCLCCO00000000CCCOC0000000000000000000000000000000000030000000000006000
£COCCCOCACECECCCCCeoCCoaacco0000000000000000000C00G00000CE0CLOC000CE00C000000000000G000CCCO0C00C00CCEOCCCICCELELCTO
0006C0J336CU0ACCCCCI0OC00C0CCLYV0TUVI00000CCECCCCA0C0000C00C000000000002000000000300000000000000000000CCCOCLLLLLCTC
0000£0000003030000020903C€C0000200000U0000000CCCCCCOCCOC0COCCCCCLTCCOCacac0000000000000000000000000800000C00060C0000
CGCCTOCCOCEC00C0C0000C003C000000000030000000000C0000000000000000000003000300000003000000000C000600000000500CECC0000

. £O20C00000C00C0COCCGCLCCCCCCCCs0000000C00CCCCCCCCOL0C0C0C000000000000000003000030030000CC00000000C00CCOCCCLLLCCCC

CCICCCIVN000000000V000303C00000IVV0UVIVUIBYCACCCCCCCCO0CCCCCCLOCcCeCcC0000C0000000C0CCCCCCOCCCO0000000000000000000000
£OCCCCCCOCCCCLCCOOCI0C0CaCa00203004000000000000CEI000000000030000000000000000000000000C00CLC000CO0CCTA3CLLLCCACECI0
£0CCCOCO00000000000003C0CCCCCCII0000000000C06CCCOCC0000CC00C00000000000000000000000000000£8CC0000000000000000008CC00
C0COC000000002000000020000000000GV00000000CECELCCCCLCOCLCCCCCeC0000C00CCCOCC00CC0000CO0COCCCC00000000000000000C0000
€00C000C00CACOCCCIc0000000000000000000LO0U00000600000000020000000000030000000000000000000€000000000C0006CC0CCCE0ACT20
00000000000002020088CC0OCCCOLCCO00I000000080CLCCCCLLCCCOCELOLC00000000000000000000020000003000000000000003000CCCCCLCEC
CCC300000000000200000000000000020000000000CCCCLCCO000000000000C0OC0C0000CGC00000000080C0CLOCCE000000C0000000000000000

INDEX FOR RESISTIVITY (QFM.. M)
0= 100.00 1 = 30.0¢ 2 = 10,00 3 -0.00 4 = ~0.00
s.= ~0.00. 6_=. -0.00 7 = -0.00 £ -0.00 g = -0.00
UNIT IN X SCALING = 1.00 UNIT IN Z SCALINC 1.00

WMo

CCWFIGUR ATION DISTANCE UNIT = 4.C00



0s

CASE MODEL B

TRANSMITTING--C1POLE-IS-INCLINFD. TO THE-STRIKE--CF- THE-INHOMOGENEITY

CURRENT FLFCTRODE PUSIT IONS ARE AT X1 =4.00 Yl= C.00 AND AT X2= ~-2.00 Y2= 1.00
LENGTH OF THE RECEIVER CIPOLES ARE «250
POINTS CF OBSERVATICN ARE. SIL.TUATEC CN A LINE SHIFTED CN Y-AXIS B8Y C.CCCO
CB8S.PT. GMFX APRES(X) GMF Y APRES (Y) GMFP APRESP RESKEL COMKEL APREST THET/
=S.50 -2.390€+402 €4, 96 1l.438E+03 77.62 2.014E40) 91.90 84,77 «04 65.78 -«8C
-9.00 ~1.852E+02 82.13 l.146E+403 77.31 1. 7C7E+01 90.72 82.01 <04 93.67 ~e53
-8.50 -1.4ClE+C2 79.00 8.952E+02 76479 1.425E401 . 89.18 78.95 - 04 S1.35 -e25
~8.00 -1.028£+02 15.51 6. 8L4E +C2 76.01 1.168E+01 87.18 75.52 .03 B8.78 «Cé
~7.50. -7.272E+01 71.55 5.021E+C2 74 .88 S.361E+00 84463 T1.€2 «03 85.91 - - «28
-7.00 -4,9CCE+01 €7, 02 3.543E+402 73.30 T.288E400 81 .48 67.14 .03 82.69 .13
~6.50 -32.093E401 £1.79 2.351E 402 71.01 Se 462E+00 77.51 61 .96 -03 79.11 1.1¢C
«-6.00 =1.776E+01 55.656 1.420E+02 67.54 3. 8B84E+00 72.49 55.87 .02 75.2C 1.50
~-%.50 -8.774E+CQ 48.41 7.288E+01 - 61.79 2.551E400 66 .02 48.62 «02 71.38 1. 87
=-.50 ~2.531E+01 45.98 2.362E+01 4G.40 ~3,718E+0C 49.85 47.84 -03 28,73 2.C2
.00 =3.7%2E+01 46221 4.005E 401 49.12 =5.C71E+0C-. . S1.18 47.42 « 04 38.43 1.7¢
. £0 ~5.571E+01 44, 84 8.277E+01 48482 =6.704E+00 52 .87 46412 <04 37.68 2.2
1.00 ~7.925E+01 44,19 l.351E+02 49.2€ —E.EC4E+00Q 55.22 45.54 .. - .05 38.19 2.78
1.50 ~1.092E+02 45.3% 2.067E+02 50.60 ~1.076E+01 57.94 46454 « 06 36.64 2.68
2.00 ~1.4€4E4C02 - 47.65 . 3.006E#%C2 £2.45 =1.318E+0) . 60 .66 48.61 «06 4l.9¢ 2.22
2.50 =1.915E+02 50.41 4.198E+02 S4.46 -1.E85€+C1 63,17 51.13 - 06 44 .65 l1.72
. .2.C0 ~2.4526+402 ... 83.22 5.675E402 56.47 ~1.878E+01 £5.40 53.75% -06 47.42 1.2¢
3.50 -3.083E+C2 £5.94 7. 465E +02 58,39 =-2.195£+01 67.35 56 .31 =06 50.12 o EE
- 4.00 -3.816E+02. .. 58.49 9.000E+02 60.17 ~2.528E+01 65.03 58.73 - 07 52.69 56
4450 ~4.€E57E+C2 &C. 85 1.211E+03 61.81 -2.906E+01 70 .48 60.58 .07 £5.09 3
5.00 ~5.615E+402 . £€3.02 l.502c +C3. £32.29 =3,26SE+01. 71.71 ... 63.06 .07 57.32 .08
€. 50 =6.696F+02 65.01 1.837E403 64.63 =3,717E+01 72.75 64.97 .07 56.38 -ell
£.00- -7,9L5E+02 ££..84 2,218E403. . 65482 ~4.161E+01 73,62 —— . 66.72 " .08 - 61.28 —e2¢
6.50 ~9.2€1E+02 68.51 2.649E+C3 €6.87 =4,626E+01 74.34 68,33 .08 63.04 ~e43
7.C0 =1.07£E+C3 70.0% 3.132E+03 67.80 ~-5.122E+01 T4.92 — 69.81 .C8 64.66 -«57
7.50 -1.241F+C3 Tl 47 3. 671E+C3 68461 =5.641E+01 75.328 71.18 .C8 6&.17 -.7C
8.00 ~1.422E+03 72.79 4.268E +03 69,30 -&.184E+0] 75.72- 72.45 -08 67.57 - ~e82
8. 50 -1.620E+C3 74.0% 4.927E+403 69.89 =6.753E401 75.96 73.64 - 09 68.90 =+ 96
-S.LC =1.836E+03 18.22 5.650E+03. 70637 ~7.346E+01 7611 ... T4.77 -09 7C.15 - ~1leCS:

9.50 -2.070€E+03 76,37 6.441E403 7074 =7.965E+01 76.16 75.86 «09 T1.36 =1l.24
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CBS.PT.

-G6.50
-5.C0
-8.50
-8.C0
=7.50
=-7.00
-£.50
-6,00
=5.50
-.50
0.00
50
1.00
1.50
2.CC
2.50
.3.00
3.50
4 .00
4450
5.CC
5.50
6400
€450
7.00
7.50
8.00
8.50
S.00
$.50

CASE

MCCEL B

TRANSMITTING CIPCLE IS INCLINEC TO THE STRIKE OF THE INHOMOGENEITY

CURRENT FLECTRUDE POSITIONS ARE AT Xl=
LENGTH OF THE RECEIVER CIPOLES ARF

PCINTS CF CESFRVATICK AKE.SITUATEC ON A LINE.SHIFYEC CON .Y-AXIS BY

GMFX

-3.77CE+C2
-3.119E+C2
~2.567E+02
~2.107€E+02
-1.738E+C2
-l.462E402
=1.254E+02
~1.314E+02
-2.138E¢0Q2
-2.184F+C1
-3.2G3E+01
~4.853F+01
-6.923F+01
-3.572E+01
~-1.287E+02
~1.689E+C2
-2.170E402
-2.,728E+C2
-3.401€+02
-4 .164E+02
-5.0276+02
~6.027F+C2
-1.140F+02
-8.385E+C2
-9.7T69E+02
~1.130F+03

-14268E+C3 ..

-1.483€E+C2

~le684E+C3 ..

=1.SC3E+C3

AFRFS (X)

88.9%
86,22
83,21
79.83
75.97
Tl.47
€é.01
£8.5%
41.18
48,29
47.70
45.87
45,02
46.00
48.20
50. 89
53.59
56,20
58. 66
60.93
£3.493
£4.96
£6.73
68,36
£6G.86
T1l.25
12454
13.77

74,94 .

T6.07

GMFY

5.139E402
3. G65E +02
3.004E402
2.223E+02
1,628 +C2
l.103E+02
8.187E401
5.729E +C1
4.074E401
-2.872E+01
-5 714E 401
=~1.07%E+02
~1.914E+02
-3.266E+02
~-5.386C +02
-8+ 5SE+C2
-1.368E403
-2.139E+03
~34342E+03
-5.273E+03
~B8.530E 403
-1l. 454t +C4
~2.707E404
=7.122E+04
1.116E+C6
Q.157E+04
5.699€ +04
4,586E +C4
#+098E 104
3.870E +04

APRES (Y}

- 82.71
82.55
81.07
79.22
7€.97
T4.25
71.02
£7.24
£2.90
46,81
4€.20
44,87
43,68
42.96
42.55
42.05
41,22
19.84
37.5¢
32.85
27.66
16.50

T.22
83.91

1974,07
195.59

133.82
11z2.51
101.79.
95.36

-4,00 Yl=

. 250

GMFP

2.582E+C1

2.259€8+401

1.S¢0E+01

1.,689E+01

1.445€+401

1.231F+01

1.0485+0)

S. CCRE+00

7.982E+C0
~3.261E+00
-4, 472E+CC
-5.641E+40C
~7.661E+00
-6.625E+00
~1.185€+401
-1.431E+01
-1.7C2€+C1
-1.998E+01
=~2.316£+01
~2.664E+01
=3.034E+401
-3.,430E+01
-3.85CE+01
-4.295E+01
~4.764E+01
= 5.259E+01
-5.779E+01
=€+ 324E+01
~6.892E+C01
-7.488E+01

APRE SP

S4.81
93 .99
52.86
91 .40
89,59
87.41
84,84
8l .96
18.58
50.78
51.71
53.16
55 .36
57.98
60.61
63,05
654 24
67.16
68.82
70.25
7l.48
72 .52
73. 39
74,11
74.70
15417
75,53
75.78
15.93
76 .00

0.00 ANC AT X2=
2.CCCC
RESKEL CONKEL
87.14 .04
84.04 .04
82.31 « 04
79.54 « 04
7£.50 04
73.16 « 04
69.63 +04
£5.93 .04
62.28 .04
47.75 «03
47.33 .03
45.70 . 04
44 .86 .05
45.83 «05
47.917 «C5
50.59 .06
83.32 «06
55.98 <06
58.48 06
60.8C «0¢
62.94 «C7
64.91 .07
66,71 -« 07
68,36 .07
£9.28 .08
71.28 .C8
72.59 .03
73 .82 .08
24.9S .08
764132 «09

=2.00 Y2=

APREST

95.6C
63.31
90.69%
87.66
84.08
79.84
74.83
€9.08
63.16
27.68
38.58
38.10
3¢€.C¢
39.41
41.74
44.48
47431
50.06
52.67
55.11
57,37
58.45
61.38
63.1¢
64.80
€6.32
67.725
69.10
70.38 -
71.62

l1.CC

THETA

=l.64
~-1l.2C
~74
-.22
«317
1.06
1. 8¢
2.717
3.65
. 8€
.78
o4
.54
1.04
1.54
l1.e8
2.06
Z2.11
2.CE8
2.0C
1.5C
1.77
-358.3¢
~2£8.5C
«217
1.23
1.1¢C
.57
-84
.71



[49)

CRS.PT.

-9.50
-9.0C
=8.50
-8.00

=7.50.

-7.00
-€.50
-€.00
~5.50

==
0.00

50
1.00
1.50
2.00
2.50
3.00
3. 50
4.00
44,50
.00
5.50
£.00
€.50
7.0C

<50
8.00
8.50
9. 00
S.50

CASE

MCCEL €

TRANSMITTING -DIPOLE-IS INCLINED. TO THE-STRIKE. OF THE INHCMCGENEITY

CLRRENT ELECTRCDE POSIT ICKS #RE AT X1=
LFNGTH OF T4E RECEIVER CIPCLES ARE

PCINTS QF OBSERVATICN ARE-SI.TUATED-ON. A LINE SHIFTED CN Y=-AXIS.BY

GMFX

=1.224F+403
=1.222E+C3
~1.2¢61E+C3
=1.3€63F+03
=1.5€S5E+C3
~2.0SSE+03
~3.78CE+C3
2.058F+05
2.0832E+C3
6.511F+Q2
J.ELCBE+C2
9.183E+402
1.145€E+C3
1.475E+C2
1.973E+03
2. TE4E+C3
4.132E+4C3
6. 385E4C3
l.456E+C4
1.080E4C5
-2.782E+04
-1.437E+04
=1.0£4E+0%.
-5.0C6E+C3
~8.171E+C2
~7.733€+02
-7.825€+C3
~T7.468E403

~-2.817E+03.

=7.647E+03

APRESEX)

92.43
€C. 92
B8S, 19
B6.95
83.52
76,69
$4.75
2649, 34
163,27
T1l.54
£3,87
58.32
54,72
€1.58
47.32
40,90
20.30
9.72
4€.19
717.29
255.59
158. 09
120.15
117.10
1%.68
104.99
1€1.83
99.03

98.07.

56.97

GMF Y

-8.432£1402
~T7.250E +C2
~6.271E+02
~5.407E+02
~4.B20E402
-4.311E +C2
~3.528E+02
=3.662E+02
=3.513E+402
2.931E403
1.688E+03
l.304E +C3
1l.144C+403
1., 080E+03
1.069E +Q3
1. U93E+03
l.145C +C3
1.219E403
1.316E+03
l.433E+03
1.570€ 403
1. 730E+03
1.9128+03
2.118E+03
2.3%48E #C3
2.606E+03
2. 891E+C3
3.206E +03
3.352E403_
3.931E+C3

APRES{Y)

93.12
92.56
Gl.85
91.34
90.71
9C.07
89.33
£8.32
8€.74
104.21
91.02
84.02
79.43
76.45
74.53
73.30
72,52
72.04
71.78
71.£5
T1.63
71.67
71.7%
T1.86
71.97
72.08
12.17
72.24
72.28
72.28

=4.00—-.Y1~

«250

GMFP

3.83GE+01

3.701E+01
3.491E+01
3.210E+01
3.161E+401
3.C47E+01
2.96%E+01
2.934E+01
2494SE+C1L
2.338€+02
7.608E+02
~€.325€+02
-3.059€+02
-2.034E402
~1.617E¢02
~1.404E402
~1.288E+C2
-1.217€+C2
-1.181E+02
-1.167E+02
~1.168E+02
~-1.180E+02
=1.2C2F+02
=1.,231F+02
=l.26EF+02
-1.307F+02
=1.354E+02
=1.4C4E+02

—1<459E+02
~1.518E+02

APRESP

92.25
92.24
92.14%
S1.66
9l.71
Sl1.36
90.91
90 .29
89.37
16450
210..47
361.0¢6
168.94
130.45
114.10
105.13
-95.50
95.66
92 .88
S0.78
89.13
87 .79
86467
85.71
84.87
84.1C
83.40
82.73
82.08
8l .45

0.00 AND AT Xx2=

RESKEL

92.9C
92.13
91 .41
50. 74
S0,12
89 .56
8S.C4
88.48
88.14
73.41

69.21.

67.93
68.21
68 .80

69.3C. .

69.80
70.35
70.96
71.61
72.27
72.95
73.62
24.28
74,91
75 .51
76.CS
76 .63
77.14
77.63
78.09

=6 .0000

CCONKEL

«05
.05
.05
.05
«05
«05
« 05
.05
05
.10
.11
.11
.11
.11
.11
.11
.11
.11
11
.11
.11
.11
.12
.12
.12
.12
.12
.12
.12
.13

-2.,0C v2=

APREST

98.29
57.88
97.60
97448
G7.532
97.74
58.05
GE.36
98.96
72.31
6€.21
67 .47
68.24
66.18
69.95
7C. €2
71.23
71.8C
72.33
72.85
73.34
72.81
74.26
74470
75.12
75452
75.62
76430
1667
77.C2

1.00

THETA

-.2C
-.44
-t
-.96
-1.21
-1.€9

-2.26
-3, 2¢

-S.€C
=5.41
=84 4%
~-10.2¢
~10.44
-5.52
=9 .47
~S.12
-8.88
~B8.67
~-8.4S
~8.32
-8.16
-8.C1
-7.87
-7.74
-T.82
-7.52
~T.44
-7.329
=737

-7.2¢



€9

=2

1=4

Z=7

2-D MODEL SFCTICN NMCDEL C -~ RESISTIVITY

-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 & 7

CHEEBEMAEE R R RIS R R S R R R KRR DR B ok D B b ok ok A A o e e e o oo o o e ko o oo e A o e e oo e o A
0000COC0000CC0CCOCLCOCCCOCCOCCCOUUBVIYUOO0UE00000020000000000000000000300000000000000000000000000000000CCCCECLCLCCSO
B A L R R g g g g S P P
1111111221222 201122022 013020300000 2220220222 028023800322 222122202200 20 0e220382 8 2220208020122 2000222222010
IRI121110 02001 aa i lidil 2122223322223 3223238 2232223321233 32238 2323232323 0032823 0838132323223 22321311111
11112112111112323112200 021023818311 222223323122312221221 3123821112123 121213211222 0212222332232 2332322800202 3121212122221
FEERREA R RRE R ERE R R R R R S R o R AR R R R R AR RNttt K Rk kA L 11 111 11 L1 I 0 LI 1B B 2L L0L010TILL
2222222222?22222222222222?22222222222222222222222222222222222222222222222*11111111111111111111111111111111111111111
2222222222222222222222222227222222222222223222824222222222222222222222222222% 111111111111 11111121222 2221222222121
2222222222222222222222222222222222222222222222222222222222222222222222222% 111111 P L1111 1 0Lt 0L LLbLLl
22222?2222222222222222222222222222222222222222222222222222222222222222222*11111111111111111111111111111111111111111
222222222222222222222?2222222222222222222222222222222222222222222222222222% 111111 1110121200812 3110 bALLILILL
2222222222222222222222222222222222222222222222222222222222222222222222222%1 1111111111 11 31 B B2 123 1111t
22222722222222222222222222222222222222222228222222222222222222222222222222% 1111111111101 1111111202 13332332 21113111
2222222222222222222222222222222222222222222222222222222222222222222222222*11111111111111111111111111111111111111111
2227222222222222222222222222222222222222222222222222222222222222222222222% 11111111111 11101100 11110228111t
2222222222222222222222222222222222222222222222222222222222222222222222222*11111111111111111111111111111111111111111
27222?2222222222222222222222222222222222222222222222222222222222222222222*11111111111111111llllllllllllllllllllllll
22222222222222222222222222222222222222222222227222222222222222222222222222%*1 1111111110 111011000111 10301311112
2222222222222222222222222222222222222222222222222222222222222222222222222*11111111111111111111111111111111111111111
2222222222222222222222222222222222222222222?22222222222222222222222222222*111l11ll1111111111111!1111111111111111111
2222222222222222222222222222222222222222222222222222222222222222222222222*1 1111111111111 010030 10111121111ty
2?222222222?2222222222222222222222222222222222222222222222222222222222222*11111111111111111111111111111111111111111
2222222222222222222222222222222222222222222222222222222222222222222222222*1111111111111111111111!111111111111111111
22222222222222222222222222222222222222222272222222222222222222222222222222%1 1131111311 113132220113 11 1 12 211111
22222222222222222222222222222222222222222272222222222222222222222222222222* 111 11111111111 11112201 21 1 bELLLLY
222222222222222222222222?22?222222222222222222222222222222222222222222222*lll1lllllllllllllllllllllllllllll11111111
2222222222222222722222222227222222222222222222222222222222222222222222222%111111111 1111112220212 1211221212111
2222222222222222222222222222222222222222222222222222222222222222222222222% 1111111110111 81110202 1 1001 1Lt}
2222222222222222222222222222222222222222222222222222222222222222222222222%111111211121 1103211103113 111131111
22222222222222222222222222222222222222222222222E2222222222222222222222222*11111111111111111111111111111111111111111
2222222222222222222222222222222222222222222222222222222222222222222222222% 111111111 L1L L I L ILLbLLLELL
2222222222222222222222222222222222222222222222222222222222222222222222222% 111111111 1310033103232 3 33313203 1221110
22222222222222222222222222222222222222222232222222222222222222222222222222%111111111111 1111131113111 2220021023211

INDEX—-FOR RESISTIVITY (OHM. M)

= 10,00 1 = 2C0.00 50.00 3= -0.00 4 =  =0.00

UMT IN X SCALING = 1.00 T IN Z SCALING = 1.C0

2 =
5 &m0 .00 - €=  =0.00 * = ~0+00 €-= ~0+00 G—= ~0~00-
UNI

CONFIGUR ATIGN DISTANCE UNIT = 4.000



i 4°)

CASE MCCEL C

-— TRANSMITTING CIPCLE-IS -INCLINED TO THE-STRIKE OF THE INHOMOGENEITY

CURRENT ELFCTRCODE -PGSITIONS #£RE AT Xls - ~4.00 Y= - 1.50 ANC AT X2= =2.00 Y2= CeCC
LENGTH OF THE RECEIVER CIPOLES ARE «250
- FCINTS CF--CESERVATION-ARE-SITUATEC ON A LINE SHIFTED ON Y-AXIS BY - C.0CcC
CBS.PT. GMF X APRES {X) GMFY APRES(Y) CMFP APRESP RESKEL " CCONKEL APREST THET2
-S.50 ~3.18TE+G2 49.98 ~5.104E4+02 54 .99 2.377E+01 53.78 51.43 - 08 55.61 ~-2.51
-9.00 ~2.5€5F+02 47.54 <~-3.915E+02 53.67 2.053E+01 53.18 49 .46 07 54.04 -3.2¢
-=8.50 =2 .03RE+02 44,78 -=2.932E+02 51.99 1. 7535E+01 524 26 47.25 - 07 51.92 -4.10
-8.C0 - 1.59¢E+C2 41.65 =2.136E+02 49.89 1.433E+01 50.98 44,78 «07 49,52 ~£.CT
- =750 ~1.234E+C2 28,09 ~=1.505E+02? 47.3€ 1.238E+01 49.28 42 .06 «07 4€.85 ~€.2C
-7.00 ~G.4€E4E+0] 34.02 -1.020E+02 §4.34 1.C1SE+C1 47.12 36,13 .07 43.96 <7455
—-€.50 ~7.283E+C1 26,29 -~06.616E+01 40.81 8.,280E+00 44 J44 36.06 0¢ 4C.S4 -S. 12
-6.00 =5.81l6E+01 23.45 =-4.084E+401 3€.8C €. E6TE+ 0D 41.20 32.99 <06 38.07 -10.97
=550 ~5.329E+01 14.70 ~2+411E+401 32.37 5.285e+00 3742 30.11 .06 35.82 =-12.74
-«50 ~1.247E401 23,69 ~6.440E+401 3€4.25 <=2.475FE+400 35.90 . 24 .26 .CE 17.7:2 -S.54
- 000 —~2+307E+01- 28.48 - Lvl191E+02 43,02 -~3,761E+0C 41471 29.13 05 22.82 ~5.2¢5
50 ~3.8C2E+C1 32.73 ~1.893E+02 47.97 =-5.286E+00 46 .69 33.45 .06 27.35 -5.C5
1.00 ~5.806F+C1 36,47 =2,767E4+402 - 51.84 =7.054E+00 51.07 37.25 «0¢ 31.37 ~4.1¢€
1.50 -8.391E401 239,717 -3.829e+02 EC.0€& =S.CELE+00 55.01 40.6C <06 34.94 -4 .52
- - 2400 - ~1.163E+02 42.,76- =5.102E+402 57485 ~1.132E+01- 58 .63 43.63 . 0¢ 38.18 -4.30
2.50 ~1.560F+02 45,60 =~6.606E+C2 60.35 =-1.383E+01 62.00 46.49 «07 41.23 ~4.C7
~- 3400 - - —=2.037E4+02 48438 —84+361E+402 62459 —1.€5EF+CL é5.12 49.28- « 07 44417 - ~3.80 -
3.50 ~2.6C3F+C2 51.11 =1.039E+03 £4,62 =1.658E+01 68.05 52.01 «C7 47,01 -2.%51
- 4,00 —~2,2635+02 £€3,79 ~1.271E+03 66445 ~2,283E+0L 70.75 54466 07 49.77 —-32.2¢C
4.50 -4 .026E+402 56.40 -1.534E£+03 68.10 =2.632E+01 73.25 57.23 «C7 52443 -2.88
5.00 ~4.5G0E+C2- 58.94 ~—1.830E+03 69,60 —=3,007E+01 75 .57 59.71 - .08 58.0¢C ~2.5¢€
5.50 ~5.8G51E+02 61.41 -2.152E+03 70.95 =~32,40€E+01 77.69 62.12 .08 57.48 ~2.22
- 6«00 -7 0CRE+02- 63.81 —2.531E+402 T2.16- -2.EB30E+0L 79.€5 €4 44 » 08- 56.88 =1.91 -
€.50 ~8.257€+02 €6 ld =2.939E+03 13.24 =4,280£+01 81 .44 66.68 .08 €2.1% ~-1.¢%¢
- 700 -9,646E402 6B8.40 -3.388E+03 T4.21 ~4,754E+01 83,08 €8 .86 - «08 64.432 -1.21
7.50 -1.118F+03 70.61 -3.881E+03 75.06 =5.252E+01 84.56 70.97 «C9 66.60 ~.96
< 8,00 ~}e 28RE+G3 — 72278 =4.419E+03 75.81 <=5.,777E+01 - 85490 73.02 - «09 £8.72- ~ €4
8.50 =1.473E+03 74.90 =5.005E+03 T€edbt ~€.32€¢E+01 87.10 75.03 .09 70.79 ~e32
500 =Le &6T6E+G3 “FFe00 ~54039E+402 76497 ~62500E+01- - 88416 77400 - o 09 72.81 .01
9.5 -1.856E+03 79.09 -6.325E+03 77.39 =7.499E+01 89 .09 78.95 <09 74.82 .24



SS

CASE MCCEL C

TRANSHITTING - CIPCLE IS INCLINED 7O THE STRIKE OF THE INAOMOGENEITY

CURRENT ELECTRODE POSITICNS £RE AT Xl= -4,00  Yl=—  --1,50 ANL AT X2= -2.CC Y2= C.CC
LENGTH OF THE RECEIVEK CIPOLES ARE 250
FCIATS CF CBSERVATION -AKE SITUATEC-ON- A-LINE SHIFTED- ON- Y=AX[-S-BY- 3.¢CCC
CBS.PT. GMFX AFRES {X) GMFY APRES {Y) GMFP APRESP RESKEL CONKEL APREST THETA
~9.50 ~2.45CE+C2 51l.02 L.436E+403 45.62 1.637E401 54.74 51.47 .07 57.61 -1.05
-9.00 ~1.555E+C2 45. 50 9. 435E+02 44,93 1.660E+01 54,22 49.32 .06 55.64 -1.0¢%
~8.50 ~1.538F+02 47.11 bel56E+C2 43,.€3 1.4C¢€E+CGLl - - - 53.40 ~46.G1 .06 53.38 ~1.00
~8.C0 -1.191E+¢02 44.42 3.968E 402 42.02 1.176E+01 52.26 44,22 « 06 50.78 ~.86
-1.50 -6.093F+01 - 41.39 2. 514E 402 40.08 G.TOQE+00 - --50.75 41.24 © .08 47.77 ~.E
~7.20 =6.852E+01 38.00 1. 561E 402 37.80 T.86¢€E£+00 48. 84 37.96 «Cé 444,30 -.11
-€£.50 -8.135€E+C1 34,20 9.474E+01 35.16 643256400 46 .49 34.42 +C5 4C.27 67
=6.00 ~3,902%+01 29.92 5. 637E +01 32.14 5.00CE+00 43 .68 30.66 .05 35.¢1 1.54
~5.50 =3.167E+01 24.94 3.335E+401 28476 2.93CE+0¢ 40.47 - 26.82 «05 30.28 4.08
-.50 2.C82E+02 5Ce63 =8.541E+01 4444 =-2.815E+01 57.63 45,38 «C8 38.29 =2.74
9.00 ~&.584F4GC2 - ----T4433 --G. 7486401 45,89 -—-2.311g+01 56 .91 46 .68 «08 40.31 ~5.C¢
.50 =3,431E+03 93.76 =~1.179E+402 48.00 =-2.21CE+01 58, 26 48.CS .08 42.56 -6.01
1.C0 “8.396F+02 - 17.78 =1.467E+02 50436 -~2.266E+01 60.50 - 49,70~ .08 44.85 —€.2€
1.50 -6.37¢E+402 20.93 ~1.849E+02 52,83 =2.409E+01 62.91 51 .47 -08 47,22 -€.54
-2.00 ~6.010E+02 37.27 ~2.336E+402 58,33 -=2.610F+01 65444 - -53.31 - .08 49.50 - =6.57-
# £0 ~6.187E+Q2 41.83 -2.942E+02 57.82 =-2.858E+01 68.00 55.22 «08 51.7C =€.42
~3+00 =6 e652E+02 45,74 - =3.682k +C2 £0.24 -—2,143E+01 70.51 - 57.17 «08-- - 53,85 -€.17
3.50 -7.321E+02 49.31 =4.573E+02 62.57 =3,463E+01 72.95 59.15 « 09 55.94 ~5.78
-4,00 ~8.160€E+02 2,65 —5.631£+02 €4,79 =3.8155+401 75,26 6l.14 GG "57.69 =-5.3z
4.50 =9.15LE+02 55.80 =—6.8172E+¢02 EE.88 =4.197E+01 17.44 63.11 .09 60.00 ~%4 .84
5,00 ~1.030E+C3 ER.78 =8.314E+02 68.85 —-4.607E+01 79.49  -—-65.06 .09 6l.56  =4,33
5.50 -1.16CE+03 61,63 =9.975E+C2 70.68 =5.045E+01 8l .39 66.58 09 62.87 ~32.82
4:00 - --=1.306E+03 64436 - ~ks187E4C3 72,37 =54 81CE+01 83,15 68.86 - - —0%9- - 65.74 - =3.32Z
€.50 -l.467E+C3 66.98 -1.403E+03 73.94 =6.003E401 84.78 70.7¢C « 09 67.57 -2.82
T 00 =1+€456403 68,50 - =1.645E403 75.38 =6.522E+01 86.26 --—--72.50 - el0 69,36 - - =243
7.50 =1.839E+03 Tle94 =1.917£+403 T€.69 =-7.067€+01 87.&1 74425 .10 71.10 ~1.82
-8.CC - -—2.052€+03 - T4e32 - =2.220E403 77.87 -7.638E+01 8B+83 — 75.97- - - w10 - 72,81~ =1,32-
8.50 -2.283E+03 T6he 63 =2.556E+C3 78.92 -B8.235E+01 89.92 77 .65 «1C T4.49 ~eE4
9400 - =2.533F+03 - — T8.90 ~2.926E+03 - - 79.84 =-8.858E+01 50+.88 ~-7843G- -~ — w10 - - -T6.14 — —e3 3
9.50 -2.802E+C3 81.15 =3.334E+03 80.63 ~9.506E+01 91.72

80.93 .10 77.78 .18



99

CBS.PT.

-9.50
-9.00
-8.50
-8.00
-7.50
-7.C0
-6.50
-6.00

-f_&

Ses

=50
0.00
.50
1.00
1.50
2.00
2.50
3.C0
3.50
4.C0
4.50
5.00
5.50
6.00
6.50
7.00
7.50
.00
8.50

9.00. .

$.50

CURRENT ELECTROOE PUSITIONS ARE AT X1=

CASE

MCCEL C

TRANSMLTT ING -CIPCLE-IS INCL INEC. YO -THE- - STRIKE-OF-THE INHOMJGENEITY

LENGTH OF THE RECEIVER CIPOLES ARE

PCINTS CF

GMFX

~1+4S4E+#C5
6.048E+03
2.411E+C3
1.3C4E+C3
7.997E+02
5.27SE+C2
3.676E+C2
2.683E+402
2.051E+02
-32.110E+02
~2.534E+02
-2.3G6E+C2
~Z2.457E+C2
-2.643E+02
=-2.928E+02
-3.,301E+02
-3.76CE+Q2
-4.,307€E+02
~4.944F+02
-£.676FE+4C2
-6 .510E+02
—7.450E+C2

=8.503E+C2 ..

-9.,6T6F+02
-1.0G8E+(C3
~1.241E+03
-1.368E+03
~1.570E+C3
-1.757E+03.

| ~1.961E+C3

O3SERVATION ARE SITUATEC .CN A& LINE SHIFTED.ON.Y-AXIS BY

APRES(X)

417.41
83.09
€9.51
64, 44
£1.35
59.13
£7.48
56439
€6.17
40.57

41l.586.

43.16
44.77
46441
48..15
50.10
52.22
£4.43
S6ea7
S8. 90
61.12
€3.26
£5.,37
6T
&S 46
Tl.44

T3.40. ..

75.33
11.24
7916

GMF Y

-6.438E402
-5.614k4C2
-4.935E+02
~4.366E+C2
~4.000E£402
-3.764E+02
-3.740E+02
~4.084E402
=5.406E+02
8.9G3E +C1
-1.097E+02
1.386E+02
1.791E+02
2.342E+402
3.080E+02
4.053E+402
5+.322E402 .
6.961E +02
9.0c2E402 .
1. L74E+(C3
1.513c+403
1.940E+03

2.478E+403 ...

3.151E+403
3.995E+03.
5.,053E+403

£.379E+02 .

8.,047E+03
1.015E+04
1.283E+04

APRES(Y)

56.84
5€.4%17
56 .04
£5.61
58.2¢
55.16
55.69
57.70
64.28
42.86
44.04
4574
47.70
49.81
52.02
54.30
56.62
58.97
61.32
63,68
£6.05
68 .44
10.86
73.33
75.88
78.53
81.32
84.29
. .87.50
91.02

250

GMFP

7.294E401
7.328E+01
7.575E+01
8.190E+01
S.SEEE+QL
1.307E+02
2 48T9E+0?
-4,084E402
~9.555E+01
-1,012€E+01
-1.C8EE+0]
~1.193E+01
~1.324E+01
~1.482E+401
-1.664E+01 .
=1.E87CE+QL
~2.101E+01 .
=2.35¢€E+CL
—24€34E4#01
-2.937E+01
-2, 263E+01
<3.613E+01

. =3.S88E+01

~4.38€6F+C1
-4 .809E+01]
-£.258€E+Cl
~5.726€E401
-€.222E+01
~6.741€401
-7.285€E+01

-4.00--Y1l=-

APRESP

50.21
49.66
48.72
47.17
44043
38.48
14,23
118.01
70.70
56 .88
£8.08
59.63
61.40
€63.33

65.36

€7.43
69,51
71 .54

73.50

75.37
77.14
78.81
80.37
8l.81
83.15

84,38
85.49. ..

86.50

87.39.

88.18

1.50

ANC AT -X

2=

~3.5000
RESKEL

56.87
56475
56.65
56.57
56.53
56.53
56.60
56.79
57.25
42 .69
43.68
45.11
4€ 70
48434
50.02
£l.81
53.73
55.72
57.77
59.84
£1.90
63.95
65.97
67.66
69.93
71.87
73.78
75.67
77.55
79 .45

CONKEL

.12
.12
<11
.11
<10
.10
«10
.09
«C9
06
06
«0¢€
.06
.Cé
<08
«C7
<07
07
.07
«07
.07
.07
.08
.08
.08
- 08
.08
-08
- 09
«09

~2.00 Yz=

APREST

60.57
61.30
61.69
&2.10
6247
62,67
62.58
62.09
61.33
42.24
42.65
42,43
44440
45.4S
4€.74
48.17
4%. 176
51.57
53.45
€E.4C
57.39
£S.38
61.38
63.37
- €5.35
67.30
6G.24
71.17
73.09
75.02

C.C0

THETA

-Z2.12
-2447
~2.65
~2.71
-2447
-1.9C
~»51
«£1
2+ €€
.82
1.14
le42
1.71
2.0C
2.21
2.28
222
Z2.CS
1.94
1.7¢
1.66
1.5¢
l.4¢€
1.4G
1.324
1.21
1.29
l.2¢
1.27
1,2¢





