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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 RESISZD 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. 

FORTRAN IV and certain programing 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 language of the algorithm is 

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 

reservoir 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 

RESISZD and the following subroutines: 

i) SOLVENT 

ii) BANDSYM 

iii) LuDCOMP 

iv) SOLVE 

v) YTRAN 

vi) ARRAYS 
vii) CLINDIP 

viii) RECONZD 

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) 

ii) 

iii) 

iv) 

V) 

vi zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA) 

SOLVENT 

Description of the rectangular, irregular- 

ly spaced discretization grid in x-z 

section. 

Selection of the discretized zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 values. 
Selection of the electrode configuration. 

Selection of the transmitter and receiver 

electrode locations. 

Description of the two-dimensional con- 

ductivity distribution in the lower half 

space. 

Description of the intrinsic percent 

frequency effect or chargeability dis- 

tribution of the lower half space. 

This subprogram is called by the main program 

RESISZD and it sets up and solves the Capacitance 

Matrix equations described in the previous sec- 

tion in (x, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAK y ,  z )  space for all specified trans- 
mitting nodes, simultaneously. The solution pro- 

vides the potential distribution $(x, K y ,  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, 5, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAz )  at 
each node, simultaneously, for all transmitting 

point sources. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
YTm 

Once the solution sets of $(x, Ky, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2) 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, 

z )  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 $Cx, Ky, z )  is sharply modulated by cos(ky, y), 
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, Ky, z )  
at several receiver nodes for several fixed 

transmitter nodes should be studied by comparison 
with available analytic model solutions (e.9. 

layered earth and outcropping vertical contacts) 

in (x,Ky,z) space as a function of 5 in the range 
< Ky < 10. Based on this analysis, 5 to 7 
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optimal Ky values should be chosen to discretize 

adequately the range zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA< zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 < zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAm, 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°. 

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 

This subroutine produces a map of several 

apparent resistivity parameters on the X-Y plane 

of the ground surface. 

of the transmitting dipole with respect to the 

strike-direction can be made arbitrary, by a 

proper selection of the grid in X-Z 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. 

The length and orientation 

DESCRIFTION 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-1) - Array of separation 
distances between the columns in the 

x-direction 

DZ(J) , I = 1, (NNODZ-1) - 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(1) array is to be 

kept at 1.0. 

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 XSCAG1.0, ZSCAL=1.5, UNIT=I.O. For 

routine use with high accuracy, it is recommended 

that a mesh resolutidn of at least 1/3 unit be 

used in the x and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAz directions. 

Thus, if 1/4th dipole length (unit) 

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=l, ZSCAL=2 

and UNIT=I.O, 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 o f  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 ofthe node intervals in +X 

and + Z - direction and by applying the empirical 
mixed boundary condition at the nodes located on 

the bounding edge. A n  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 o f  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 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 
XNODE 5 108 and 1 5 ZNODE 5 14, is used to simulate 
subsurface inhomogeneities in conductivity. 

TRANSFORM PARAMETERS 

NKY = Number of discrete Ky values used in the 

solution 



YKY(I), I=l,NKY zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- 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=l, NNODZ, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAJ=l, NNODX - Array of 

RES 

PFE 

coded conductivity distribution in the 

lower X-Z plane in terms of symbols 0 

through 9. 

S(I), I=l, 10 - Array of intrinsic resistivity 
values associated with the code symbols 0 

through 9, respectively. 

I), I=l, 10 - Array of intrinsic percent 
frequency effect values associated with 

the code symbols 0 through 9, respectively. 

COND(IX,IZ) - The nodal conductivity ai ' is zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
8 1  

determined from ICODE(IX,IZ) and it 

indicates the conductivity in the region 

bounded by X(IX) and X(IX+1) in the x- 

direction and Z(1Z) and Z(IZ+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 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 XNODE 
I NXEND, i.e., COND(NXBEG, IZ), IZ=~, 

NNODZ, are assumed to extend identically 

horizontally up to COND(l,IZ), IZ=l, 

NNODZ, and COND(NXEND,IZ), IZ=l, NNODZ, 

are assumed to extend identically hori- 

zontally up to COND(NNODX,~Z), IZ=l, 
NNODZ. 

ARRAY DESCRIPTION 

NARRAY = Number of Resistivity Survey Configura- 

tions modelled. 

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

These codes are as follows: 

ICONFIGl, for Collinear Dipole-Dipole and/or 

Pole-Dipole profiling configuration at 

an arbitrary angle to the strike-direction; zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
= 2 ,  for Reconnaissance Bipole-Dipole 

Mapping Configuration. 

SPECIAL INPUT DATA FOR THE COLLINEAR DIPOLE- 

DIPOLE AND POLE-DIPOLE CONFIGURATION 

If OPTPUN # 0 - output of the ICONFIG1 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.1, 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 = 0, 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). 

ISHIFT = Number of shifts of one pale of the 

Bipole from y=O 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=O 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=O, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAz=O).  

NRX - Number of receiving electrode nodes 
(projected to the line y=O, z=O) . 

ITXP(J),J=l, NTX - Array of node numbers of the 
transmitter electrode locations. 

IRXP(I),I=l, NRX - Array of node numbersof the 
receiver electrode locations. 
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NZSFT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- Total number of surface and subsurface 
layers of transmitter electrodes. 

ZSHIFT(J),I=~,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=O line). 

YSHIFT(I), I=l,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),~=~,~. - 12 space alphanumeric name of 
the model. 

IPKEY, 

MORE - 

if equal to 0, only resistivity response 

is evaluated; if equal to 1, resistivity as 

well as percent frequency effect and metal 

factor responses are evaluated. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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 0. 

ii) If more than one model is to be 

evaluated, at the end of the first 

data set, MORE is read twice as zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 
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 =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 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Z 

ZSHIFT 

ZRSHIFT 

YSHIFT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
RESIS 

PFE 

DX 

DZ 

ICONFIG 

NNODX 

NNODZ 

NZSFT 

NZRSFT 

NYSFT 

10 

10 

( NNODX-1) 

(NNODZ-1) 

NARRAY 

VARIABLE NAME DIMENSION REQUIRED 

IXS NTX*NZSFT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
IZS NTX*NZSFT 

ICODE ( NNODZ , NNODX) 

COND (NNODX,NNODZ) 

I T S  NTX 

IRXP NRX 

W T  NNODX*NNODZ 

KY NKY 

VKY NKY*(NTX*NZSFT)*(NRX*NZRSFT) . 
V (NTX*NZSFT)*(NRX*NZRSFT*NYSFT) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A (NNODX*NNODZ,NNODZ+~) 

Rs (NNODX*NNODZ,NTX*NZSFT) 

attached herewith,the variables A and RS are 
stored in the LCM (Large Core Memory) and are type 

declared as LARGE, wherever used. 

In the standardized form of the source-deck 

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,Q008 words in SCM (Small Core 

Memory) and 215,0008 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,z) space at selected 

receiver nodes, from all point sources of current. 

VKY is a three-dimensional array described as 

(((VKY(I,J,K),I=l, NKY), J=l, NTX*NZSFT),K=l, 

NFX*NZRsFT). 

to a five-dimensional storage in the implied DO 
form of (((((VKY(I,J,K,L,M) ,IKY=l,NKY),J=l,NTX), 
K=i,NZSFT),L=l,NFX,M=l,NZRSFT). 

The data stored in VKY is analogous 

The array V(I,J),I=l,NTX*NZSFT,J=l,NRX*NTSF* 

NZRSFT, contains the transformed potential in the 

(x,y,z) 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), 
1=1 , NTX) , J=l , NZSFT) , K=l , NRX) , L=l NYSFT) M=l , 
NZRSFT). The sequence of accumulation o f  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. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 

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=l, 

IZ=l. 

configuration, all distances are expressed in 

terms of UNIT normalizing length and the coordi- 

In later processing for specific electrode 
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nates of transmitter or receiver electrodes are sections, sample outputs of the program for the 

defined with reference to an origin at the top, Collinear Dipole-Dipole and Reconnaissance Bipole- 

central node (i.e., node with IX zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBANNODX/Z +l; Dipole Configuration, over a few simple 2- 

IZ=l). dimensional conductivity distributions are 

RESULTS 

presented. 

In the following section, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa listing of the 

FORTRAN Source Deck R E S I S Z D  is given. In later 



PROGRAM RESISZC (INPUTtOUTPUTtPUNCH) 
C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
* * * C * * + * ? * * * * * + * * * * + * * + * + + * * * * * + * L * C * * + + * * * * * * * * * V * * * * * * * * * * * * * * C * v C ~ C * *  

C... ..... PUTHOE - 0 .  A B H I J I T  OEY 
C ENGINEERING GEOSCIEhCE 
C UNIVERSITY OF CAL I F C R N I A  
C BERKELEY 
c... ... LATEST F E V I S I O N  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAe 0. APRIL ,  1976 
C 

C 
C ALL R I G F T S  OF USAGE A K O  M O D I F I C A T I C N S  AFE RESERVEC BY 
C THE AUT).OR. 
C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
~ttttttt+tttttttttttttttttttttttttttttttttttttttttttttttttttttttttt+tttt 

C........ PUfiPOSE...... 
C 
C PROGRAM RESISEO SOLVCS FOR THE FOTEkT I A L S  I N  3-OIPENS ICNS 
C (X-Y-Z SPACE) CUE TO A POINT SOURCE OF CURRENT k I T H  AGBITFARY 
C 2-DIMENSIONAL CCNDUCTIVITY D I S T R I B U T I O N  I N  THE X-Z PLANE OF THE 
C LOHER HALF SPACE. THE GENERPLISED POISSCNIS EQUPTION I S  
C OISCRZTISEO I h  THE X-2 SPACE USIN; 5 -POINT F I N I T E  DIFFERENCE 

C CAPACITANCE MPTGIX EQUATIONS THUS OBTAINED FOR lrR8ITRARY 
C CONDUCTIVITY O I S T E I B U T I C N S  ARE SOLVED SIMULTANECUSLY FOR S I N G L E  
C ANO/OR MULTIPLE9 SURFACE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAOR SUBSURFACE LOCATIONS OF THE INJECTING 
C SOURCE FUACTICNS. THESE SOLUTIONS ARE THEN INVEFSE FOURIER 
C TRANSFOSHEO BACK T O  (X-Y-2) SPACE. PNY ARBITRAR V SURFACE9 OOWNHCLE 
C CONFIGURATION O R  COHBINATIONS THEREOF LSED I N  R E S I S T I V I T Y  
C SURVEYS9 CCUL C EE SIMULATED FOR GLNERAL E-CIMENI IONAL SUBSUGFACE 
C D I S T R I B U T I O N  OF CONOUCTIVIT I F S  0 

~tt+tttt+tttttttttttttttttttttt+ttttttttttttttt+tttttttttttttttttttttttt 

C 
C....... THE I N P U T  PARAMETERS ARE. 4s FOLLOWS..... 
C 
C... ... MESH DESCRIPTION.... 
C NNOD X = NUMBER OF NODES I N  X-OIRECTION (PERP. TO S T R I K E )  
C NNOD Z = NLMBER OF NODES I N  Z-OIRECTICM (VERTICALLY COWh) 
C D X ( I )  r I - 1 1  (NNCDX-1) SEPPRATION BETXEEN NODES I N  X-DIRECTION 
C D Z ( 1 )  r I = l *  (NNCOZ-1) SEPARATION BETkEEN NODES I N  Z - D I R E C T I O N  

* ~ * ~ ~ * * ~ ~ ~ V ~ * ~ ~ ~ V ~ V * * * V * V * * C * * * * ~ * * ~ * ~ ~ * * * * * ~ * * * * V C C ~ * * * * V * * * * * V * ~ ? C * ~ * *  

C APPROXIMATIONv I N  THE TRANSFORMED ( X t K Y  8 2 )  COMAXN. THE 

C XSCAL = SCALE FACTOR I N  X-DIRECTION OF THE MESH 
C ZSCAL = SCALE FACTOR I N  Z-DIRECTICN OF THE MESH 
C U N I T  = SCALING FACTO6 OF THE HESk DISTANCES I N  TERMS OF 
C THE U N I T  LENGTH FOR THE ELECTRODE CONFIGURATICNS 
ctttttttttttttttttt*ttttttttt*ttttttttttttttt+tttttt*tttttttttttttttttt+ 

C 
C...... TRANSFOFM PARAMET€RS... . 
C N K Y  = NUMeER OF OISCRkTE KY VALUES USED I N  THE SOLUTION 
C Y K Y ( I ) I I = I , N K Y  - ARRAY OF KY VALUES USED 
C I O P T  - I F  .EQ. 0 -- INVERSE TRANSFORMPTICN I S  DONE BY 
C INTEGRATION W I T P  EXPONENTIAL SUeSECTIGN F I T .  
C I O P T  - I F  .NE. 0 -0  INVERSE TRANSFOEMATION I S  OONE B Y  
C INTEGRATION WITH TRAPEZOIDAL RULE 
C 
~tttttttttttttttttttttttttttt~tttttttttt+tttttttttttttttttt+tttttttttttt 

C 
Cor.. a 

C I C O D E ( 1 r J )  , I = l ~ N N O D Z ~ J = l ~ N N 0 0 ~  - ARRAY CF COCEO CONDUCTIVITY 
C D I S T R I B U T I O N  I N  THE LOWER X-Z PL'ANE I L  TERMS OF SYMBOLS 0 THfiOUGH 
C 9 
C R E S I S ( 1 )  1 1 ~ 1 9  10 -- ARRAY OF I N T R T N S I C  R E S I S T I V I T Y  VALUES 

PHY SICA 1 FROPERTY O I S T R I B U T  ION 
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C ASSOCIATEG U I I F  THE SYHBOLS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 THROUGH 9 
C P F E ( I ) r I = l r l O  -- ARRAY OF I N T R I N S I C  FERCENT FREQUENCY EFFECT 
C VALUES ASSOCIATE0 WITH zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBATHE SYflBCLS 0 THROUGH 9 
C CON0 ( I X v I Z )  -- I S  0ETEI;HINED FROM I C O O E ( I X I I Z )  AND I T  
C I N D I C A T E S  THE CCNOUCTIVITY I N  THE REGION BOUNDEC BY X ( I X t 1 )  AND 
C X ( I X )  I N  X-OIRECTIGN ANC Z ( I Z t 1 )  AN0 Z t I Z )  I N  2 - D I R E C T I O N  
C NXEEG zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 NXENC -- THE P H Y Z I C A L  P R O P E R l I E S  ARE DESCRIBED I K  THE 
C RANGE NXBEG .LE* XhOOE .LE. FtXEND 
C 
~ttttt*tttt*tttt*ttt*t*tttt+tt*ttttttttttttttttttttttttttttttt+ttttttttt 

C 
Ca..*.o. ARRAY OESCRIPTICN...a.. 
C NARRAV = NLMPER OF R E S I S T 1  V I T Y  SURVEY CONFIGURATIONS 
C I C O N F I G ( I ) ~ I = l ~ N A R R A Y  -- ARRAY OF CODE NUflBEfiS FOR VARIOUS 
C €LECTROOE CONFIGURATIONS 
C THESE CODES A R E * * *  
C I C O N F I G  = i r  FOR COLLINEAR D I P O L E - D I F O L E  AN0 FOLE-DIPOLE 
C 2 9 FOR RECO ENAISSAhCE B I P C L E - D I F O L E  
C I F  OPTPUIv .NE. 0 -- OUTPUT OF ICO l r 'F IG= I  ARRAY I S  PUNCHED 
C THETA = ANGLE ( I N  DEGREES) OF THE D I P O L E - [ I P O L E  P R O F I L E  
C L I N t  TO THE S T R  l K E (  Y DIRECTION)  OF THE COhCUCTJVITY O I S T C I @ U T I O N  
C I N C L I N E  .EO. C -- FOR TRAhSMITTING B I F O L E  PERFENOICULAR TO 
C STRIKE FOR I C O N F I G = E  
C INCLINEmEQ. I -- FOR TRANSMITTING B I F C L E  I N C L I N E D  AT AN ACUTE 
C ANGLE TO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBATkE X-AXIS (PEEPENCICULAR TO S T R I K E )  rFCR ICONFIG=P 
C I N C L I N E  .EQ. 2 -- FOL TRANSMITTING B I P O L E  I N C L I N E D  AT AN OETUS 
C ANGLE TO THE X - A X I S  (PERPENCICULAR TO S T R I K E )  ,FCR I C O N F I G * Z  
C I S H I F T  = NL'MBER OF S H I F T S  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAOF ONE FCLE CF THE B I P O L E  FROH 
C Y-0 L I N E  I N  TERPS OF THE S P E C I F I E D  YSHIFT ARRAY 
C N R L I M  = NCflBER OF S H I F T S  I N  Y-DI f iECTION ( I N  TERflS OF THE 
C S F E C I F I E O  Y S F I F T  PRRAY) REQUIRED TO D E F I N E  THE I -EXTENT OF THE 

C GREATER THAN CR EQUAL TC ( N C L I H t I S H I F T - 1 )  
C SURFACE HAP OESIREO, FOI; ICCNFIG=E. FOR THIS A R R A Y  NYSFT EUST e€ 

C I P R I N T  .EQ* 0 -- THE STANCARDISED PSEUOO SECTION PLOTS OF 
C APPARENl R E S I S T I V I T Y  ANC P.F.E. AZE DEPLOYEO FOF COLLINEAR CP-CF 
C ALONE. ( REQbIFES STANDAROISEO I N P U T  O A l A  
C IPRTNT .EQ. 1 -- OUTPUTS FOR THE COLLINEAR DP - DP A N 0  P - DP 
C ARRAYS ARE PRINTEG OUT. THE STANDAROIIEC PSEUGO SECTION PLOTS 
C ARE SUPPRESS€ C 
C I P R I N T  .GT. 1 -0  NORMAL OUTPUTS F O R  OF - OP Ah0 P- DP ARRAYS 
C ARE PRINTEG OUT THE STANOAROISED FSEUCO SECTICN PLOTS ARE 
C OISPLAYEO FOR DF .. OP A W A Y  ALCNE .( REQUIKES STANOARD I N P U T  
C 
~ttttttttttttttttt+ttttttttttttttt+tttttt+tttttttttttt+ttt+tttt*tt+ttttt 

C 
C*..a*- TRANSPITTER AN0 RECEIVER ELECTROOE COORCINATES***.  
C NTX = NUHBEF CF TRANSHITTING ELECTROCE NODES(FR0JECTEG AT 2 x 0 )  
C NRX = NUkBEI; CF RECEIVER ELECTRODE NOtES(PROJECTE0 AT Z=O) 
C I T X P ( I ) r I = i r N T X  -- ARRAY OF NODE NUHEERS OF THE TRANSHITTER 
C ELECTROOES 
C I R X P ( I ) r I = l , N R X  -- A R R A Y  CF NCOE NUHeERS OF THE RECEIVER 
C E L E  CTROOES 
C NZSFT = NUMBER OF SURFACE ANC SUBSURFACE LAYERS OF TRANSPITTER 
C ELECTRODES 
C Z S H I F T ( I ) r I = l r N Z S F T  -- ARRAY OF DEPTHS OF THE LAYERS OF 
C TRANSMITTING ELECTROOES t I N  TERMS OF L N I T )  
C NZRSFT = NUPEER OF SURFACE AND SUBSURFACE LAYERS OF RECEIVEfi  
C E L E  CTROOES 

C RECEIVER ELECTliCDES ( I N  TERflS OF U k I T  1 
C NYSFT = NUMBER O F  L I N E S  SHIFTEG ALONG S T R I K E  HHERE RECEIVER 
C ELECTRODES ARE LOCATE0 ( I N C L U D I h G  Y=O L I N E )  

C Z R S H I F T ( I ) , I = l r N Z R S F T  -- ARRAY OF DEFTHS OF THE LAYERS OF 
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C Y S H I F T ( 1 )  r I = l r N Y S F T  -- AkRAY OF VALUES CF Y-SHIFTS FOR VARIOUS 

C RECEIVER L I N E S  ( I N  TERMS OF U N I T  ) 

C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
ct it t t t t tt tt t t tt it t t + it t tt t ttt tt tt t ttt ttt ++ t t zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi t t t ttt t t * t i ttt+ t t t t t t++ itt 
C 
C... . .. . HOOEL NAME AN0 TERMINATION PAEbltET€RS..... zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
C T I T C E ( I ) r I = l r 4  -- 12 SFACE ALPHANUMEfiIC hAME OF THE MODEL 
C I P K E Y  .EQ. 0 -- I F  ONLY R E S I S T I V I T Y  RESPONSE I S  SOUGHT 
C I P K E Y  .NE. 0 -- I F  R E S I S T I V I T Y  AS WELL AS PEECENT FREQUENCY 
C EFFECT RESFOSES ARE SOUGHT 
C HORE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. E a .  0 -- AT THE EN0 OF THE F I R S T  DATA SET -- FOLLOWEO 
C BY ANOTHER MORE-0 CAROr I F  hO FURTHER HCOELS ARE T O  BE CGMPUlEG 
C MORE ONE. 0 -- I F  MOEE TkAN CNE MGCEL I S  TO 8E COMPUTEO. 
C AT THE END OF THE LAST OATA S E f  MORE SHCULD BE fiEAO .EO. 0 
C 
~ttttttttt*ttttttttt+t*ttt++tttittittittttttititt+tttttt+tttttt+iitttiti 

C 
C 

INTEGER CFTPUN 
LARGE A ( 1 8 0 8 r 1 7 )  r R S ( 1 8 0 8 1 2 3 )  
DIMENSION VKY ( 5 0 0 0  ) 1 V ( 1 5 G O )  
OIMENSION X ( 1 2 0 ) r Z ( 2 0 )  r Y K Y ( l G ) r I T X P ( 6 0 ) r I R X P ( I 2 0  ) * Y S H I F T ( 4 C )  9 

l Z S H I F T ( 2 0 )  r ZRSHIFT (2C) r ICODE ( 2 0 1  120 ) r R E S I S (  l O ) r P F E ( I O )  r I X S ( 6 0 )  1 

2 1 Z S  ( 6 0 )  * T I T L E  ( 3 )  rCOND(12Or2O * O X  (120 ) rOZ (20 1 r I C O E F I G ( 2 5  1 
OIMENSIOh XMAT (180 8) 
COMMON /PACK l/ I N C L I N E  9 I S H  I F T  9 NR LIY 
COflHON /GANGI/ OPTPUN, T H i T A r  I P R I N T  
READ l r  NNGOXrNNCDZrNKY rNX8EGrNXEND r NARRAY rXSCAL,ZSCALrUNIT 
NELX=NNODX-1 
NEL Z=NNOOZ-1 
REAO 29 ( O X ( 1 )  r I = l r N E L X )  
REAO 39 ( O Z ( J )  r J = I v N E L Z )  
READ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA49 ( Y K Y ( K ) r K = l r N K Y )  
READ 51  ( I C O N F I G t I )  r I = l r N A R R A Y )  
READ 61 NTXrNZSFTrNRX, N Y S f T r  N Z H S f T  
REAO 79 ( I T X P ( 1 )  r I = l r N T X )  
READ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA8 9  ( I R X P ( J ) r J = l r N R X )  
READ 9r ( Z S H I F T  (I) r I = l r N Z S F T )  
REAO 1 0 9  ( Z R S H I F T (  J) r J t l r N Z R S F T )  
READ 11, ( Y S H I F T ( K ) r K = l r N Y S F T )  

888 READ 129 IPKEYI ( T I T L E t I ) c I ~ l r 3 ~  
I F t I P K E Y  .NE. 0 )  GO TO 101 
READ 1 4 9  ( R E S I S ( 1 )  r I = l , l C )  

1 0 1  READ 14, ( R E S I S t I )  r I = l r l 0 )  
GO TO 102 

READ 1 5 9  ( P F E ( 1 ) r I ' l r l O )  

00 1 0 3  I = I r N N O D Z  
REAO 169 ( I C O O E ( I r J 1  rJ=NXBEGrhXEND) 

102 CONTINUE 

103 CONTINUE 
1 FORMAT( 6159  3 F l O  e 5 )  

2 FORMAT(20F4.0) 
3 FORMAT(EOF4.0) 
4 FORMAT (8FlO 5) 
5 F O R H A T ( 2 0 1 5 )  
6 FORMAT ( 5 1 6 )  
7 FORHAT(2413)  
8 F ORMAT ( 2 4 1 3 )  
9 FORHAT(lOFB.3) 

1 0  FORMAT ( 10FB 3) 
11 FORHAT( lOF8.3)  
12 FORMAT ( 1 5 9  3A4)  
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14 FORMAT ( 1 0 ~ 8 . 3 )  
1 5  ~ O R H A T ( l O F 6 . 3 )  
1 6  F O R H A T ( 8 0 1 1 )  
1 7  FORMAT (11) 

c..... REA0 I h  ThE ZPECIAL INPUT DATA FOR CERTAIN A6RAYS 
I F ( N A R R A Y  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.EQ. 1 .AN00 f C O N F I G ( 1 )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.EQ.  1 ) R E A D  2 l r  O P T P U N T I P R I K T T  

I F t N A R R A I  . t Q e  1 .AND. I C O N F I G ( 1 )  .EQ. 2 )  READ 2 2 r  I N C L I N E I I S H I F T T  
1THETA 

1 N R L I M  
2 1  F O R M A T ( 2 1 5 r f l O . E )  
22 FORMAT ( 3 1 5  ) 

REA0 179 HOGE 
c... . . . P G I N T  CACD IHAGES GF THE INPUT DATA 

P R I N T  9 9  
9 9  F O R M A T ( 1 H l r  / / r 2 5 X c * C A R O  IMAGES OF THE I I P U T  DATP ' e / / )  

I F (  MGRE .NE. 0) GC TO 9 9 8  
P R I N T  
P R I N T  2 ,  ( D X ( I ) r I = l r N E L X )  
P R I N T  3 9  ( D Z ( J ) r J = l * N E L Z )  
P R I N T  4 9  (VKY ( K ) r K = l r N K Y  1 
P R I N T  5 9  ( I C O N F I G ( I ) r I = l r N A R R A Y )  
P G I N T  6r ~ T X T ~ Z S F T I N R X I N Y S F T T N Z R S F T  
P R I N T  7r ( I T X P ( I ) r I = l r N T X )  
P R I N T  89 ( I R X P ( J ) s J = l r N R X )  
P R I N T  9r ( Z S H I F T ( 1 )  r I = l , N Z S F T )  
P R I N T  10 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 (ZRSHIFT ( J )  r J= 1 9  NZRSFT 1 
P R I N T  11 r ( Y S H I F T  ( K) r K = l  rNYSFT) 

9 9 8  P R I K T  12, I F K E Y T  ( T I T L E  ( 1 )  r I = l r 3 )  
P R I N T  141 ( R E S I S  ( I ) r I = l ~ l O )  
P R I N T  1 5 9  ( P F E ( I ) T I = ~ T ~ O )  
00 1 3 3  I = l r h N O D Z  
P R I N T  169 (ICODE(ITJ)TJ=NXBEGINXEND) 

P R I N T  179 HORE 
P R I N T  219 OPTPUNTIPRINTVTHETA 

1 c NN OD X r NNCO Z r NKY NX BEG zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 NXEND 9 NARRA Y c XSCA L TZSCAL c U N I T  

1 3 3  CONTINUE 

P R I N T  2 2  9 I N C L I N E  T I S H I F T r N R L I H  
NTXTOT=KTX*HZSFT 
N R X T I T =  NRX*NZRSFT 
NRXTOT=NRX*NZR SFT* hY S f  T 
IPCOUNT=O 

C.... SETTING UP THE SCALED DISTANCES AND ASSIGNED CONDUCTIVITY 
C O I S T R I B U T I O N  AT E b C b  ELEMENT I N  THE H E S t  

I F (  MORE .NE. C )  GC TO 1303 
x (1 ) = O  e o 0  
Z (  1) =o.oo 
00 1 0 4  IX=ZrNNCOX 

DO 105  I Z = 2 r N N O O Z  
i o  4 x (1 x )=x  ( ~ x - i  1 + ( o x  ( ~ x - I  / x s c ~  L) 

10 5 Z ( I Z  ) = Z  ( I Z - 1 )  + (OZ (12-1 ) / Z S C A L )  

I P C O U N T = I  
999 C O  106 I Z = l r N N C D I  

00 1 0 6  I X = l r N N C D X  
I F t I P C O U N T  .NE. 1) G O  TO 107 
I F  ( I X  eLTe NXBEG) ICODE( IZ I IX)= ICODE ( I Z T K X B E G )  
I F  ( I X  .GT. NXEND) ICODE ( I Z * I X ) = I C O 3 E  ( IZ rh iXENC)  
I R E  SX=ICODE ( I 2  c I X I  +l 
CON0 (I X r  I Z  1 =l 0 I C E  S I S  ( I R E S X )  

10 7 IRESX=ICODE(  I Z c  I X )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA+l 

1 3 0 3  CONTINUE 

GO TO 1 0 E  

CON0 ( I X I Z  1 = ( 1 O+PFE ( I R E S X  1 / 10 0 e 0  1 / R E S I S  ( I R E S  X J 
1 0 6  CONTINUE 
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I F (  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAYOSE ONE. 0 .OR. IPCCUNT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.NE. 1) GO TO 1304 

C O  1 3 0  I X Z l r N E L X  

GO 1 3 5  I Z z l r N E L Z  
1 3 0  O X ( I X ) = D X ( I X ) / X S C A L  

1 3 5  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 2  (I Z)=  D Z  (I 2 1 / ZSCAL 
P R I N T  1 0 4 5  

1 0 4 5  FORMAT(5XrrNOCE CISThNCES I N  MESk U N I T S  FROM THE ORIGIN LOCATED AT 
1 THE TOP, LEFT HAND COGNLR OF THE HESH ' r / / )  

P R I N T  1 0 4 0 9  ( ( f X r X ( 1 X )  r D X ( I X ) ) r I X = l r N N C C X )  

P R I N T  1 0 5 0  ( ( I Z r Z ( I Z ) r D Z ( I Z )  1 r I Z = l * N N O D Z )  
FORM AT (2 X zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAr *I Z= * r 1 5  r 3  XI *Z (I 7.) =+ 9 F 10 s 3 * 3X 

D O  ill I Z T X = l r h Z S F T  
Z S F T = Z S H I F T ( I Z T X ) * U N I T  
DO 112 I K D X Z = l r k h O O Z  
I F  ( ZSFT .EQ. 2 ( I N D X Z )  1 IZSQ=INDXZ 

DO 114 I X T X = l r N T X  

1 0 4 0  FORMAT ( 2 X r * I X = * r I 5 r 3 X r * X  ( I X ) = * r F l O .  3 r 3 X r ' D X ( I X ) ~ * r F l 0 . 3 )  

105 0 '0 Z ( I Z  1 = * 9 FIO 3 )  
1 3 0 4  CONTINUE 

112  CONTINUE 

NTXCNT= ( I Z T X - l ) * N T X + I X T X  
I XS ( NTXCNT 1 = I T  XP (I XTX) 
I Z S ( k T X C h T ) = I Z S C J  

1 1 4  CONTINUE 
i l l  CONTINUE 

NNODE=NhODX*NtiCDZ 
NBAND=Z*NNODZ+ 1 
NN OOTOf=NNODEr luT XC NT 
NLNA=NNOCE*(NhODZ+I) 
NBANDP= N K O D Z t l  
P R I N T  11719 NLNArNNOOTOT 

1171 FORMAT ( l P l r 2 5 X r * C I P E N S I O N  OF A SHOULD BE AT LEAST =*rI20r5Xm 
l / r 2 4 X r * O I H E N S I O N  OF RS SHOULC BE AT LEAST = * r I Z O )  

DO 110 I K Y = l r N K Y  
Y L A M O A = Y K Y  ( I K Y  1 

C....... F I N I T E  DIFFLRENCE SOLUTICN FOR EACH OF THE KY VALUES 
CALL SOLVENT ~ X r Z r C O N D r I X S r I Z S r Y L A H O A ~ D X r D Z ~ h N O O ~ r N N O D Z ~ I K Y ~  
I NTXCNT 9 NTX r I TXP r h: R X r I R X P  rNZRSFT 
2NBANDrNBAN32rNNOGErNLNA,VKYIUNIT1AIRSrXMAT) 

ZRSHIFT r kK Y r NTXTCT r NRXT I T  9 hN COTOT r 

110 CONTINUE 
C...r. INVERSE TRAkSFGRMATICN O F  TME POTEhTJALS I N  ( X  rKY9 Z )  SPACE 
C WITH APFROPRIATE Y-SHIFTS. 

c... . 0 . I O P T  .NE. C e . .  I N T E G R A T I O h  B Y  TRAFEZGIDAL RULE 

(NRX r NY SFTr  NZRSFT r YSHIFT 

c... . . 0 I O P T  .EO. G INTEGRATICN BY SUESECTXONPL EXPONENTIAL F I T  

IOPT=O 
CALL YTRAN NTXr NZSFTr  NKYr NTXTOT r NRXTOT 9 

1 NRXT IT 9 Y K Y  r V K Y r V r I CPT r U N XT 1 
c..... SORT OUT COMeIhATIONS OF THE P O I N T  SCURCE POTENTIALS FOR 
C VARIOUS ELECTFOCE ARRAYS. 

I F ( I P K 6 Y  .EQ. 0 )  I P I N O E X 4  
I F ( 1 P K E Y  .NE. 0 .AND. IPCOUNT .EQ*  1) I F I N D E X n O  
I F ( 1 P K E Y  .NE. 0 .AND. IPCOUNT .Ea. 2 )  I P I N O E X = I  
CALL A2RAYS ( X rZ tNARRA Y r  ICONFIG r T I T L E  r NTXTOT rNRXTOTr NTXr  NR Xr I T X P  r 

1 I R X P  9NZSFT r NYSFT r NZRSFT r Z S H 1  FTr Y S H I F  T,  ZRSHIF TI If INOEX~V,NNOOXr 
2hNODZrUNIT 1 
I PCOUNT= IPCOU k T  + 1 
I F (  I P K E Y  .NE. 0 *AND. IPCOUFtT .EQ. 2 )  G O  TO 999 
READ 179 HGliE 
I F  ( MORE .NE. 0 )  GO TO 888 
STOP 
END 
SUBROUT I N E  SOL VENT ( XI Z r  CON0 r I X S  r I Z S  r Y LAHOA r DX r D2,NNODX r NNOO ZrI K V *  

INTXCNTrNTXr ITXPrNR~r IRXP,NZRSFTIZRSHfFT~ZRSHIFTr~KYrNTXTCT~NRXTITr~NOOTCT~ 
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Z N B A N O I N B P N O Z ~ ~ P G C E ~ N L N A ~ V K Y , U N I T I A I R S , X ~ ~ T ~  
* 4 4 * * * * * * + * * * . * C * * * * 4 * * * V * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * + * * * * * * * * * * * *  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
C 
c. ..* zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 . . AUTHOR e . . .  A B k I J I T  D E I  
C LATEST F E V I S I O N  APRIL  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 1976 
C.....em. me.. 

C ALL RfGPTS OF USAGE AND MODIFICATIONS ARE RESERVED BY AUTHOR 
c. ... . . 0 .  . 0 . .  

c... 0 . 0  . 
C SUBlZOUTIhE S O L E N T  OISCRETISES zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAT H E  GENERALISED POISSONIS 
C EQUATION I N  ( X -  KY - 2 )  DOPAIN F 3 R  A SET OF PRESCRIBED SET 
C OF KY VALUES USING k 5-FOINT F I N I T E  DIFFERENCE 5CHEME. THE 
C SYSTEM CF CAPACITANCE MATRIN EQUATIONS ARE THEN GENERATED U I T H  
C NEUHANN CONDIT ICN FOR THE TOP SURFACE AN0 f l I X E D  BOUNOARY CONDIT IO 

PUWOSE.. . .. 

C FOR THE LEFTpRIGHT AND @ O T T O M  EOGESr TAKING I N T C  ACCOUNT THE 
C AReITRARY COhCbCTIV ITY D I S T C I B U l I O N  I P  THE X-2 FLANE. THE 
C CAPACITANCE MATE1 B IS P C S I T I V L  O E F I N I T E  ANC S A T I S F I E S  YOUNGIS 
C P K O r E R T V  A THE SYSTEH OF EQUATIONS ARE SOLVED SIMULTANEOUSLY 
C FOR ALL DELTA FLNCTION CURRENT SOURCE TERMS. 
C 
+ * * * * + * * * * * * * * * * * * * * * * 4 * * * 4 * * * * * * * * * * 4 * * ? * * * * * * * * * * * * * * * * * * 4 * * * 4 * * * * * * * *  

LARGE A (NNODEihEPh02)  rRS (N~OCEINTXCNT) 
DIMENSION XMAT (NNODE) 
DIMENSION I X S  (1) r I Z S ( 1 1  r C ( 6 0  1 
OIMEhSION VKY ( h K Y  ,hTXTOTrNRXTIT)  
OIMENS I O N  CON0 t 1Z'G zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 1) V O X  I t  1 9  DZI  1 J v  I f XP ( 1  ) 9 L R  XP (1 19 X (1) I 2 (1) 9 

1 Z R S H I F T  (1) 
O I P E h S I O N  NSOUFCE(60) 
EXTERNAL AKO r A K l  
OATA PI/3.141592€53/ 
AMP=2.O *PI 
XCENTR= ( X ( l ) + X ( N N O O X ) i / 2 . 0  
NELX=NNODX-1 
NEL Z=NhOOZ-1 
CALL SFCONO ( T I M E )  
P R I N T  3 3 1  T I M E  

00 1 0 0  I T X = l r h T X C N T  
I X S P = I X S  ( I T X )  
I Z S P = I Z S ( I T X )  
NSOURCE ( I T  X 1 = ( I XSP -1 1 *NN CD 14 I ZSP 
00 1 0 0  IN= lpNNODX 
C O  100 I Z = I 1 N N C D Z  

N= ( I X - l ) * N N O O Z + I Z  

3 3  FORMAT(Z5Xv*CP TIME =* rF20 .5 )  

RS (N9 I T X  )= 0.00 
I F (  N .NE. N S G U R C E t I T X ) )  GO T O  1 0 0  
RS ( N 9 IT X )=Af lP /Z  0 0  

1 0 0  CONTINUE 

N l =  1 
NCENT=NBANDP 
N f l I D L = N B I N D E - l  
N fl I DU= N BAN D 2 + 1 
NEND=NBAND 
00 2 1 0  I X = l r N N O O X  
00 220 I Z = l r N N C D Z  
N = ( I X - l ) * N N C O Z + I Z  
I F (  I X  o E Q .  1 .OR. I X  .EQ. NNODX) G O  TO 3 1 0  
I F (  IZ . E Q .  NNCDZ) G O  T O  315 
I F (  IZ .EQ.  1) GO TO 320 

c... . 0 e .  SET UP T k E  COEFFICIENT MATRIX FOR THE HESk. 

C..... C O E F F I C I E h l S  FOR THE SELF ADJOINT EQUATION OF AN I N T E R I O R  
C NOOE 
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450 C(KC)=J*OO 
I F ( I Z  eGT* zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. L N C e  I Z  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA*NE. NhOOZ) GO TO 4501  
I F ( I Z  e E Q e  NNODZ) GO T O  4502 

c e . .  e. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 C O E F F I C I E h T S  FOR THE SELF ADJOINT EQUATION CF A NODE 
C LOCATED AT TWF TOPILEFT CCRNEC 

AkEACOkCONO (I ) * I Z ) * D X  ( 1 x 1  * O Z ( I Z  ) /be 0 0  
XTX=ABS I X ( I X ) - X C E N T R )  
R=XTX 
ARG=YLANDA*R 
A R G l = A K l  (ARC) 
ARG2=AKO (ARG 1 
I F ( A R G 1  .LT. i.OE-70 .ANC* ARC2 .LT. 1eOE-70)  ARF3=1*OO 
I F ( A R G 1  .GEe i .OE-70 *OR*  ARC2 e t € *  1 e O E - 7 0 )  ARGJ=ARGl/ARGZ 
C ( N l ) = O  00 
C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( N H I O L ) = O  e 0 0  
C (N H IOU 1 z-0 X (1 X ) *CON0 (I X SI 2)  / ( 2  e 0+0 2 (I Z 1 1 
C (NENC) =-DZ ( I Z  1 *COhD (I X s I Z  I /  ( 2 e O ' O  X (I X 1 ) 
CADD=-C (hENO) *DX ( I X )  *YLAMOA*ARG3 
C ( N C E N T ) = - ( C ( N l ) * C ( N f l ~ D L ) + C ~ ~ M I D ~ ~ + C ~ ~ E ~ C ~ - Y L A H D ~ * Y L A H D A ~ A ~ E A C O ~  I +  

G O  TO 4 5 0 3  
1 CAD0 

C * * *  e *  COEFFICIEPTS FOR THE S E L F  ADJOINT ECUATION CF A NODE 
C LOCATED ON Tt-E LEFT ECGE 

450 1 AREACON= (CON0 ( 1 x 1 1  2-1) * D X ( I X )  "DZ (12-1) / 4  a 0  ) +(CONG ( I X S I Z )  "OX ( 1 x 1  * 
1 0 Z  (I 2 )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA/4 e 0  ) 

XTX=ABS ( X ( I X 1 -XCE NTR) 
R=SQRT(XTX*XTX+Z( fZ ) *Z  (12 ) )  
ARG=YLAMOA*R 
A R G l = A K I  (ARC) 
ARGZ=AKO (ARG) 
I F ( A R G 1  .LTe 1.0E-70 .ANC. ARGE .LT* l e O E - T O )  ARC311.00 
I F ( A R G 1  . G E e  1.OE-TO .OR. ARC2 eGEe 1 ~ 0 E - 7 0 )  ARGJ=ARGl/ARG2 
THETAzATAN ( 2  ( I Z )  /XTX) 
C ( N l ) = O  -00 
C (NMIOL)=-DX ( I X )  'CCND ( I X I I Z - ~ ) / ( ~ D O * O Z  ( 1 2 - 1 )  1 
C (NMIOU)=-OX ( I X )  ' C O N D ~ I X I I Z )  /(2m O+DZ ( I Z )  1 
C(NEND1 = - (  (DZ (12)  *COND ( I X S I Z ) + D Z  ( I Z - 1 )  *CCND (1x112-1))  / (  2.0*DX (1)o 

1) 1 
C A D D = - C ( h E N D ) * D X ( I X ) * Y L A ~ D A * C O S ( T H E T A ) * A R G 3  
C ( N C E N T ) = - ( C ( N 1 ) + C ( N f l I D L ~ ~ C ( h M I D U ) + C ~ N E ~ C ~ - Y L A M D d * Y L A M D A ~ A ~ E A C O ~  I t  

GO TO 4503 
1 CAD0 

c... e .  COEFFICIENTS FOR THE SELF ADJOINT EQUATION CF A NODE 
C LOCATED AT THE 8 O T T O M  9 L E F T  CORNER 

4502 AREACON=CONO (I ) . IZ - i  )*OX (1x1  'DZ ( IZ -1 ) /4 .00  
XTX= ABS ( X (IX 1 -XCENTR 1 
R=SQRT(XTX*XTX+Z ( 1 2 )  *Z ( fZ )  ) 

ARG=YLAMDA*R 
A R G l = A K l  (ARC) 
ARGZ=AKO (ARC) 
I F ( A R G 1  e L T *  1eOE-70 .ANCe ARG2 . L T o  1.OE-70) A R C 3 ~ 1 . 0 0  
I F ( A R G 1  eGE. 1eOE-70 * O R *  ARC2 .GE. 1 e O E - 7 0 )  ARG3=ARGl/ARG2 
T H E T A l =  ATAN ( Z ( I Z  1 /XT X 
T HETA2=A IAN ( XTX/Z (12 1 1 
C ( N l ) = O  e 0 0  
C (NMIDL )=-OX ( I X )  'CON0 ( I X I I Z - 1  
C (NHIDU)  =O 000 
C (NEND) =-DZ ( I Z - 1  )*COND (IXr IZ-1 ) /  (Z.O*OX ( I X  1 )  

2. 0"DZ ( 1 2 - 1  1 ) 

CADD=-(C(NMIOL)*CZ ( IZ - l ) *COS(THE 1A2)+C(NEND)*DX( IX )  +COS(THETAl ) ) *  

C ( h C E N T ) = - ( C ( N l ) + C  (NHIOL)+C(Cf l IDU)  tC(NEht)-YLAHOl*YLAHDA*AREACON)+ 
lY lAHDA*ARG3 

1 CAD0 
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45C3 DO 4 5 1 1  KC= l rNBAND2 

4 5 1 1  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAII ( N  9 KC) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= C  (KC zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 
GO TO 350 

CD zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA460 KC=l rNBANC 
3 3 0  CONTINUE 

460 C (KC zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA) = D  - 0 0  
IF~IZ .GT. i .ANC. IZ .NE. NNODZ) G O  TO 4601 
I F ( I Z  .EO. hNOCZ) GO T O  4602 

C...... C O E F F I C I E I T S  FOR THE SELF ADJOINT EQUATION C f  A NOOE 
C AT THE TOPtRICHT CORNER 

ARE A CON= CON0 (I X -  1 t I Z) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA*D X (I X - 1 )  *D Z (I Z ) 14 00 
XT X=ABS ( X ( I X  1 -XCENTR) 
l i=XTX 
ARGrYLAHCA*R 
A R G l = A K l  IARG) 
ARGZ=AKO (ARG) 
I F ( A R G 1  .LT. 1.OE-70 .ANC. ARGZ *LT. 1.OE-70) ARCJ=l.OO 
I F ( A R G 1  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAs G E .  1.OE-70 .OR. ARC2 .GE. i.OE-70) ARG3=ARGl/ARG2 
C (N  1 )=-OZ ( I Z 1 *CC + D  ( I X - 1 ,  I 2  1 / ( 2  0 *OX ( I X - I  ) ) 
C (NMIDL ) = O  m00 
C INHIDU)=-OX ( I X - 1 )  *CON0 (IX-I r I Z )  /(2*0*DZ (12)  1 
C (NEND) I O  0 0  
CADD=-C ( P l )  *DX ( I X - 1 )  *YLAHDA*ARG3 
C (NCENT) =- (C ( N i l  +C (NMIDL)+C (kMIDU)  +C ( N E h t )  -YLAMDb*YLAHDA*AREACOk It 

GO TO 4 6 0 3  
1 CAD0 

c. .. . . COEFFICIEFTS FOR THE SELF ADJOINT EQUATION C f  A NODE 
C LOCATED ON TPE RIGHT EDGE 
460 1 AREACON= (CON0 ( I X - 1 9 1  Z-1 )  *DX ( I X - 1  )*DZ ( X Z - 1 )  /4 a 0  ) +  (COND(IX-1.12) * 

l o x  ( I X - I  ) *o 2 ( 1 2  ) /4 . O )  
XTX=ABS ( X  ( I X )  -XCENTR) 
R = S P R T ( X T X * X T X + Z ( I Z ) * Z ( I Z )  1 
ARG=YLAMOA*R 
A R G l = A K l  (ARC) 
ARG Z=AKO (ARC 1 
I F ( A R G 1  eLT. i.OE-70 *AN[* ARG2 *Lf .  I*OE-701 ARC3t1.00 
I F ( A R G 1  *GE. 1eOE-70 *OR. AR62 *GE. 1.OE-70) ARG3=ARGI/ARC2 

C(Nl . )= -  ( (DZ ( 1 2 )  *CON0 ( I X - 1 .  I Z )  +DZ ( I Z - I ) * C O N O  ( I X - i  r I Z - 1 )  ) / ( 2 m O * O X  

C (NHXDL )= -OX ( I X - l ) * C O N D  ( I X - l , I Z - l ) /  (2 .0*0Z (12-1) ) 

C (N M I D U  ) =-OX ( I X - 1 )  *CON0 ( I X - 1 9  I 2  1 / (  2 O*DZ (I Z 1 1 
C (NEND) = O m  0 0  

THETA=ATAN ( Z  ( I Z )  /XTX) 

i ( 1 X - 1 ) ) )  

CADD=-C ( P I )  *OX I I X - 1 )  *YLAHDA*COS (THETA)*ARC3 
C ( N C E N T ~ = - ( C ( N i ) + C ~ N M I D L ) + C ( ~ M I D U ~ + C ( N E N C ~ ~ Y L A ~ O A * Y L A ~ D A * A R E A C O h ~ t  

GO T O  4603 
1 CAOD 

C...... COEFFIC IEPTS FOR THE SELF ADJOINT ECUATION CF A NOOE 
C LOCATED I T  TWE 6OTTDH,RIGHT CORNER 

4 6 0 2  A R E A C O N ~ C O N D ( I X ~ l ~ I Z ~ I ~ * f J X ( I X - i ~ * D Z ~ I Z - I ~ / 4 ~ 0 0  
X f  X=ABS ( X  t I X ) -XCENTR) 
R=SQRT ( X T X * X T X 4 Z ( I Z ) * Z ( I Z )  ) 

ARG=YLAHOA*R 
A R G l = A K l  (ARG) 
ARGE=AKO (ARC) 
I F ( A R G 1  e L T *  1.OE-70 .AN&. ARGP .LT* zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 . O E : - T O )  AR63s1.00 
I F  (ARG1 .GE. 1.OE-70 .OR. ARC2 .CE. 1.OE-70) ARG3rARGI/ARG2 
T H E T A l = A T A N ( Z ( I Z ) / X T X )  
T HETAE=A TAN ( XT X/L (IZ) 1 
C (Nl 1 = - D Z ( I Z - l )  *CON0 ( I X - 1 9  1 2 - 1  1 / (2  00 *OX ( I X - i )  1 
C (NMIDL)=-DX ( I X - 1 )  *CON0 ( I X - l , I Z - l ) / (  2.0*02 (12-1) 1 
C (NM I O U )  =O . G O  
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C (NENO) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAZ O O  0 0  
CAOD=-(C ( N M I D L ) * O Z ( I Z - l ) * C O S  (THL 7A2) t C ( N 1 )  *OX ( I X - 1 )  *COS ( T H E T A 1  1 ) *  

C (EiCENT)=- ( C ( N l ) t C ( N M I O L ) t C ( h H I D U )  tC(NENC)-YLAtiDP*YLAMOA*AREACON)+ 
lYLAMDA+ARC3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1 CAOO 

4 6 0 3  00 4 6 1 1  K C = l r h B d h 0 2  
4611 A ( N * K C ) = C ( K C )  

3 5 0  CONTINUE 
220  CONTINUE 
210 CONTINUE 

CALL SECONO(T1t'E) 
P R I N T  3 3 9  T I M E  
CALL BANDSYM ~ A r h N O D E r N N ~ Z r ) U N O D E r ? S ~ N N O O E r N T X C N 1 ~ 1 4 r D l r O 2 r N ~ ~ N ~ 2 r  

P R I N T  9109 I E R  
9 1 0  FORMAT(~OXI*MATRJX SOLUTION ERROR I N D E X  = * r I 5 )  

CALL SECONO(T1PE) 
P R I N T  3 3 9  T IME 
DO 1215 ITX=I,NTXCNT 
00 1 2 2 0  I O W k = l r N Z R S F T  

DO 1 2 3 0  I N O X Z t l r h N O O Z  

00 1 2 4 0  I R X = l * N P X  

Z R S F T = Z R S H I F T ( I O W N ) * U N I T  

1 2 3 0  I F (  Zl iSFT .EQ* Z ( I N 0 X Z ) )  IZRS=INDXZ 

I R X  X=IRXP ( I R X )  
IROWNX=IRX*( IGWN- l ) *NRX 
NRXCHK= ( I R X X - 1 )  *NNODZtIZGS 
V K  Y ( I K Y  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 I T X  9 I R OH zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAh X 1 =RS (NRXCHK 9 I T  X) 

FORMAT ( Z X t  * I K Y = * r I  3 rZX*+LAt lOA=+ * F i l a  ~ ~ ~ X I * I T X = * *  I59 2X**IROWNX=* 915 
C P R I N T  1411 9 I K Y 9 Y LPHOA 9 I T X  I k  OWN X, VKY (IK 9 I T  XI IQCWNX) 
C l r l l  
C l r 2 X * * V Y Y = + * E l 5 ~ 4 ~  

1 2 4 0  CONTINUE 
1220 CONTINUE 
1 2 1 0  CONTINUE 

GETURN 
END 
FUNCTION AKO ( X  

c t t t + t t t t t t t t t t t ~ t t t t t + t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t ~ t t ~ t t t t t t t t t t t t + t  

C . e  AUTHOR o o o *  A B H I J I T  OEY 
C LATEST R E V I S I O N  0 . 0  A P R I L 9 1 9 7 6  
C o o e o . . e o  PURPCSEo*ooo 
C EVALUATES THE H001f IEO @ESSEL CUNCTXON OF ZEROETH OROER FOR 
C AN ARGUMENT X 
~t+t++ttt++ttt+t+t+t++++++ttt++t+++t+++++t++t++++++++++++++++++t++tt+t++ 

I F (  X o G E o  2.0) GO TO 1 0  
T=X/ 3 7 5  

81=1 e 0  + T * 6 3 o 5 1 5 6 2 2 9 + T * ( 3 o 0 8 9 9 4 2 ~ + T *  (1.20 €7 4 9 2 t T *  ( O m 2 6 5 9 7 3 2 t T *  ( 
T=T*T 

10 o 0 360 7 6 ~ ? + f * 0 *  0 0 4  5 8 1 3 )  ) ) 1) 
T=C 05*X 
Y=T*T 
A K O = ~ A L O G ( f ) * B l - O  0 5 7 7 2 1 5 6 6  t Y  ( 0  o 4 2 2 7 8 4 2 0 + Y *  ( 0 . 2 3 0 6 9 7 5 6 t Y  * 

2 ( 0  .O  3 4 8 8 5 9 0  t Y  ' ( 0  m 0 0 2 6 2 6 9 8 t Y *  ( 0 . 0  001075O+Y*  0 000000740  J 1 )  1 )  
RETURN 

FIE XP f - X  )/SQRT I X 1 
AKO =F+ ( 1 m 2 5 3 3 1 4 1 4 t T *  ( -0  0 7 8 3 2 3 5 8 t T '  i 0 0 2 1 8 9 5 6 8  t T * ( - O o O l O  6 2 4 4 6 t T '  

1 0  T=2.O/X 

l(00 0 0 5 8 7 8 7 2 + T ' ( - O *  0 0 2 5 1 5 4 0  + T * O m J 0 0 5 3 2 0 8 ) ) )  1 ) )  

RETURN 
E NO 
FUNCTION A K l  ( X  1 

cttt+ttttttttt+ttttttttttttttttt+tttttttt++tt+tttt++ttttt+ttt+tttt+ttttt 
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C AUTHOR. A B H I J I T  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0EY 

C LATEST R E V I S I O N  e * * .  A P R I L 1 1 9 7 6  
C ...*.*.. PURPOSE.*.r. 
C..... EVALUATES T k E  MOOIFIEC EESSEL FUNTICN CF CRCER zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 FOR AN 
C ARGUMENT % zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
~ t t t t t t + t t t t t t t t ~ t t t t t t t t t t t t t + t t t t t + t t t + t + t t t + t t  t t t t t++ttt t t t t t+tt t t t t t  

I F ( X  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.GE. 2.00) GO TO LOO 
T=X / 3  75 
T2=T*T 
T 4 = T Z * T Z  
T 6 = T 4 * T 2  
T8=T6*T 2 
T l O = T 8 + T 2  
T 1 2  = T i 0  *T2 
B=O .50+0 0 8 7 8 9 0  F 9 4 * T 2 + 0  ~ 5 1 4 9 8 8 h 9 * T 1 ~ 0 ~ 1 5 0 @ 4 9 3 L * f 6 , 0 . 0 2 6 5 8 7 3 3 * T ~ t  

911=x*3 
T=X*O 05 
T2=T*T 
T4=TZ*T 2 
T 6 = T 4 * T 2  
T 8=T6*T2 
T l O = T 8 * T 2  
T l Z = T i O  * T 2  

10 0 0 3 0 1  532*T10+0.0  0 0  3 2 C l l * T l Z  

AA=X*ALOG(T) * B I l + l  * O O + O  15443144 'T2-~ .67278579*T4-0  * 1 8 1 5 6 8 9 7 * 1 6 ~  
1 0  0 1 9 1 9 4 0 2 + T 8 - 0  0 O i l  0 4 0  4*T 10-0.0 000 4 € 8 E * T i Z  

A K I =  A A  / X 

RETURN 

TZ=T*T 
T 3 = T 2 * T  
T4=T3*T 
T 5 = T 4 * T  
T 6 = T 5 * T  

1 0 0  T=Z.O/X 

l3B= 1 0 2 5331 4 1  4+  0 2 3 4 9 8 6 1  9*T - 0  0 3 6  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA556 20 *T 2 t 0 0 15 0 4 i 6 8 " T  3- 
10 . 0 0 7 8 0 3 5 3 * T 4 + 0 . 0 0 3 2 5 6 1 4 * T 5 ~ O o 0 ~ 0 6 8 2 4 5 * T ~  

AKI=BE*EXP ( - X  1 / S C R T  ( X I  
RETURN 
5: NO 
SUEROUTINE EANCSYH ~ A ~ N T N C ~ I A T B T I B ~ H ~ I O G ~ T D ~ T D Z ~ ~ ~ N O ~ X ~ I € R ~  

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

FUNCTION - L I N E A R  EQUATION SOLVER - SYMPETRIC BAND 

PARAMETERS A - THE COEFFICIENT M A T R I X  OF THE EQUATION 
STORAGE MODE - SFACE ECONOtIZER SOLUTION 

A X  = 8 ,  WHERE A IS ASSUMED TO BE AN N X N 
P O S I T I l r E  D E F I N I T E  SYMAETRIC BAND MATRIX. A 

ANC THEREFORE HA5 C I N E N S I O h  N BY ( N C t l ) .  
I S  STOKED I N  SYMMETRIC BAND STORAGE MODE 

( I K P U T )  
ON OUTPUT, A I S  REPLACED BY L WHERE 

A zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAz L'L-TRANSPOSE. L I S  A LOWER BAND 

HAS OIHENSION N BY ( N C t l ) .  NOTE THAT THE 

RECIPRCCAL FORM. (OUTPUT) 

MATRIX STORED IN BAND FORM AND THEREFORE 

DIAGONAL ELEMENTS OF L ARE STORE0 I N  

N - ORDER OF MATRIX A AN0 NUMBER OF ROWS I N  B .  
( I N P U T )  

C hC - NUMBER OF UPPER OR LCWER CO-CIAGONALS OF A. 
C ( I N P U T  1 
C NBND= N C + l  
C I A  - Ron OIHE~SION OF A A S  SFECIFIED IN THE MAIN 
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C PRCGRAfl. ( I N P U T )  
C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAB - I N P U T  M A T G I X  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAOF D I P E h S I C N  N X M CONTAINING 
C THE M FIGHT-HANO S I D E S  OF THE EQUATION 
C A X  = B. 
C ON OUTPUT, THE N x zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAr SOLUTIG~ MATRIX x 
C REPLACES zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA8 .  
C I 8  - ROW CIMENSION OF B AS S P E C I F I E O  I N  THE MAIN 

C M - NUMBER OF R I G H T  HAPC S I D E S  (COLUMNS I N  B )  
C ( I N P U T )  
C I O C T  - THE ELEHENTS OF A ARE ASSUMEC TO BE CORRECT 
C T O  I C G l  OECIMAL C I G I T S  ( I k F U T  - CURRENTLY 
C NOT USED) 

C PR CGR A M ( I NPU T 1 

C O l r D Z  - COHPCNENTS OF T H E  O E l E R M I N A N l  OF A. 
C DETERMINANT(A) = 01*2 .++02.  (OUTPUT) 
C I E R  - ERROR PACAMETE3. 
C TERMINAL ERROR = N 
C N = 1 I N D I C A T E S  THAT THE HPTRIX A I S  
C ALGORTHMICILLY NCT P O S I T I V E  D E F I N I T E .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
c----------------------------------------------------------------------- 
C 

C 
C 

C 

5 1  

5 2  
5 

9000 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

LARGE A ( I A 9 N B N C )  9 B( IB,M)  
D I H E N S I C N  X ( N )  
I E R  = 0 

DECOHPOSITICN OF PATRIX A I N T O  
L+L -TRANS FCSE 

CALL 
I F  ( I t R  .NE. 0 )  GO TO 9 0 0 0  
DO 5 I = i 9 M  

00 5 1  I X = l r N  
X ( I X ) = B  ( 1 x 1 1  1 
CALL SOLVE ( A  r X  r N  9 hC 9 I A  NBND) 
00 52  I X = l r N  
B ( I X * I  ) = X ( I X )  
CONTINUE 
CONT INU E 
RETURN 
END 

LUOCCMF ( A  r N  ~NCIIAID I r D 2 r h B N C r I E R )  

SOLUTION CF A X  = B 

SUBROUT I h E  LUOCOHP ( A  rN,NCr I A  r O l r  029 NBNGI I E R )  

f UNCT I O N  - LU DECOMFOSITION O F  A P C S I T I V E  D E F I N I T E  
S Y I H E T C I C  BAND HATRIX - CHCLESKY 
DECDHPCSIT ION 

PARAHETERS A - N X N P O S I T I V E  O E F I N I T E  SYMMETRIC BAND MATRIX 
STORED I N  SYNMETRIC 84h0 SfORAGE HOD€. 

LEAST. ( I N P U T )  

( INPUT 1 

A SHCULD BE AN AGRAY C f  S I i E  N BY N C + l r  AT 

N - ROH CIMENSION OF A FCR THE PEESENT CALL 

NC - NUMBER OF UPPER OR LOWER CO-CIAGONALS ( I N P U T )  
I A  - ROW CIFENSION OF A 1IS S F E C I F I E O  I N  THE M A I N  

PRCGGAR. ( I N P U T )  

STORE0 I N  BAY0 STOfiACE MOO€. UL SHOULO EE 
UL - OUTPUT MATKIX L HHERE A = L+L-TRANSPOSE. L I S  

AN ARRAY CF S I Z E  N BY N C + l r  AT LEAST. 
NOTE - THE DIAGONAL OF UL CONTAINS THE 
RECIPRCCALS OF THE ACTbAL CIAGONAL ELEMENTS. 

I U  - ROH CIMEKSION OF UL AS S F E C I f I E O  I N  THE M A I N  
PRCGRAM. ( I N P U T )  

D l 9 0 2  - COflPONENTS OF THE DETERHINANT O f  A. 

17 



C 

C 

5 
1 0  

C 
C 

1 5  

C 
C 

C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
C 
C 

20 
C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

25 
30 

C 

35 
40 

4 5  
50  

55  
60 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
65 

9 0 0 5  

L A R G t  A ( I A r N 8 N C )  
DATA 
I E R  = 0 
RN = O N E / ( h * S I X T h )  
0 1  = ONE 
02 = ZERO 
h C P 1  = NC+1 

ZERO*ONE*FOUR,SIXTN,SIXTH/O* 9 1.94. 9 1 6 . 9  0625/  

I F  (NC .EP* 0 )  GO T O  1 5  
I N I T I A L I Z E  ZERO ELEKENTS 

GO 1 0  I = 1 r N C  
DO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 J = I g N C  

K = N C P l - J  
A (I 9 K) = ZERO 

CONTINUE 
CONTINUE 

I I S  ROW I N C E X  OF ELEflENT BEING 
COM PU T f  D 

00 63 I = i r N  
I M N C P l  = I - N C P l  
11 5 MAX0 (1 , l - I M N C P l )  

J IS COLUPh INDEX OF ELEMENT BEING 
COHPU TED 

L I S  ROW I N G E X  OF PSEUIOUSLY COHPUTED 
VECTOR BEING USE0 TC COHPUTE INNER 
PRO DUC f 

DO 60 J = I l r N C P l  

L = I M N C P l t J  
I2 = N C P l - J  

J M 1  = J-1 
SUM = A ( 1 . J )  

I F  ( J H I )  30~30r20 
00 2 5  K = 1 , J M l  

M IS COLUHN I N D E X  
M = I 2 t K  
SUM=SUM-A( I rK)*A(L ,H)  

C O hT I k U E  
I F  ( J  .NE. N C P l )  GO TO 55 
I F  ( A ( I , J ) + S U M * R N  *LE. A ( I , J ) )  GO TO 65 

P ( I ~ J ) = O N E / S ~ R T ( S U M )  
UPDATE THE CETERHINANT 

01 = oi*sur 
I F  ( A @ S ( C l ) - O N E )  45 ,45940  
D l  = O l * S I X T H  
02 = D2+FOLR 
GO TO 35 

0 1  = O l * S I X T N  
02 = 02-FOUR 
GO T O  45 

I F  ( A B S ( D l ) - S I X T H )  50r50*60 

A( I ,J )=SUM*A(L INCP~)  
CONTINUE 
GO TO 9005 
I f R = l  
RETURN 



E NO 
SUB ROUT I NE SOL VE ( UL zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 X 9 N zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAr NC 9 I A 9 N BND zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

C 
C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 

C FUNCTION - E L I M I N A T I O N  PORTION CF THE SCLUTION OF A X  = B 
C SY ?WETFIC BAND STORAGE MODE 
C PARAMETERS UL - THE RESULT L COHPUTEO I N  THE ROUTINE LUOAPB 

C MATRIX STORED IN %AND STCRPGE HODE AND 

C DIAGONAL ELEMENTS CF L ARE STORED I N  

C e - VECTOR OF LENGTH N CONTAINING THE R I G H T  HAND 

C WHERE A = L+L-TRENSPOSE. L I S  A LOWER @ANC 

C THtREFGRE HAS DIMENSION N X ( N C t l ) .  THE M A I N  

C RECIPRCCAL FORM. ( I N P U T )  

C SIOE O F  THE EQUATICN A X  = E. ( I N P U T )  
C N - OROER OF A AND THE LENGTH OF 8 AN0 X. ( I N P U T )  
C NC - NUHBER OF LOWER CO-DIAGONALS OF A. ( I N P U T )  

C PRCGRAP. ( I N P U T )  

C THE EQLATION A X  = 8. (OUTPLT) 

C I A  - ROH CIMENSION OF UL AS S F E C I F I E D  I N  TbE M b I N  

C X - VECTOR OF LENGTH N CCNTAINING THE SOLUTION T O  

C P G E C I S I O N  - SINGLE 
C LANGUAGE - FORTRAN zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
c----------------------------------------------------------------------- 
C L A T k S T  R F V I S I C N  - SEPTEHBEC 1491973 
C 
C 

LARGE U L  (IAINeEUO) 
OIMENSION X ( 1 )  

NC1 = N C t l  
I W  = 0 
L = O  
DO 1 5  I = 1 9 N  

S U M = X ( I  1 

C SOLUTION LY = B 

I F  (NC .LE*  0 )  GO TO 10 
I F  I I W  e E Q .  0 )  GO TO 9 
L = L * l  
I F  ( L .GTe NC) L = NC 
K = NC1-L 
KL = I - L  
DO 5 J = KINC 

SUV = S U P - X ( K L ) * U L ( I * J )  
K L  = K L + 1  

5 CONTINUE 
GC TO 1 0  

9 I F  (SUH .NE. C . )  I W  = 1 

10 X ( I )  = S b M * U L ( I * N C I )  
1 5  CONTINUE 

C SOLUTION UX = Y 
20 X ( N )  = X ( N ) + U L ( N t N C l J  

I F  ( N  .LE. 1) 60 TO 40 

DO 3 5  I = Z9N 
K = N l - I  
SUM = X ( K )  
IF (NC .LE* 0 )  GO TO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA30 
K L  = K t l  

K 1  = MINO ( N I K t N C )  
L = l  
00 25  J = K L g K l  

N 1  = N + l  

SUM = S U H - N ( J ) * U L ( J * N C l - L )  
L = L + l  
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2 5  
30  X ( K )  = SUH'UL (K t N C 1 )  
3 5  CONTINUE 
40 RETURN 

END 

C OHT I NU E 

SUBROUTINE YTRPN zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( N R X ~ N Y S F T ~ N Z R S F T ~ Y S H I F T ~ N T X ~ ~ Z S F T I N K Y ~ N T X T O T ~  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1 NRXTCTr NRXTIT 9 Y K Y  9 YKY t VI INDEX TUN I T )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

c t tt t t t tt t t t  tt t t t t  t t t t t  t tt++ t t tt ttt ttt t+++ ttt t t t t ttttt t t t  ttt t tt t+++ tt ttt 

C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 .  PUTHOR **.. A e H I J I T  OEY 
C LATEST R E V I S I O N  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI.. A P R I L 9 1 9 7 6  
C 
C...... 
C SUBROUTINE VTRAN PEEFORHS THE INVERSE FCURIER TRANSFORM 
C OF THE POTENTYALS I N  (X-KY-2)  SPACE BACK TO (X-Y-2) SPACE. 
C THE TRANSFORMATION INTEGRAL IS DETERMINED BY F I l T I N G  SUBSECTIOhS 
C I N  KY-SFACE EY EXFONENTIALS OR BY TRAFEZOIOAC RbLE. 
C 
~tt+ttttttttttttt+tttttttt+t+++t+ttt+tt+ttttttttttttttttttttttttttt+tttt 

PURPOSE s 

CIHENSIOK U K Y  ( N K Y t h T X T O T t N R X T I T )  t V ( N T X T C T r N f i X T 0 T )  
DIMENSION Y S H I F T ( 1 )  t VKY (1) 
DO 1 0 0  I D = l r N Z S F T  
GO 1 0 0  I E Z l r N T X  
I T X =  ( I D - 1 ) + N T X + I E  
IRX=O 
00 1 0 0  I A = l r N Z R S F T  
00 1 0 0  I C = l r N Y S F T  
Y = Y  S H I F T  (IC) * U h I T  
00 1 0 0  I e = l r N R X  
I R X A = ( I A - l ) * N R X + I B  
I R X  = I R X t  1 
I F (  INOEX .NE. 0 *AND. Y .EQ. 0 . 0 0 )  GO T O  3 0 0  

I F ( Y  .EO. 0 . 0 0 )  V A = V K Y ( l r I T X ~ I R X A ) * Y K Y ( l )  
I F ( Y  .NE. 0 . 0 0 )  V A = V K Y ( l ~ I T X ~ I R X A ) * S I N ( Y K Y ( l ~ ' Y ) / Y  
00  200  IKY=EvNKY 
I K l = I K Y - 1  
XKl=YKY t I K 1 )  
XKE=YKY ( I K Y  1 

C..... INTEGRATION BY SUBSECTIONAL EXPONEhTIAL F I T S  

Y l = V K Y  ( I K 1  I T X r  I E X A )  
Y 2 = V K Y ( I K Y t I T X t I C X A )  
I F ( Y 1  DLT.  l.OE-?O .OR. Y2 DLT. 1.OE-30) G O  TO 210 
A = - A L O G ( Y Z / Y l )  / ( X K Z - X K I )  
GO TO 2 1 5  

210  A = O . O O  
2 1 5  CONTINUE 

I F (  A .EGO 0.00 *At iO*  Y o E Q e  0.00) GO TC 2 2 0  
V A = V A t  ( Y l * ( A + C O S  ( X K l * Y  ) - Y * S I K ( X K l * Y )  1 -Y2 * ( A * C O S  (NK2 * Y )  - Y * S I N  O(KS*Y 

l ) ) ) / ( A + A t Y * Y )  
GO TO 2 2 5  

220 V A = V A t Y l * ( X K Z - X K l )  
2 2 5  CONTINUE 
200  CONTINUE 

3 0 0  CONTINUE 
GO T O  250  

c. ... 0 .  INTEGRATION BY TRAPEZOIOAL RULE 
V A = V K Y  ( 1, I T X  9 I R X A )  'Y KY (1 1 
00 3 1 0  I K Y z 2 r N K Y  
I K l =  I K Y  -1 
X K l  =YKY ( I K l )  
XK2=YKY ( I K Y  1 
Y I = V K V ( I K l t I T X t I R X A )  
YZ=VKY ( I K Y  r I T X I  I R X A )  
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P A = ( Y i + Y 2 ) * 0 . 5 G * ( X K 2 - X K I )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
310 V A = V A + A A  
250 CONTINUE 

1 0 0  CONTINUE 
V ( I T  X zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 I R  > )  = ( V A  ‘2 * 0 / 3  141 E9265 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 )  * U N I T  

RETURN 
F NO 
SUBROUTINE ARRAYS ( X  r Z  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 NARRA zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAh i  ICONFIG,  1 1 7 L E  r hTXTCTr NRXTOT rNTX 9 

INRX,  I T X P 9  IF iXPr  h’ZSFTr NYSFTt NZCSFT r Z S H I F T r  !SHIFT t ZFSHXFTt I P K E Y  r V r  

~ N N O O X ~ N N C D Z I U N I T  1 
C + + t + + t + + + + * t + + + t + + t + t + + t + + t + + t + + t t t + + + + t + + + + t t + + ~ t + + t t + + + t t + t + + + + + t + + + +  

C...... AUTHOI; A E H I J I T  DEY 
C LATEST RE V I S I O N  A P R I L  9 1 9 7 6  
C + + + + + + + + + + + + + t + + * * t + + + t + t t ~ + + t + + + + + + + + + + ~ + + ~ + + + + t t + + t + + + + + + + + + + + ~ + t ~ + + +  

X (1 1 9 Z (1 1 9 I C O N F I G  ( 1) * T I T L E  (1 ) r  I T  XP (1 1 r I R X P ( 1 )  9 Z S H I  FT ( 1) r 
CIPENS 1Ch ~(NTXTCTINRXTOT) 
DI f lENS ION 

DO 10 I X = l r h N O D X  
10 X ( I X ) = X  ( I X  ) / U N I T  

DO 1 5  I Z = l r N N O D Z  
1 5  Z ( I Z ) = Z ( I Z ) / U k I T  

00 100 I=I ,NARRAY 
I N D E X = I C O N F I G ( I )  
G O  TO ( l c 2 ) r  INDEX 

I Y S H I F T ( 1 )  9 Z R S H I F T ( 1 )  

I CALL C L I N D I P ( X ~ Z ~ I P K E Y I T I T L E ~ N T X T O T ~ N R X T G T ~ N R X ~ I ~ X P ~ N T X ~ I T X ~ ~  
INYSFTV YSHIFT r V * h K O C X *  NhODZ) 

GO TO 99 
2 CALL RC CON20 ( X  9 2 9NTXfOT 9 NRXTOTr NTXI NRXr  I T X P  r I R X P  ,NY SFTt  Y S H I F T  t 

1 T  I T L E I  V 9  NNODXI NNCDZ) 
99 CONTINUE 

100  CONTINUE 
DO 11 I X = I r N N O D X  

D O  16 I Z = l r N N O D Z  
11 X (  I X ) = X  ( I X ) * U h I T  

16 2 ( I Z ) =  Z ( I Z  1 * U N I T  
RETURN 
END 
SUBROUTIhE C L I N D I P  ( X I  Z r I P K E V t T I T L E r  N T X f C T t  N R X l O T r N R X I I R X e ,  
I NTX, I T X P  9 NYSFT 9 YSH I F T r V r h N C D >  rNNODZ 1 

c.... ... 
C TO OBTAIN PROFILES OF APPARENT R E S I S T I V I T Y  GVER INHOMOGENEITIES 
C WITH G I F C L E - C I F O L E  Ah0 PCLE-CIPOLE CGNFIGURATION OF ELECTRODES. 
C THE PROFILE L I N E S  ARE I N C L I N E D  TO THE S T F I K E  OF THE INHOHOGENEITY 
C AUTHOR 0 A 6 H I J I T  DEY 
C DATE. APR I t r l 9 7 4  

PURPOSE 9 

INTEGER OPTPUN 
COMMON /GANG11 G P T P U N r T H E l A r I P R I N T  
CIMENSICK V(NT>TCTrNRXTCT)  
DIMENSION 
DIMENSION 

X ( 1) t Z ( 1) t I R X P  (1 1 9 I T  XP (1) t T I T L E  ( 1) r Y SH I F 1  (1) 
NPTS(2O)  r N R A ( 2 0 1  rNRB(2C)  ~ C E O M F t ~ Z O ~ r G E C ~ F P ~ 2 O ~ r A P R E S l  I 2 5  

1 ) 9 A PRES 2 (2 5 1 r A F I F 1 ( 2 5  r 20 ) 9 A P I P 2  ( 25 9 20 1 r APRDC I ( 2 5 9 20 ) r A  PRDCZ ( 2 5 r 
1 2 0 )  r A P M C F O ( 2 5 r 2 0 ) t A P M C F P  ( 2 5 9 2 0 )  r T X A ( 5 O ) t T X B I 5 O ) r R X P ( 5 0 )  

D I f l E N S I O N  TXPOS(5O ) r R X p O S ( 5 0 )  
DXMENSICN C R F D ( 2 0 1  rCRFP(20) 
OATA N T A / l / r N T B / E /  
DATA 
DATA NR8/2t3r4r5r6r7~8~9~lO~ll~lirl3rl4rl5rl€rl7~l8rl9/ 
DATA 
DATA 

N R A / l r Z r 3  t 4 9 5 r 6 r 7 r 8 r 9  r l  G r l l r l Z r 1 3 ~ 1 4 9 1 5 t 1 6 r  17*18/ 

N P T S / 2 2 r 2 1 r 2 0  t 1 9 r l 8 r 1 7 r 1 6 r 1 5 r  1491 i r i 2 r  l l r  1 0  t 9 9 8 r 7 9 6 t  5t4/ 
T X P O S / - l 2 * 0  9-11.Or-10 .Or-9m 01-8.0 9-7.0 t-6.0 r-5.09-4. 0 r - 3 . 0 9  

RXPOS / -  10 0 t -2 a 0 9 - 8  0 9 - 7  0 9 -6.0 9 - 5 . 0  9-4 .0  9- ?e 0 r-2 0 t 0 1.0  r 0 .0  t 
1 ~ 2 . 0 ~ ~ l r 0 ~ 0 ~ 0 ~ 1 m G 9 i . 0 r 3 ~ 0 ~ 4 ~ G 9 5 ~ 0 r 6 ~ 0 r 7 ~ 0 r 8 ~ 0 r 9 ~ C r 1 0 ~ 0 /  

11.0  9 2.0 9 3.0r4.0 9 E.  O r  6.09 7 . 0 9  8.0 9 9.0 r 1 0 . 0 ~ 1 1  * O r  12.01 
OAT A 
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C A T A  GECRFD/3.0 912mO 930. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC 9 6 0 . 0 9 1  C5.091te.  01252.09360.09 495.01660.0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1 9  8 5 8 0 0  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 1092.0 9 13€5.O 91680.0120b6 . O s  2 4 4 ~ . 0 9 2 9 0 7 . 0 9 3 4 2 0 . 0 /  

l r  1 5 6  .O 9 182 0 0  9 2 10.0 9240.0 r 2 7 2 0 0 1 3  t6.0 9 342.0/ 
OAT A GE OHFP/Z e D 9 € 0  0 9 1 2  0 9 2 0  0 9 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA33 0 9 4 2  0 9 56 0 r 7 2.0 9 9 0  m 0 9 110.0 9 1 3 2  0 

C.... THE ARRAYS CRFD AND CRFP CONSIST OF THE CORRECTION FACTORS 
C EMPLOYED TO THE OF-DP AND P-DP ARRAYS FCR DIFFEf iENT D I P O L E  

C SOLUTIONS OVER TWO-DIMENSIONAL STRUCTURES ( FOR A PRESCRIBEC 
C SEPARATIONS. THESE FACTORS ARE BASED ON COMPARISONS WITH KNCWN 

C SET OF K Y  VALUES USED 1 .  
DATA C R F 0 / 0 . 9 4 5 r 0 . 9 6 ~ 0 m 9 6 5 r 0 . 9 6 1 0 . 9 6 r 0 . 9 6 r 0 . 9 6 ~ 0 ~ 9 6 ~ 0 m 9 6 ~ 0 ~ 9 6 ~ 0 ~ 9 6 ~ 0 ~ 9 6  

DATA 

XCENTR= ( X ( l ) + X ( N N O O X ) )  12.0 
T HET A X =  THET A / 5 ?  2 9 6  
00 1 E  N S E P = l r l 8  
N l t N P T S  (NSEP) 
00 1 5  I = l r N l  
I A= NTA + 1-1 
I B = N T B + I - 1  
JCzhRA INSEP) *I-1 
JO= NRB (NSEP 1 + I - 1  

190.9669 0 m9790.9790 e 9 7 9  0 e 9 7 9 0  e 9 7 9  0 m 9 7 9 0 0 4 7 /  

I1 e 0  8 9 1  e 0 8 9  1 0 9 9 1 0 99 1 O 9 9 1 0 9  9 1. 091 
CRFP/O.99 ~ 1 . 0 0 ~ 1 . 0 0 ~ 1 . 0 l r  1. O l t l .  029 1 . O E i l .  0291.0491m O t r  1.179 

I F ~ T H E T A  .EQ.  90.00) GO TO 7 7 1  
Cm... COOROIhATES OF TPE TX ANC RX ELECTRODES ON THE I P C L I N E D  PROFILE 

AX=TXPOS ( I A )  
BXoTXPOS (15) 
CX=RXPOS (JC 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 

OX=RXPOS (JD) 

C C= S I N  ( THE T A X  1 
SS=COS( THETAX) 
XATX=(AX+CC)*XCEKTR 
XBTX=(3X*CC)+XCEPTR 
XCRX=(CX*CC)+XCEhTR 
XDRX=(DX*CC)+XC€hTR 
Y AT X=PX+SS 
Y BT X=BX*SS 
Y CRX=CX*SS 
YGRX=OX*SS 
NTPOSX= NTX-1 
00 1 2  I X l = l , N T P O S X  
N X l - I T X P  ( 1 x 1  1 
N X Z = I T X P  ( I X l + l )  
X l = X  ( N X I  1 
X2=X (NXZ 1 
A A= A BS ( X 1 - X  2 1 

C.... COORDINATES OF THE TX AND R X  ELECTRODES ON THE X - Y  PLANE 

I F t X A T X  .LTo X2 .AND. XATX .GEm X i )  I T A X t I X l  
I F t X E T X  .LT. X2 *AND. XeTX .GE* X i )  I T B X = I X i  

12 CONTINUE 
NRPOSX=NCX-l 
00 13 I X 2 = l r N R f O S X  
N X l = J R X P ( I X E )  
NX2 = I R X P  (I X2 +l ) 
X l = X  ( N X I  1 
Xi?= X (NX2 1 
I F t X C R X  .LT. Xi? .AND* XCRX .GEm X11 I R C X E I X Z  
I F t X D R X  mLT. X 2  .AND. XDCX .GE. X i )  I R 0 8 = I X 2  

13 CONTINUE 
C..rs DETERHINATION CF THE RELATIVE Y-SHIFT BETWEEh 7 X  AND RX POLES 

h R L I N Y =  NYSFT-1 

Y l r Y  S H I F T ( I Y 1 )  
00  14 I Y l = l r N R L I N Y  
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YZ=YCHIFT ( I Y l t l )  
I F  (ABS(YATX-YCEX) oLTo Y 2  .AND. A3S(YATX-YCRX) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAOGED Y l ) I A C Y = I Y l  
IF (ABS(YATX-YORX1 .LTo Y2 o A k O .  ABS(YATX-YDGX) D C E D  Y l ) I A O Y = I Y l  
I F ( A B S ( Y e T X - Y C R X )  oLTo YZ oAhGo ABStYBTX-YCRX) O G E D  Y l ) f B C Y = I Y l  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
If (ABS(YBTX-YORX1 .LTI YE *AND. ABS (YBTX-YORX) .GE. Y l ) I B D Y = I Y l  

1 4  CONTINUE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
C D . O  TWO-DIMEhSICNAl  INTERPOLATICh  O f  V(RECE1bER) ASSUHIkG L I N E A R  
C V A R I A T I O N  ALONG THE EDGE5 OF A SQUARE CGID OF KNOWN CORNER VLLUESD 
C A A  IS THE SIOE DIMENSION OF T H t  SQUARE GGID 

K N X A = I T X P ( I T A X )  
OXA=A@S (X(KNXP)-XATX) 
KNXC=I?XP ( I 6 C k  1 
K R C l = ( I A C Y - l ) * N R X t I R C X  
KRCE =KRCl+ 1 
KRC3=KRCZ+NRX 
KRC 4 =KQC 1 t N R X  
V l = V  ( I T  AX,  K R C l  ) - (DXA* (  V ( I T A X * K R C l ) - V ( I T P X + l r K R C l )  ) /AA)  
VZ=V(ITAXVKRCZ ) - ( D X A * ( V ( I T A X r K R C 2 )  - V ( I T A X + l , K R C Z ) ) / A A )  
V 3 = V  ( I T A X r K G C 3  ) - ( O X A * (  V ( I T A X v K R C 3 ) - V ( I T A X + l  rKRC3)  ) /AA) 
V4=V ( I T  AX9 KRC4)  - ( O X A * (  V ( ITAXsKRC4)  -V ( I T A X t 1  rKRC4)  ) /AA)  
CXC=ABS ( X  (Kh XC ) -XCGX 1 
DYC=ABS ( A B S ( Y A T X - Y C R X ) - Y S H I F T ( I A C Y )  1 
V I1 AI JC) = V i +  IDXC' ( V Z - V l )  /AA) + (DY C4( V 4 - V l )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA/ A b )  + (OXC*DYC* ( V l - V 2 + V  3-V 

1 4 ) / ( A A * A L ) )  
KNXO=IRXP( IRDX)  
K R D l = ( I A O Y - l )  *NRX+IROX 
KRDZ =KRD1*1 
KRD 3=K302+NRX 
KR04=K!?Dl+NRX 
V i =  U ( I T  AX, K R O l  I - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(0 XA ( V ( I T  AX r KRO 1) - V  ( I T P  X + 1 r KRO 1 ) 1 /AA 1 
V 2= V ( I T  A XI KRDE 1- (0  XA ( V ( I T  AX r KRD 2 )  -V  ( I T A  X+ 1 rKRD2 ) ) /AA) 
V 3 = V ( I T A X ~ K R D 3 ) - ( O X A * ( V ( I T A X r K R D 3 )  - V ( I T d X + l r K R 0 3 )  I / A A )  
V 4 = V  ( I T  AX,  KRD4 ) - (DNA* (  V (  I T A X r K R D 4 ) - V  ( I T A  k t 1  rKRD4)  ) /AA)  
DXD=ABS (X(KNX0 )-XDRX) 
CY D=ABS( ABS (YATX- YORX) -YSHIFT ( I A D Y )  1 
V ( I A  9 JO) = V I +  (DXO'(VZ-Vl )  /AA) +(DYE+( VC-V I  ) / A A  It (OXD4OYD* ( V l - V 2 + V 3 - V  

1 4 ) / ( A A r A A ) )  
KNXB=ITXF ( I T B X  1 
OXB=ABS(X(KNXB)-XBTX) 
KNXC=I?XP( IRCX)  
K R C l = ( I B C Y - l  ) *hGX+IRCX 
KRC 2=KRC 1+ 1 
KkC3=KRCZtNRX 
KRC4=KHCl+NAX 
V l= V ( ITBX, KRC 1 1- ( 0  XB *( V ( I T B X  r KRC 1) -V ( I T 6  X + l  r KRC 1) 1 /&A) 
V Z =  V ( ITBXI  KRCP ) -  4 DXB* ( V t I T  BX 9 KRCZ) - V ( I T B X + l v  KRCE ) 1 / AA) 
V 3 = V  ( I T B X r  KRC3 1- ( D X B * (  V ( I T B X r K R C 3 ) - V  ( I T @ X + l r K R C 3 )  ) /AA) 
V4= V ( I T  BX 9 KRC 4 1- (0 XB ( V ( IT BX rKRC4)  - V  ( I T B X +  1 * KRCS) I /  AA) 
OXC=ABS (X(KNXC) -XCRX) 
OYC=ABS (ABS (YBTX-YCRX) -YSHIFT ( I B C Y )  1 
V ( I 6  t J C ) = V l +  (OXC'(VZ-Vl)  /AA) + (OYC*(V4-Vl  ) /AA I +  (OXC*DYCC (Vl -VZ+V3-V 

1 4 )  / (AA*dA)  1 
KNXD=IRXP( IROX)  
K R D l = ( I B C Y - l ) * N R X + I R D X  
K R D E = K R O l ~ l  
KRD3=KROZ+NRX 
KRD4=KROl+NRX 
V l = V  ( I T B X r  K R D l  ) - (DXB* (V  ( I T B X  r K R O l ) - V  ( I T B X t l  * K R D I )  ) /AA)  
V2= V ( I T  B k r  KR 02 1 - (0 XB ( V ( I T B X  r KRD 2 1 -V ( I T  B X + l  r KRO 2 1 1 / AA 1 
V ~ = V ( I T B X I K R O ~ ) - ( O X B * (  ~ ( I f B X v K R O 3 ) - Y 4 I T B X + l r K R O 3 ) ) / A A )  
V4= V ( I T  B h r  KGD4 1- ( 0  kB *( V (  I T  BX r K R 0 4 )  - V  ( I T 8  h + l  vKRD4 ) ) / A A  ) 

DXO=ABS(X(KNXO)-XDRX) 
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OYD=ABS tABS(Y ETX-Y CRX)-YSHIFT ( I a C Y )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 

V ( 1 6  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAr J D )  =V1+ ( C X C '  ( V Z - V I  ) / A A  1 + ( O Y G *  ( V 4 - V I  1 / A A  ) + (DND*DYO* ( V  1 - V  2 t V  3-V 
1 4 ) / ( A A * A A ) )  

7 7 1  CONTINUE 
C F R I N T  2 3 3 3  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 I A  r Ifr JC r J O r  V ( I A  r J C )  r V  (Ill ,JC ) V ( I B r J C )  r V  ( 1 6 s  J D )  
C 2 5 3 3  FORMAT 
C l * V  ( I A r  J O l = * , F 1 2 0 4  r * V ( I B r  JC ) = * r F 1 2 e 4  r * V  ( I B r J G  ) = * r F l Z r 4 )  

( 1 X  * * I A  =* t I 2 t  * I B = + t I Z r * J C = *  r I Z r * J O = * r  I Z r * \ r (  I A r  JC)=*rF 12.4. 

T X A ( I 1 = T XP 0 S ( I A 1 
T XB ( I 1 = T XP OS ( 1 8  1 
RXP ( I 1  = (RXFOS ( J C  )+RXPOS ( J D  ) )  1 2  S O  
A P R E S l (  I )=ABS ( ( V  ( I E t  J C  ) + V ( f A  rJ0) -V  ( I A * J C ) - V ( I B r J C )  1 *GEOHFO (NSEP 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI *  

APRES2 (I )=AES ( ( V  (I € 9  J C )  - V  (16 r JO) )*GEOMFF (NSEP 1 1 *CRFP (NSEP 1 
I F  ( I P K E Y  ) l l r  10 1 1  

A P I P I  ( I r  NSEP 1 = ( ( PP F O C l ( 1 ,  NSEF I-APRE S 1  (I 1 ) / A P R E S l  (I 1 1 *lo 0 0 
APflCFO (I rNSEP)=AP IPI ( I t N S E P )  * 1 0 0 0 ~ O / A P R D C l  ( I r N S E F )  
A P I P E ( I * N S E P ) =  ( (APRDCZ ( I r N S E F ) - A P R E S E  (1) )/APRESZ (1) ) * I O  0 a 0  
APflC FP ( I r N  SE P 1 = AP I Pi? (I NSEP 1 * 1 0  0 0 o zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAJ / APRG CZ ( 11 NSE F) 

1CRFD (NSEP) 

11 

G O  T O  15 
1 0  A P R O C l ( I r N S E P ) = A P R E S i ( I )  

APRDCE ( I r N S E P ) = A P R E S E  (1) 

I F ( I P R 1 N T  e E Q e  0 )  GO TO 991 
P R I N T  170r ( T I T L E ( I ) r f = l r 3 )  

15 CONTINUE 

1 7 0  FORMAT ( 1 H l  * / / / I / /  r 5 5 X r * C A S E * , l X  r34br / / / 9 5  O X r * O I  FOLE-DIPOLE CONFIG 
1URAT I O N  CF ELECTRODES** / / I  

P R I N T  1719 T H E T P r N S E P  

1 7 1  FOGflAT ( / Z O X r * T H E  PROFILE L I N E  IS I N C L I N E D  TO THE S T R I K E  ( + Y  D I E )  

P R I N T  172, ( ( T X A ( I ) r T X B ( I )  r R X P ( 1  ) r l \ P R D C l  ( I r N S E P )  r A P I P l ( 1  ,NSEP 

1 7 2  FORMAT ( lXr*CURRENT ELECTRODES A T * t l X r  F 7 0 2 t l X r * P N O * r l X t F 7 . Z ,  

1 A T  * r F 1 0 e 3 r * O E G E E E S + t / r ~ Q X r ' D I P O L E ~ S E P P ~ A T I O N ~ * r 1 5 r / / ~  

1) r APflCFO (I r N S E P )  1 TI= 1 r N l )  

I Z X r * C E N T E R  CF RECEIVER=*,F7oZrlX,*APPo RES. =*,F@oZrZX,*APPo P.F.E 
1 a = *  rF7 3 r 2 X r * A P P  e MCF =* rF8 .2)  

P R I N T  1 7 3 9  ( T I T L E  (1) r I = l r 3 )  
1 7 3  FORMAT ( l H l r / / / / / / r 5 5 X t * C A S E r t i X  r 3 4 4 1 / / /  ,50Xr*POLE-DIPOLE CONFIGUR 

1 A T I O N  OF ELECTEOCES*r / / )  
P R I N T  1 7 1 9  THETArNSEP 
P R I N T  174r ( ( T X B ( 1 )  r R X P (  It r A F R D C Z ( 1 r N S E P )  rAPIPZ(1 ,NSEP)  9 

l A P M C F P ( I ~ N S E P ) ) r I = l r N I )  
174 FORMAT (ZXt*CUGRENT ELECTRODE AT =*  r I X r F 7 r Z t 3 X r * C E N T E R  OF RECEIVER 

1 = * r F I e Z r 3 X t * A P P .  RES. = * r F S o Z r 2 X r + A P P .  PmFeE. =* rF7.392X9*APPo YCF 
l = * r F S e  3 )  

391 CONTINUE 
I F  (OPTPUN . E Q a  C )  GO T O  998 
PUNCH 1809 ( R X P ( 1 )  r I = I r N J )  
PUNCH 1819 ( A F P D C I  ( I r N S E F )  r I = l r N  1) 

C PUNCH 182t (APRDCZ(1tNSEP)  r T = l ( N l )  
1 8 0  FORMAT ( 8 F l O . 4 )  
181 FORMAT (8F10.4)  
182 FORMAT (BF10.4) 
998 CONTINUE 
1 6  CONTINUE 

I F ( I P G 1 N T  .EQ*  1) GO T O  9915 
P R I N T  E O O r ( T I T L E ( I ) r I = i r 3 )  

2 0 0  FORMAT ( l H i r 5 5 X r ' C A S E * r l X r 3 A 4 r  / r 5 0 X r Z O I P O L E ~ O I f O L E  CONFIGURATICN 
1 OF ELECTRODES*) 

P R I N T  2 2 1  

P R I N T  205, THETA 
221  FORMAT ( 50 X t  *FSEUDO-SECTION OF THE APPARENT R E S I S T I V I T Y * )  

205 FORHPT ( 4 5 X r * T H E  PROFILE L I N E  I S  I k C L l N E t  TO THE S T R I K E  ( t Y  01 
1R 1 AT * r F 4 . I r *  OEGR€ES*) 
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P R I N T  210 
210  FORMAT ( / /  94x9 *-I1 - 1 0  - 9  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- 8  - 7  - 

1 6  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- 5  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-G - 3  - 2  -1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAO * )  

1. x . . . . x . .. . x . . . x . . . .x. . . . x. .  . . x . . . . x . . .X . . . .X . . . .x.. . . x . .. . x*  1 

P R I N T  22G zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
2 2 0  FORHAT (5X9'X. .X. 0 x 1  e 0 x 0  . O X .  .X. O X  e 0. OX.. OX.. 0 x 0  0.X a *  

P R I N T  2319 ( A P P O C l ( I 9  1) *I=l*ll) 
P R I N T  2329 ( A P G D C l ( 1 ,  2 )  r I = l r l l )  

P R I N T  2339  ( A P K D C l ( I 9  3 )  * I = l r l O )  
P R I N T  2349  (APRDC1119 4 )  r I = l c l O )  

P R I N T  2 3 5 9  ( A P R D C I ( I 9  5 )  r I = l r  9) 
P R I N T  2369 ( A P I ; D C l ( I r  6 ) r f = l r  9) 
P R I N T  2379  ( A P R D G l ( I 9  7 ) r I = l *  8 )  
P R I N T  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 3 t 9  ( A P R G C l ( 1 ,  8 )  *I=l* 8 )  
P R I N T  2.399 ( A P R D C l ( 1 r  9 ) r I = l r  7)  
P R I N T  2 4 3 ,  ( A P R D C t ( 1 , l D )  r I = l r  7 )  
P R I N T  241. ( A P k D C l ( I r l 1 )  r I t i r 6 )  
P R I N T  2429 ( A P l i D C l ( I ~ l 2 )  r I = l r 6 )  
P R I N T  2439 ( A P R D C l ( I l i 3 )  c I = i r 5 )  
P R I N T  2 4 4 ,  ( A P F G C l ( I r l 4 )  91=195) 
P R I N T  245 ,  ( A P R O C l ( I , 1 5 )  r I = 1 , 4 )  

2 3 1  FORMAT ( / / / I /  r 4 X  * *  I* 9 1 1  (F7.193X 1 1 
2 3 2  FORMAT ( / / 9 3 X 9 *  2-9 5 X , I l I F 7 . 1 , 3 X ) )  
2 3 3  FORHAT ( / / 9 3 X 9 *  3*9 lOX9:O(F7.193X))  
2 3 4  FORMAT ( / / 9 3 X 9 *  4 * * 1 5 X * l O ( F 7 . l r 3 X ) )  
2 3 5  FORMAT ( / / 9 3 X 9 *  5 * 9 2 0 X 9  9 ( F 7 * 1 r 3 X ) )  
2 3 6  FORMAT ( / / 9 3 X 9 *  6 * * 2 5 X *  9 ( F 7 . 1 * 3 X ) )  
2 3 7  FORMAT ( / / 9 3 X 9 '  7 * 9 3 @ X 9  8 ( F 7 * 1 r 3 X ) )  
2 3 8  FORMAT ( / / 9 3 X 9 '  8 '935X1 8 1 F 7 . l r 3 X ) )  
2 3 9  FORMAT ( / / 9 3 X 9 *  9 * * 4 0 X *  t ( F 7 . 1 9 3 X ) )  
240  FORMAT ( / / 9 3 X 9 * 1 0 * 9 4 5 X 9  7 ( F 7 . 1 9 3 X )  j 

2 4 1  F O R M A T ( / / ~ 3 X ~ * l l ' r 5 0 X 1 6 ( F 7 . i r 3 X )  1 
2 4 2  FORHAT ( / / *  3X 9 12** 55x9  6 ( F 7 * 1 9 3 X  1 1 
2 4 3  F O R H A T ( / / ~ 3 X ~ * 1 3 * , 6 C X ~ 5 ( F 7 . 1 ~ 3 X ) )  
244 FORMAT ( / / ,  3x9  ' 14'  9 6 5 x 9 5  (F7.19 3 x 1  1 
2 4 5  F O R Y A T ( / / ~ ~ X I + ~ ~ ' ~ ~ O X , ~ ( F ~ ~ I ~ ~ X )  1 

P R I N T  264  

P R I N T  260 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA264 F O R H A T ( l k 1 )  

260  FORHAT( / / / / / r 9 X  * *  c 1 2 3 4 
1 5 6 7 8 4 10 

I l l * 1  
P R I N T  27G 

2 7 0  FORMAT (5X9*X. 0 *X OX. O X  s X. O X  X 4 O X  0. OX.. a O X  O X  0 

I . X . . . . X . . * . X . . . . X . . . . x . . . . x ~ . . ~ x . . . o x . . . . x 4 . ~ * x . . ~ . x ~ . . . x ~ . . o x * ~  
P R I N T  2 8 1 9  ( A P R D C l ( I 9  1) * I = 1 2 r 2 2 )  
P R I N T  2829  ( A P R D C l ( 1 9  2 ) ~ 1 ~ 1 1 9 2 1 )  
P R I N T  2 8 3 9  ( A P R D C l ( I 9  3 )  r I = l l 9 2 0 )  
P R I N T  2 8 4 9  (APRDC1 (I 9 4) r I = l O i l S )  
P R I N T  2 8 5 9  ( A P k G C l ( I 9  5 )  9 1 = 1 0 9 1 8 )  
P R I N T  28E9 ( A P R D C l ( I 9  6 ) r I =  9 9 1 7 )  
P R I N T  2 8 7 9  ( A P R D C l ( I 9  7 1 r I =  9916) 
P R I N T  2 8 € r  ( A P k D C l ( 1 t  8 ) r I =  8 9 1 5 )  
P R I N T  2 8 4 9  ( A P R D C l ( 1 r  9 ) r I =  8 9 1 4 )  
P R I N T  290, ( A P R O C l l I r l O )  *I= 7 9 1 3 )  
P R I N T  2919 ~ A F ~ O C l ~ I r l l ~ ~ I ~ 7 ~ 1 2 )  
P R I N T  2929  ( A P ~ O C l ( I r l 2 )  r I = b r l l )  
P R I N T  2939  ( A P R D C l ( I 9 1 3 )  *1=6*1G) 
P G I N T  2 9 4 9  ( A P R G C l ( I 9 1 4 )  , I = 5 9 9 )  
P R I N T  2 9 5 9  ( A P R O C l ( I 9 1 5 )  r I = 5 r 8 )  

2 8 1  FORMAT ( / / / / / t l O X c  11 (F7 .193X)  r * l * )  

2 8 2  FORMAT ( I / *  5 X 1 I l ( F 7 o I r 3 X ) r  5 X 9 ' 2 * )  
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2 8 3  FORMAT ( zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA/IT i O X  910  (F7e IT 3 x 1  r 1 O X  r zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA*3*) 

2 8 4  FORMAT ( / / T  5 X r l G  (F7.193X) 915x9  '4*) 
2 8 5  FORMAT ( / / 9 1 O X r  9 ( F 7 e i r 3 X ) r i O X r ' 5 * )  
286 FORMAT ( /IT 5 x 1  9 ( F ? . l r 3 X ) r 2 5 X r * 6 + )  
2 8 7  FORMAT ( / / T I O X I  B ( F 7 m l r 3 X )  9 3 0 X 9 * 7 * )  
288  FORMAT ( /IT 5x9  8 ( F 7 . l r 3 X ) r 3 5 X * ' 8 * )  
2 8 9  FORMAT ( / / T I O X *  7 ( F ? . l r 3 X ) 9 4 O X * * 9 * )  
290  FORMAT ( /IT 5 x 1  7 ( F 7 e 1 ~ 3 X ) r 4 5 X r ' 1 0 * )  
2 9 1  F O R M A T ~ / / ~ ~ O X ~ € ~ F ~ ~ I T ~ X ~ T ~ O X ~ * ~ ~ * ~  
2 9 2  FORMAT ( / / r  5 x 9 6  (F 7 r l r 3 X )  955X zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 *12*) 
2 9 3  FORMAT ( 1 C X  9 5 ( F 7  e l  r 3 X  1 96 OX r*13*) 
294 F O R M A T ( / / *  5 X r 5 ( F 7 e l r 3 X )  r 6 5 X 1 * 1 4 * )  
2 9 5  FORMAT ( / / r l O X r 4 ( F 7 m l r 3 X )  r7  OXr*15*1  

I F t I P K S Y  .EQ.  0 )  RETURN 
F E I N T  2 0 0 9  ( T I T L E  (I) 11-1 9 3 )  

P R I N T  2 2 2  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
222  FORMAT I 5 0 x 9  *PSEUDO-SECTION OF THE PERCENT FRECUENCY EFFECT') 

F R I N T  2 0 5 1  THETA 
P R I N T  210  
P R I N T  220  
P R I N T  3 3 i r  ( A F I P i ( I ~ l ~ r I = l r l ~ )  
P R I N T  3 3 2 ~  ( A P I P I ( I T Z )  r I = l r l l )  

P R I N T  3339 ( A P I P l ( I r 3 )  ~ I = l r l G )  
F G I N T  3 3 4 r  ( A P I F I ( I r 4 ) r I = l r l O )  
P R I N T  3359 ( A F I P l ( I r 5 )  r I = l 9 9 1  
P R I N T  3 3 6 9  ( A P I P l ( I 9 6 )  r I = l r 9 )  
P R I N T  3 3 7 1  ( A P I P I ( I v 7 )  *1=1 .8 )  

P R I N T  335, ( A P I P l ( I r 9 )  9 1 = 1 ~ 7 )  
P R I N T  3409 ( A F I F l ( I * l O )  r I = l r 7 )  
P R I N T  34 1 9  ( A P I P l ( 1 r  11 9 I= 1 9  E 1 
P R I N T  3 4 2 ~  ( A P I P I ( I r 1 2 )  r I = P r 6 )  
P R I N T  3439  ( A P I P ~ ( I I I J )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAr I = i r f )  
P R I N T  3 4 ~ 9  ( A P I P ~ ( I T ~ ~ ~ T I = ~ ~ ~ )  
P R I N T  3459  ( A P I P l ( I r 1 5 ) r I = l r 4 )  

3 3 1  FORMAT ( / / / / / r 4 X 1 * l + r l l ( F 7 . i r 3 X )  1 
532 FORMAT ( / / r 3 X r *  2*r 5 X r l l ( F ? e l r 3 X ) )  
3 3 3  FORMAT ( / / 9 3 X 1 *  3 * r i O X r l O ( F 7 e i r 3 X ) ~  
3 3 4  FORMAT ( / / r 3 X r *  4 * r i 5 X r l O ( F 7 . 1 ~ 3 X ) )  
3 3 5  FORMAT ( / / r 3 X r *  5 * 9 2 O X r  9 ( F 7 0 1 9 3 X ) )  
3 3 6  FORMAT ( / / 9 3 X 9 *  6* ,25Xr  9 ( F 7 e l r 3 X ) )  
3 3 7  FORMAT ( / / 9 3 X r '  7 * r 3 0 X r  8 ( F 7 0 1 r 3 X ) )  

3 3 9  FORMAT ( / / r 3 X r *  9* ,40Xr  7 ( F 7 0 1 r 3 X ) )  
3 4 0  FORMAT ( / / r 3 X r * 1 D L r 4 5 X r  7 ( F 7 e l r 3 X )  1 
3 4 1  
3 4 2  
3 4 3  
3 4 4  
3 4 5  F O R M A T ( / / ~ ~ X T * ~ ~ * , ~ G X ~ ~ ( F ~ . ~ ~ ~ X )  

P R I N T  3 3 e 9  ( A P I P l ( I , 8 )  ~ 1 = 1 * 8 )  

3 3 6  FORMAT ( / / T 3 x T +  8 * r 3 5 ~ T  ~ ( ~ 7 . 1 ~ 3 ~ ) )  

FORMAT C//r 3X T *ll'* 5 O X r 6 ( F 7 . 1 ~ 5 X )  1 
FORMAT (/IT 3X r * 1 2 + ~ 5 5 X r 6  (F7e1,3X) 1 
FORMAT ( / / r 3 X 9  * 1 3 * r O O X 9 5  ( F t e  l r 3 X  b 1 
FORMAT (/IT 3 x 1 '  14'9 6 5 x 1  5 ( F 7 . 1 ~  3 x 1  1 

P R I N T  2 6 4  
P R I N T  260 
P R I N T  2 7 0  
P R I N T  381, ( A F I P 1  (I 9 1 ) r I = 1 2 9 2 2 )  
P R I N T  3829 ( A P I P l ( 1  r 2 ) r I = l l r 2 1 )  
P l i I N T  3 8 3 r  ( A P I P I ( I 9 3 ) r I = I l r 2 L )  
P R I N T  3 8 4 1  ( A P I P l ( I 9 4 )  r I = l O r i 9 )  
P R I N T  3859  ( A P I P l ( 1  ~ 5 ) r I = l O t 1 8 )  
P R I N T  3869  ( A P I P I  (I r6) ~ 1 x 9 9  1 7 )  
F R I N T  3 8 7 9  ( A P I F l  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( I  97) TI=~T 16)  
P R I N T  3 8 e r  ( A P I P l ( 1  r B ) r 1 1 8 ~ 1 5 )  
P R I N T  31199 ( A P I P l ( 1  r 9 ) 9 I = B r 1 4 )  

. 
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C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
C....... AUTHOR..*. A B P I J I T  DEY 
C PURPOSE 0 e e 

C T C  PRCOUCE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAP TWO-DIHEhSIOhAL S E S I S T I V I T Y  VAP CN THE X - Y  S U R F A C E  

C TWO SMALL ORTHCGCNPL RECEIVER DIPOLES E A C H  ORIEhTED AT 45 DEGREE: 

C USED. T O T A L  APPAFENT R E S I S T I V I T Y  HAPS A R E  PRODUCED USING H O D I F f E C  

C ABOVk AN ARBITEARY 2-0 INHO?IGGENEfTV. AT EACk OBSERVATION POXNT 9 

C T O  THE X - A X I S  t CR I N  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAT H E  X- Ah9 Y-OIEECTIONr  RESPECTIVELY9 ARE 

C KELLERS*S PARAPETERS9 A S  WELL AS I N  THE CIRECTIOh OF THE VECTCR 
C E - F I E L O  O B S E R V E G  Oh THE SURFACE. 
C PRCGriAM PARAPETERS 
C FOR I N C L I N E D  CIPCLE TX.. NRLIM= L I M I T  I N  * Y  AND -Y D I R E C T I O N  
C NYSFT .GT. NRLI?' A L S O  .CT. I S H I F T  
C NYSFT = I S H I F T + N R L I M - l  
C........ 
C SPECIAL NOTE 
C I N  T H I S  SUBEOUTINE THE APPAPENT CONDUCTANCE PARAMETER (CONKEL) 
C IS S C A L t O  f3Y THE NOFHALISING DISTANCE U h I T  THLS. I F  U N I T =  1 KMI  
C ACTUPL CCFKEL 1 5  EQUAL TO CONKEL'1000.0 ( I N  PMOS ). zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
C . . . . . .  ....... 
C LARGE T O T R E S ( S O r 3 0 )  r T O T C C N ( 5 C r 3 0 )  
c $ $ Z S Z § f S I f I b f I O $ $ S E t $ ~ ~ $ ~ ~ $ ~ ~ ~ $ $ $ $ t $ $ ~ $ ~ ~ $ ~ ~ $ $ ~ $ $ 3 $ $ $ 3 $ $ $ ~ ~ 3 $ ~ ~ 3 $ 3  

OIMENSION X ( 1 )  r Z ( I . ) , T I T L E ( l )  r Y S H I F T  ( l . ) r I E X P ( l ) r I T X P ( l )  
OIHENSION V(NTXTCT,NRXTOT) 
C I H E h S I O h  RESKEL (50) *CONKEL ( 5 0 )  r R X P ( 5 0 )  r T H E T A ( 5 O ) t A P R E S T  ( 5 0 )  r 

1 APRESX ( 5 0 )  r APRES Y ( 5 0  1 9 APRESP (5C ) rC?FX (50  1 9  YSHIFT 
l A P R E S 2  ( 5 0 )  r GMF X ( 5 0  1,GHFY (50 1 r ( iMFP(50  1 9  G P F l ( 5 0 )  sGf'F2 (50  1 

( 5 0  1 r A P R E S 1  (SO 1, 

D I H E N S I O h  C R F l ( 5 0 )  r C R F Z ( 5 0 )  
COHHCN / P A C K l /  I h C L I N E  9 I S H I F T  3iNRLIH 
00 1 3 3 3  I I I = l r S O  
C R F l ( I I I ) = 0 . 9 6  
C R F 2 ( 1 1 1 ) = 0 . 9 6  

1 3 3 3  CRFX (I11 ) = O  e96  
F I = 3 . 1 + 1 E 9 2 € 5 4  
XCENTRz ( X (  11 + X  (95  1 )  / 2. 0 C 
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XCENTRz ( X ( l ) + X  (NhOOX)) / 2  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa 0  

NTXXZNTX-1 
00 1 d O  I T X = l * N T X X  
I A = I T X  
I B =  I T X *  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 
N I A = I T X P ( I A )  
N I B = I T X P  (16) 
TXA=X ( N I A )  -XCELTI; 
TXB=X ( N I B )  -XCENTR 
CRF = I 3 0 
I F  ( I N C L I N E  .NE. 0) GO TO 5 0 0  
NRL=NRL I M  

I L X = O  
DO 2 0 0  I = l , N R L * 2  

C 00 2 0 0  I = l v N R L  
I L X = I L X + l  
RY Y = YSHIFT (I 1 
Y SH I F T X  ( IL  X 1 =R Y Y 
RYY 02=RY Y + Y  S H I  F T ( 2 )  
NRP =NRX - 2  
JRX=O 

GO 3 0 0  J=ZrKRP,Z 
JC= J +l 
J D i  =JC+l  
J 02 JC- I 
J E  1= J O 1  
J E 2  = JC 
JCC=JC+ (1-1 ) *FtG X 
JOD I= JCC +NRX +I 
JO02 = JCC +NRX-1 
J E E l = J C C + l  
JEE E=JDDl -  1 
NJC=IRXP(JC)  
N J O l = I G X P  ( J D l )  
NJDE=IRXP ( J O 2  1 

RXL =ABS ( # (NJC) - X  ( N J D I  1 )  
TXLONG=ABS ( X  ( h I B ) - X ( N I A )  1 

AC= X (NJCI -X  ( N I P )  
RC= X (NJC ) - X  ( N I B  ) 

C 00 3 0 0  J = l * N R P  

C RXL =ABS ( X (  NJC)  - X  ( N J D i )  1 * l e 4 1 4 2  

c..... CALCULATE THE RELEVANT DISTANCES 

I F ( ( A C + B C )  * E Q .  0 . 0 )  GO TO 3 4 0  
I F (  ABS(AC) .LTo 1.10 * O R .  Al?S(BC) . L f o  1 . 1 0 )  GO TO 309 
JRX= J R X * l  
RXP (JRX) =X (NJC 1-XCENTR 
A E l = X ( N J D l )  - X  ( N I P )  
B E l = X ( N J O l ) - X  ( N I B )  
AD2 = X  (NJ02 1 - X  ( N I P  1 
B02=X(NJC2)  -X ( N I E )  
AE2=AC 
BE2 = BC 
RAC=SQRT (AC*ACtRYY*RYY 1 
RBCrSQRT (BC*BC+RYY *RYY 1 
RAC3 =I O/RAC 
RBC3=I .  O/RBC 
R A E l = l * O / S Q R T  ( b E l + A E l + R Y  Y*RY Y 1 
R B E l = l . O / S Q R T ( E E l + @ E i ~ R Y  Y*RY t )  
RAEZ=l .  O/SQRT (PEZ+AE2+RY \02+f iYYD2) 
RBE2=1. 0 ISQRT (EEZ*BEZ+RY Y02*RYYO2) 
R A D l = l .  O/SQRT ( P E l * A € i + R Y  tD2.R YYOZJ 
R B D i = i .  O/SQRT ( f E l + B E l + R Y  tOZ*RYYO2) 

. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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RADE=l .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAO/SPRT (PDP'ADEtRY WZ*RYYDZ) 
R B  0 2  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= L  0 /SQRT ( EC2*802+RY t02*R Y Y D Z )  

c... . . iVALUPTE T k E  P O f E h T I A L  DIFFERLNCES OBSERVEC AT THE THO 
C ORTHOGONAL F E C t I V E R  DIPCLES. 

GEL V1= ( V  (I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAP I  J C C  1-V ( I B r  J C C ) - V  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( I k r  J O D l )  +\r zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( I B r  J O D I )  1 
DELVE= ( V  ( I A r  J C C  1-V (161 JCC) - V  ( I A i  J D 3 2  1 +\r  ( I 6 9  JDDE) 1 
DEL V X =  ( V  (I A 9 J C C  1 - V  (169 J C C )  - V  ( I L r  JEE i ) + \r ( I B r  J E E i  1 1 
GEL V Y= ( V (I A r J C C  1 - V  ( 1 6  J C C )  - V  ( I A  9 J E i  2 1 *V  ( IB 9 J E E Z )  ) 
O E L V P = ( V ( I A r J C C ) - V ( I B * J C C ) )  

C F R I N T  7779 I A ~ I e r J C C r J D 0 1 r J O C 2 r V ( I A ~ J C C ) ~ V ~ I B ~ J D C l ~ ~ D E L V l ~ D E L V Z  
C 777 FORMAT ~ 2 X r * I A ~ * ~ I 3 r * I B = * r I 3 ~ * J C C ~ * ~ 1 3 r * J 0 D 1 ~ * ~ 1 3 ~ * J D 0 2 ~ * ~ 1 3 r  
C 
C l * D E L V 2 = * r F 1 2 . 5 )  

l * V  ( IAI  J C C )  = * * F  12 03 r * V  (18 r J O O l  I = *  r F 1 2 .  3 9 1 x 1  * C E L V l = * r F I 2  0 5 9 2 x 9  

OtL VX=OELVX*CRFl ( J R X  1 
DELVY=DELVY*CRFZ ( J R X )  

EZ= DELVY /R XL 
E T O T = S Q R T ( E l * E l + E 2 * E Z )  

DLLTA=ACGS (COSDE 1) 

C E N O M l = R A C 3 - R ~ C 3 - R A D l + R B C i  
DENOM2=RAC3-RBC3-RAOZ+RBCZ 
D E N O M X = R A C 3 - R B C 3 - R A E l t R B E l  
CENOMY=RAC3-RBC3-RPEZ+RBEZ 

E l = O E L V  X /R XL 

COSDEL= (ReC'm C*FAC*FAC-TXLOhG*T XLOEiG 1 / ( 2 . 0  *KAC*liBC 1 

C....... EVALUPTE R E S I S T I V I T Y  PERAMET'RS 4 LA KELLEF 

OENOM=SQRT (1 e 0  + (  ( R A C * R A C * R A C + R A C ) / ( R B C * ~ B C * R B C * R B C ~  ) -2eO*(RAC*RAC/ 
l ( R B C * R a C ) ) + C O S ( D E L T A ) )  

C 

C CONKEL (JRX)=DNUM/(ETOT*RAC) 

RES K EL ( JR X 1 = C  T C T *RAC*RAC *CRF/DEN Ofl 
ONUY=SQRT(l.O + (RPC+kAC/(RBC*RBC) ) - Z . O * ( R A C / R B C ) * C O S ( D E L T A  1 1  

VTO T =SURT ( DE LV X*CE L V X t  DE LVY *CELVY 1 
RESKEL ( J K X  I =  V T O T /  (SQRT (DENONX*DENOYX+OENCflY *DENOPY 1 ) 
ONUM A= A L OG ( R A C  3 1 - ALO G ( RB C3 1 - A  LOG (RA El 1 + zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAll LOG (RBE 1 1 
DNUC B=AL CG ( R A C  3 1 -ALOG ( RB C3 ) - A  LOG (RA E 2  1 * P L O G  (RBE 2 1 
DNU MX=S QRT (DNU M A  *DNU HA +DNUMB*DNU MB 1 
CONKEL (JRX)=DNUMX/VTOT 

C....m EVALUPTE THE l O T A L  APPAREhT R E S I S T I b I T Y  Ih THE VECTOR E - F I E L D  
C D I R E C T I O N  A T  EAC t OBSERVATION PO I N 1  

I F (  DENOM1 . E Q .  0.01r) G H F l ( J R X ) = 0 . 0 0  
I F (  DENCt ' l  .NE* t . 0 )  G H F I ( J R X ) = l . O / D E N C P l  
I F (  DENOMZ .EQ. G . 0 0 )  GHFZ(JRX)=O.OO 
I F  ( DENOM2 .NE. 0.00) GHFZ(JRX)=l.O/DEKCHE 
IF( D E N C r X  .EQ. C . 0 0 )  GWFX ( J R X ) = O . O O  

I F (  DFNOEX .NE. G o O C )  C H F X ( J ~ X ) = l . O O / O E N C H X  
I F (  DENOMY .€Q. 0 . 0 0 )  GMFY ( J R X ) = O . O O  
I F (  OEt4CYY .NE. 0.00) GMFY (J l iX)= l .O/DEhCPY 
I F (  R A C J  .EQ. RBC3) GflFP(JRX)=O.OO 
I F (  RACJ .NE. RBC3) G f l F P ( J R X ) = l . O / ( R A C 3 - R B C 3 )  
APRESl  ( J K X ) = A @ S  ( C E C V l * G H F l  ( J E X )  1 
APRESZ (JI ;X)=ABS (CELVZ'GMFZ ( J R X )  1 
APRESX ( J G X ) = A @ S  (CELVX*GHFX ( J l i X ) )  
APRESY (JEX)=ABS(CELVY*GMFY ( J R X ) )  
APRESP(JRX)=A@S( CELVP*GMFP ( J R X )  1 *CRFX ( J R I )  
R X T  L = R X L  
DELVT=E TOT*RXTL 

C 0 .  ANGLE O F  THE F I E L D  L I h E S  ARE CALCULATED ON TbE B A S I S  OF 
C THE MEASURED EX PNC EY GUER TPE LENGTH CF ThE ORTHOGONAL RECEIVER 

I F  (El .EQ. 0.0) BETk=PI*0 .50  
IF( E l  .NE. 0.0) BETA=ATAN2(E2rE1)  
OELX=RXTL*COS(eETA) 
D E L Y = R X T L * S I N ( E E T A )  
THETA1: BETA'57.296 
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RAD3=I.O/SQRT( (AC+DELX)* (AC+CELX)+ (RYY+DELY)*(RYI+DELY) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 

R B D J = l .  O/SQRT ( (BC+GELX ) *  (BCtCELX )+  (RYY + D E L V I *  (RY WDELY)  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAb 
GMF=1.0 / (RAC3-RBC3-KA03+RBD3) 
APREST ( J R X  )=ABS (CMF*DEtVT) *CRF 

C... .. CALCULATE TFE D E V I A T I O N  I N  THE CURRENT L I N E S  FROM THE 
C I'ONOGENECUZ HALF SFACE SITUATION.  

HOEL V 1 =  RAC 3-RBC 3 - R A E l t R B E I  
HOE L V2= R AC 3-RBC3- R AEZ + R BE2 
I F l H D E L V l  *EO. G O O )  BETA=PI'G.50 
I F ( H D E L V 1  .NE 0 . 0  1 BETA=ATANZ(HOELVZr kOELV1) 
THETAZ=BETA*57.296 
THETA ( J R X )  =THETAZ-THtTA I 
NJRX=JR X zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

3 0 0  CONTINUE 
P R I N T  3101 ( T I T L E ( I ) r I = l r 3 )  

310  FORMAT ( 1 H I  r / / / r 5 5 X r  * C A S E * r l X  r 3 A 4 9 / /  r 4 O X  * *TRANSHITTING D I P O L E  I S  P 
1ERPENDICUtAR T O  THE STGIKE OF THE INHOHCGENEITY*r / )  

P R I N T  3119 T X A r T X B r R X L  
311 FOKMAT ( / r 3 0 X r * C U R R E N T  ELECTRODES 4RE LOCATED AT * rF lZ . '+ rZXr *AA 'C*  

l F l Z . 4 r / r 3 5 X r + L E N E T H  OF TkE RECEIVER OIPOLES ARE ' r Z X r F l 2 . 4 )  
P R I N T  3129  RYY 

3 1 2  FORMAT ( / r Z O X r * P O X N T S  OF OeSERVAt ION ARE SITUATEC ON A L I N E  ZHIFTE 
1 0  ON Y-AXIS BY * rF I2 .4 * / )  

P R I N T  1110  
IlIC FORMAT ( / r 10 X 

1 *APR€S ( Y 1 15 X *CWFP* 9 5 X  
I ~ A P R E S T * ~ S X I * T H E T A + ~ / / )  

1GMFP (JRX ) r  APRESP (JRX 1 9 RESKEL (JRX)  
1 x 1 )  , J R X = l r N J R X )  

l F B . 2 r 2 X r F B ~ 2 r Z X r F B . Z r 2 X r F 8 ~ 2 r Z X ~ F 8 ~ 2 ~  

* OB2 PT 5X 1 *GMF X * r  5 X  9 *APRES ( X I  ** 5x9 *GMF V *  r5X r 
'APRESP * r 5 X  * 4RESKEL * 9 5 X  9 *CONKEL* * 5 X  9 

P R I N T  314, ( (RXF(JRX)rGMFX(J~X)rAPRESX(Jf iX)rGnFY (JRXI rAPRESY t J R ) o r  
ZONKEL (JRX)  r APREST (J2 X 1 9 TH ET A 4  JR 

3 1 4  FORMGT ( 7 Y r F 8  e 2  14X r E l  G o  39 2X 9F8.2 r 2 X r E  10.3 9 ZX rF8. 2 r2X * E l 0  3 9 ZX r 

N RL X = I L  X 
200 CONTINUE 

GO TO 1 5 0 0  
5 0 0  CONTINUE 

C.... I N C L I N E = I  F C R  THE CASE H I T H  TX AT AN ACUTE ANGLE TO X-AXIS 

c.... I N C L I N E = 2  FOR THE CASE N I T H  TX AT AN CBTLSE AhGLE TO X-AXIS 
AYA=D.SD 
AYB=DoOO 
N R L = E * N R L I H - I  
R Y T = Y S H I F T ( I S H I F T )  
TXLONG=SQRT( ( X  ( N I A I - X I N I B )  b * ( X ( N I A  J - X ( N I B ) ) + R Y T * l i Y T )  
ILX =a 

C DO 6 0 0  I = l r l r R L  
DO 6 0 0  I = l r N R L r 2  
I L X  = I L X + l  
I F ( 1  .LE. N R L I Y )  R Y Y = Y S H I F T ( l )  
I F ( 1  .GT. N R L I M )  R Y Y = ~ Y S H I F T ( I - N R L I M + l )  
Y SH If TX ( I L  X =R Y Y 
R Y Y DZ=R V V t  Y S H I  FT ( 2  ) 
N R P  =NRX-E 
JRX=O 

DO 700 J = Z r N R P v 2  
J C =  J + l  
J D l =  JC+ 1 
J D 2 =  J C - 1  
N J C = I R X P ( J C )  
N J D l = I R X P ( J G l )  
N J D Z = I R X P (  302 J 
AC=X(NJC)-X ( N I A )  

C DO 7 0 0  J Z I r l u R P  

30 
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BC=X(NJC)-X ( N I f 3 )  
I F (  ASS(AC) * L T e  l e 1 0  . O R e  A B S t a C )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.LT0 l e 1 0 )  GO TO 7 0 0  

JRX = J R X  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA+I 
A E l = X ( N J D l )  - X  ( N I A )  

I F ( R Y T  o E Q e  0.0 .AND. ( A C t B C 1  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAe E G o  O s 0 1  GO TO 7 0 0  

I F (  AE1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. E Q e  0.0) GO TO 7 0 0  
e E i = x (  ~ r ~ o i )  - x  (hie) 

AD1= AE1 
B O 1  = BE1 
AEZ=AC 
B E 2 =  BC 
R X L  =ABS ( X  (NJC) - X  (N J U l ) )  
PDE=X(NJO2) - X  ( N I P )  
BOZ=X(NJDE)-X ( N I B )  
RXP ( J R X )  = X  (NJC )-XCENTR 
I F  ( I eLEe N R L I P )  G O  T O  7 1 0  
I F  ( I eGTe N R L I M )  GO T O  7 2 0  

7 1 0  NRY=IAYS ( I S H I F T - I )  *NRX 
JCC=JC+ (1-1 1 *NGX 
J DD 1= JCC+NRX t1 
JDDZ=JCC*NRX- l  
J EE 1 =JCC t i  

J E E  P=JCC+NRX 
JCCX =JC t KR Y 
J E E l X = J C C X + l  
I F  ( I S H  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI F 1  LE e I) J D D I X =  JC tNRY +NRX+ I 
I F (  I S H I F T  .GTe I) JDOlX=JC+NkY-NRX+l  
J 0 0 2 X = J O D l X - Z  
JEE 2 X= J 001 X -  I 
I F C I N C L I N E  .EQo 1) GO TO 715 
I F ( I t C L 1 K E  oEQ. 2 )  GO TO 716 

7 1 5  RAC=SQRT (AC*AC+RYY*RYY 1 
RBC=SQRT (BC*BC+(RYY-RYT) *(RYY-RYT)) 
AYB=RYT 
RA€l= l .O/SQRT ( A E l * A E l * R Y  Y*RY Y )  
R A D l = l ~ O / S Q R T ( P D l * A D l + R Y I )  
RBE l=l O / E Q G T  ( E E l + B E I +  ( R  tY-RVT) * (RY Y -RYT 1 )  
R B D l = l  .O/SQRT ( B O l * B D l +  (RYY-RYT ) *  (RYY-RYT 1) 
S A E ~ = ~ O O / S Q R T ( P E ~ * A E Z ~ R Y Y D Z * G Y Y D Z )  
RAD2=1*O/SOkT (PDE*AD2*RV \02*GYYDZ) 
RBEZ=IeO/SQRT(BEZ*BE2+ (RYYDE-RYT )+(RYYDE-RYT) 1 
RBDZ=i.O/SQRT(@DZ*BD2+ (RIYOE-RYT )+(RYYOZ-RYT) 1 
GEL V i =  ( V  (I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAP 9 J C C  1 - V  (I A, J D D l )  - V  (18 r JCCX)  +U (16, J D O l  X )  ) 
DEL VZ= ( V  (I A I  JCC 1 - V  ( I A r  JOG? 1 - V  (18 r J 2 C X )  +V (18 9 JOOZX) ) 
OEL V X =  ( V  (I P p  JCC)  - V  (1 A i  J E E l )  - V  (IB r JCC X )  + V  ( I  B r  J E E l X )  1 
DELVYS ( V  ( I P r  J C C I - V  ( I A r J E E 2  1-b (13 rJCCX)+V (If3 9JEEZX) b 
DELVP= ( V  (I b p  JCC) - V  (189 JCCX 1 1 
RY T C=RY Y -RYT 
GO T O  745 

R B  C= SQRT (BC*BC t RY Y *RYY ) 
AYA=RYT 
R A E I = l  0 /SORT l A E l * A E I +  IRYY-RYT) IRY Y-RYT 1) 
R A D l ~ 1 ~ O / S Q R T ~ P O 1 ~ A D l ~ ~ ~ Y Y ~ R Y T ~ * ~ R Y Y ~ R Y l ~ ~  
E BE i=l O/SQRT ( E E l * @ E I + R Y  \ *RY t )  
P B D I ~ l e O / S Q R T ~ B D l * 8 0 l ~ R Y t * R ~ Y ~  
R A E Z = l e O / S Q R T ( b E 2 * A E Z + ( R Y Y O Z ~ R Y T  ) * (RYYDZ-RYT))  
RAOE=l.O/SQRf (PD2*A02+ (RtYOZ-RYT )* (RYYOZ-RYT) 1 
R B E E = l  0 I S Q R T  ( BEZ*BEZ+RY YDZ*RYYD2) 
RBDZ=le  OISQRT (BDZ*BOZ+RY Y02*RYYDZ) 
D E L V l Z  ( V  ( I b r  J C C X  1 - V  ( I A r  J O D I X  b - V  ( I B r  JCC)  + U  (16 rJ00 1) 1 
DEL V2= ( V  (I A i  JCCX 1 - V  ( I A ,  JCDLX 1 -V ( IBr  J C C )  + V  ( Ier J002) 

716 RAC=SQRT (AC*AC t (RVY-RY1 )* (RYY-RYT))  
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CELVXZ ( V  (I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAP r  J C C X ) - V ( I A r  J E E l X ) - V ( I B r  JCC)  + U  ( I B r J E E  1) ) 

DEL V Y =  ( V  (I A, JCCX)  - V  ( I A  t JEE 2X 1 - V  ( I B  9 JCC 1 + V  t zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIB 9 J E E  2 )  1 
DELVP= ( V  (I A *  JCCX 1 - V  ( I B  T JCC) 1 
G YTC=RY Y -RYT 
GO TO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 b 5  

JCC=JC+ ( I - N R L I P ) * N F X  
J O O l r J C C - N R X + l  
J002=JCC-NRX-1 
JEE 1 = JCC t 1 
JEE E=JCC-NRX 
JCCX =JC + PRY 
J O O l  X = J  C CX-hR% +l 
J 00 2 X= J OClX-2  
JEE I X t J C C X t l  
JEE 2 X = J  O C l  X -  1 

720 N R Y = I A B S ( I S H I F T +  1-NRLIM-1) *NRX 

I F t I N C L I N E  * E Q *  1) GO TO 725 
I F t I N C L I N E  e E Q o  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 )  GO TO 726 

725 RAC=SQRT (PC*AC+RVYeRYY 1 
GBC=SQRT (BC*BC+ (RY Y-RYT) *(RY Y-GYT)) 
R A E t = l . O / S Q R T ( P E l * A E l + R Y \ * R Y V )  
R A D I = I . O / S Q R T ( P G l * A D l t R ~ ~ * R Y V 1  
R BE l= 1.0 /SQRT ( E E 1 *BE 1 + (R Y Y -R Y T 1 * (RY Y -R YT 1 ) 
R B D l = l .  O/SQRT ( B G i * B D l +  (RYY-RYT) * (RYY-RYT ) J  
R A E 2 = 1 *  OISQRT ( PE2*AE2+RY \02*R Y YO2J 
R A 0 2 = 1  .O/SQRT (AOZ*ADZ+RYV02*RYYD2) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
R B E Z = l *  UISQRT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( I?EZ*BEZ+ (RYYOZ-RYT )*(RYYOZ-RYT) 1 
R 9 0 2 = l  o O/SQRT (i?OZ*B02+ (AYYOE-RYT ) * (RYY02=RYT)  1 
OELV1= ( V  ( IA,JCC)-V ( I A r  JOE1 1-V ( I B r J C C X )  + V  ( I B r J O O l X ) )  
DELVE= ( V  ( I A ,  J C C ) - V ( I A r  JOC2) - V  ( I B r J C C X )  + V  ( I @ r J O O Z X )  1 
OELVX= ( V  ( I A r  JCC 1 - V  ( I A r  J E E l I - V  ( I B  r J C C X )  +V (I e t  J E E I X )  ) 

O E L V P = ( V ( I ~ T J C C ) - V ( I B ~ J C C X ~ )  
oELvr= ( v  (IA* JCC 1 - V  (IA* JEEZ ) - v  (19 *J: c XI t v  (I B JLEZX) 

G O  TO 745 
726 RAC=SQrlT (A C*AC + (RY I -RYT ) *(RY Y-R YT) 1 

RBC=SQrlT (BC*BC+RYY l R Y Y )  
R P E l = l *  O/SQRT ( P E l * A E l +  (R \Y-RYT) (RYY-RYT 1) 
R A D l ~ l ~ O / S Q R T ~ P O l * A O l + ~ R Y Y ~ R Y T ~ ~ ~ R Y Y ~ R Y l ~ ~  
R B E l = l . Q / S Q R T (  E E l * e € l + R Y  Y*RY \ )  

R B O l ~ l ~ O / S O R T ~ ~ C l * 8 0 1 + R Y V 4 R Y V ~  
RAE 2= 1 0 /SQRT ( PE2*PE 2+  (R YYDZ-RYT )* (RY YD 2-R YT 1 1 
P A 0 2  =1 0 /SORT ( P O 2 * A O 2 +  (R YYDE-RY T 1 * (  RYYOE-RYT) ) 
R B E 2 = 1 . O / S Q R T ( E E Z * @ E 2 ~ R Y Y D Z * Y Y O Z ~  
RBD2=1.0 /SQRT (B02*B02+RY WZ*RYY02)  
D E L V l = ( V  ( I A r  J C C X ) - V ( I A r J O D l X ) - V ( I B r  J C C ) + V ( I @ r J D G l ) )  
DELV2= ( V  ( I P ,  J C C X ) - V ( I A ,  J C O 2 X ) - V  ( I B r  JCC)  * V ( I B  9J002)  1 
DELVX= ( V ( I A ~ J C C X ~ - V ( I A I  J E E l X ) - V ( I B r  JCC)  + V ( I B r J E E I )  ) 
O E L V Y = ( V ( I A r  J C C X ) - V ( I A r  J E E Z X ) - V ( I B r  J C C ) + V ( I B r J E E Z ) )  
CELVPZ ( V  (I P r  JCCX 1 - V  ( I 6  9 JCC) 1 

745 CONTINUE 
DECVX=DELVX*CRfl ( JRX)  
CELVY=OELVY*CRFZ(JRX) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
E 1 = D E L  V X /RXL 
€ 2  =DEL V Y 8RXL 
E TOT=SQRT ( El *E 1 +E 2+E2 1 

C P R I N T  1440t I A I I B ~ J C C I J O D ~ ~ J G O ~ ~  J C C X * J D O I X r  J O O Z X r I r V ( 1 P r  JCC) 9 

C l V ( I B r J 0 0 2 X ) r O E L V l r 0 E L V 2  
C1440 FORMAT (2X r * I A  1' r I 2 t * I B = * r I Z T  *JCC=* *I3 r 4 J 0 D 1 = *  r I 3 r * J D D Z = + r I 3 9  *JCCX 
C ~ ~ * ~ I ~ ~ ~ J D D ~ X ~ * ~ I ~ ~ * J D D ~ X ~ ~ ~ I ~ I * I ~ ~ ~ I ~ ~ + V ~ I A ~ J C C ~ ~ ~ ~ F ~ ~ ~ ~ ~ V ~ I B ~ J C C E  
C l X ~ ~ * 1 f 8 ~ 4 r * O V l ~ * r F B ~ ~ ~ * O V 2 ~ ~ ~ F 8 ~ 4 ~  

. 

C...... EVALUATE THE R E S I S T I V I T Y  PARAflETERS A L A  KELLER 
RACJ=l *O/RAC 
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RBC3=1.O/R8C 
OEN OMX= R A C  3-RBC 3-RAE l + R B E l  
DEN O M 1  = R AC 3-RB C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 -RAD 1 t R B zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGl zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
O E N O ~ Y = R A C 3 - R B C 3 - R P € Z t R @ ~ Z  
DENQMZ= RAC3-RBC3-RADZ+RBCZ 
C 0 S 0 ZL = ( R a C R B  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC +R A C* RA C -T X LOk G * T  XL 0 NG ) / ( 2 0 R A C *li BC 1 
DELTA=ACCS (COSCEL) 
D€NOM=SQRT (1 e C  + ( (RAC*RAC*RAC*RAC )/(RBC*RBC*RBC*RBC) 1-20 O *  (RAC'RACI 

1 (RBC*RBC) 1 *COS (DELTA) 1 
C 

C 

R ES K EL ( Ji; X ) = E T  CT* RAC *RAC 'CRF /DE NOM 

CONKEL (JRX 1 =DNIIM/ (ETOT*RAC) 
V T O T  = C Q R 1 (  DELV Y *LE LV X t  DELVY'CEL V Y )  

RES KEL ( J G X  ) = VTOT / (SQRT (DENOHX*DZ hO"lX+DENOMY *DENORY 
DNUMP=ALOG(RAC3) - A L O G ( R B U  1 - A L O G  (RAE11 +PLOG ( R B E I )  
ONUM 8=ALCG (RAC 2 1 -ALOG( RBC3 1 - A L O G  (RAE2 1 +ALOG (RBEE 1 
DNU MX=S QRT (ONU PlA*DNUHA+DNU MB*DNU HB 1 
CONKEL ( J R X )  =DNCMX/VTOT 

DNUM=SQRT( 1.0 + (RAC /RBC ) *  (RAC/RBC j - 2 .  O*(RAC/RBC)*COS(DELTA 1 )  

1 

I F (  OENOMl .EQ. 0 . 0 0 )  GMFl(JRX)=O.OO 
I F (  DENOMl .NE. 0.0) GMFl (JRX)=1.O/DENOMl  
I F (  DENOME .EO. 0 . 0 0 )  GMFZ(JRX)=G.DO 
I F  ( D E N C M E  .NE. 0 . 0 0 )  GMF2(JRX)=l.O/DENCH2 
I F  ( OLNOMX .EQ [ e  0 0  GHFX ( J R X ) = O .  00 
I F (  DENOMX .NE. 0 . 0 0 )  GflFX(JRX)=l .O/DEhOKX 
I F (  OENOHY . E Q a  C . 0 0 )  GMFY(JEX)=O.OO 
I F (  DENOWY .NE. 0 e 0 0 1  GHFY (JGX)=l .J/DENOPY 
If ( RAC3 .EO.  RBC31 GMFP(JRX)=O.OO 
I F (  RAC3 .NE. RBC31 G H F P ( J R X ) = I . O / ( R A C J - R B C J )  

C P E I N T  3 1 3 9 3  RXP (JRX)  r Y S H I F T X  (I) pGMFP,DELIP 
C 3 1 3 9  FORMAT ( 1 0 x 1  *RXP=* ~ F ~ ~ . ~ ~ * Y S H I F T ~ * ~ F ~ ~ ~ ~ ~ ~ G M F = * ~ E ~ ~ ~ ~ ~ * D E L V ~ * I  
C l E 1 4 . 5 )  

A P R E S l  (JRX)=ABS ( C E L V I * G H F l  ( JRX)  1 
APRESE (JRX)=ABS(CELVZ*GflFZ ( J G X )  ) 
P P ~ E S X ( J ~ X ) = A @ S ( C E L V X * G H F X  ( J f iX )  1 
APRESY (JRX)=ABS(CELVY*GMFY ( J R X )  1 
APRESP (JRX )=ABS(CELVP*GMFP ( J F X ) )  T R F X  ( J R X )  

C.... EVALUATE TPE T O T A L  APPAREhT R E S I S T I b I l Y  I k  THE VECTOR E - F I E L C  
C D I R E C T I O N  

RXTL=RXL 
CELVT=E TCT*l i  XT L 

C..... ANGLE O F  T H E  F I E L G  L I N E S  ARE CALCULATED ON THE B A S I S  OF 

C C I P O L E S  . C THE MEASURED E X  P N C  E r  OVER THE LENGTH C F  T ~ E  ORTHOGONAL RECEIVER 

I F  ( E l  oEQe C O O )  BETA=PI'0.50 
I F (  E l  .NE. 0 . G )  BETA=ATANZ(E2,El)  
CELX =RXTL*CO S ( EET A 1 
D E L Y = R X T L * S I N ( @ E T A )  
THET A I =  BETAW57 296 
I F t I N C L I h E  .EQ. 1) GO TO 810 
I F t I N C L I N E  .EQ. 2 )  GO TO 820 
RA03=1 . O/SPRT ( (Act DELX 1 (A CtCELX I +  ( R Y  Y +CEL Y 1 I R Y  I t D E L Y  1 1 
R B D 3 = l .  O/SQRT( ( E C t C E L X ) * ( B C + C E L X ) + ( R Y Y - R V T + G E L Y  ) ' (RYY-RYT*DELY) ) 

GO TO 845 

8 1  0 

820 RAD3 =le 0 /SQRT ( ( A C +  DEL X ( A  C+GCLX )* (RY Y-R YT +OELY 
R B D 3 = l * O / S Q R T (  (eC+CELX)* (BC*GSLX)* (RYY+DELY ) ' (RVI+OELY) 1 

845 GMF= 1.0 / (RAC3-RBC3-RAD3+RBD3 1 
APRE ST ( J R X  )= A e S ( C t i  F *  DE LVT 1 'CliF 

(RYY-R YT tDELY 1 1 

Coo CALCULATE THE D E V I A T I O N  OF THE CUiRENT L I N E S  FRCH THE HOMOGENEOUS 
C HALF SPACE S I T U P T I O N  

HDELVl=RPC3-ReC3-RPEl+R9€1  
HOELVZ=RAC3-RBC3-RAEi?tRBEZ 
I F ( H O E L V 1  a E Q .  G o G )  BETA=PI*Go5J 
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I F ( H O E L V 1  .NE. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.0) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAB E T A = A T A h 2 ( H C E L V Z i ~ t E L V l J  

T H t T A Z = B E T A * 5 7 . 2 4 6  
THETA(JRX1 =THETAZ-THETA1 
N JRX =JR X 

C TOTCON(JEX* ILX)=CONKEL (JRX) 
C T O T R E S ( J R X v I L X ) = R E S K E L ( J R X J  

P R I N T  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9101 ( T I T L F ( I ) ~ l = l ~ 3 ~  
7 0 0  CONTINUE 

91 0 FORM AT ( 1 H l  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAr zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA/ / I *  5 0 X 9 *CASE* 9 1 X  93 A 49 1 / zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA93 5X r *TE ANSM I T T  ING D I P  OLE I S I 
1NCLINED TO THE STRIKE OF THE I N H O M O C E N E I T Y * ~ / J  

P R I N T  9119 TXAIAYAITXBIAYB~RXL 
911 FORMAT ( / / ~ Z ~ X I * C U R R E N T  ELECTRODE P O S I T I < N S  ARE AT X l = * t F l O o  2 9 2 X r  

I * Y l = * r F l O  2 r Z X 9  *AN0 AT XZ= * r F l O .  2 9  2 X * * Y 2 = + r F l 0 * 2  * / *  25x9 *LENGTH CF 
1THE RECEIVER DIPOLES ARE * rFIC.39/) 

P R I N T  912, R Y Y  
912 FORMAT ( / r Z G X * * P O I N T S  OF OBSERVATION ARE S I T U A T E 0  ON A L I N E  SHIFTE 

1 0  ON Y - A X I S  BY * r F 1 2 . 4 9 / )  
P R I N T  1 1 1 0  
P R I N T  9149 ( ( R X P ( J R X ) r G H F X ( J R X J  *APRESX(JRX)rGMFY (JRX)*APRESY (JRXJr  

IGMFP (JRX 1,  APRtSP (JRX)  r RESKEL (JRX Jr CONKEL (JRX)  9 AP REST (JRX J 9 THET A ( JR  
1 x 1  1 r J R X = l r N J R X  ) 

l F B . 2 r 2 X ~ F 8 . 2 r 2 X ~ F 8 . 2 ~ 2 X r F 8 . Z ~ Z X 1 F B . 2 )  
9 1 4  FORMAT ( 7 x 9  F 8 . 2 9 4 X r E 1 0  0 39 2X9FBoZr2X * E l 0  3 r 2 X  rF8.292X * E l 0  e 39 ZX 9 

N R L X = I L X  
600 CONTINUE 

1 5 0 0  CONTINUE 
NJRXX=N J 6 X - 1  

C G O  1 4 4 4  J=29NJRXX 
C 00 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1444 I = l r N R L  
C I F ( A P R E S F ( J )  .NE. 0 .00)  GO TC 1 4 4 4  
C P P R E S P ( J ) =  (APRESF(J- l )+APRESP(J+lJ)  *O  050  

C PUNCH 3 2 5 9  ( T I T L E ( 1 )  9 1 = 1 9 3 J  

C PUNCH 3219 ( R X P t J R X J  9 J R X o l r N J R X )  

C PUNCH 3 2 2 9  ( Y S H I F T X ( 1 L X )  r I L X = l r N R L X J  

C PUNCH 3239  ( ( T C T P E S ( J R X ~ I L X ) r J R X = I , N J R X J ~ I L X = l ~ N f i L X J  

C PUNCH 3249  ( ( T O T C O N ( J R X 9 I L X )  rJRX=l ,NJRX)  I I L X = ~ * N E L X J  

C 1 4 4 4  CONTINUE 

3 2 5  FORMAT (3A5 J 

3 2 1  FORMAT(BFlO.3) 

3 2 2  FORMAT(lQF8.3) 

323 FORHAT(BElE.3)  

3 2 4  FORMAT ( l O F 8  3 1 
100 CONTINUE 

RETUQN 
E NO 
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C 5 Y 4 P L t  I N P U T  D A T A  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACAhOS F O R  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI l l €  MOOtLS S I M U L A T E 0  U S I N G  THE 
C C O L L I N E A R  D I P I I L E  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- O I P U C E  C U N F I L U Y A T I O N  . 
C THE SEUUENCE AN0 H J C M I T  Ub THE INVUT PARAMEIEUS ARE AS I N O I C A T E O  

113 16 5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 8  85 1 1.00 1.00 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4.00 
1 0 0 0 1 0 3 Z J  4 1 1  1 1  1 1  1 1  1 1  1 1  1 

l l l l l l l 1 I l l l l l I l I  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
1 I 1 1 1 1 1 1 4 20  l O O l O O 0  
1 1  1 1  2 2 2 2 2 2 4 4 8 6 4 5 1 2  

0.006 0.050 0.150 0.300 1.250 
1 
2 3  1 23 1 1 

9 13 !7 2 1  2 5  2 9  33 37 41 4 5  49 53  57 6 1  65 69 73 7 7  81 85 89 9 3  97 
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4.00 
4.50 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
5 .oo 
5 -50 
6 . C O  
6.50 

7.50 
8.00 
A. 50 
q.00 
9.50 

7-00 

CASE MODEL A 

TRANSM I T T  ING-01 POLE-I  S- I R C L I N E D  TO THE-JTR IKE CF-.THE I N H O C O G E h ' E  I T Y  

C U R R E N T  ELECTRODE POS I T  IONS .PRE PT X1;. -4 -00 -Y l= - 0.00 AN0 AT X2= -2.co Y2= 
L E N G T H  OF T-iE R E C E I V E R  CIPOLES A R E  e250 

POINTS OF OBSERVATION ARE S I I t A T E D  CN P LIhE S t - I F T E D  CN Y - A X I S  BY 0 .oooo 

GMFX 

-2.390Ft02 
-1.852FtO2 - 1.4JlEtC2 
-1.02RE+02 
-7.272Et01 
-4.9OOE + 0 1 
-3.092Et01 
-1.776Ft01 
-8.774EtC.O 
-2.531EtOt 
-3.792E t 01 
-5.57 1EtO 1 
-7 -925 E * O l  
-1 092E+02 
-1.404E+C2 
r1.915Et02 
-2.452Et02 

-3 -8  16 E t o 2  
-4.657E+02 
- 5.61  5E t o 2  

- 7.90SEt 02 
-9.261EtC2 
-1 -0  76 Et03 - 1.24 lEtC3 
-1-422E+C3 
-1.62OFt03 
-1.836EtQ3 
- 2  .O 70E+C3 

-3.083E t C 2  

-6 -696Et02 

APRFSt  X I  

106.58 
105.70 

103.96 
103.14 
102.41 
101.93 
101.82 
1C2.30 
82.28 
68-10 
56.27 
5 1-09 
5 1.79 
14.75 
58.23 
61.59 
64.65 

- 67.35 
69.73 
71.15 
73.53 
7 5 - 0 8  

77.64 
78.71 
79.67 
80.55 
er.4a 
8 2.21 

1C4- 82 

76.44 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

GMF t 

1.43 BE t c3 
1.146Et03 
8.95ZEt02 
6.814E tC2 
5.0i lE102 
3.543E to2 
2.351E t 0 2  
1.420E t o2  
7.28OE t o 1  
2.353i t o 1  

8.277E + 0 1  
1.351E tC2 
2.067€+02 
3.006EtC2 . 

5.675E to2 - 
7.465E t o 2  
9.6OOE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi o 2  
1.21 1 E  t03 
1.502E i c 3  
1.837E +03 

2 . 2 1  8LiO3 

.+.6b5Ei01 - 

~ . L ~ ~ E + o z  

2.649E t 0 3  
3.132E t03 
3.6 7 1  E + 03 

4.927E io3  
5.650E t 03  

4.26oL: +03 

6.4i lE t 0 3  

APRES(Y 1 

83.34 
84.41 
8 5  -57 
86.88 
8 8 . 4 2  
90.34 
-92.85 
9 6 . 2 5  

100.39 
70.97 
64.53 
56.51 
53.36 
53.41 

- 54.8'; 
50.75 
58.72 
60.59 
C2.3C 
63.84 
65.19 
66.37 
67-41 
68.30 
69.06 
6 9  -7 1 
70.25 
70.68 
71.02 
71-27 

GMFP PPRES P 

2.C14E+01 105.10 
1.707€+01 105.29 

1.168EtOl 105.19 
9.361€+00 1C4,90 

5.462Et00 103.91 

2.551EtOO 102.83 
-3 .718E+00 66.33 
-5-C71E+00 61 -68 
-6.704Et00 60.56 
- E . t C 4 E + O O  62.24 
-1.076€+01 65.05 
-1.318E+OL 67 -88 
-1.5@5E+Cl 70.38 
-1 .B78E+O 1 72.48 
-2 -195E '01 74.19 
-2.538€+01 75.58 
-2 -906 E+01 76 -69 
-3.299EtOl 77.57 
-3.717Et01 78.25 
-4*161E+Ol - -78.77 
-4.62 5E+O 1 79.15 
-5.122E+01 . . 79-40 
-5-641€+01 79.56 
-t . l84E+Cl - I 79.62 - 
-6.753€+01 79.59 
-7.346EtOL- 79.4? _ _  
-7.965Et01 79.31 

1.425EtOJ 105 -32 

7 . 2 a a ~ + o o  104.46 

3.884€+00 1C3.31 

_ _  

RESKEL 

106.03 

104.40 
103.61 
102- 86 
102.20 
101  -76 
101.73 
102.27 
79.49 
66.70 
56 -35 
51.68 
52.15 
54.77 
57.57 
61.15 
64.07 
bS. 68 
60.97 
70.98 
72.72 
74.25 
75.59 
76.78 
77 .83 
78.78 
79.65 
80.46 

155.21 

81 -25 

CONK EL 

-03 
03 

.c3 

.02 
.02 
.02 
-02 
. O l  
.01 
.02 - 03 
-04 
-04 
.05 
-05 

05 
-06 
.06 

. Ch 
- .- -06 . 07 
- - - .07  

-07 
-.07 - 

07 
-08 - 
.08 
-08 
-09 

C 6  -. .  

APREST 

119.84 
120-19 
120.82 
121.81 
123.37 
125.82 
li9.83 
136.81 
1 4 s .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA$ 3  
63.73 
53.76 
46.25 
43.22 

47.15 
50.56 
53.91 
57.02 
59.82 
62.32 
64.53 
66 -49 
68.23 
69.77 
71.15 
72.39 
73.51 
74.55 
.75.53 
76.46 

44.31 

1 .oo 

THETA 

-2 .c3 
-1.83 
-1.t1 
-1.35 
-1.16 

-.si 
- . 6 b  
-.39 
-.13 

-1.91 
-1.50 

- 1 1  
1.1c 

.73 . c 4  
-.55 
-.$8 

- 1 . 2 E  
-1 -49 
-1.61 
-1.74 

-1.87 
-1.52 
-1.97 
-2. C l  
-2.C6 
-2.11 
-2.17 
-2125 

-1 .a 1 



ces .PT. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-9.50 
-9.00 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-€.50 
-9.C3 
-7.50 
-7 .oo 
-6.50 
-6.00 
-5 -50 

-* 50 
0.03 
.50 

1.50 
2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-00 
2.50 
3.00 
3.50 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
4 .  co 
4.50 
5.00 
5.50 
b.00 
6.50 
7.CO 
7.50 
8-00 - 
8:50 
9 .oo 
5.50 

1. no 

CASE MCCEL P 

TAAXSMITTIIJC -DIPOLE-IS INCLINED zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBATO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBATHE-STRIKE CF THE.INHCCCGENEITY- 

CURRENT ELECTRODE POSIT IChS PRE 4T 
LENGTH OF M E  RECEIVER OIPOLES A R E  

PCINTS CE O8SERWT10?1 kkE-SI-TUATED--ON A 

GMFX APRESI X) G K f  Y APRES 

-4.00 Yl= 4.00 AND A T  X2- -2.cc Y2- x 1s 
e250 

L I h E  SHIFTEO OR-Y-AXIS 8 Y  

Y )  GMF P 

-3 .770Et02 
-3.119Et02 
-2.557EtC2 
-2.107EtCZ 
-1 .738f t02  - 1.462E t C 2  
-1.294Et02 - 1.314Et02 
- 2 . 1 5 8 F t 0 2  
-2 .184EtCl  
.- 2 - 2 9  3F t 0 1 
-4  .E53 E t 0 1  
- 6 . 5 2 3 E t O l  
- S  .57 2F t o  1 
-1 - 2 8 7 E t 0 2  
- l .S89E+C2 
-2.17CFtC2 
-2.73REtS2 
-3.401Et02 
-4 .164Ft02 
-5.037Ft02 
-6.027FtO2 
-7.14c E t 3 2  
- e .  385FtCZ 
- 9 . 7 6 9 F t 0 2  
-1 -1 3 0  E zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi o 3  

- 1.483EtC3 
-1.684€+03. - 1.903Et03 

-1.29AEt03 

112.30 
1 1 1 . b 3  
l l C . 9 3  
110.27 
1ov.ci 
109.14 
109. LO 
110.97 
l i 6 . 2 9  

81.89 
6 7 - 4 1  
55.68 
50.78 

54.60 
58.02 
6 1.30 
6 4 - 2 7  
66.90 
69.19 
71.19 
72.93 
74.46 
75.80 
76.99 
78.J5 
79.02 
79.9 1 

81.56 

5 1 - 0 2  

80.75 

5.139E t o 2  
3 -9 h 5 E t 0 2  
3.004E i C2 
2.233E i 0 2  

1.163E t o 2  
0.187E 4 C l  

5.729€*01 
4.074E tCL 

-2.872E 101 
-5.7 LCE +01 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-1 .074E i C 2  

-3 .266Et02 
- 5.38tE 1 0 2  

-1.36% tC3 
- 2.13'1 i t 03 
-3.343E i 0 3  
-5 .273Et03 
-8.530E 403 
-1.45+€ t 0 4  
- 2 . l t 7 i t C 4  
-7,122E t o 4  

1.116EtC6 
9.157E t 0 4  

1.628E i o 2  

-1-914C i 0 2  

- a . & 5 9 ~ t o z  

5 .699Ei04  
4 . 5 8 6 ~  t c 4  

3.d70E 404 
k.098€+04 

97.11 
97.55 
97.86 
98 .01  
97.96 
97.65 
9 6  - 9 7  
95.79 
9 4 ~ 0 8  
75.26 
64.05 
54.98 
49.35 
46.47 
44.95 
4 3  .8e4 
.42..73 
41.12 

34.61 
28 - 4 5  
17 10 
- 6.92 
84;38 

1$91.71 
197.42 
135.04 
113.47 
.102,60 

96.05 

.3a.67 

2. C03E+Cl 
2.259EtOI 
1 .460EtOl  
1. 6OSEtO1 
1 .445Et01 
1 .23LEt01 
1. C48Et 0 1 
9.00REt00 
7 . 5 a z ~ t o o  

- 3 . 2 6 l E t 0 0  
-4.472Et00 
-5. S4LEtCO 
-1 . t61Et00 
-5.629Et00 
-1 .185Et01 
-1 .431Et01 
-1.702EtOL 
-1.S9EEtOl 
-2 .319Et01 
-2 .664Et01 
-3.034FtOL 
-3 .430Et01 
-3.E5CEt01 
-4.295Et.01 
-4.764 E t 0 1  
-5.25SEt01 
-5.779Et01 
-6.324 E + O l  
.-.t. E93Et.01 
- 7 . 4 a e ~ t o  L 

APRESP 

108.45 
108.91 
109.24 
109.45 
109.55 
109.54 
1C9.47 
109.45 
109 .R2 

t 5 . 8 5  
6 1  -10 
59.99 
6 1  - 6 9  
6 4 - 5 1  
67.33 
69.81 
71.90 
73.61 
75.01 
76.14 

-77.03 
77.74 
78.28 

78 -97  
79.14 
79.23 
79.23 
79.15 
78.99 

78.68 

2 .oooo 

R E S K E L  

107.23 
106.45 
105.61 
104.67 
103.58 

100.55 

9 5  -37  
79.52 
66 - 5 9  
55.56 

51.23 
54.12 
57.56 
60.91 
63.57 
66.67 
69 -03 
71.09 
72.87 
?4.43 
75.80 
77 .0 1 
78.08 
79.06 
79.95 
BO. 7 9  
81.60 

1 0 2  e26 

$8.37 

50.58 

CONKEL 

- 0 4  

-03 
.03 . c 3  
- 0 3  
.03 
.02 
.02 . c 2  
* 0 2  
e 0 3  
.04 
r O  5 
t 05 
.I cs 
e 0 5  
.05 
- 0 5  
.06 
.06 
e 0 6  
.06 
.I 0 7  
e 0 7  
-07 . 0 7  
* 0 8  

. G 8  

0 3  

. oa 

PPREST 

118.00 
117.49 
116.81 

115.86 
114.44 
112.25 

102.97 
9 7 - 5 6  
62.70 
54.26 
46.33 
42. S O  
44 .c4 
47.09 
50.61 
54.05 
57.22 
60.06 
62.57 
64.79 
66.75 
68.49 
7C. 03 
71.41 
72.65 
73.78 
74.83 
7 5  - 8 2  
16.77 

ioa .90  

1 .oo 

TI-ETA 

-3 .e7 
-3 - 6 8  
- 3 . E C  
-3.35 
-3.23 
- 3 . 1 4  
-3.12 
-3.24 
-3 .51  

2.30 
.1.25 

- 2 7  
.5c 

1 . 5 5  
2 - 3 1  
2.64 
2.7C 
2.61 
2.44 
2.24 
2 -03 
1. € 2  

-358.39 

1.25 
1.08 

- 9 2  
- 7 8  
-64. 
- 5 0  

-35a.5e 



C A S E  HODEL A 

T 3 A X S M i T T I N G  O I P O L E  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIS IhCLINED TO T H E  S T R I K E  CF THE INHCMOGENEITY 

-2.00 Y 2 =  1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.oo zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC U R R E N T  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAELECTRODE POSIT I C K S - C R E  AT X 1 =  on yl= zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.00 AND A T  X2= 
LENGTH OF T I E  R E C E I V E R  C I P O L E S  ARE .250 

F C I N T S  CF OPSERVAT I U  ARE- SI TUAIEO-Ck A - L I  hE- SHIFTED -ON -Y-AX IS 8Y.- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-b.OOOO 

ces .PT. GH FX C P R B ( X  1 GMF 'Y APRE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAS t  Y )  GMFP RESKEL COSKEL APRFST TI-ETA APRESP 

9.50 
-9.00 
-8.50 
-3.co 
-3.50 
-7 .oo 
-6.50 
-s.oo 
-5.50 -. 50 

.50 
1 - 0 0  
1.53 
2.00 
2.50 
3 .oo 
3.50 
4.00 
4 -50 
5.00 
5.50 

.t .oo 
6.50 
7.00 
7 -50  
8-00 
8 -50 
9.00 
S.50 

n.co 

-1.224€+03 
- 1.22 3E+ c3 
-1.261Et03 
-1.3L3F+03 
- 1.5f25E+03 
-2.0$9€+03 
-3.780F+03 

2.OSRE+C5 
3.003 E t  C3 

7 , 6 C 8 € + 0 2  

1.145E+C3 
1.47 5F +C3 
l.Q73E+03 

4.132Et03 

1 .O R O  E t C  5 

6.51LEtC2 

9.183EtOZ 

2.764€+03 

6.885F+03 
1.456EtC4 

-2 .752 E+ C4 
- 1.437€+ C4 
-1*064E*04 
-9.OC6 E t 03 
-8.171€+03 
-7.733 E +03 
-1.525E+C3 
-7.468FtC3 

. -7.517Et03 
-l.C47E+C3 

-. _ _  

106.60 
1C6.13 
105.54 
104.71 
1'23.13 
99.14 
83.87 

2348.63 
108.76 
71.9.r 
61-55 
5 1.97 
42.74 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
33.84  
23.05 

8.04 
15.56 
59.96 

170.42 
1587.58 
452.72 
547.18 
187.64 
159.ii) 
142.  sa 
132.31 
124.88 
119.46 
115.39 
112.29 

-d.432Ei02 
-7.2 5 O E  +02 
- 6.27ik + C Z  
-5. +6 7 E 102 
-4.82 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3.5 to2  - 4.3 1 1 E  +02  
-3  -928 E + O Z  
-3.bcLEt02 
-3.513t t c 2  

2.931Et03 
1.688E +03 
1 . 3 4 E t 0 3  

. l . l r 4 E t 0 3  
1.ooo i  +c3  
1-0s9Et03 
1.093E t03 
1.145E +C3 
1.219E 103 
1.3 1 b€ +03 
1.433E iC3 
1-57iIEt03 
1.75OE+03 
1.91iL + 0 3  
2.1 IOE i o 3  
2.34SE+C3 
2. bObE tC3 
2.631E t03 
3. Z O b E  +c3  
3 . 5 5 2 ~  t c 3  
3 . 9 3 1 E  t03 

_ _  

106.30 
106.35 
106.39 
106.43 
106 -46 
106.44 
106.25 
105.62 
104.48 
194 -50 
134.43 
111.84 
99 -60 
5 2 . 2 9  
87-55 
84.28 
81.92 
80-16 

78.84 
77.82 
77.02 
76.40 
75.90 
75.49 
75.14 
74.85 

. 74-58 
74.32 

. 74.07 
73.80 

3 . 9 3 S € + O  1 
3.70 1EtO 1 
3.49 1E+01 
3.3 1 C F *  0 1 
3.161E+01 
3.  C47€+01 
2. %5E+O 1 
2.934 E t o 1  
2.54SEt01 
2.33fEt 02 
7.608E+02 

-8.32 5E+02 
-3.059€+02 
-2.034€+02 - 1.617E+ 02 - 1.404 E +O 2 
-1.285€+02 
- l . i 1 7 € + 0 2  
- - l . l D l E + O 2  
- 1 . 1 C 7 E + C 2  
-1- 168Et02 
-1.1 0CE+O2 
- 1.202E+ 02 
-1.23 1 E + O Z  
-1.266€+02 
-1.3C7F+02 
-1.354€+02 
-1.4 04E+ 0 2 - 1-45SE+02 
-1.518€+02 

49.60 
100.02 
100.36 
1co. 61 

- 130.78 
100.84 
1CO.  75 
100.41 
49.59 
87.34 

440 -24 
605.94 
254.06 
1 8 2  .59 
151.53 

123.17. 
115.44 
109.74 
105.37 
101.91 
99.09 
SO -74 
94 .74 
93 .oo 
91.47 
90.10 
88 -86 
27-70 
86.62 

134.28 

- ._ 

106.40 
106.29 
106.22 
106.19 
lOh.18 
106.16 
106. C4 
105.71 
105.99 

81.92 
78.74 
77.16 
76.6 5 
77.10 
77.76 
78.43 

.. 79.05 
79.63 
80.14 
8 5 . t  1 
81. c3  

81-74 
82.04 
82.11 
82.56 
82.7R 
82 -97  
83- 16. 
83.33 

81.40 

.04 

.04 

.04 
-04 
.04 
-04 
.04 
-04 
-04 
.09 
-,oo 
.LO 
.10 .. 10 
-.IO 
.10 

-.LO 
.10 
.10 
0 10 
.10 
.10 
- 1 1  
.11 
.ll 
-11 
. l l  
-1 1 
112 
.12 

112.57 
112.91 
113.29 
114.05 
114.87 
115.79 
110.70 
117.40 
118.92 

83.37 
81.06 
80.63 

81.91 
82.62 

83.39 
83.51 
83.53 
83.48 
63-40 

83.21 
83.13 
83.35 
82.98 
82.F3 
8 2.90 
62.89 
82.90 

e i .08  

8 3 . 1 1  

e3.31 

-08 -. c c  
-1 18 
-.32 
-1 sc -. 78  

-1.24 
- 2 .  l e  
,c J.13 

-18.46 
- 2 c . 2 s  
-21.43 
-2 1.77 
-21.  18 
-20.33 
-14.42 
-12.5c 
-17.59 
-16.72 
-15.85 
-15.13 
-14.42 

- -13.77 
-13.17 - 12.64 
- 1 2 -  16 
-11.74 
-11.37 
-11.07 
-10.83 
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43.96 
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47.01 
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LEhGTb OF TrlE AECEIVEk  C I P O L E S  A R E  . 25c  

FCIhTS CF C P S E P V A T I O N  UhE S I I U k T E C  Oh! A L I N E  SHIFTED Ghi Y - A X I S  B Y  3.cccc 

CHFX 

-2.45CEtC2 
- 1 . S 5 5 E t 0 2  
-1.538Ft02 
-1.191E+02 - F .093F +01 
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52.26 

- 50.75 
48.84 
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-1.241 E+03  
-1- 3S8E +03 
-1.570EtC3 
-1- 7 5  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI € +  03- - 1.961E+C3 

417.41 
83.09 
69.27 
64.44 
t1.35 
59.13 

57.48 
50.39 
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