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Introduction

This report describes program SPDIKE, which is used to compute self- 

potential (SP) anomalies produced by a thermoelectrical source in the vicinity 

of a vertical dike. The theory of the calculations 1s described in a separate 

paper (Fitterman, 1982). The SP anomaly on the surface of the half-space can 

be computed along a specified traverse or on a rectangular grid. In addition 

to printable output, the user can request the output be written into files 

suitable for plotting or contouring. The model geometry is shown in Figure 

1. The model consists of a dike (region 2) of width w surrounded by two 

quarter-spaces (regions 1 and 3). Each region has a conductivity a^ and a 

thermoelectric coefficient C-j. The source voltages are created by the 

elevated temperature along the interfaces between the adjacent regions. For 

simplicity, the temperature is assumed to be constant within a rectangular 

region on each interface. These regions are buried at a depth d^, have a 

vertical extent t^, and a strike length of 1-j. The temperature along the 

planes y=w/2 and y=-w/2 outside of the source regions, and on the surface z=o 

are assumed to be zero. The program could be easily modified to allow the 

temperature inside each source region to vary. This feature has not been 

implemented. The source intensities are given by Sj = (fy'^l^l* an(* 

$2 = (£3-^2)^2 respectively.

The coordinate system is centered on the dike with the strike direction 

parallel the x-axis. The center of source 1 is on the y-axis, while the 

center of source 2 is located at x-offset. Notice that the coordinate system 

is right handed, and that the positive z-axis points downward.



Site Dependent Modifications

This program has been run on several computer systems including Honeywell 

MULTICS, IBM 370/165 DOS, and VAX/VMS 11/780. The version presented here is 

intended for the VAX/VMS system. All site-dependent modifications are noted 

by comments outlined with pound signs (#). If site dependent statements 

replace statements which should run on most other systems, the replaced 

statements have been made into comments to make reconversion easy.

VAX-11 FORTRAN does not presently support NAMELIST input. 'This input 

mode must be simulated by other calls (NAM$LIST, NAM$COM, NAM$READ). To allow 

optimization of the compilation the dummy labelled COMMON called "VAX" had to 

be included.

In function subprograms 61, G2, and G3 the parameter BI6 must be set to 

largest allowable argument for the exponential function. For proper execution 

subroutine HANKEL (Anderson, 1982) requires that the results of underflows are 

set to zero. This is automatically done on the VAX/VMS system.

Logical unit assignments are set in lines 860 and 870 of the main 

program. Input data are read on LUIN and output results are written on 

LUOUT. Program created error messages are written to LUOUT and LULOG. Output 

for plotting goes to LUPLT. The first plot output is written to the initial 

value of LUPLT plus one. For example, if LUSTD is set to 10 in the DATA 

statement on line 870, the first plotter output file will be written on 

logical unit 11. Each data set which produces plotter output increments the 

value of LUPLT before writing the output.

The user must assign the input file to LUIN external to the program. 

More will be said about this later when VAX operating information is 

discussed.



The user may have to modify two subroutines OUTPLOT and OUTSTD, which 

write output for plotting traverses and contouring gridded data 

respectively. The version of OUTSTD furnished produces data in a USGS 

Standard Format suitable for contouring with the Evenden CONTOUR program 

(Evenden, 1975).

Other Necessary Subroutines

Three subroutines written by W. Anderson are used by this program 

(Anderson, 1971, Anderson, 1982):

SPLIN1 _ computes spline interpolation coefficients 

SPOINT - interpolates a single point using coefficients

computed by SPLIN1 

HANKEL - computes Hankel transform

They are included without further explanation. For more information the user 

should see the above cited references.

Input Parameters

The input data are read from a file containing title information and 

model parameters. An unlimited number of input data sets can be contained in 

an input file. The problem title is input using a formatted read, while the 

model parameters are input using NAMELIST. Use of NAMELIST allows inputting 

only parameters which have been changed from the previous model.

Below is a description of the input file read from logical unit LUIN. If 

allowable ranges exist on the parameters, or default values exist, they are 

specified.



1. TITLE

2. $INPUT

TOL 

ORDER

WIDTH 

OFFSET

SIGMA1

SIGMA2

SIGMA3

Cl

C2

C3

Fl

F2

- 80 character data title.

- parameter NAMELIST sequence containing some or all of 

f ol 1 owi ng:

- Hankel transform tolerance. Should be 3 orders of 
magnitude smaller them desired relative accuracy. 
Range: >_ 0 Default: l.E-7

- Gaussian integration order. Computational effort 
increases as the square of this number. User should 
experiment to determine value needed for desired 
accuracy. 
Range: 1-20 Default: 5

dike width 
Range: >0 Default: 1.0

relative offset along strike of the center of Source 2 
with respect to the center of Source 1. Source 1 is 
centered on the y-axis (x=0) 
Range: all Default: 0.0

medium 1 conductivity in S/m
Range: >0 Default: 1.0

medium 2 conductivity in S/m
Range: >0 Default: 1.0

medium 3 conductivity in S/m
Range: >0 Default: 1.0

medium 1 thermoelectric coefficient in mV/°C 
Range: all Default: 1.0

medium 2 thermoelectric coefficient in mV/°/C 
Range: all Default: 1.0

medium 3 thermoelectric coefficient in mV/°C 
Range: all Default: 1.0 
^LB. There must be a non-zero difference 
between any two thermoelectric coefficients.

source 1 temperature in °C for contact between
regions 1 and 2.
Range: all Default: 1000

source 2 temperature in °C for contact between 
regions 2 and 3.
Range: all Default: 1000 
_NJS. Both source temperatures cannot be zero.



Dl - depth to top of source 1
Range: >0 Default: 1.0

Tl - vertical extent of source 1
Range: >0 Default: 1.0

LI - strike length of source 1
Range: >0 * Default: 1.0

D2 - depth to top of source 2
Range: >0 Default: 1.0

T2 - vertical extent of source 2
Range: >0 Default: 1.0

L2 - strike length of source 2
Range: >0 Default: 1.0

XI - strike coordinate for first traverse point or lower 
left corner for grid computation 
Range: any Default: 0.0

Yl - perpendicular coordinate for first traverse point or 
lower left corner for grid computation 
Range: any Default: -2.5

X2 - strike coordinate for last traverse point or upper right
corner for grid computation
Range: any Default: 0.0

Y2 - perpendicular coordinate for last traverse point or upper 
right corner for grid computation 
Range: any Default: 2.5

DX - spacing between grid points in x-direction 
Range: >0 for ICTYP=3 or 4 Default: 0.0

DY - spacing between grid points in y-direction
Range: >0 for ICTYP=3 or 4 Default: 0.0

DR - spacing between traverse points
Range: >0 for ICTYP=1 or 2 Default: 0.25

ICTYP - computation type:
1=traverse computation 
2=traverse plus plottable output file 
3=grid computation
4-grid computation plus contourable output file 

Range: 1-4 Default: 1



ISTOP - current data set action flag:
0=process current data set and continue 
l=process current data set and stop 
2=skip current data set and continue 

Range: 0-2 Default: 1 
N. B. ISTOP=2 will change any NAMELIST parameters 
"whfch were read. 

All NAMELIST input must begin in column 2.. The first and last characters must

be a $ or &. An example of an allowable input data set is given below.

Column 1

1st linefl EXAMPLE INPUT DATA SET
2nd linell $ INPUT WIDTHS.0, SIGMA2=10.0,
3rd linell DR=0.1, ISTOP=1 $

Figure 1 contains a print out of another input data set.

Since the calculations are scale invariant, any system of distance units 

can be used as long as all distances are in the same units. The solutions 

depend only on the ratios of conductivities, and not the absolute conductivity 

values. Thus keeping the ratios SIGMA1/SIGMA2 and SIGMA2/SIGMA3 constant will 

not change the solution even if the individual conductivities are varied.

Multiple data sets can be included in one input file. Each data set 

begins with a title line followed by the NAMELIST data. Parameter ISTOP 

should be equal to 0 or 2 if processing of subseqent data sets is to occur. 

Remember that if ISTOP=2, the calculations for the current data set will not 

be performed, but any NAMELIST input variables will be read and modified. The 

subsequent data set will use the previous values for the parameters in the 

NAMELIST unless new values are read in.

Error Messages

Error messages can be generated during execution of the program. This is 

usually the result of an input parameter being out of allowable bounds. A 

summary error message will be written to LULOG   usually the interactive 

terminal ~ and in some cases a detailed message will appear in the output



file (LUOUT). The following list contains the possible error messages and an 

explanation.

3. TRAVERSE LENGTH

4. GRID X SIZE

5. GRID Y SIZE

6. HANKEL TRANSFORM

1. INPUT PARAMETER - some input parameter is not within the
allowable range.

2. HANKEL TRANSFORM TABLE - The Hankel transform table will exceed the
allocated storage space (100) the size of 
arrays RWORK2 and RWORK2 must be increased, 
or the ratio of the maximum to minimum 
distance between the observation points and 
the source regions must be made smaller.

- the number of points in the traverse exceeds 
NMAX(120), OR must be reduced, or the size 
of arrays X, Y, and POT increased.

- the number of points in the x-direction of 
the grid exceeds NMAX, DX must be reduced, 
or the size of arrays X and POT increased.

- the number of points in the y-direction of
the grid exceeds NMAX, DY must be reduced,
or the size of arrays Y and POT increased.

- an error occurred during a call to routine 
HANKEL. This message can be generated for 
traverse or grid calculation. Consult 
Anderson (1982) for explanation of problem.

All errors result in termination of the current data set computations.

Output Description

Sample input and output files are shown in Figures 2 and 3 respectively 

for a traverse calculation. The title appears at the top followed by the 

model description. The last part of the output contains the distance between 

observation points OR, the observation point location and computed potentials.

When calculations are made on a grid, there is an output sheet for each 

value of X. Figure 4 contains an input data set for such a case. This 

example produces the three pages of output shown in Figure 5.

VAX/VMS Operating Instructions

Use of program SPDIKE on the VAX/VMS system is relatively easy. First the

user creates a file which contains the input data. The input file is assigned



to logical unit LUIN, which is set to 9 in the present version. The output is 

written to a file called FOR010.DAT. Changing the values of LUOUT will modify 

this. If plottable output is requested (ICTYP=2 or 4), files named 

FOR011.DAT, FOR012.DAT, etc. will be created one for each input data set. 

Listed below are the commands which will perform the execution of SPDIKE

$ASSIGN input_file FOR009

$RUN DRA2:[FITTERMAN]SPOIKE

$DEASSIGN FOR009

SRENAME FOROIO output_fiie

The following commands might be used if plottable output is requested.

SRENAME FOROU piotting_fiiej.

$RENAME FOR012 plotting_file_2
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EXAMPLE OF TRAVERSE CALCULATION 
SiNPUT *IDTH=2.0, aFFSET=0.5, 
SIGMA1=1.0, 51GMA2=2.0, SIG*A3=5.0, 

  01=2.0, 02=0.0, C3=2.0, Fl=300., F2=25U., 
Dl=0.5, Tl=1.0, Ll=1.5, D2=0.25, T2=1.5, L2=2.5, 
Xl=-2.0, Yl=-2.0, X2=2.0, Y2=2.0, DH=0.2, 
ICTYP=1, ISXOP=1 $

Figure 2 Example of input data for traverse calculation,

11



EXAMPLE UF TRAVERSE CALCULATION

OFFSET= 0.500 WIOTHs 2. 000 rOL = 0 . 1 OOOfi-06 URDLR= 5

REGIONS
SIGMA = 1
C

OR

= 2

= 0.200
X

-2.00
-1.86
-1.72
-1.58
-1.43
-1.29
-1.15
-1.01
-0.87
-0.73
-0.59
-0.44
-0.30
-0.16
-0.02
0.12
0.26
0.40
0.55
0.69
0.83
0.97
1.11
1.25
1.39
1.54
1.68
1.82
1.96

1
.0000
.0000

Y= -1

i
-2.00
-1.86
-1.72
-1.58
-1.43
-1.29
-1.15
-1.01
-0.87
-0.73
-0.59
-0.44
-0.30
-0.16
-0.02
0.12
0.26
0.40
0.55
0.69
0.83
0.97
1.11
1.25
1.39
1.54
1.68
1.82
1.96

1 1 t
1 L I
i 1
SI 2 S2 3
SI 2.0000 52 5.0000
SI 0.0000 S2 2,0000
i I
.0000 1.0000

POT
-9,4693

-10.7892
-12.6196
-15.2905
-19.3826
-25.9182
-36.6048
-53.7725
-68.95b6
-86.1304

-103.0787
-118.1774
-131.4402
-143.4252
-154.4768
-164.4093
-172,5696
-178.1U18
-177.7334
-157.7049
-104.8974
-30.5247
18.8942
38.7396
40.7563
36.8966
31.3037
25.9937
21.5532

D =
T =
L =
Fs
S =

SOURCK 1
0.5000
1.0000
1.5000

300.0000
-600.0000

SOURCE 2
0.2500
1,5000
2.5000

250.0000
500.0UOO

Figure 3 Output from example traverse calculation



EXAMPLE OF GRID CALCULATION 
$INPUT W1DTH = 2.5, OFFSET = -0,75 , 
SIGMA1=3.0, SIGftA2=lQ.O, SIGMA3=1.0

01=0.25, Tl=0.7b, Ll=1.25, D2=0.4, T2=1.25 f L2=l.b,
Xl=-2.0, Yl=-2.0, X2=2.0, Y2=2.0, DX=2.0, DY=0.2,
ICTYP=3, ISTOP=1 $

Figure 4 Example input for grid calculation

13



EXAMPLE OF GRID CALCULATION

QFFSET= -0.750 WIDTH= 2.500 TOL=U.1OOOE-06 ORDERS 5

REGION=
SIGMA =
c =

1
3.0000
1.0000

1 
1
I
51
SI
SI

1
z

2
10.0000
0.0000

1 
i
1
52
S2
S2

3
1.0000
1.5000

D =
T =
L =
F =
S =

SOURCK 1
0.2500
0. 7500
1.2500

150.0000
-150.0000

SOURCt 2
0.4000
1.2bOO
1 .6000

200.0000
300.0UOU

Y= -1.2500

200-2.00
Y

2.00
1.80
1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00
0.20
0.40
0.60
0.80
1.00
1.20
1.40
1.60
1.80

DY= 0
POT

0.2534
-0.4398
-1.3226
-2.3617
-3.2909
-3.6441
-3.9915
-4.3147
-4.6025
-4.8477
-5.0397
-5.1569
-5.1580
-4.9743
-4.5105
-3.6800
-2.5138
7.1159
17.1979
23.4855

1.2500

2.00 26.4688

Figure 5a Output from example grid calculation (page 1)

14



EXAMPLE OF GRID CALCULATION

QFFSET= -0.750 WIDTH= 2.500 TOL=0.1000E-06 ORDER= 5

REGION=
SIGMA =
C =

X= 0.
Y

-2.00
-1.80
-1.60
-1 .40
-1.20
-1.00
-0.80
-0.60
-0.40
-0.20
0.00
0.20
0.40
0.60
0.80
1.00
1.20
1.40
1.60
1.80
2.00

1 1 1
! Z 1
I !

1 SI 2 S2 3
3.0000 SI 10.0000 S2 1.0000
1.0000 SI 0.0000 52 1.5000

1 1
Y= -1.2500 1.2500

00 DY= 0.200
PUT

21.8875
26.6577
28.9136
19.3628
-6.4424

-12,9024
-13.5662
-12.5123
-11.3237
-10.4046
-9.7984
-9.4416
-9.2242
-8.9764
-8.4049
-7.0054
-4.3291
19.1888
38.3349
4b,2896
45.6068

Figure 5b Output from example grid calculation (page 2)
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EXAMPLE OF GRIP CALCULATION

OFFSETS -0.750 wIDTHs 2.500 TUL=0.1OOOK-06 QHOER= 5

REGION=
SIGMA =
C =

1
3.0000
1.0000

I 
1
1
Si
SI
SI

1 
z

2
10.0000
0.0000

i 
1
1
S2
S2
S2

3
1,0000
1.5000

x=

D =
T  
L =
Fs
S =

SOURCE 1
0.2500
0.7500
1.2500

150.0000
-150.0000

souRce: 2
0.4000
1.2500
1 ,bOOO

200.0000
300.0000

-1.2500

2.00
Y

2.00
1.80
1.60
1.40
1.20
1.00
0.80
0.60
0.40
0,20
0.00
0.20
0.40
0.60
0.80
1.00
1.20
1.40
1.60
1.80
2.00

DY= 0.200
POT
1.0116
0.4385

-0.3030
-1.1766
-1.9475
-2.2174
-2.4506
-2.6296
-2.7472
-2.8040
-2.8057
-2.7598
-2.6741
-2.5561
-2.4135
-2.2545
-2.0877
-0.7976
0.8063
2.2774
3.5634

1.2500

Figure 5c Output from example grid calculation (page 3)
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Program SPDIKE 
VAX Documentation

page 17

Source Listing 

fne attached subprograms are listed in tne following order:

OuQOuUlO 
QOOQ29SO 
00004050 
00004280 
00004540 
00004830 
00005280 
00005760 
00006200 
0000bt>60 
00007150 
00007720 
00008230 
OOOOd6bO 
00009030 
00009500 
00009840 
00010060

[MAIN PROGRAM]
SUBROUTINE CHECK
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
COMPLEX
COMPLEX

BUILD
GSPACE
TSPACE
TRAVERSE
GRID
GTA6LE
INTEGRATE 

FUNCTION Gl 
FUNCTION G2

OOU10B30 
00012030 
00012250

COMPLEX FUNCTION G3 
SUBROUTINE OUTRAV 
SUBROUTINE OUTPLOT 
SUBROUTINE OUTGR1D 
SUBROUTINE HEADER 
SUBROUTINE OUTSTD 
SUBROUTINE GAUSS 
SUBROUTINE LEGENDRE 
SUBROUTINE SPLINl 
SUBROUTINE SPOINT 
SUBROUTINE HANKEL

PROGRAM SPDIKE

A PROGRAM TO COMPUIfe, THE SELF-POTENTIAL (SP) ANOMALY 
PRODUCED BY A CROSS COUPLING SOURCE IN THE VIClMlTJf OF 
AN OUTCROPPING VERTICAL DIKE, THE SOURCE IS CONSIDERED 
TO BE CONSTANT OVER A RECTANGULAR PATCH LOCATED UN 
BOTH MATERIAL BOUNDARIES.

WRITTEN BY D. V. FITTERMAN, U.S.G.S., FEBRUARY 1980 
MODIFIED 20 APRIL 1982

PARAMETER FILE
1. TITLE
2. $ INPUT

IOL

ORDER

E-7

OFFSET

SIGMA2 
SIGMA3

INPUT SEQUENCE (LUIN)
- DATA SET TITLE (BO CHARACTERS)
- INPUT PARAMETER NAMELIST CONTAINING:
- HANKEL TRANSFORM TOLtRANCE, DEFAULT=1 

SHOULD BE SET 3 ORDERS OF MAGNITUDE 
DESIRED RELATIVE ACCURACY.

- GAUSSIAN INTEGRATION ORDER (1-20) DEFAULT=5
- DIKE WIDTH DEFAULT=1.0
- RELATIVE OFFSET ALONG STRIKE OF THE CENTER 

OF SOURCE PATCH 2 WITH RESPECT TO SOURCE 
PATCH 1. PATCH 1 CENTERED ON Y-AXIS. 
D£FAULT=0.0

- MEDIUM 1 CONDUCTIVITY DEFAULT=1.0
- MEDIUM 2 CONDUCTIVITY DEFAULT=1.0
- MEDIUM 3 CONDUCTIVITY DEFAULT=1.0

1 H A

0 0 00001 0 
0 u 0 0 0 0 2 0 
0 0 U 0 0 030 
0 0 0 U 0 0 4 U 
OOOOUObU 
OUOOOUbO 
OUOUU070
u u u 0 o o 8 o 
OOOOOU90 
0 0 0 U 0 1 0 U 
00000110 
U 0 U 0 0 I 2 0
u u o o o 13 o
0 0 0 0 0 1 4 0 
OOOOU15U 
00000160 
0 0 0 U 0 1 7 0 
OOOOUlbO 
OUOU0190 
0 0 U 0 U 2 U 0 
0 0 U u U 2 3. 0 
U U 0 G U 2 2 0 
000002-30 
0 0 U 0 0240 
00000250 
0000020 0



Proaram SPQIKfi 
VAX Documentation

page 1 rf

Cl 
C2 
C3 
fl

F2

01 
Tl 
LI
02 
T2 
L2 
XI 
Yl

X2 
Y2

DX 
OY 
DR 
ICTYP

ISTOP

DEFAULTS1.0
1 DtFAULTsl 
DEFAULTsl.O 

DEFAULTsl.O
2 DEFAULT=1 
DEFAULTsl.O

0

0

MEDIUM 1 COUPLING COEFFICIENT DEFAULTsl
MEDIUM 2 COUPLING COEFFICIENT DEFAULTsl
MEDIUM 3 COUPLING COEFFICIENT DEFAULTsl
CONTACT 1-2 DRIVING FORCE INTENSITY
DEFAULTslOOO.
CONTACT 2-3 DRIVING FORCE 1NT&NS
DEFAULTslOOO.
DEPTH TO TOP OF PATCH 1
VERTICAL EXTENT OF PATCH
STRIKE LENGTH OF PATCH 1
DEPTH TO TOP OF PATCH 2
VERTICAL EXTENT OF PATCH
STRIKE LENGTH OF PATCH 2
STRIKE COORDINATE OF FIRST POINT DEFAULTsO.O
PERPENDICULAR COORDINATE OF FIRST POINT
D£FAULTs-2.5
STRIKE COORDINATE OF LAST POINT DEFAULT =0
PERPENDICULAR COORDINATE OF LAST POINT
OEFAULTs2.5
SPACING BETWEEN GRID ROwS DEFAULT=0.0
SPACING BETWEEN GRID COLUMNS DEFAULT=0.0
SPACING BETWEEN TRAVERSE POINTS DEFAULTsO
COMPUTATION TYPE, IsTRAVERSE

2sTRAVEHSE PLUS PLOTTING
3=GR1D
4=GRID PLUS STANDARD FILE

0

25

F ILfc

0000027 0 
0 0 0 o 0 2 H 0 
0 0 0 0 0 i y 0 
00000300 
00000310 
00000320 
00000330 
00000340 
00000330 
00000 3o<> 
0 0 0 U 0 3 / 0 
00000.* wo
o o o o o 3 y o
00000400 
00000* i<» 

00000420
00000*30
00000440 
00000450 
00000460 
00000470 
00000 4iHO 
guu-jo -f 90

- ACTION FLAG FOR CURRENT DATA SET
0=PROC£SS CURRENT DATA SET AND CONTINUE
1=PROC£SS CURRENT DATA SET AND STOP
2=SKIP CURRENT DATA SET AND CONTINUE
N.6. TSTOP=2 WILL CHANGE ANY NAMELIST PARADE
WHICH ftERE READ. DEFAULT=1

PRINTED OUTPUT IS WRITTEN TO LUOUT. IF ICTYP IS SET TO 3 
A STANDARD FORMAT FILE FOR CONTOURING IS WRITTEN TO LUPLT.

INTEGER ORDER,OLDQRD
REAL L1,L2,K21,K23,K21K23
COMMON /MODEL/ TOL, wIUl'H , OFFSET, SIGMAl ,5IGMA2,6IGMA3,C1 ,C2 ,C3 , 
1F1,F2,S1,S2,D1,T1,L1,D2,T2,L2,K21,K23,K21K23,YO,aIDTH2, 
2T WOW , HL1 , HL2 , H'l 1 , HI 2 , ZMID1 , ZMID2

#ftft## VAX/VMS SITE DEPENDENT CODE FOLLOWS ft * ft ft If # ft * ft « ff # # * I # » ft # « ft

COMMON BLOCK 'VAX" USED TO ALLOW FORTRAN OPTIMIZATION WITH 
NAMELIST SIMULATOR.

COMMON /VAX/ ORDER,XI,Yl,X2,Y2,DR,ICTYP,ISTOP

DIMENSION X(120),Y(120),ARC(100),XABS(2Q) , 
1RWORKK100),RwORK2C100) r WEIGHT(20 r 20),POT(120,120) 
CHARACT£R*80 TITLE 
NAMELIST /INPUT/ TUL ,UROLR , *1DTH ,OFFSET, SIGMAl ,SIGMA2 ,SIG!«A3 ,

OOOOObl0 
000005 2o 
00000530 
00000540 
00000550 
00000560 
00000570 

'lERS000005tiO 
00000590 
0 0 0 0 0 o 0 o 
OOOOObl 0 
0 0 0 0 0 o 2 0 
0 0 0 U 01> 3 0 
0 0 0 0 0 0 -4 0 
0 0 0 0 0 D 5 0

0 0 0 0 0 b 7 0 
OOoOObMO 
0 0 0 0 0 D V 0

TUP

00000/10 
U 0 0 0 072 0 
00000730 
OvOuO /'*«
UUOOG 7 D<;

00000760
o o o o o / 7 o
00000780 
00000790 
00000800 
0 U 0 0 0 Hit) 
0 0 0 0 0 « 2 0 
00000 tf 30
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c
c####
c
c
c

c
c
c
c   

c
c   

10
1000

c

PARAMETER C NBM AX = 1 00 , N,«kAX = l 20 )
PARAMETER (HALF = 0 . b , T*/U = 2 . 0 )
PARAMETER C LUIN=9 , LUOUT=1 0 , LULQG=6)
DATA OLDORD/0/,LUPLT/10/

##### VAX/VMS SITF DEPENDENT CODE FOLLOWS *#*##*# M ### M ###**«*## I

VAX NAMELIST SIMULATOR CALLS

CALL NAMSLISTC 'INPUT', 'TOL ' , %DESCR (TOL ) , 'ORDER ', %OESCR (ORCKP ) )
CALL N AM $CUNTC'W1U1H',%DESCRC WIDTH) , 'OFFSET ', %D£SCR (GFFSFT ))
CALL NAM$CONT('S1GMA1',%DESCRCSIGMA1) , 'SIGMA2 ' , %DESCR CSIGM A2 ) )
CALL NAM$CONT('SIG M A3',%DeSCRCSIGMA3), 'Cl ' , %DESCR ( Cl ) )
CALL NAM$CQNT('C2',%DESCRCC2) , 'C3 ' , %DESCR CC3 ) , 'Fl ' , %DESCR CFl ) )
CALL NAM$CONT('F2',%DE$CRCF2), 'Dl ' , %DESCR ( Dl ) , 'Tl ' , %DESCR (Tl ) )
CALL MAM SCON PC 'LI ' , %DESCR ( LI ) , 'D2 ' , %DESCR (D2 ) , 'T2 ' , %DESCR ( 1 2 ) )
CALL NAM$CQNT('L2',%DESCRCL2) , 'X 1 ' , %DESCP CX 1 ) , ' Y 1 ' , %DESCk ( Y 1 ) )
CALL NAMSCONTC ' X2 ' , %DESCR ( X2 ) , ' Y2 ' , %DESCR C Y2 ) , 'PX' ,%ObSCRCDX) )
CALL NAMSCONTC 'DY',%DESCRCDY) , 'DR ' , %DESCH CDR ) )
CALL NAM$CONTC'ICTYP',%DESCRCICTYP) , 'I STOP ' , %DtSCR C I STOP) )

t.l##t*».« #M####MMM#*ff$U^##*#M#0#*#ftM#M##JM

SET PARAMETERS
TOL=1.0fe:-7
ORDER=5
WIDTH=1.0
OFFSET=0.0
SIGMA1=1.0
SIGMA2=1.0
5IGMA3=1.0
Cl=1.0
C2=1.0
C3=1.0
Fi=1000.
F2=1000.
Dl=1.0
Tl=1.0
Ll=1.0
D2=l .0
T2=1.0
L2=1.0
Xl=0.0
Yl=-2.5
)f 7 s 0 0A, *« *  W   V

V O *  0 ^\

DX=0.0
DY=0.0
DR=0.25
ICTYP=1
ISTOP=1

INPUT TITLE
READCLUIN,1000,ENP=999) TITLE
FORMATCA80)

0 0 0 0 0 B 4 u
0 0 0 0085 0
OOOOOdM)
o 0 0 0 0 8 7 0
0 0 0 0 0 >i B 0

n u o o o o B Q o
0 o 0 0 o y o o
0000091 0
0   o 0 0 y 7   
00000^3''

G0000940
00000950
0 0 0 0 0 9 b 0
00000970
0000098 0
00000990
0000 luOO
0 U 0 0 1010
00001020
000 0 1030
0 0 0 0104 0

00001060
0 0 0 0107 0
000 0 1 0 H 0
00001090
ooooii o o
0 0 0 0111 0
000011? 0
00001130
o o o o ii^o
00001 1 SO
0 0 0 0 1 1 o 0
0 0 0 0 1170
00 Ool \t<('
0 0 0 0119<>
000012 o o
00001210
0 0 0012 2 0
00001230
00001240
0 0 0 0 1 2 S 0
0 0 001260
00001270
000012*0
000012^0
0 0 u 0 1 3 0 0
00001310
00001 3 2u
00001330
00001340
0000135')
00001360
00001370
00001360
0 0 0 0 1 3 9 0
00001400
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O   INPUT PARAMETERS
C READCLUIN,INPUT,END=

#### VAX/Vi^S SITE DEPENDENT CODE FOLLOWS # M *## M ##***#* ff »»*

VAX NAMELIST SIMULATOR CALLS

CALL NAMSRBADCLUIN, 'INPUT',*999,*999)

C 
C 
C    CHECK FOR DATA SET TO BE SKIPPED

IFCISTQP ,EQ. 2) GO 10 10 
C 
O   CHECK MODEL PARAMETERS

CALL CHECK(LUOUT,TITLE,ORDER,DR,DX,DY,ICTYP,ISTQP,IER)
IFCIER .EQ. 0) GO TO 20
WRITECLULQG,1010) TITLE

1010 FOR.MATC'** INPUT PARAMETER ERROR - DETAILS IN OUTPUT FILt'/ 
13X, 'EXECUTION TERMINATED FOR THE FOLLOWING DATA SET'// 
2A80//)
GO TO 10 

C 
C -- INCREMENT LUPLT IF PLOTTING OR STANDARD FILE ARE OUTPUT

20 IFCICTYP .EQ. 2 .OR. ICTYP .EQ. 4) LUPLT=LUPLT+1 
C 
C---- BUILD GAUSSIAN INTEGRATOR IF ORDER HAS BEEN CHANGED

IFCQRDER .E.Q. OLDORD) GO TO 30
CALL 8U ILDCXABS,WEIGHT,ORDER)
OLDORD=QRDER 

C
C    COMPUTE SOURCE INTENSITY FACTORS AND CONDUCTIVITY CONTRASTS 

30 S1=(C2-C1)*F1
S2=(C3-C2)*F2

K23=(SIGMA3-SIGMA?)/(SIGMA3tSlGMA2) 
K21K23=K21*K23

HL1=HALF*L1 
HL2=HALF*L2 
HTl=riALF*Tl 
HT2=HALF*T2 
ZMIDl=DH-HALf*Tl

DETERMINE BOUNDS FUR HAdKEL TRANSFORM TABLE COMPUTATION 
XSQMAX = «AX((X2-HL1)**2, (X2«f-HLl)**2,CXl-HLl)**2 f (XH-HLl)*

HX2-OKFSET-HL2)**2 f C X2-OFFSEH-HL2 ) **2 f CX1-OFFSET-HL2) **2
2(X1-OFFSET+HL2)**2)

= MAX(DH-Tl f D2fT2)

BMINSMIN(D1,D2)
NB = INT(5.*ALOG(8MAX/BMIiM) 

C 
C     CHECK FOR NB TOO LARGE

00001410 
U 0 0 0 1 4 2 0 
0 0 U 0 1 4 3 0

* » 000 0144 0 
0 0 0 U 1 4 5 0 
00001460 
00001470 
0 0 0 0 1 4 B 0 
00001490

##00001500 
00001510 
00001520 
0 00 01530 
0000154 0 
0 0 0 0155 0 
0 0 0 0 1 5 6 U 
000015 7 0 
000015HO 
00001590 
0 0 0 0 1 6 0 u 
0 0 0 0 1 b 1 0 
00001620 
00001630 
00001640 
0000Io50 
0 0 0 0 1 o D 0 
00001670 
0 0 0 0 1 6 B 0 
00001690 
000017 00 
00001710 
00001720 
000017 30 
0 0 0 0174 0 
0 u 0 0 1 7 5 0 
00001760 
0000177 0 
0 0 0 0 I 7 H 0 
00001790 
00001800 
0 0 0 0 1 B J 0 
0000182 0 
0 0 0 0 1 B 3 0 
0 0 0 0 1 B 4 0 
0 0 0 0 1 B 5 0 
0 0 0 0 1 o 6 0 
00001870 
00001680 
00001H90 
0 0 0 0 1 9 0 0 
00001910 
0 000192 0 
00 00193 0 
00001940 
00001950 
0000190 0 
00001970
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IFCN8 ,LE. NBHAX) GO TO 40 00001980
C 00001940
C    WRITE ERROR MESSAGE OOU02000

WRITE(LULOG,1020) TITLE 0000201U
1020 FQRMATC'** HANKEL TRANSFORM TABLE ERROR - DETAILS IN OUTPUT FILL '/00002020

13X,'EXECUTION TERMINATED FOR THE FOLLOWING DATA SET'// OOUU2030
2A80//) 00002040
WRITE(LUQUT,1030) TITLE , *MB , NBH AX , BM IN , BM AX 00002050

1030 FQRMATC1H1, '** HANKEL TRANSFORM TABLE ERROR V 00002060
13X,'EXECUTION TERMINATED FOR THE FOLLOWING DATA SET'// 00002070
23X,A80//3X,'N'B=',I5, ' EXCEEDS NBMAX=',I3,' BMIN=' ,Fl0.3, 00002080
3' BfoAX=',F10.3) 00002090
GO TO 10 00002100

C 00002110
C    CHECK FOR TYPE OF COMPUTATION 00002120

40 IFCICTYP .GE. 3) GO TO 50 00002130
C 00002140
C    QO TRAVERSE CALCULATION 00002150
C 000021bO
C  - COMPUTE OBSERVATION POINT SPACING 00002170

CALL TSPACE(Xl,Yl,X2,Y2,r>R,NMAX,X,Y,NR) 00002180
C 00002190
C    CHECK FOR TOO MANY POI-MTS 00002200

IFCNR ,LE. N.MAX) GO TO 60 00002210
C 00002220
C    WRITE ERROR MESSAGE 00002230

WRITE(LULOG,1040) TITLE Ou002240
1040 FORMATC** TRAVERSE LENGTH ERROR - DETAILS IN OUTPUT FILE'/ 00002250

13X, 'EXECUTION TERMINATED FOR THE FOLLOWING DATA SET'// 000022bO
2A80//) 00002270
WRITE(LUOUT,1050) TITLE,NK,MMAX,XI,Yl , X2,Y2,DR 00002280

1050 FORMATC1H1,'** TRAVERSE LENGTH ERROR'/ 00002290
13X, 'EXECUTION TERMINATED FOR THE FOLLOWING DATA SET'// 00002300
23X,A80/3X, 'TRAVERSE: NR=',I5,' EXCEEDS NMAX = ' r I3, 00002310
3' X1=',F10.3,' Y1=',F10.3,' X2=',F10.3,' Y2=',F10.3, 00002320
4' D*=',F10.6) OOOU2330
GO TO 10 00002340

C 00002350
C    COMPUTE POTENTIALS 000023bO

60 CALL TRAVERSE(X,Y,NR,XA6S,WEIGHT,ORDER,N6,BMAX,ARG,RwQRKl,RfcQRK2, 00002370
1POT,LUUU-I,LULOG,TITLE,IER) 00002 3 BO

C 00002390
C  - CHECK FOR ERROR 00002400

IFCIER ,NE. 0) GO TO 90 00002410
C 00002420
C    WRITE OUTPUT 00002430

CALL QUTRAVCLUOUT,TITLE,ORDER,X,Y,DR,NR,POT) 00002440
C 00002450
C    WHITE TRAVERSE PLOTTING FILE 00002460

IFCICTYP ,EQ. 2) CALL OUTPLOT(LUPLT,TITLE,ORDER,X,Y,DR,NR,P01) 00002470
GO TO 90 00002480

C 00002490
C    DO GRID CALCULATION OU00250U

50 CALL GSPACE(X1,X2,DX,NMAX,X,NX) 00002510
1FCNX ,LE. NMAX) GO TO 70 00002520
vtfRITE(LULOG,1060) TITLE 00002530

1060 FORMATC** GRID X SIZE ERROR - DETAILS IN OUTPUT FILE'/ 0000^540
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13X,'EXECUTION TERMINATED FOR THE FOLLOWING DATA SET'// 00002550
2 A 8 0 / / ) 00002560
*/RIIECLUQUT,1070) TITLE,MX,MMAX,XI , X2,DX 00002570

1070 FQRMATC1H1,'** GRID X &IZE ERROR'/ 00002580
13X, 'EXECUTION TERMINATED FOR THE FOLLOWING DATA SET'// OQOU2590
23X,A80//3X,'NX=',I5, ' EXCEEDS fcMAX=',I3, 0000*600
3' X1=',F10.3,' X2=',F10.3,' DX=',F10.6) 00002610
GO TO 10 00002b20

70 CALL GSPACE(Y1,Y2,DY,NMAX,Y,NY) 00002630
C 00002o40
C    TEST FOR TOO MANY POINTS 00002650

IFCNY .LE. NMAX) GO TO 80 00002bbO
rtRITE(LULQG,108Q) TITLE 00002670

1080 FORMATC** GRID Y SIZE ERROR - DETAILS IN OUTPUT FILK'/ 00002b«0
13X,'EXECUTION TERMINATED FOR THE FOLLOWING DATA SET'// 00002690
2A80//) 00002700
WRITE(LUOUT,1090) TITLE , NY,NMAX,Y1,Y2,DY 00002710

1090 FOR.MATUH1, '** GRID Y SIZE ERROR'/ 00002/20
13X,'EXECUTION TERMINATED FOR THE FOLLOWING DATA SET'// 00002730
23X,A80//3X,'NY=',I5, ' EXCEEDS NMAX=',I3, 00002740
3' Y1=',F10.3,' Y2=',F10.3,' DY=',F10.6) 00002750
GO TO 10 00002760

C 00002770
C    COMPUTE POTENTIALS 000027SO

80 CALL GRIDCX,Y,NX,NY,XAbS,WEIGHT,ORDER,NB,BMAX,ARG,R*«/ORK1 ,H^ORh2, 00002790
1POT,LUQUT,LULQG,TITLE,IER) 00002BOO

C 00002810
C-   CHECK FOR ERROR 00002820

IFCI6R ,N£. 0) GO TO 90 0000283U
C 0000284(1
C    WRITS OUTPUT 00002850

CALL OUTGRID(LUOUT,TITLE,ORDER,X,Y,DX,DY,NX,NY, POT) 00002860
C 00002870
C    WRITE STANDARD FILE FOR PLOTI1NG IF REQUESTED 000028HO

IFCICTYP .EO. 4) CALL OUTSTDCLUPLT , TITLE , X , Y , DX , DY , NX , NY , POT) Ou00289()
C 00002900
C    T £ST FOR STOP FLAG SET 00002910

90 IFCISTOP .ME. 1) GO TO 10 00002920
999 IFCLUPLT .GT. 10) WRITE(LUOUT,1 100) LUPLT 00002930

1100 FQRMATC1H1/' STANDARD OUTPUT FILES «RITTFN: FOR011.DAT', 00002940
1' THROUGH FOR',13,'.DAT') 00002950
CALL EXIT 000029bO
END 00002970
SUBROUTINE CHECK ( LUOUT , TITLE:, ORDER , DR , DX , DY , ICTYP , I STOP , IKK ) 00002980

C 00002990
C    ROUTINE TO CHECK MODEL PARAMETERS 00003000

INTEGER ORDER 00003010
REAL LI,L2,K21,K23,K21K23 00003020
COMMON /MODEL/ TOL,WIDTH,OFFSET,SIGMA1,SIGMA2,SIGMA3,Cl,C2,C3, 00003030
1F1,F2,S1,S2,D1,T1,L1,D2,T2,L2,K21,K23,K21K23,YO,^IDTH2, 00003040
2TWQW,riLl,HL2,HT1,TH2,ZMID1,ZMID2 00003050
CHARACTKk*80 TITLF, 00003060

C 00003070
C    CLEAR ERROR FLAG 00003080

ICR=0 00003090
C 00003100
C    CHECK HANKEL TRANSFORM TOLhiHANCK 00003110
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IFCTOL .GE. 0.0) GO TO 10 00003120
tfRITECLUGUT,1000) 00003130

1000 FQRMATC1H1) 00003140
IER=1 00003150
WRITECLUQUT,1010) 00003160

1010 FORMATC HANKEL TRANSFORM TOLERANCE NEGATIVE') 00003170
C 00003160
C    CHECK INTEGRATION ORDER 00003190

10 IFCORDER ,GE, 1 .AND. ORDER .LE. 20) GO TO 20 00003200
IFCIER .EQ. 0) WRITECLUOUT,1000) 00003210
IER=1 00003220
WRITE(LUC)UT,1020) 00003230

1020 FQRMATC INTEGRATION ORDER OUT OF BOUNDS (1-20)') 00003240
C 00003250
C    CHECK DIKE 4IDTH 00003260

20 IFCWIDTH .GT. 0.0) GO TQ 30 00003270
IFCIER .EO. 0) WRITECLUOUr,1000) 00003280
IER=1 00003290
wRITECLUOU'1,1030) 00003300

1030 FORMATC DIKE WIDTH NON-POSITIVE') 00003310
C 00003320
C    CHECK CONDUCTIVITIES 00003330

30 IFCS1GMA1 .GE. 0.0 .AND. SIGMA2 .GE. 0,0 .AND. SIGMA3 .GE,. 0.0) 00003340
1GO TO 40 00003350
IFCIER .EG. 0) WRITECLUOUT,1000) 000033bO
IER=1 00003370
dRITE(LUOUT,1040) 00003380

1040 FORMATC SOME CONDUCTIVITY NON-NEGATIVE') 00003390
C 00003400
C    CHECK CROSS COUPLING CONTRASTS 00003410

40 IFCC1 .NE. C2 .OR. C2 .Nfc, C3) GO TO 50 00003420
IFCIER .EQ. 0) wRITECLUQUT,1000) 00003430
IER=1 00003440
WRITE(LUOUT,1050) 00003450

1050 FORMATC NO CROSS COUPLING COEFFICIENT CONTRAST') 00003460
C 00003*70
C    CHECK DRIVING FURC*. 00003480

50 IFCF1 .NE. 0,0 .OR. F2 .Mt. 0.0) GO TO 60 00003490
IFCIER .EQ. 0) WHITEILUOUT,1000) 00003500
IER=1 00003510
WRITECLUOUI,1060) 00003520

1060 FQRMATC 8GTH DRIVING FORCES ZERO') 00003530
C 00003540
C    CHECK PATCH PARAMETERS 00003550

60 IFCD1 .GT. 0,0 .AND. Tl ,GT. 0.0 .AND. LI .GT. 0.0 .AND. 00003550
1D2 .GT. 0.0 .AMD. T2 .GJT. 0.0 .AND. L2 .GT. 0,0) GO TO 70 00003570
IFCIER .EQ. 0) WRITSCLUGUI',1000) 00003580
IER=1 00003590
*/RITE(LUQUT,1070) 00003500

1070 FORMATC SOME PATCH PARAMETER NON-POSITIVE') 00003blO
C 00003620
C    CHECK TRAVERSE SPACING 00003630

70 IFUCTYP .NE. 1 .OR. ICTYP .NE. 2) GO TO 80 00003640
IFCDR .Gt. 0.0) GO 10 80 00003650
IFCIER .EQ. 0) wRITECLUGUT,1000) 00003660
IER=1 00003670
WRITECLUOUT,1080) 00003680
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1080 FORMATC' TRAVERSE POINT SPACING NQN-POSITIVE') 
C 
C    CHECK GRID SPACING

80 IFCICTYP .NE. 3 .OR. ICTYP .NL. 4) GO TO 90 
IFCDX ,GT. 0.0 .AND. DY .GT. 0.0) GO TO 90 
IFCIER .EQ. 0) WRITECLUOUT,1000) 
IER = 1
WRITECLUOUT,1090)

1090 FORMATC' SONS GRID POINT SPACING NON-POSITIVE') 
C 
C    CHECK COMPUTATION TYPfcJ

90 IFCICTYP .Gt. 1 .AND. ICTYP .LE. 4) GO TO 100 
IFCIER .EG. 0) WRITECLUOUT,1000) 
IER = 1
WRITECLUOUT,1100)

1100 FORMATC' NON-ALLOWED COMPUTATION TYPE') 
C 
C    CHECK ACTIOK- FLAG

100 IFCISTOP .GE. 0 .AND. iSTOP .LE. 2) GO TO 110 
IFCIER .EO. 0) WRITECLUOUT,1000) 
I£R = 1
WRITECLUOUT,1110)

1110 FORMATC' NON-ALLOWED ACTION FLAG') 
110 IFCIER .EO. 0) RETURN

WRITECLUOUT, 1120) TITLE,TOL,ORDER,WIDTH,OFFSET,SIGMAl,S1GMA2, 
1SIGMA3,C1,C2,C3,D1,D2,I1,T2,ll,L2,F1,F2,DR,DX,DY,ICTYP,ISTOP 

1120 FORMATC/1X,A80/
1' TOLs',E10.4,' UftDERs',J5,' WID1 H= ' , Fl 0 . 4 , ' OFFSET^', 
2F10.4/' SIGMA1 = ',F10.4, ' SIGMA2 = ' ,Fl0.4, ' SIGMA3= ' ,Fl0.4/ 
3' Cl =',F10.4,' C2 s',F10.4,' C3 =',F10.4/ 
4" D1=',F10.4,' D2=',F10.4/' T1=',Fl0.4,' T2=',F10.4/

6' DR=',F10.4,' DX=',F10.4,' DY=',F10.4/ 
7' ICTYP=',I5,' ISTQP=',15)
RETURN
END
SUBROUTINE BUILDCXABS,WEIGHT,ORDER) 

C
C    ROUTINE TO BUILD INTEGRATOR WEIGHT MATRIX AND A6SCISSA VECTOR 
C

INTEGER ORDER,ORDER2
DIMENSION XA8SC1),WEIGHTCORDER,ORDER)
DOUBLE PRECISION GXC20),GWC20) 

C 
C    COMPUTE 1-D GAUSSIAN CO£FFICIENTS AND ABSCISSAS

CALL GAUS5CGX,Gw,ORDER) 
C 
C    FORM 2-D INTEGRATOR

ORDER2=CQRDER+l)/2
DO 10 I=1,ORDER2
XABSCI)=-GXCI)
XABSCORDER-H-1 )=GXC1)
DO 10 J=1,QHDER2
WEIGHTCI,J)=GwCI)*GWCJ)
WEIGHTCI,ORDER-J+l)=WEIGHTCI,J)
WEIGHTCORDER-1-H,J)=WEIGHTCI,J) 

10 WEIGHTCORDt'R-H-1 , ORDER-J + l) sWEIGHT C I, J )

00003b90 
00003700 
00003710 
00003720 
00003730 
00003740 
OU003750 
Ou0037bO 
U0003770 
00003780 
OOOU3790 
00003800 
0 0 0 U 3 fi 1 0 
00003820 
0 0 0 0 3 h 3 0 
00003840 
00003850 
00003860 
00003870 
0 0 0 0 3 d « 0 
0 0 0 0 3 * 9 0 
00003900 
00003910 
00003920 
00003930 
00003940 
0 0 0 0 3 9 b U 
00003960 
00003970 
000039*0 
00003990 
000040 00 
00004010 
00004020 
0 0 0 0 4 0 3 0 
00 0 040^0 
000040bO 
00004060 
0 0 00407 0 
00004080 
00004090 
00004100 
00004110 
00004120 
00004130 
00004140 
0000415 0 
0 000416 0 
00004170 
0 0004130 
00004190 
00004200 
00004210 
00004220 
00004230 
0 0 0 0424 0 
0 0 0 04250
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RETURN
END
SUBROUTINE GSPACECX1,X2,DX,NMAX,X,NX)

   SUBROUTINE TO GENERATE EQUALLY SPACED DATA POINTS PARALLEL AXIS 

DIMENSION X(l)

 -- REVERSE ORDER OF COORDINATES IF NECESSARY 
IF(X1 .LT. X2) GO TO 10 
T = X1 
X1=X2 
X2=T 

10 1 = 1
X(1)=X1

   TEST FOR TOO MANY DATA POINTS 
20 IFCI .GE. NMAX+1) GO TO 30 

T=X(I)+DX

   TEST FOR COMPLETION
IFCT-X2 .GT. 1.0E-5*(X2-X1)) GO TO 30 
1 = 1 + 1 
X(I)=T 
GO TO 20 

30 NX=I 
RETURN 
END 
SUBROUTINE TSPACECX1,Y1,X2,Y2,DR,NMAX,X,Y,N)

   SUBROUTINE TO COMPUTE EQUALLY SPACED COORDINATES ALONG A LINE 

DIMENSION XU),Y(1)

   COMPUTE TOTAL DISTANCE AND ANGLE 
R2=SURT((X2-X1)**2+(Y2-Y1)**2) 
R = 0.0
TH£TA=ATAN2CCY2-Y1),CX2-X1)) 
S=SIN(TH£TA) 
C=COS(TriETA) 
X(l)=Xl 
Y(1)=Y1 
1 = 1

   TEST FOR TOO MANY DATA POINTS 
10 IF(I .GE. NMAX+1) GO TO 20

 -- TEST FOR ENOUGH POINTS
R=R+DR
IFCR-R2 .GT. 1.0E-5*R2) GO TO 20
1 = 1 + 1
X(I)=X1+R*C
YCI)=Yl+R*S
GO TO 10 

20 N = I
RETURN
END

0 0 U 0 4 2 b 0 
00004270 
000042BO 
0000429 0 
000 f»4 3 00 
00004310 
00004320 
00004330 
00004340 
00004350 
00004360 
00004370 
00004380 
00004390 
00004400 
00004410 
00004420 
00004430 
OU004440 
00004450 
000044&0 
00004470 
00004480 
0 0 U 0 4 4 9 0 
00004500 
00004510 
00004520 
00004530 
00004540 
00004550 
00004i>60 
00004570 
000045 80 
Ou004590 
0 0 0 0 4 o 0 0 
00004510 
00004520 
0 0 0 0 4 D 3 0 
00004640 
00004650 
00004560 
00004o70 
00004bbO 
0 0 0 0 4 6 V 0 
00004700 
00004710 
00004720 
0000473*) 
00004740 
00004750 
00004760 
00004770 
00004780 
00004790 
00004800 
00004810 
00004820
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SUBROUTINE TRAVERSE(X,¥,NR,XABS,WEIGHT,ORDER,N6,BMAX,ARG, 
1RwGRKl , R*ORK2 , POT , LUOUT, LULOG f TITLE , IER )

   ROUTINE; TO COMPUTE POTENTIALS ALONG TRAVERSE; POINTS

INTEGER ORDER 
REAL L1,L2,K21,K23,K21K23
COMMON /NtODEL/ TOL , WIDTH , OFFSET , SIGMA1 , SIGMA2 , SIGM A3 , C1 ,C2,C3, 
1F1,F2,S1,S2,Q1,T1,L1 , D2,T2,L2,K21 , K23,K21K23,YO,*IOTH2,
2T«OW,HL1,riL2,HTl,HT2,ZMIl)l,ZMID2
DIMENSION X(l) ,Y(1),XABS(1),WEIGHT(ORDER,ORDER),ARG(l), RwQRKHl), 
1RWORK2(1),PUTC1),AA1(100),6B1(100),CC1(100),AA2(100), 
2B62UOO) ,CC2C100)
CHARACTER*80 TITLE
PARAMETER (EIGHT_PI=25.13274132)

C 
O

C 
O

C 
O

1

   LOOP OVER OBSERVATION POINTS 
DO 10 I=1,NR 
XO=X(I) 
YO=Y(I)

   FORM GREEN'S FUNCTION TABLE
CALL GTABLE(NB,BMAX,ARG,RWQRK1,RWQRK2,AA1 ,BB1 
1CC1,AA2,BB2,CC2,IER)

   CHECK FOR ERROR
IFCIER .EG. 0) GO TO 20 
WRITE(LULOG,1000) TITLE

000 FORMATC'** TRAVERSE HANKEL TRANSFORM ERROR 
1'SEE OUTPUT FILE FOR DETAILS'/ 
23X,'EXECUTION TERMINATED FOR THE FOLLOWING 
3A80//)
rfR.ITECLUOUT,1010) TITLE , I EH , I, YO 

010 FORMATUH1, '** TRAVERSE HAtfKEL TRANSFORM 
13X,'EXECUTION TERMINATED FOR THE FOLLOWING 
23X,A80//3X,'ERROR ON CALL TO HANKEL: IER=' 
3E10.4) 
RETURN

- '

DATA SET'//

SET'// 
I=',I6

DATA 
,12,' Y0=

C
C-    INTEGRATE OVER SOURCE PLANE 

20 CALL INTEGRATECXO,ORDER,wfc.IGHT,NB,XABS,ARG,R*ORK1, 
1RWORK2,AA1,B81,CC1,AA2,BB2,CC2,SU,M1 ,SUM2)

10 POTC I ) = (LI *T1*SUMH-L2*T2*SUM2) /EIGHT-PI 
RETURN 
END
SUBROUTINE GRID(X,Y,NX,NY,XABS,WEIGHT,ORDER,MB,BMAX,ARG, 
1R1«ORK1,R^ORK2,POT,LUOUT,LULOG,TITLE,IER)

    ROUTINE TO COMPUTE POTENTIALS OVER GRID POINTS

INTEGER ORDER
REAL L1,L2,K21,K23,K21K23
COMMON /MODEL/ TQL ,'A IDTH , OFFSET , SIGM Al , SIGM A2 , SI G<* A 3 , C 1 ,C2,C3, 
1F1,F2,S1,S2,D1,I1 ,Ll,D2,T2,L2,K21,K23,K21K23,YO,*fIDTH2, 
2TwOW,HLl,HL2,riTl,HT2,ZMXDl,ZMID2
DIMENSION X(l),Y(1),XABS(1),WEIGHT(ORDER,ORDER),ARG(1),RWORK1(1 ) , 
1RWORK2C1),POT(NX,NY),AA1(100),B61(100),CC1C100),AA2(100),

00004830 
00004H40 
00004850 
0 0 0 0 4 b 6 U 
00004870 
0 0 0 0 4 8 b 0 
000048^0 
000049 00 
00004910 
00004920 
00004930 
00004940 
00004950 
00004960 
00004970 
000049HO 
0 0004990 
OOU05000 
00005010 
00005020 
00005030 
00005040 
00005050 
0 00050*0 
00005070 
0 0 0 0 5 0 P 0 
00005090 
00005100 
00005110 
00005120 
00005130 
000051^0 
0 000515 0 
00005160 
00005170 
00005180 
00005190 
0 00 05200 
00005210 
00005220 
0 0 U 0 5 2 3 0 
00005240 
00005250 
00005260 
00005270 
000052bO
00005290 
00005300 
0 0005310 
00005320 
00005330 
00005340 
0 0 0 0 5 3 5 0 
00005360 
00005370 
000053 b 0 
0 U 0 0 5 3 9 0
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2BB2UOO) ,002(100) 
CHAHACTER*8G TITLE 
PARAMETER ( FJIGHT»P1 = 5 . 1 3274 1 32 )

    LOOP OVER Y OBSERVATION POINTS 
DO 10 1=1, NY 
YO=Y(I)

    FORM GREEN'S FUNCTION I'ABLE
CALL GT ABLE (NB,B WAX, ARC, RVHQRKl ,RWORK2,AA1 ,BB1, 

1CC1,AA2,BB2,CC2,IER)

    CHECK FOR ERROR
IFCIER .£0. 0) GO TO 2U 
WRITECLULOG,1GOO) TITLE

1000 FORMATC** GRID HANKEL TRANSFORM 
1'DETAILS IN OUTPUT FILE'/ 
23X, "EXECUTION TERMINATED FOR THE 
3A80//)
WRITE(LUOUT,1010) TITLE , IER , I , YO 

1010 FORMATC1H1,
13X, 'EXECUTION

ERROR -

FOLLOWING DATA SET'//

** GRID HANKEL TRANSFORM ERROR'/
TERMINATED FOR THE FOLLOWING DATA SET'//

23X,A80/3X,'ERROR 
3E10.4) 
RETURN

OP. CALL TO HANKEL: IER=',I2 Y0 =

    LOOP OVER X OBSERVATION POINTS 
20 DO 10 J=1,NX 

XO=X(J)

    INTEGRATE OVER SOURCE PLANE
CALL INTEGRATE(XO,ORDER,*EIGHT,N6,XABS,ARC, RWORK 1, 
1RWORK2,AA1,661,CC1,AA2,Bb2,002,5UM1,SUM2 ) 

10 PQT(J,I)=(L1*T1*SUM1+L2*T2*SUM2)/EIGHT_PI 
RETURN 
END
SUBROUTINE STABLE(NB,BrtAX,ARC,RWORK 1,RWORK2 , 
1AA1,B61,CC1,AA2,882,CC2,IKR)

    ROUTINE TO COMPUTE GREEN'S FUNCTION TABLE FOR INTEGRATION

REAL L1,L2,K21,K23,K21K23
COMMON /#GQEL/ TOL,wIDTH,OFFSET,SIGMA 1,SIGMA2,SIGMA3,Cl,C2 , C3 , 
lFl,F2,Sl,S2,Dl,Tl,Ll,D2,T2,L2,K21,K23,K21K23,YU,irfIDTH2, 
2TWOW,HL1,HL2,HT1,HT2,ZMID1,ZMI02
DIMENSION ARG(l),PWORK1(1),R*ORK2(1),AA1(1),BB1(1),CC1(1), 
1AA2(1),BB2(1),002(1),P(100),S(100),D(2)
COMPLEX ZAiMS(lOO) ,Z«ORK(233)
EXTERNAL Gl,G2,G3
PARAMETER (NKfcL=l,NTOL=1,NORD=0)
DATA 0/2*0.O/

i
    (XO,YO) IN REGION 1

IFCYO .LT. -WIDTH2) CALL HANKEL(BMAX ,NB, NREL ,TOL , NTOL ,NOKL) ,G1 , 
lIJREL,Zi*ORK,ZAN5, ARG,NOFUN1 , JF.R)

00005400 
00005410 
00005420 
00005430 
00005440 
00005450 
0 0 0 0 5 4 b 0 
OU005470 
00005480 
0 0 0 o 5 4 9 0 
000055 0 0 
0000551 0 
00005520 
00005530 
00005540 
0 0 00555 0 
00005560 
0 0005570 
00005580

C
C    (XO,YO) IN REGION 2

0 0 0 0 5 b 0 0 
000055 1 0 
00005620 
00005630 
00005b40 
00005b50 
0 0 0 0 5 6 h 0 
0 00 056 70 
0 0 0 0 5 b t* 0 
00005690 
0 0005 7 0 0 
00005710 
00005720 
00005730 
00005740 
00005750 
000057^0 
00005770 
00005780 
00005790 
0000580 0 
0 0 0 0 5 8 1 0 
00005820 
00005830 
00005840 
00005850 
00005860 
00005870 
00005880 
00005890 
00005900 
00005910 
00005920 
0 0 0 0593 0 
00005940 
00005950
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IFCYO .GE. -WIDTH2 .AND. YQ .LE. WIDTH2) CALL HANKEL ( 8MAX , NB , NKE 
lTOL,NTOL,NORQ,G2,IJPe:L,ZWQRK,ZANS,ARG,Nf3FUNl , 1ER)

  (XQ,YO) IN KEGION 3
IFCYO ,GT. WIDTH2) CALL H ANKEL ( BMAX , MB , NR£L , TOL , NTQL , rtORD , G3 , 

1IJREL,Z'«ORK,ZANS,ARG,NOFUN1,IER)

    CHECK FOR ERRORS
IFCIER ,NE. 0) RETURN

    SEPARATE OUT GREKN'S FUNCTIONS 
DO 10 J=l,Nrt 
RWORKl(J)sREALCZANSCJ)) 
RK»ORK2(J)=AIMAG(ZAN5(J) )

    CONVERT ARGUMENTS TO LOGARITHMIC SPACING 
10 ARG(J)=ALOGCARG(J))

 - COMPUTE INTERPOLATION COEFFICIENTS
IFCS1 .ME. 0.0) CALL SPLIN 1 ( NB , 0 , ARC , RfcOHKl , AA1 , BB1 , CC1 , 0 , D , P , S)
IFCS2 .ME. 0.0) CALL SPLIN 1 (NB , 0 , AfcG , R WORK2 , AA2 , B82 ,CC2 , 0 , D , P , S )
RETURN
END
SUBROUTINE INTEGRATfi(Xa,QRDER,wfe,IGHT,N8,XABS,AKG,RWQRKl , 
1RWORK2,AA1,681,CC1 ,AA2,BB2,CC2,SUM1,SUM2) 

C
C     ROUTINE TO DO GAUSSIAN QUADRATURE OVEK SOURCE PLANK 
C

INTEGER QRDEk
REAL LI,L2,K21,K23,K21K23
COMMON /MODEL/ TOL,WIDTH,OFFSET,SIGMA1,SIGMA2,SIGMA3,Cl 
IF!,F2,S1,S2,U1,T1,LI,02,T2,L2,K21,K23,K21K23,YO,rfIDTH2, 
2r*Ow,HLl,HL2,HTl,HT2,ZMI01,Z,MID2
DIMENSION HEIGHT(ORDER,ORDER),XA8SC1),ARGC1),kwORKl(l) , 
1RH»ORK2(1),AA1(1) ,BB1(1) ,CC1(1) ,AA2(1) ,BB2U),CC2(1)
PARAMETER (ZERQsO.O)

SUM1=ZERO 
SUM2=ZERO
GII=ZE:RO
GI2=ZERO

LOOP OVER XP 
DO 10 K=l,ORDER 
XP1=HL1*XABS(K) 
XP2=HL2*XAbS(K)^OFFSET

C2 , C3 ,

XT2=(XO-XP2)**2

LOOP OVER ZP
DO 10 Lsi,ORDER
IF(SI .KG. 0.0) GO TO 20
ZT1 = (HT1*XABS(L)+Z/*I!M )**2
R=ALOG(SQRT(XTltZTl))

INTERPOLATE SOURCE PLANE 1 GREEN'S FUNCTION 
CALL SPOINT(NB,ARG,RWORK1,AA1,BB1,CC1,R,GI1)

L,000059 10 
00005980 
0 0 0 0 b 9 9 0 
00006000 
00006010 
00006020 
00006030 
00006040 
0 0 0 0 o 0 5 0 
00006060 
OOOOoQ7u 
OOOObOBO 
OOOU6090 
00006100 
00006110 
00006120 
00006130 
00006140 
00006160 
00006160 
0 0 0 0 D 1 7 0 
0 0 0 0 6 1 « 0 
00006190 
00006200 
00006210 
00006220 
00006230 
00006240 
0000625U 
000062oO 
0000627 0 
00006280 
0 0 006290 
00006300 
00006310 
00006320 
00006330 
00006340 
00006350 
UQOQ6360 
0000637 0 
00006380 
0 0 00639 0 
00006400 
00006410 
00006420 
00006430 
00006440 
00006450
0000646 0
0000647 0
00006480
00006490
00006500
00006510
00006520
00006530



Program SPDIKE 
VAX Documentation

Page 29

c
20

C
c   

10

C
c   
c
c

V*

C
c
c
c

c

c
c   
c

c
c   

c
c   

c
c   

10

20

cc   

SUM 1 =SU* 1+S1*GI1* HEIGHT (K,L)

IFCS2 ,£Q. 0.0) GO TO 10
ZT2=(HT2*XA8S(L)+ZMIU2)**2
R=ALOG(SQRI CXT2+ZT2) )

INTERPOLATE SOURCE PLANE 2 GREEN'S FUNCTION
CALL SPOILT (MB, ARC, RWORK2, A A2 , 882 , CC2 , R , GI2 )
SUM2=SUM2+S2*GI2*rtEIGHT(K f L)
CONTINUE
RETURN
END
COMPLEX FUNCTION Gl(LBD)

GREEN'S FUNCTION INTEGRAND FUR OBSERVATION POINT IN REGION \
¥0 .LT. -WIuTH/2

REAL L1,L2,K21,K23,K21K23,L8D
COMMON /MODEL/ TOL, WIDTH , OFFSET, SI GM A 1 , SIGM A 2 , SIGM A3 , Cl ,C2,C3,
1F1,F2,S1,S2,D1,T1,L1,D2,T2,L2,K21,K23,K21K23,YO,WIDTH2,
2TWO«,Hbl ,HL2,HT1,HT2,ZMID1,ZMID2
PARAMETER ( ZERQ = 0 . 0 , ONIE = 1 . 0 , TWO = 2 . 0 )

SET PARAMETER BIG TO THE LARGEST ALLOWABLE ARGUMENT FOR THE
EXPONENTIAL FUNCTION.

PARAMETER (B1G=8H.028)

- SET DEFAULT VALUES FOR NO SOURCE

F11=ZERO
F12=Z£RO

CHECK FOR LARGE ARGUMENT
IF(T«OW*LBD .GE. BIG) GO TO 30

Gil SOURCE PLANE 1 TERM ( YP=-*ID TH/2 )
R1=EXP(TWOW*LBD)
R2=K21K23-R1
R3=R1/R2
IFCS1 .EG. 0.0) GO TO 10
81=CK23-T^U*K21K23)/R2+K21*R3
DBl=TWa*LBD*(K23-K21K23)/R2
Fll=EXP(LBD*(YO+wIDTH2) ) * C-LBD* (QNE + B1 )+DBl)

G12 SOURCE PLANE 2 TERM (YP=fcIDTH/2)
IF(S2 .EO. 0.0) GU TO 20
B1=R3*CK21+K23-K21K23)-K21K23/R2
DB1=TWO*L6D*(K23-K21K23)*H3
F12=EXP(L8D*CYO-wIDTH2) ) * CQB1-LBD* CGNE + 61 ) )
G1=CMPLX(FH,F12)
RETURN

LARGE ARGUMENT CALCULATION

00005540
00005550
00006560
00005570
000065«0
0 0 0 0 b 5 9 0
0 U 0 0 6 b 0 0
00006610
0 0 0 0 6 b 2 0
00006630
U 0 0 0 6 6 4 U
OOOObbSO
00006660
0000 ob 70
U 0 0 0 o 6 H ' »
t) 0006690
000067 0 0
0 0 0 0 b 7 1 0
00006720
000067 i 0
00006740
00006750
00006760
0000t>770
00006780
00006790
0 0 0 0 6 d 0 0
0 0 0 0 6 d 1 U
0 0 0 0 b 8 2 0 

- 00005830
00006840
OOOU6850
00005860
0000687 0
OOOOoSBO
0000o890
00006900
0 0 0 0 6910
00005920
00005930
00006940
0 0 0 0 6 9 b 0
00006950
0000o970
0 0 0 0 6 9 fi 0
00006990
00 DO 7 000
0 0 0 0/01 0
00007020
00007030
001)07040
00007050
00007050
00007070
0 0 0 0 7 0 R 0
00007090
00007100
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30

C
C    
C
C

C
w

C
C
c
c

c

cc   

c
c
c   

c
c   

10
c
c   

20

c
c   

30

IFCS1 .ME. ZERO) Fll = -LBD*(ONii,~K21)*EXPCLbP*(YO + WIDTH2) )
IFCS2 .NE. ZERO) Fl 3 = -t,»D* (ONE-K21 ) * (ONE+K23 ) *EXP ( LBD* ( YO- *' 1DTH2 )
G1=C-MPLX(F11,F12)
END
COMPLEX FUNCTION G2CL3D)

GREEN'S FUNCTION INTEGRAND FOR OBSERVATION POINT IN REGION 2
-WIDTH/2 .LE. YO .LK. *IDTH/2

REAL L1,L2,K21,K23,K21K23,L8D
COMMON /MODfcL/ TQL,WIDTH,OFFSET,SIGMA1,SIGMA2,SIGMA3,C1 ,C2,C3,
1F1,F2,S1,S2,D1,T1 , LI , 02 , T2 , L2 , K 2 1 , K23 , K2 1 K23 , YO , */IDTH2 ,
2T*/OW,HL1 ,HL2,HT1,HT?,ZMID1,ZM102
PARAMETER ( ZF;RQ = 0 . 0 , ONE = 1 . 0 , T«0 = 2 . U )

SET PARAMETER BIG TO LARGEST ALLOWABLE ARGUMENT FOR THE
EXPONENTIAL FUNCTION.

PARAMETER (BIG=8y,028)

SET DEFAULT VALUES FOR NO SOURCE
F21=ZERO
F22=ZERO

CHECK FOR LARGE ARGUMENT
IF(TWQW*LBD .GF. BIG) GOTO 30

G21 SOUHCfc PLANE 1 TERN ( YP=-WlDTH/2 )
Rl=EXP(TwO^*LBD)
R2=K21K23-Rt
R3=R1/R2
IFCS1 .EQ. 0.0) GO 10 10
A2=K21*R3-K21K23/R2
B2=(K23-K21K23)/R2
DA2 = -Tv«0*LBD*K21*R3
DB2=TWO*L8D*K23/R2
F21=EXP(-LBD*(YO"^IDTH2))*(LBD*CONb>A2)tOA2)
1+EXP(L8D*CYO+WIQTH2))*(DB2-L6D*B2)
IF(S2 .EG. 0.0) GOTO 20

G22 SOURCE PLANE TERM C YP=w IDTH/2 )
A2=(K21-K21K23)/R2
B2=K23*R3-K21K23/R2
DA2=-TwO*LBD*K21/R2
DB2=TWO*LBD*K23^R3
F22 = -EXP(L8D*(YO-*1DTH2))*(LBD*CON&, + B2)-DB2)
1+EXP(-LRD*(YO-WIDTH2) ) * (LBD* A2+DA2 )
G2=CMP|J X(F21,F22)
RETURN

LARGE ARGUMENT CALCULATION
IFCS1 .NE. ZERO) F21=L6D*(ONh:tK21)*eXPC-LBD*CYO + WlDTH2) )

00007110
) 0 0 0 0 7 1 2 0
00007130
0 0 0 0 7140
0 0 U u 7 1 5 0
00007 IbO
0000/170
OU007180
000071^0
000072 0 0
00007210
00007220
0 0 0072 3 0
00007240
00007250

- 0 0 0 0 7 2 b 0 
00007270
0 0 0 0728 0
00007290
00007301)
0000731 1.)
0 U 0 U 7 3 7 0

- 0 0 0 0 7 3 3 0

00007340
0 0 007350
00007360
00007370
000073BO
00007390
OOOU7400
00007410
00007420
00007430
U 0 0 0 7 4 4 0
00007450
00007460
00007470
0 000748 0
U 0 0 0 7 4 9 0
0 0007500
0 0 0 U 7 5 1 0
0 0 0 0 7 5 ? 0
00007530
00007540
00007550
00007560
00007570
0 0 0 U 7 5 8 0
00007590
000 0 7 b 0 0
00007010
00007620
00007630
00007640
00007650
00007660
0 0 0 0 7 o 7 0
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c
c   
c
c

c

c
c
c
c

c

c
c   

c
c   

c
c   

cc   
10

20

c
c   

30

c

IFCS2 .NE. ZERO) F22=-LBD* (ONE + K 23 ) *EXP (L6D* ( YO-W IDTH2 ) )
G2=CMPLX(F21,F22)
RETURN
END
COMPLEX FUNCTION G3CL6D)

GREEN'S FUNCTION INTEGRAND FUR OBSERVATION POINT IN REGION 3
YO .GT. WIDTH/ 2

REAL LI ,L2,K21 , K23,K21K23 f LbP
COMMON /MODEL/ TOL , fc ID1 H , OFFSET , SIGM A 1 , SIGM A 2 , SIGM A3 , Cl ,C2,C3,
lFt,F2,Sl,S2,Dl,Tl,Ll,P2,T2,L2,K21,K23,K2lK23,YO,4IDrH2,
2T*OW,HL1,HL2,HT1,HT2,ZMIIM,2N'ID2
PARAMETER ( ZfcPO=0 . 0 , ONE=1 . 0 , TwO=2 . 0 )

SET PARAMETER BIG TO LARGEST ALLOWABLE ARGUMENT FOR THE
EXPONENTIAL FUNCTION.

PARAMETER (BIG=88.028)

SET DEFAULT VALUES I- OR NO SOURCE
F31=ZERO
F32=ZER9

CHECK FOR LARGE ARGUMENT
IFCTWO'WHjBU .GE. BIG) GOTO 30

G31 SOURCE PLANE 1 TKRM ( YP=-A IDTH/ 2 )
R1=EXPCTWOW*LBD)
R2=K21K23-R1
R3=R1/R2
IF (SI .EQ. 0.0) GO TO 10
A3=R3*(K21tK23-K2lK23)-K21K23/H2
DA3=-TWO*LbD*(K21-K21K23)*R3
F31 = EXP(-LBD*(YO + WlDTH2))*(LBD*(ON£ + A3)-fDA3)

G32 SOURCE PLANK 2 TERM (YP=*IOTH/2)
IFCS2 .EQ. 0.0) GO TO 20
A3=(K21-TWO*K21K23)/R2+K23*R3
DA3=-TWO*LBD*CK21-K21K23)/H2
F32 = EXPC-LBO*(YO-WlDTH2))*(LBD*(ONe:-fA3)4-DA3)
G3=CMPLX(F31 ,F32)
RETURN

LARGE ARGUMENT CALCULAIION
IFCS1 ,NE. ZERO) F3 1=LRD* ( ONK + K21 ) * (ONE-K23 ) *EXP ( -LBD* ( YO-f-WI DTH2 )
IFCS2 ..ME. ZERO) F32 = LBD* (UMfc,-K23 ) *EXP C-LBO* ( YO-WIDTH2 ) )
G3=CMPLXCF31,F32)
RETURN
END
SUBROUTINE GUTfcAV (LU , Til Lb , ORDER , X , Y , DR , NR , POT)

000076HO
00007690
00007700
00007710
00007720
00007730
00007740
00007750
00007760
00007770
0 000778 o
000077W
0 0 0078 0 0
0 0 0 0 7 b 1 0
00007820
0 0 0 0 7 H 3 0

- 0 0007840
0 0 0 0 7 8 b 0
00007850
00007H70
0 0 0 0 1 d B 0
OOOU7H90
00007900

-00007910
U0007920
0 o 0 0 7930
00007940
00007950
00007960
00007970
00007980
00007990
00008000
0 0 0 0801 0
00008020
00008030
00008040
00008050
00008060
00008070
00008080
00008090
00008100
00008110
00008120
000081 30
0000^140
00008150
00008160
00008170

) 0 0 0 0 8 1 8 0
0000819')
000082 0 0
00008210
00008220
00008230
000082^0
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    ROUTINE TO OUTPUT TRAVERSE CALCULATION RESULTS

INTEGER ORDER
REAL L1,L2,K21,K23,K21K23
COMMON /MODEL/ TOL,WIDTH,OFFSET,SIGMA1,SIGMA2,S1GMA3,Cl,C2,C3, 
1F1,F2,S1,S2,D1,T1,L1,D2,T2,L2,K21,K23,K21K23,YU,WIDTH2, 
2TWQW,HL1,HL2,HT1,HT2,ZMIQ1,ZMID2
CHARACTER*8Q TITLE
CHARACTER*32 CULABL
DIMENSION XC1),Y(D,POT(1)
PARAMETER (COLABL=' X * POT ')

C 
C-

C 
C-

1 
C 
C-

C 
C-

1 
C 
C-

1 
C 
C-

C 
O

C 
C-

C
c- 

1 

1

   PRINT HEADER
CALL HEADERCLU,TITLE,ORDER)

 - PRINT DATA
«RITE(LU,1000) Dh 

000 FORMATC DR=',F7.3)

   COMPUTE NU.MttER OF COLUMNS AND REMAINDER 
ICOL=NR/30 
IRErt=NR-30*lCOL 
IFCIREM .WE. 0) ICOL=ICOL+1

   PRINT COLUMN LABEL
WRITE(LU,1010) (COLABL,1=1,JCOL) 

010 FORMATC4A32)

   PRINT DATA
1 = 0 

10 1=1+1
WRITE (Ld, 1020) (X(ItJ) , iTCItJ) ,POr(I+J) ,J = 0,30*(ICOL-1) ,30) 

020 FQRMAT(4(lX,F8.2,2X,F8.*,2X,f9.4,2X))

   CHECK FOR ALL REMAINDER COLUMNS PRINTED 
IFCI .EQ. IREM) ICOL=ICOL-1

   CHECK FOR ALL DATA PRINTED
IF(I .LT. 30 .AND. I .LT. MR) GO TO 10
RETURN
END
SUBROUTINE OU1PLOT(LU,TITLE,ORDER,X,Y,UR,Nh,POT)

   ROUTINE TO OUTPUT DATA FOH TRAVfclRSfe. PLOTTING
INTEGER ORDER
REAL LI,L2,K21,K23,K21K23
COMMON /MODEL/ TOL,wil) !Jri,QFFStT,SIGMAl,SIGMA2,SIGMA3,Cl,C2,C3, 
1F1,F2,S1,S2,D1,T1,L1 ,12 , T2 , L2 , *2 1 , K23 , K2 1 K23 , YO , ^v I DTK 2 , 
2TWQW,HL1,HL2,HT1,HT2,ZMID1,ZMJD2
DIMENSION X(l),YC1),POT(1)
CHARACTER*80 TITLE

   WRITE OUTPUT HEADER
WRITECLU,1000) TITLE 

000 FORMATC20A4)
WRITECLU,1010) SIGWA1,SIGMA2,SIGMA3 

010 FORMATC SIGMA1 = ',F7.3,' S1GMA?= ' ,F7.3,' SIGMA3= ' ,F7.3,11X)

0 0 0 0 8 2 b 0 
00008260 
00008270 
0 0 0 0 H 2 B 0 
00008290 
0000»300 
00008310 
0 0 0 0 * 3 2 0 
00008330 
00008340 
00008350 
0 0 0 0 8 .3 6 0 
0 u 0 0 H 3 7 0 
00008380 
OOOUb390 
U 0 0 0 H 4 0 0 
0000841 0 
0 0 0 0 8 4 2 U 
00008430 
00008440 
0 U 0 0 b 4 5 0

000084/0 
OUOUW480 
00008490 
00008500 
00008510 
00008520 
00008b30 
0 0 U 0 8540 
00008550 
0 0 0 0 H 5 fe 0 
0 U 0 0 8 5 7 0 
000085HO 
00008590 
00008600 
0 0 0 0 8 b 1 0 
0 0 0 0 a 6 2 0 
U0008630 
00008640 
0 0 0 0 8 o b 0 
0 0 0 0 8 5 b 0 
0 0 0 0 H 6 7 0 
00008680 
00008b90 
00008700 
00008710 
0 0 008720 
00008730 
00008740 
0 0 008750 
0 0 0 0 H 7 6 0 
0 0 0 0 y 7 7 0 
0 0 0 0 H 7 8 0 
00008790 
00008800 
UOUOH81U
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=',F7.3,' C3 =',F7.3,11X)
WRITE(LU,1020) C1,C2,C3 

1020 FORMATC Cl =',F7.3,' C2
WRIT£(LU,1030) D1,11,L1,F1,S1

1030 FORMATC D1=',F7.3,' Tl = ' , F'7 . 3 , ' L1=',F7.3,' F1=',F7.3,' Sl = ', 
1F8.3)
wRITe(LU,1040) D2, fr2,L2,F2,S2

1040 FQRMATC D2=',F7.3,' T2=',F7.3,' L2=',F7.3,' F2=',F7.3,' S2=', 
1F8.3)
WRIT£(LU,1050) rfIDTH,aFfrS£T,TOL,ORDER

1050 FORMATC «IUIH=' , F 7 . 3 , ' OF FSFT=' , F8 . 3 , ' TOL= r , E10 . 4 , ' URDfc:K=',12, 
13X)

   WRITE NUMBER OF DATA POINTS AND SPACING ALONG TRAVERSE
WRITE(LU,1060) NR,DR 

1060 FORMATCI6, !X f E12.b)

    WRITE DATA
WRITE(LU,1070) CX(T) ,Y(I) ,POT(I) ,1=1,NR) 

1070 FOR M AT ( E 1 2 . b f 1 X , E 1 2 . S , 1 X , E 1 2 . 5 )
RETURN
END
SUBROUTINE OUTGR 1 0 ( LU , T I TL fe. f OR DLR , X , Y f U X , D Y , ft X , N Y , POT )

    ROUTINE TO UUTPUT kESUtilS GRID CALCULATION

INTEGER ORDER
REAL LI ,L2,K2i,K23,K2lK23
COMMON /MODEL/ TOL , wIDTH , OFFSET , SIGH A 1 , SIG^A2 f SIGM A3 , Cl ,C2 f C3 f 
lFl,F2,Sl f S2fDl,Tl,Ll f D2 f 'l2 r L2 f K21 , K23 , K21K23 , YO , //IDTH2 , 
2TWOW,HL1 ,riL2,HTl,HT2,2«IDl f ZMID2
CHARACTER*80 TITLE
CHARACTER*24 CQLABL
DIMENSION X(l) ,Y(1) r POT (NX, NY)
PARAMETER (COLABL=' Y POT ') 

C 
C     LOOP OVER XL) VALUES

DO 10 1=1, NX 
C 
C     PRINT HEADER

CALL HEADER(LU,TirLE f ORDbR) 
C 
C     PRINT DATA

WRITE(LU, 1000) XCI) ,DY
1000 FORMATC X= ' , F8 . 2 , 2X , ' PY = ',F7.3) 

C 
C-    COMPUTE NUMBER OF COLUMNS AND REMAINDER

ICOL=NY/30
IREM=NY-30*ICOL
IFCIREM .NE. 0) ICOL=ICUL-H 

C 
C-i    PRINT COLUMN LA6£L

WRITE (LU, 1010) (COLABL,,K=1 ,ICOL) 
1010 FORMATC4A24) 

C 
C     PRINT DATA

J = 0 
20 J=J+1

0 0 0 0 b B 2 U 
00008830 
00008840 
OOOObBbO 
00008880 
00008870 
00008880 
00008890 
0 0 0 0 b 9 0 0

00008920 
00008930 
00008940 
0 0 0 0 8 9 S 0 
00008960 
00008970 
00008990 
00008990 
00009000 
00009010 
0 0 0 0 9020 
0 0 0 0 9 0 3 0 
00009040 
00009050 
00009060 
OOOC)9070 
0 0 0 0 9 0 B 0 
00009090 
00009100 
00009110 
00009120 
00009130 
00009140 
000091bO 
0 0 0 0 9 1 b 0 
00009170 
00009180 
00009190 
00009200 
00009210 
00009220 
00009230 
00009240 
0^009250 
00009260 
00009270 
0 0 0 0 9 2 b 0 
00009290 
00009300 
00009310 
00009320
0000933 0
0000934 0 
00009350 
0 00093o 0 
00009370 
0 0 0 0 9 3 B 0
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WRITE(LU,1020) ( Y C J + K ) , POT ( I , J+K ) , K=0 , 30* C I COL- 1 ) ,30) 
1020 FORMAT (4 ( IX, F8. 2, 2X,K9.4,4X)) 

C 
C     CHECK FOR ALL RE^AINO^H COLUMNS PRINTED

IF(J ,EQ. IREM) ICOL=1COL-1 
C 
O    CHECK FOR ALL DATA PRIMED

IFCJ .LT. 30 .AND. J ,LT. NY) GO TO 20 
10 CONTINUE

RETURN
END
SUBROUTINE HEADER ( LU , TITLE , ORDER ) 

C
C     ROUTINE TO PRINT OUTPUT ht'ADER 
C

INTEGER ORDER
REAL L1,L2,K21,K2J,K21K23
COMMON /MODEL/ TOL , WIDTH , OFFSET , SIGMA1 , SIGK>A2 , SIGMA3 , Cl , C2 , C3 , 
!Fl,F2,Sl,S2,Dl,Tl,Ll,02,T2,L2,K2l,1<23,K2lK23,YO,dIDTH2, 
2TWQW,HL1,HL2,HT1,HT2,ZMID1,ZMID2
CHARACTERS TITLEC20)

WRITE(LU,1000) T I TLE, OFFSET, «1DTH,TOL, ORDER, D1,D2,T1 ,T2,L1 ,L2 
1000 FURMAT(1H1,20A4//' OFFSETS' , F* . 3 , ' WIDTH= ' , FB . 3 , ' TOL=',EJ0.4, 

1" ORDER*', J2// 
221X, '/',14X,'/V 
320X, V,7X, 'X*,«>X, */'/
A~JV f f f / * * f f i f f f t i f
" ' A I >.««.«.«.<«. m»m,m,-m f f t ~^i^_... f / f .._.._.... t f t

5' ___________ YV
619X,'« ',7X,'| ',6X,'I ',23X, 'SOURCfc 1 ', 4X , 'SOURCE 2V
719X, 'I ',7X, 'Z',6X,'I ',18X,*D=',F10.4,2X,F10.4/
819X,'I',14X,'I',18X,'T=',F1Q.4,2X,F10.4/
9' REGION =',5X, 'l',SX,'Sl',7X,'2',5X,'S2',7X,'3',9X,'L=',
1F10.4,2X,F10.4)

rtRITEUiU,1010) SIGMAl,SlG«A2,SIGMA3,Fl,F2 f Cl,C2,C3,Sl,S2 
1010 FORMATC SIGMA =',F9.4,' Si ',F9.4,' S2 ',F9.4, 

16X,'F=',F10.4,2X,F10.4/
2' C =',F9.4,' SI ',F9.4,' S2 ',F9.4, 
36X,'Ss',F10.4,2X,F10.4/ 
419X, 'I ',14X, 'I ')
WRITE(LU,1020) UW2,WIDTH2 

1020 FORMATC12X, 'Y=',F10.4,5X,F10.4/)
RETURN
END
SUBROUTINE OUTSTD C LU , TITLE , X , Y , DX , DY , fcX , NY , POT )

   ROUTINE TO OUTPUT STANDARD FILE FOR CONTOURING

INTEGER ORDER 
REAL L1,L2,K21,K23,K21K23
COMMON /MQDt'L/ TOL, *IDIH , OFFSET , SI GMA1 ,5IGMA2 ,SIGMA3 , Cl ,C2,C3, 
1F1,F2,S1,S2,D1 ,T1,L1,D2,T2,L2,K21,K23,K21K23,YO,WIDTH2,
2TWO»I,HH,HL2,HT1,HT2,ZMID1,ZMID2

CHARACTH1R*80 TITLE
CHARACTER*H PGM
DIMENSION X(l) , YC1) , POT (NX, MY)

00009390 
00009400 
00009410 
00009420 
00009430 
00009440 
OU0094SO 
00009460 
00009470 
000094HO 
00009490 
00009500 
00009bJO 
000095 20 
00009530 
00009540 
00009550 
00009560 
00009570 
000095^0 
00009590 
000096 0 0 
00009610 
00009620 
00009630 
00009b40 
00009650 
00009660 
0 0 0 0 9 6 7 0 
00009680 
00009690 
00009700 
00009710 
00009720 
0 0 00973 0 
00009740 
00009750 
00009760 
00009770 
0 0 0 0 9 7 & 0 
00009790 
0000980 0 
00009H10 
00009820 
00009830 
00009840 
0000985 0 
00009860 
00009870 
0 0 U 0 9 b ri 0 
00009390 
0 0 u 0 9 9 0 0 
00009910 
00009920 
00009930 
00009940 
00009950
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PARAMETER (PGH='SPDIKE ',(vZ=l)

  WRITE HEADER RECORD
WRITECLU) TITLE (1:56) , PGM , NY , NX , NZ , X ( 1 ) ,DX,Y(1) ,DY

  LOOP OVER RO*S (X VALUES)
DO 10 1=1, NX 

10 WRITECLU) Y ( I ) , ( POT ( I , J ) , J = l ,N Y )
RETURN
END
SUBROUTINE GAUSS ( X , W , NOR HER )

 - ROUTINE TO COMPUTE GAUSS1AN QUADRATURE ABSCISSAS AMD WEIGHTS 
FOR ORDER MURDER. THE APPROXIMATE ZERO OF THE LfcGENDRE 
POLYNOMIAL AND THE DERIVATIVE AT THE ZERO IS COMPUTED. 
IF THE ABSOLUTE VALUE OF THE POLYNOMIAL AT THE ZERO IS GREATER 
THAN i.OD-15 AMD THE ABSOLUTE VALUE OF THE NH>'TU«M'S RULE 
CORRECTION TO THE ZERO IS GREATER THAN l.UD-lb, THEN THE 
CORRECTION IS APPLIED. THIS PROCEDURE IS REPEATED FOR A MAXIMUM 
OF 10 ITERATIONS OR UNTIL THE ABOVE CRITERIA ARE MET. THEN THE 
WEIGHT IS COMPUTED USI^G THE FINAL POLYNOMIAL DERIVATIVE VALUES.

THE SUBROUTINE ONLY COMPUTES NORDER/2 WEIGHTS AND ABSCISSAS. THE 
WEIGHTS ARE IHE SAME AT MINUS THE ABSCISSA VALUES. FOR AN ODD 
ORDER THERE IS AN ABSCISSA AT ZERO.

WRITTEN BY D. V. F1TTERMAN, U.S.G.S., NOVEMBER 1979
MODIFIED 20 JANUARY 1982
DOUBLE PRECISION X ( 1 ) , » ( 1 ) , P ( 20 ) , DP , PI
PARAMETER ( Pl=3 . 1 41 5926539DO )

LIMIT ORDER TO SIZE OF ARRAY P 
IFCNORDER ,GT. 20) M3RDER=20 
NLOQP=(NURDER+l)/2

 - LOOP OVER ZEROES 
DO 10 I=1,NLOUP

  APPROXIMATE ZERO
XCI)=(1.0DO-0.125PO/NOROER**2+0.125DO/NURDEK**3)*CnS((4.0DO*J 
1-1.0DO)*PI/(4.0DO*NORDER+2.0QO))

--- COMPUTE LEGENDRE POLYNOMIAL AT ZERO 
20 CALL LEGENDRE(XCI) ,P,NORDER)

  - COMPUTE DERIVATIVE OF LEGtNDRE POLYNOMIAL
DP= C-NQRDER*X (I )*P (NQRDbR + 1 ) BORDER *P ( MURDER) ) / ( 1 . 0-X CI ) **2 )

    TEST FOR CONVERGENCE
IFCDABS(PCNORDER-H) ) ,LE. l.OD-lb .OR. DABS ( P ( BORDER* 1 ) /DP ) .Lt. 

ll.OD-15 .OR. J .GE. 10) GO TO 10

   APPLY NErfTOrt'S RULE CORRECTION TO ZERO 
X(I)=X(I)-P(NORDER-H)/DP 
J=J+1 
GO TO 20

000099t>0 
00009970 
OU009980 
0 0009990 
U 00100 0 0 
00010010 
0 0 U I 0 0 2 0 
U 0 0 1 0 U 3 0 
0 0 U 1 0 0 4 0 
00010050 
0 0 0 1 0 0 o 0 
00010070 
00010080 
00010090 
00010100 
00010110 
00010120 
00010130 
00010140 
00010150 
U0010160 
OU010170 
00010180 
00010190 
00010200 
00010210 
00010220 
00010230 
00010240 
00010250 
U0010260 
00010270 
000102 8 0 
00010290 
00010300 
00010310 
0 0010320 
00010330 
0 0 (U 0 3 4 0 
00010350 
00010360 
00010370 
000103*0 
00010390 
00010400 
00010410 
00010420 
00010430 
00010440 
0 0 0 1 0 4 S 0 
000104bO 
00010470 
0 0 0 1 0 4 H () 
00010490 
00010500 
0 0 0 1 0 5 1 0 
00010520
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   COMPUTE QUADRATURE WEIGHT 
10 W(I)=2.0DO/(1.0DO-X(I)**2)/DP**2

RETURN
END
SUBROUTINE LEGENDRE(X,P,MQRDER)

   ROUTINE TO EVALUATE THE FIRST NORDER LEGEfcDRE POLYNOMIALS 
FOR ARGUMENT X.

WRITTEN BY D. V. FITTERMAN, U.S.G.S., 
MODIFIED 13 JANUARY 1982

DOUBLE PRECISION X,P(1QO)

   SET ZEROTH ORDER POLYNOMIAL 
P(1)=1.QDO 
IFCNORDER .EQ. 0) RETURN

   SET FIRST ORDEk POLYNOMIAL 
P(2)=X 
IFCNORDER .EG. 1) RETURN

NOVEMBER 1979

    LOOP OVER ORDERS
1 = 2 

10 1=1+1
P(I)=((2.0DO*(l-2)+l.
IF(I ,LE. NORDER) GO TO 10
RETURN
END
SUBROUTINE SFLINl (N',H,X,Y,A,8,C,IT,D,P,S)

--ONE DIMENSIONAL CUBIC SPLIwK COEFFICIENT DETERMINATION.

BY w.L.ANDEHSQN, U.S. GEOLOGICAL SURVEY, DENVER, COLORADO

GT.O. (USE DUMMY X 
REQUIRED STORAGE) 
M).
M).

HF-RE)
PARMS - M= NUMBER OF DATA POINTS .GT. 2 

H= EQUAL INTERVAL OPTION *HEN H 
UNEQUAL INTERVALS If H=0. (X 

X= INDEP.VAR WHEN H=0. (DIM .GE 
Y= DEPENDENT VARIABLE (DIM .GE 
A,B,C=COEFF.ARRAYS (EACH DIM .GE. M)

RESULTS ARE RETURNED IN IST(M-l) ELEMENTS OF A,B,&C. 
ALSO USFD AS WORK ARRAYS DURING EXECUTION. 

IT= TYPE OF BOUNDARY CONDITION SUPPLIED IN D ARRAY. USt 
IT=1 IF 1ST DERIVATIVES GIVEN AT END POINTS, OR 
IT=0 IF 2ND DERIVATIVES GIVEN AT END POINTS. 

D= BOUNDARY ARRAY (DIM 2) AT POINT 1 AND M RESPECTIVELY. 
P,S= WORK ARRAYS (EACH DIf=M).

 ERROR RETURN WITH M=-(ARS(M)) IK ANY PAR* OUT OF RANGE. 
THE RESULTING CUBIC SPLICE IS OF THE FORM:

FOR 1=1,2,...,M-1

REAL*4 X(l),Y(1),A(1),B(1),C(1),D(2),P(1),S(1),MUL 
IF(IT.LT.O.OR.IT.GT.1.0R.H.LT.O..OR.M.br.3) GO TO 999

00010530 
0 0 0 1 0 b 4 0 
00010550 
00010560 
0 0 010570 
00010580 
00010590 
00010600 
00010610 
00010620 
00010630 
00010640 
00010650 
00010660 
00010670 
00010680 
0 0 0 1 U 6 9 0 
00010700 
00010710 
00010720 
00010730 
00010740 
00010750 
00010760 
U 0 01 0 7 7 0 
00010780 
00010790 
00010800 
OU010810 
00010820 
00010830 
00010840 
0 0 0 1 0 b 5 0 
0 0 0 J 0 b 6 0 
00010870 
00010880 
00010890 
0 0 0 t 0 9 () 0 
00010910 
0001092 0 
00010930 
00010940 
00010950 
00010960 
00010970 
00010980 
00010990 
0 0 0 11 0 0 0 
00011010 
00011020 
00011030 
uO011040 
00011050 
0 0 0 11 0 b 0 
00011070 
00011080 
0001109 0
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IFUT.EQ.Q) GO TO 20 00011100
O-1ST DERIVATIVE BOUNDARIES GIVEN1 00011110

NE=N-1 00011120
IFCH) 999,11,1 00011130

C--EQUAL SPACING H .GT. 0. AND IT=1 00011140
1 HH=3.0/H OuOlllbO

DO 2 1=1,NE 00011160
BCD =4.0 00011170
C (I) = 1 . 0 00011180
A(I)=1.0 00011190

2 PCI)=HH*(Y(I+2)-YCI)) 00011200
P(1)=P(1)-D(1) U0011210
P(NE)=PCN£)-D(2) 00011220

C   SOLUTION OF THIDIAGONAL MATRIX EQ. OF ORDER Mb: U001123U
3 C(1)=CC1)/B(1) 00011240

P(1)=P(1)/B(1) 00011250
DO 4 1 = 2,NE 00011260
MUL=1.0/CBCI)-ACI)*C(I-1)) 00011270
C(I)=MUL*C(I) 00011280

4 P(I)=.MUL*(P(I)-A(I)*P(I-1)) 00011290
C OBTAIN SPLINE COEFFICIENTS 00011300

A(NE+IT)=P(NE) 00(hl310
I=NE-1 00011320

5 A(I + IT) = PCI)-C(I)*ACH-rm) 00011330
1=1-1 00011340
IF(I.GE.l) GO TO 5 OoOlUbO

IF(IT.EQ.O) GO TO fe 00011360
ACl)sD(l) 00011370
A(M)=D(2) 00011380

6 IFCH.EQ.O.) GO TO 14 00ull390
HH=1.0/H 00011400
DO 7 1 = 1,N 00011410
MUL = HH^(Y(I + 1)-Y(1) ) 00011420 
B(I)=HH*(3.0*MUL-(A(I + 1)+2.0*A(I)) ) OOull4iO

7 C(I)=HH*HH*(-2.0*MUL+ACI+l)tA(I)) 00011440
RETURN 0001I4b0

C UNEQUAL SPACING H=0.. AND IT=1 00011460
11 DO 12 1=1,N 00011470
12 SCH-1)=X(I*1)-XCI) 00011480

DO 13 1=1,NE 00011490
8CI)=2.Q*(SCltl)tS(H-2)) 00011500
C(I)=S(Itl) 00011^10
A(I)=S(H-2) 00011520

13 P(I)=3.0*(S(I + l)**2*(Y(It2)-YCI + l))fS(I + 2)**2*(Y(H-l)-Y(l)))/ OOu 11530
$ (S(I+l)*S(I+2)) 00011540
PC1)=P(1)-S(3)*D(1) 00011550
P(NE)=P(NE)-S(N)*D(2) 00011560
GO TO 3 00011570

14 DO 15 1 = 1, IM 00011580
HH=1.0/S(Itl) 00011590
MUL=(Y(H-1)-YCI))*: HH**2 00 01 1600 
d(I)=3.0*MUL-(A(I-M)+2.0*A(I))*HH 00011610

15 C(I)=-2.0*MUL*HHt(ACItl)-fACI) )*BH**2 00011620
RETUHN 00011630

C 2ND DERIVATIVE BOUNDARIES GIVE* 00011640
20 NE=N+1 00011650

IFCH) 999,31,21 00011660
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C   EQUAL SPACING 
21 HH=3.0/H

H .GT. 0 AND IT=0

DO 22 
BU)=4 
CCI)=1 
A(I)=1

= 2, 
0 
0 
0

22 P(I)
BU)=2.Q 
B(N£)=2.0 
CC1)=1.0 
CCNE)=1.0 
A(NE)=1.0
P(l)=HH*CY(2)-m))-0.b*H*DU) 
P(NE)=HH*(Y(M)-Y(N))+0.5*H*D(2) 
GO TO 3 

C   UNEQUAL SPACING H = 0 AND 11=0
31 DO 32 1=1, N
32 S(m)=XCItl)-XU) 

NlsN-1
DO 33 I = l,ru
BCI + l)=2.0*(SCItU+S(lt2)) 
C(H-1)=S(H-1) 
A(I+l)=SCIf2)

33 P(I + l) = 3.0MSCI + l 
* CSCIfl)*S(H-2)) 
B(l)=2.0 
8(NE)=2.0 
C(l)=1.0 
C(NE)=1.0 
A(NE)=1.Q
P(1)=3.0*(Y(2)-Y(1))/SC2)-0.5*S(2)*D(1 ) 
PCNE) = 3.Q*(YCM)-Y(N))/S(M)t0.5*SC,*O*D(2) 
GO TO 3

999 M=-IABS(M) 
RETURN 
END
SUBROUTINE SPO JNT ( M , X , Y , A , B , C , XX , Y Y ) 

C   GIVEN CUBIC SPLINE CQEFF'S A,B,C,AND M DBS. DATA ARRAYS
SPOINT EVALUATES THE PIECEWISE CUBIC SPLINE ORDINATE YY 
ABSCISSA XX, rfhERE XX IS IN THE CLOSED INTERVAL CX(1),X 
NOTE: IF COMPUTING OVER EQUAL INTERVALS, USE THE SUBR ' 
VXHICH REQUIRES ONLY ONE CALL.

DIMENSION X(1),YC1),A(J.),6C1),C(1) 
IFCXX.LT.X(l).OR.XX.GT.X(M)) GO TO 9

DO 1 1=1

GO TO 2
1
9

60

IFCXX.LE.XCH-1 )) 
CONTINUE
4RITEC6,60) XX,X(1),X(M) 
FORMATCOERROR IN SPOINT 

* C,E16.8,',',E16.8, ')')
RETURN 

2 Z=XX-X(J)

RETURN

00011670 
00011680 
00011690 
0 0 0 H 7 0 0 
00011710 
00011720 
00011730 
00011740

CALL XX=',E16.8

00011760 
00011770 
00011780 
00011790 
00011800 
00011610 
00011820 
00011830 
00011840 
00011850 
QOUllefcO 
00011870 
00011880 
00011890

 H)-Y(I)))/ 00011900 
00011910 
00011920 
00011930 
00011940
UOOM950
00011960
00011970 
00011980 
00011990 
0001 20 0 0 
00012010 
00012020 
00012030

X,Y 00012040 
AT THE 00012050 
CM)). 00ul'20t>0 
CUBIC' 00012070 

0 0 0 1 2 0 B 0 
00012090 
00012100 
00012110 
00012120 
00012130 
00012140 
OOOl2lbO 
00012160 
00012170

NOT IN CLOSED INTERVALOOO12180
00012190 
00012200 
00012210 
00012220 
00012230
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END
SUBROUTINE HANKELCBMAX,NB,rtPEL,TOL,NTOL,NORD,FUN1,IJREL,ZWQRK, 

* ZANS,ARG,NQFUN1,IERR)
COMPLEX ZANSCNB,NPEL),ZWORKC283,NREL),C,CMAX,ZSUM,ZERO,FUN 1 
INTEGER KEYC283), NORDCNHEL), IJRELC2,NRGL) 
DOUBLE PRECISION E,6R,M,¥,ABSCIS 
DIMENSION ARGCNB),T(2),TMAXC2) 
DIMENSION WTOC283),WT1C283) 
EQUIVALENCE CC,TC1)),CCMAX,TMAXC1)) 
DATA ZERO/CO.0,0.O)/
DATA A8SCI6/0.7358852661479794450DO/
DATA E,ER/1.22140275816016983400,0.818730753077981859DO/ 
DATA

*

* 

*

* 

* 

* 

* 

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

wTOC 1),WTOC 
WTOC 5),wTOC 
WTOC 9), WTOC 
WTOC 13),*TOC 
WTOC !7),wTOC 
WTOC 21), WTOC 
WTOC 25), wTOC 
WTOC 29), WTOC
WTOC 33),wTOC
2.1969101E-11,

-7.9821627E-09,
-l.0207546fc.-08,
-1. 27087896-08,
-1.5807160E-08,
-1.9650840E-08,
-2.4407377E-08,
-3.0266804E-08,
-3.7425022E-08,
DATA
WTOC 37), wTOC
WTOC 41), wTOC
*TOC 45), WTOC
WTOC 49),wTOC
WTOC 53),wTOC
WTOC 57), WTOC
WTOC 61), WTOC
WTOC 65) , fcTO C
wTOC 69), WTOC

-4.6035233E-08,
-5.6086570E-08,
-6.7117043E-08,
-7.7553611E-08,
-8.3217217E-08,
-7.3963141E-08,
-2.6163525E-08,
1.1407365E-07,
4.6831433E-07,

DATA
WTOC 73),«TOC
WTOC 77), WTOC
WTOC 81), WTOC
WTOC 85), WTOC
WTOC 89),wTOC
WTOC 93), WTOC

2) 
6) 

10) 
14) 
18) 
22) 
26) 
30)
34)
4
8
1
1
1
2
2
3
4

38
42

.

,WTOC 3) 
,«TOC 7) 
,wTOC 11) 
,Wl'OC 15) 
,WTOC 19) 
,WTOC 23) 
,wTOC 27) 
,WTOC 31)
,«TOC 35)
1201161*>

, wl'O 
,WTO 
,W10 
,WTO 
,wTO 
,W10 
,WTO 
,WTO
,WTO
09,-

.5778983E-09,-
 
 
 
 
 
 
 

)
)

46)
50
54
58
62

)
)
)
)

66)
70
5
6
8
1
1
2
3
6
1

74
78
82
86
90

)
 
 
 
 
 
 
 
 
 

)
)
)
)
)

94)

0796633E-
3446466e>
6747136E-

08,-
08,-
08,-

0869789E-08,-
6033678E-
2534013E-
0787921E-

,WTOC 39)
,WTOC 43)
,WTOC 47)
,WTOC 51)
,wTOC 55)
r #TOC 59)
,WTOC 63)
,«TOC 67)
,«TOC 71)
1425075E-
5475248C-

08,-
08,-
08,-

,wTO
,WTO
,WTO
,wro
,wTO
,WTO
,WTO
, WTO
, WTO
06,-
08,-

4767837E>Ob,-
1279873E-
5663185E-
3109673E-

07,-
07,-
07,-

6808773E-07,
3720626E-07,
1916346E-06,

,WTOC 75)
,ATOC 79)
,WTOC 83)

\t* *T* C\ C W T ^   yi^\/i Q 9 J

,«TOC 91)
,WTOC 95)

,^TO
,WTO
,wTO
, WTO
, *TO
,wTO

C 
C 
C 
C 
C 
C 
C 
C
C
6.
9.
1.
1.
1.
2.
2.
3.
4.

C
(
C
C
C
C
C
C
C
5.
6.
7.
8.
8.
5.
2.
2.
B,

C
C
C
C
C
C

4), 
8), 

12) , 
16), 
20), 
24), 
28), 
32),
36)/
1322980E-09,
1157294E-09,
1393033fc-08,
4174300E-08,
7625961F-08,
1903555E-08,
7186773E-08,
3672072E-08,
1543242E-08,

40),
44) ,
48) ,
52),
56),
60),
64),
68),
72)/
0393896fc>08,
1539913K-08,
2583120E-0«,
1416723E-08,
1482581E-08,
7243707E-08,
7049871E-08,
524196lh>07,
0099716K-07,

76),
80) ,
84),
88),
92),
96),

7
9
1
1
1
2
2
3
4

5
7
9
1
1
2
4
8
1

.2479291E

.6615250E

.2049873E

.5005577E

.8693427E

-09
-09
-08
-08
-08

.3305308E-08

.9094334E -08

.6408936E-08
,5756b42E

.7934897E

.4301996E

.7366568E

.3206914E

.8860593E

** 0 **?

-08
-08
-Oft
-07
-07

.8867452E-07

.7932617R-07

.6373487E-07

1

1

t

1

r

r

r

r
/

t

t

i

r

i

r

i

r
.6696015E-06/

00012240 
00012250 
00012260 
00i)12270 
00012280 
00012290 
00012300 
00012310 
00012320 
00012330 
00012340 
00012350 
00012360 
00012370 
00012380 
00012390 
00012400 
00012410 
00012420 
00012430 
00012440 
00012450 
00012460 
00012470 
0001248u 
00012490 
00012500 
00012510 
00012520 
00012530 
00012540 
00012550 
00012560 
00012570 
00012580 
00012590
0 001260 0 
00012610 
00012620 
00012630 
00012640 
000.12650 
00012660 
00012o70 
00012680 
00012690 
00012700 
00012710 
00012720 
00012730 
00012740 
00012750 
00012760 
00012770 
0 0 0 1 2 7 b 0 
00012790 
0001280 0
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*
*
*
*
*
*
*
*
*
*
*
*

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

*
*
*
*
*
*

WTOC 97), WTOC
WTOC 101) , w'TQC
WTOC105),*rOC
1.3091334E.-06
3.2456774E-06
7.63676336-06
1.7510398E-05
3.9610390K-05
8.8951409E-05
1.9895671E-G4
4.4402013E-04
9.8971624E-04

DATA
WTOC109),WTOC
WTOC113) ,WTOC
WTOC117),wIOC
WTOC121) ,*TOC
WTOC125),WTOC
WTOC 129) ,WTOC
WTOC133),wrOC
«TOC137),wTOC
wTOC141) , *TOC
2.2045122E-03
4.9080203E-03
1.0919448E-02
2.4233627E-02
5.3150319E-02
1.0980561E-01
1.6058576E-01

-1 .5Qrf3434t>01
3.8273717E-01

DATA

1
1
t
t
t
,
i
t
t
i
t

1
1
1
1

9B)
02)
06)
2.
4.
1.
2.
5.
1.
2.
5.
1.

10)
14)
18)
22)

,WTOC 99),wTO
,WTO(103) ,i*10
,*TOU07) ,wTO
3701475K-06,
9240402E-06,
0522038E-05,
2873836E-05,
0230379fc>05,
1094809E-04,
4587195K-04,
4589361E-04,
2132772E-03,

, WTOC 111) ,wTO
, WTOC115) ,^TO
,WTOC119) ,WTO
, wTO C 123) , WTO

126),ftTOCl27),»TO
1
1
1
1
t
t
t
t
t
t
t
r
r

30)
34)
38)
42)
2.
6.
1.
2.
6.
1.
1.

-2.
2.

, WTOC 131) ,'*>TO
,i«TOC135) ,WTO
, WTOC139) ,WTO
,WTUC143) ,V»TO
69808Ufc-03,
0010999E-03,
3340b9bH>02,
9555699fc-02,
4341372E-02,
2791555E-01,
4196085K-01 ,
9059573K-01 ,-
201411BE-01,-

*TOC145),*/TOC146),wTOC147),WTO
WTOC 149) , WTOC
WTOC 153) , WTOC
WTOC157),WTOC
WTOC161) ,WTOC
WTOC165) ,WTOC
WTOC169) ,WTOC
*TOC173) ,*TOC
WTOC 177) , WTQC
5.3839527E-02
4.0703241E-02
5.1597053E-03
7.0004347E-04
9.9891279fe>05
1.4479572E-05
2.1074101E-06
3.0702417e>07
4.4740283E-08

DATA
WTOU81 ) ,*TOC
*TOC185),WTOC
WTOC189) ,WIOC
WTOC193) ,rv! TOC
WTOC197),WTOC
WTOC201),WTOC

1
1
1

50)
54)
58)

162)
166)
1
1
1
r

t

t

t

t

t
t

,

t

1

1
1

70)
74)
78)
-1.
-2.
-3.
-4.
-6.
-8.
-1.
-1.
-2.

«2)
86)
90)

, WTOC151) ,*TO
, ^/TO C 155) , WTO
, WTOC159) , WTO
,«TOC163) , wTO
, WTOC 167) , WTO
, WTOC 171) , WTO
,«TOC175),»TO
f WTOC179) , wTO
1909iri45K-01 ,
4358316E-02,
1074b02E-03,
2904226t:-04,
1589037E;-05,
9417427£-0b,
3Q19229E-06,
8969219E-07,
7643004K-OB,

,WTOCl«3) ,^TO
, WTOC 187) ,WTO
,WTOC191) ,w!0

194) , WTO ( I 95) ,wTO
1 98)
202)

, WTO C 199) , wTO
,*TOC203) ,i^TO

C
C
C
2
5
1
2
5
1
2
6
1

C
C
C
C
C
C
(
C
C
3
7
1
3
7
1
8
2
4

C
C
C
C
C
C
C
C
C
9
1
1
2
3
5
B
1
1

C
C
C
C

1
1
1
.
.
.
.
.
.
.
.
.

1
1
1

00),
04),
OB)/
0803829E-06,
0005198E-06,
1590021E-05,
6368006fc>05,
9397373E-05,
3308026E-04,
9728181&-04,
6298832fc>04,
4772052E-03,

12),
16),
20),

3
7
i
3
7
1
3
8
1

124),
1
1
1
1
1
.
.
.
.
.
.
.
.
.

28),
32),
36),
40),
44)/
2895354E-03,
3216878E-03,
6276399E-02,
5990Q69fc-02,
7506720E-02,
4525830b-01,
97R1222K-02,
9105437E-01 ,
7342635K-01,

4
B
1
4
9
1

-1
-3

1

148),
1
1
52),
56),

IbO),
i
1
1
1
1
.
.
.
.
.
.
.
.
.

1
1
1
1

64),
68),
72),
76),
80)/
9317051fe>02,
4476533E-02,
8822342E-03,
6354444E-04,
7996921K-05,
5227518E-06,
0433617E-07,
1720069E-07,
7079403E-08,

84),
88),
92),
96),

-6
-8
-1
-1
-2
-3
-4
-7
-1

C200),
C 204),

3.4012978K-06, 
1783540E-06, 
5488635E-05, 
3864387^-05, 
4bl2122K-05, 
6511335E-04, 
6629770E-04, 
1375348^-04, 
8092022E-03/

4.0238764E-03, 
9489225hi-03, 
9873311F1-02, 
3791529E-02, 
2749987E-02, 
5820085E-01, 
0238278E-02, 
7973244C-02,

1.9331133E-01/

6.6152628E-02, 
6198067^-03, 
1456545E-03, 
6215439C-04, 
3452250E-05, 
4114252E-Ob, 
9693681K-07, 
2412496E-OH, 

-1.0552634E-08/

0 0 01 2 8 1 0 
00012820 
G0012M30 
00012b40 
OU012B50 
00012860 
00012870 
0 0 0 I 2 » H 0 
00012890 
00012900 
00012910 
00012920 
00012930 
00012940 
00012950 
00012960 
0001297 0 
OU012980 
00012990 
00013000 
00013010 
00013020 
00013030 
OOU13040 
00013050 
00013060 
0001307 0 
00013080 
00013090 
00013100 
00013310 
U () 0 1 3 1 2 0 
00013130 
00013140 
U0013150 
00013160 
00013170 
00013130 
00013190 
00013200 
00013210 
00013220 
00013230 
00013240 
UO013250 
00013260 
00013270 
00013280 
00013290 
00013300 
00013310 
00013320 
00013330 
00013340 
00013350 
U001336C 
00013370
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*
*
*
*
*
*
*
*
*
*
*
*

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

*
*
*
*
*
*
*
*

WTO(205),wTO
WTO(209),WTO
WTO(213) ,*TO

(
(
(

206)
210)
214)

6.5200311E-09,-4.
9.5019040E-1
1.3847792E-1
2.0182948E-1
2.9415274E-1
4.2739744E-1
6.0487998E-1
9.1574735E-1
1.6406939E-1

DATA
WTO(217),WTO
WTO(221) ,«TO
WTO(225),WTO
wTO(229) ,*rO
WTO(233) ,WTO
WTO(237),wTO
WTO(241) ,WTO
WTO (245 ) , WTO
WTO(249) ,WTO

-8.0942556E-1
4.6174116E-1
1.0211793E-1
7.411Q927E-1

-1.7838410E-1
8.3280985E-1
1.7777129E-1
6.9747910E-1

-1.5220450E-1
DATA

0
0
1
2
3
4
5
5

(
(
(

\ji !T* C\

yy F?^ f\

,«TO

(207)
(211)
(215)

0284597fc>
,-5.8708696E-
,-8.
,-u

,
,
,

WTO
wTO
WTO

09,
1

5560821E-1
2470979E-

,-1.8170081E-
1
1

,-2.6344388E-l
,-3.
,-5.
,-8.

218)
222)
226)

6973097E-1
9567236E- 1
8248590E-1

,wTO
,«TO
, WTO

(230) ,*TO
(234) ,*rro
(
(
(
(
7
6
5
6
6
6
5
6
5

238)
242)
246)
250)
,-3.
,-5.
,-1.

,WTO
,wTO
,WTO
,WTO

(219)
(223)
(227)
(231)
(235)
(239)
(243)
(247)
(251)

7172363E-
8627358E-
0940039E-

,-4,1700094E-
, 4.
,-1.
,-1.
,-u
, 1.

WTO(253),wTO(254)
WTO(257),WTO
WTO(261),WTO
WTO(265) , WTO
WTO(269) ,wTO
WTO(273) ,WTO
WTO (27 7) , WTO
WTO(281) ,WTO

-3.5176475E-1
-7.3949962E-1
-1.3949870E-1

( 258)

8975421E-
1544640E-
7322 187E-
2088956f->
9541

,WTO
, wTO

(262) ,WTO
(
(
(
(
(
5
5
4

-1.4962523E-14
-4.0056107E-1
-6.5679655E-1
-1.7947697E-1
-5.5510504E-1
DATA
WT1( 1),*T1
WT1C 5),WT1
WT1( 9),WT1
WT1 ( 1 3 ) , WT1
WTH 17), ̂ Tl
WT1( 21),WT1
WT1( 25),WI1
W T 1 ( 2 9 ) , » « T 1

5
6
4
4

(
(
(
(
(
(
(
(

266)
270)
274)
278)
282)
, 4.
, 8 .
, 1.
, 1.
, 1.
, 3.
, 2 .
r 9.

2)
6)

10)
14)
18)
22)
26)
30)

,wTO
, WTO
, wTO
f WTO
, wTO

r
i
t
r
t
t
t
r
t
1
1
1
1
1
1
1
1

597E-1

(255)
(259)
(263)
(267)
(271)
(275)
(279)
(283)

,
,
r
f
f
r
r
/

2276125E-1
8597601E- 1

5332490E-1
2794804E- 1
5965079E-1
3011 866E-1
3774303E-
0505371E-

, w f 1
, SAJ T 1
, «T1
, wTl
,WT1
, WT1
, W T 1
, WT1

( 3)
( 7)
(11)
( 15)
( 19)
( 23)
( 27)
( 31)

0,
1,
1 ,
2,
3,
4,
5,
*>,

WTO
wTO
WTO
*TO
WTO
WTO
WTO
WTO
fcTO
7,
6,
5,
6,
7,
5,
5 ,
6,-
5,-

WTO
WTO
WTO
WTO
WTO
wTO
WTO

5,-
5,-
4,-
4,-
5,-
5,-
14,-
1

r

t

t

r

f

,

r

t

4,-

WT1
wTl
WT1
WT1
WT1
WT1
WT1
WT1

( 20«),
(212),
(
2
3
5
7
1
1
2
3
3

(
(
(
(
(
(
(
(
(
1
7
1
8
1
1
1
4
2

216)/
.489Q232E-09,
.6273937fc-l
.2865474E-1
.7057678E-1
.1221034E-1
.6197105E-1
.2817964E-1
,9209969fc>l
.0195409F.-1

220),
224),
228),
232),
236) ,
240),
244),
248),
252)/
.9299542E-1
.2227767E-1
.0789555E-1
.5977184E-1
,9398153F>1
.4401527E-1
.5247247E-1
.8382957E-1
,4107448F>1

0,
1,
2,
2,
3,
4,
5,
6,

6,
6,
5,
7,
6,
5,
5,
6,
5,

-1
-2
-3
-4
-6
.9
-1
-2
2

-3
-8
-9

1
-5
-1
-1

1
2

(256),
(
(
260) ,
264),
(268),
(
(
(

5
1
1
9
7
7
3
1

t
C
(
(
(
c
(
(

272),
276),
280),

.0977851E-1

.0515959E-1

.6146782E-1

.9286701E-1

.2732961E-1

.3545910L-1

.0279168E-1

.7064873E-1

4),
8),

12),
16) ,
20),
24),
28),
32),

5,
4,
4,
5,
8,
5,
4,
3/

6
1
1
6

.4
1
3

1.5378695E-09, 
2412348E-10 
2664392£-ll 
7611713E-12 
9271067E-13 
9147443E-14 
4315547E-14, 

2.S911739E-15, 
2.2622634E-17

3.3388160E-16, 
7972941F>16 
7089714E-16 
3396469E-16 
0046989E-16 
6637066E-15 
1771155E-15 
0408292E-15

2.9241438E-15/

1428456E-15 
2264584E-14, 
6084121E-14 
8825809F-15 
0433218E-16, 
2394851E-14 

3.9252831E-14

f

1

f

1
1

f
f
t
/

f
f
1

1

1

t
t

1
/

r

i

f

r

f

f

r

00013380
00013390
000134 0 0
OU013410
00013420
00013430
00013440
00013450
00013460
00013470
000134HO
00013490
00013500
00013510
0001 3520
00013530
00013540
00013550
0 0 0 1 3 5 b 0
00013570
00013580
00013590
00013600
00013610
00013620
00013630
00013640
00013650
00013660
00013670
00013680
00013690
00013700
00013710
00013720
00013730
00013740
00013750
00013760
00013770
00013790
0 u 0 1 3 7 9 0
0 0 0 1 3 B 0 0
00013810
0001332 0
00013830
00013840
0 0 0 1 3 o 5 0
00013860
0 0 0 1 3 H / 0
00013880
00013890
00013900
00013910
00013920
00013930
00013940



Program SPDIKE 
VAX Documentation

Page 42

* WTK 33),*T1(
*-4.2129715E-16,
*-1.0767B91E-14,
*-1.17l4302E-14,
* 6.1279163E-15,
* 8.6009018£>lb,
* 1.9314024E-14,
* 2.5057768E-14,
* 1.1422464E-14,
*-3.2177842E-17, 

DATA
* WTK 3 7), WTK
* WTK 41),WTK
* WTK 45),wTK

WTK 
WTK 
WTK 
WTK 
WTK

49) ,WXK 
53), WTK 
57),wTK

WTK65)
69) ,WTK

*-5.6209538E-15,
*-6.5355935£-15,
*-9.5104370E-16,
* 5.0032100E-16,
* 6.4004437E-15,
* 1.8044664E-14,
* 5.8709354E-14,
* 2.7641786E-13,
* 1.3698462E-12, 

DATA
* WTK 73),WTK
* WTK 77),WTK
* WTK 81) ,«IK
* WTK
* WTK
* WTK
* WTK
* WTK101) ,
* WTK105),*TK1
* 6.7870250E-12,
* 3.3617368E-11,
* 1.6651222E-10,
* B.2474468E-10,
* 4.0849867E-09,
* 2.0233058E-08,
* 1.0021488E-07,
* 4.9t>36623E-07,
* 2.4585014E-06, 

DATA
* WTK109),WTK1 

WTK113),WT1(1 
WTl(117),wTKl

85) ,wTK 
89),WTK 
93) ,WTK 
97),WTK 

WflCl

WTK125),WT1(1 
WT1(129),WT1(1 
WTK133) ,«ri(l 
WTl(137),wTKl

34),WTK 35) 
5.3667031E- 
1.2362265E- 
8.413473Bfc:-

-9.11027b5E-
-8.9749846F>
-2.3172388fc'-
-2.2485539^-
-7.9323958fc> 

1 ,86375bSfc'-

3 8 ) , wi X 1C 39)
42),WTK 43)
46),WTK 47)
50),WTK 51)
54),*T1( 55)
58),wTK 59)
62),WTK 63)
66),WTK 67)
70),WTK 71)
6.4192841E-
5.6125163F>
1 .4600474fc;-
4.3752205E-

-2.1926177E- 
1.0755745E- 
8.1475200fe:- 
4.1330823E- 
2.0447427E-

74),wTK 75)
7H),wTK 79)
82),WTK 83)
86),WTK 87)
90),wTK 91)
94),wTl( 95)
98) f wTK 99)
02),*T1(103)
06),WT1(107)

1.0126237k-
5.0153839fc;-
2.4840923E-
1.230375UE-
6.0940898&-
3.0184244E-
1.4950371E-
7.4049804E-
3.6677163E-

10) ,iftTKHl) 
14) ,WT1(115) 
18) ,WTK119) 
22),wTK123) 
26) ,WT1(127) 
30) ,wTl(131) 
34) ,WTK135) 
38),i»TK139)

,*T1( 36)/ 
15,-7.1183962t;-
14.-1,3371129E-
15.-3.7726725£- 
15, 9.9696405E- 
15, 1.11539H7E- 
14, 2.5605477E-
14. 1.9022752EI-
15. 4.8421406E- 
15,-3.3683643E-

15,
14.
15. 
15, 
14, 
14,
14.
15. 
 15,

8.9478500F.-15, 
1.3284178E-14, 
1.4263879E-15, 
9.3649955fc-15,
 1.4914821E-14,
 2.6217555E-14, 
'1.5198084E-14, 
'2.1875032F>15, 
4.6132219E-15/

,WTK 
,WTK 
,WTK

,WT1( 
,wTK

15,-b.
15.-4. 
lb, 5.
16. 2. 
15, 1. 
14, 3. 
14, 1. 
13, 6. 
12, 3.

40),
44),
48),
52),
56),
60),
64),
6b) ,
72)/
8959928fc-
1453931E-
6166519E'
1052293E'
1651003E'
0159022E-
2530006E'
1506209E'
0494477E'

16, 
15, 
14, 
14, 
13, 
13, 
12,

,WT1( 
,^T1( 
,'*TK 
,WT1( 
,wTK

,WT1(

11, 1
11 , 7
10, 3
09, 1
09, 9
08, 4
07, 2
07, 1
06, 5

76),
HO),
84),
88),
92),
9b), 

100) , 
104), 
108)/ 
.5104976E- 
.4818173E- 
.7058109E- 
.8355034E- 
.0913020E- 
.5029477E' 
.2303208E- 
.1046805E- 
.4714550E-

, WTK 112), 
,wll(llo), 
,WTK120), 
,WTK124), 
,WTK128), 
,wTK132), 
,wTK136), 
, WTK 140) ,

6.9895792E-15, 
2.b358827E-15, 
8.2899246E-17, 
9.5451973F>lb, 
5.8415433E-16, 
3.3506138E-14, 
1.8519112E-13, 
9.1921659E-13, 
4.5501001E-12/

'11,
'10,

'09, 
'09,
'OH,

'07, 
'06, 
'06,

2.2536053E-11, 
1.1161804E-10, 
5.5284353E-10, 
2. 7382502E-09, 
1.3562651E-OH, 
6.7176304E-08, 
3.3272689E-07, 
1.6480103E-06, 
8.1626422E-06/

00013950 
00013960 
00013970 
00013980 
00013990 
00014000 
00014010 
00014020 
00014030 
00014040 
00014050 
00014060 
00014070 
OU0140BO 
00014090 
00014100 
00014110 
00014120 
000141*0 
00014140 
00014150 
00014160 
00014170 
0 0 0 1 4 1 b 0 
00014190 
00014200 
00014210 
00014220 
00014230 
0001424U 
0 0 0 1425 0 
00014260 
00014270 
0 0 0 1 4 2 B 0 
00014290 
00014300 
00014310 
00014320 
00014330 
00014340 
00014350 
00014360 
00014370 
00014380 
00014390 
00014400 
00014410 
00014420 
00014430 
00014440 
00014450 
00014460 
00014470 
00014480 
00014490 
00014500 
00014510
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* WT1(141),*T1(
* 1.2176782E-05
* 6.0307294E-05
* 2.9860417E-04
* 1.4767050E-03
* 7.2596811E-03
* 3.4655327E-02
* 1.4207357E-01
* 2.0334626E-01
*-1.8280529E-01
DATA

* WTK145) ,*ri(
* irfTl(149),wn(
* «T1(153),WT1(
* WT1U57),*T1(
* wTl(161),wTl(
* WTl (165) ,«IT1(
* wTK169),wri(
* WTl(173),wTl(
* WT 1(177), K/T1(
* 2.4781735E-01
*-2,2830217£>02
*-1.7488968£-02
*-9,6138436£-03
*-5.3482055E-03
*-2,9883670E-03
*-1.6709583fc-03
*-9.3441130E-04
*-5.2253532E-04
DATA

* Wild 81) , m(
* WT1(185),WT1(
* WTK189),*Ti(
* WT1(193),\»T1(
* *T1(197) ,wll(
* WTl (201),wTl(
* WTH2Q5) ,WT1(
* WT1(209),WT1(
* WTl(213),wTl(
*-2.9220916E-04
*-1.6340753£-04
*-9.1379828£-05
*-5.1100905£-05
*-2,8576356fe>05
*-1.5980307E-05
*-8.9364160E-06
*-4,9973715E-06
*-2.7946015E-06
DATA

* WT1(217),WT1(
* W T 1(221), « T 1 (
* WTH225) ,Wfl(
* W T 1(229), *vTl(
* WT1(233),*T1(
* wTl (237 ) , #T\ (
* wTl(241),wTl(
* WTl (245) , WT1 (

142)
9 1.

, 8.
9 4,

9 2.

, 1.
9 5.

, 1.
9 &.

, 4.

146)
150)
154)
158)
162)
166)
170)
174)
178)
,-1.
, 2.
9 1.

9 «.

, 4,
, 2.
, 1.
, 8.
9 4.

182)
18t>)
190)
194)
198)
202)
20b)
210)
214)
9 2.

9 1.

9 7.

, 4.
9 2.

, 1.
, 7.
, 4.
, 2.

21b)
222)
226)
230)
234)
238)
242)
246)

,*T1 (143) ,WT1
8166179E-05,
99715o8t;-0b ,
4545291E-04,
2016806E-03,
0788355b-02,
0608141E-02,
8821315E-01 ,
0665451E-02,-
7014634E-01,

,*Tl(147),wTl
, toTl ( 151 ) ,isTl
,WT1(155),WT1
, *T1 ( 159) , wTl
,rtTl (163) ,fcTl
,WT1(167) ,V«T1
,WT1(171),^T1
, w T 1 ( 1 7 5 ) t W T 1
,WT1U79) ,WT1
1149185E-01,
4644647E-02,-
5057670K-02,-
2952090E-03,-
6232056E-03,-
58408olE-03,-
4449655E-03,-
0 803899 1>04, -
5186652E-04,-

,«Tl(lB3),wTl
,WT1(187) ,WT1
,WT1(191),KT1
,wTl(195) ,wTl
,WTl(199),yvTl
,wTl (203) ,-*Tl
f WTK207) ,WT1
, w T 1 ( 2 1 1 ) , V, T 1
,**T1 (215) ,WT1
5269019K-04,-
4130796E-04,-
9021432E-05,-
4189914E-05,-
47H631E-05,-
3819097E-05,-
727B366E-06,-
3215167b-06,-
4166539E-06,-

,«T1 (219) ,*T1
,WT1(223) ,^T1
, WTl (227) , WTl
,1*11(231) ,WT1
,«/Tl(235) ,VvTl
,WT1(239) f WTl
,WT1 (243) , WTl
,rtT 1(247) ,W11

(
2
1
6
3
1
7
2
2
7

(
(
c
(
(
(
(
(
(
2
2
1
7
3
2
1
6
3

(
(
(
(
(
(
(
(
(
2
1
6
3
2
1
6
3
2

(
(
(
(
(
(
(
(

144)/
.7099223E-05
.3420195E-04
.,6423156^-04
.2788147E-03
.5973323E-02
.2827752E-02
.2996815E-01
,0275683fc>01
.2991233E-03

148),
152),
156) ,
160),
164),
168) ,
172) ,
176),
180)/
,59fc5386E-02
.2895284E-02
.2953923E-02
.1628361E-03
.9970542E-03
.2345428E-03
.2495408E-03
.9875784E-04
,9075515r>04

184),
188) ,
192),
196) ,
200) ,
204),
208),
212),
216)/
. 18 51585e,-04
.2219719K-04
.8334412E-05
,8213580fe>05
.1369580E-05
.1950174E-05
.6827083E-06
.7370660E-06
.0898207E-06

220),
224) ,
228),
232),
236),
240),
244),
248),

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

4.
2.
9.
4.
2.
1.
2.

-3.
-3.

1.
2.
1.
6.
3.
1.
1.
0.

3.

0428804E-05
00211236-04
9073275P-04
B837292E-03
3612041E-02
0337889E-01
5088500E-01
5772336fe>01

,
9

9

9

9

9

9

9

0614594E-01/

0850279E-02
0197032E-02
1153254E-02
1882910E-03
4560118E-03
9323046E-03
OB05480E-03
0425624E-04

9

9

9

9

9

9

9

9

3790861E-04/

0 0 0
0 0 0
000
0 0 0
000

1 4520
14530
1
1
1

0001
000
000
0 0 0
000
000
000
uOo
0 0 0
ooo
0 0 0
000
000
000
000
000
000
0 0 0
000
ooo
000
000
000
0 0 0
000
000
0 0 0
000
000
000
000
000
000

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

0001

,
9

9

9

9

9

9

9

9

1.
1.
5,
3.
1,
1.
5.
3.
1.

8896332E-04
0567099E-04
9092726E-05
3045496E-05
8479514E-05
0334008F>05
7789251E-06
2316575E-06

9

9

9

9

9

9

9

9

8071890K-Oo/

000
0 0 0
000
000
000
0 0 0
0 0 0
000
000
000
0 0 0
000
000
ooo
000
000
0 0 0
000

1
1
1
1

4540
4550
4560
4570
4b«0
4590
4600
4o 10
4620
4630
4640
4o50
4t»bO
4670
4680
4 b 9 0
4700
4/10
4720
4730
4740
4750
4760
4770
4780
4790
4800
4810
4820
4830
4840
4850
4860
4870
4830
4 890
4900
4910
4920
4930
4940
14960
1
1
1
1
1
1
1
1
1
1
1
1
1

4960
4970
4930
4*90
5000
5010
5020
5030
5040
5050
5060
5070
5080
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* WTK 249), wTl( 250) , WT1 ( 25 1 ) , WT 1 ( 252 ) /
*-l. 562781 IE-06, I . 3514274E-06 , - 1 . 1 686576E-06 ,
*-8.7392952E-07, 1 . 5573750 E-0 7 , -6 . 5353002E-07 ,
*-4.8871388E-07, 4 . 2261 921 1>07 , -3 . 6546333E-07 ,
*-2.7329579E-07, 2 . 363347 Ofe>07 , -2 . 043723 1 E-0 7 ,
*- 1.528 309 IE-07, 1 . 32 ID 1 74E-07 , -1 . 1 428792E-07 ,
*-8.5465227E-08, 7 . 3906734E-08 , -6 . 391 14 37E-08 ,
*-4.7793376fe>08, 4.1329702E-08,-3.5740189E-08,
*-2.6726739E-08, 2.3U2l60fc;-OS,-1.9986424fc>08,
*-1.4945974E-08, 1 . 2924650F.-08 , -1 . 1 i 76694E-08 ,
DATA

* WT 1(253), *T1(2 54 ),wTH2Sb),V»Tl(256),
* rtT 1(257), *TK25fc),wTl (259), WTH260) ,
* WT 1(261), #T 1(26 2 ),*T1( 263), «T1(264),
* wTl (265) ,i*T 1(266 ) ,WT1 (2b7) ,*T1 (268) ,
* WT1 ( 269 ),WT 1(770) ,wTl(271) ,WT1(272),
* WTl(273),wT 1(274), wT 1(275), WT1C276),
* WTH277) , will (278) ,«T1(279) ,WT 1(280) ,
* WT1(281),«T1(282),WTU283)/
*-8.3580023E-09, 7 . 2276490E-09 , -6 . 2501673E-09 ,
*-4.6739154E-09, 4 . 041 8061 b>09 , -3 . 4951 8 47 E-0 9 ,
*-2.6l37226fc-09, 2 . 2602382E-09 , -1 . 9545596E-09,
*-U4616324E-09, 1 . 2639577F>09 , -1 . 09301 64E-09 ,
*-8.17362o2fe:-10, 7.0681930E-10,-6.1122713h>10,
*-4.5707937E-10, 3 . 9526267 E- 10 , -3 . 41 80569E-10 ,
*-2.5560176c>10, 2.2103233E-10,-1.9113891E-10,
*-l. 429401 2E- 10, 1 . 2361 991F-10 , -8 . 2740936K-1 1 /
NOFUN1=0
IF(NB.LT.l.UR.NREL.LT.l .UK . BMAX.LE. 0 . 0 ) GO TO
Y=D8LE(BMAX)*ER**(NB-1)
IF(Y.LE.O.ODO) GO TO 9999
IERR=0
DO 10 1=1,283

10 KEY ( 1 )=0
NB1=N6+1
LAG=-1
Y1=ABSCIS/D8LE(BMAX)
DO 1010 ILAG=1,NB

LAG=LAG-H
T C. T* if ^ Q £*"*     <Kt u2 ~i ^ 1 f A f"*" 
JL Cr * \J *^ w ""* * » E? J. J- Jj rt w

IF(LAG.GT.O) Yl=Yl*fc.
ARG(ISTORE)=ABSCIS/Y1
DO 1000 JREL=1,NREL

NONE=0
ITOL=NTOL
ZSUM=ZtHO
CMAX=ZERO
Y = Y1
ASSIGN 20 TO M
1 = 131
Y = Y*E
GO TO 100

20 TMAX(1)=AMAX1(ABS(T(1)) ,TMAX(U)
TMAX(2)=AMAX1(ABS(T(2)) ,T«AX(2))
1 = 1 + 1
Y = Y*E
IF(J.LE.149) GO TO 100

1.0106059E-06,
5.6514528E-07,
3.1b03732E-07,
1.767325BF-07,
9. 88313fc6E>08 ,
5.5267923F-OH,
3.0906612F.-08,
1 .7283419E-OB,
9.6651347E-09/

5.4048822t-09,
3.0224895E-09,
1.6902214E-09,
9.4519327E-10,
5.28563426-10,
2.9557785E-10,
1.6528994E-10,

9999

00015090
00015100
00015110
00015120
00015130
00015140
0001 Dl 50
00015160
00015170
00015180
00015190
000152 0 0
00015210
00015220
0 0 015230
00015240
00015250
0 0 0 1 5 2 b 0
00015270
0 0 0 1 5 2 B 0
00015290
00015300
00015310
00015320
00015330
00015340
00015350
00015360
00015370
00015380
00015390
00015400
00015410
00015420
00015430
00015440
00015450
00015460
00015470
0001548 0
00015490
00015500
00015510
0 0 i.) 1 5 5 2 0
00015530
00015540
00015550
00015560
00015570
00015580
00015590
0 00156 0 0
00015610
0 0 0 1 3 b 2 0
0 0 0 1 5 b 3 0
00015640
00015bSO
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30

40

50

60

70

80

100

HO 
120

130
140

150

160

1000
1010

9999

IF(TMAXU).EQ.O.O.AND.TMAX(2) .KG. 0.0) NQNE=1
CMAX=TOL*CMAX
ASSIGN 30 TO M
GO TO 100
IF(ABS(TC1)).LE.TMAX(1).AND.ABSCTC2)).LE.TMAXC2)) GO TO 50
ITOL=NTOL
1 = 1 + 1
Y = Y*E
IFCI.LE.283) GO TO 100

IFUTQL.GT.O.AND.I.LT.283) GO TO 40
ITaL=NTOL
Y=*l
ASSIGN 60 TO .M
1=130
GO TO 100
IF(ABSCrCl)) .LE.TMAX(l) . AND. ABSCTC 2) ) . Lfc*. . TMAX C 2 ) . AND
NONE.EQ.O) GO TO HO 
ITOL=NTUL 
1=1-1 
Y=Y*ER
IFCI.GT.O) GO TO 100 
1TOL=ITOL-1
IF(ITOL.GT.O.AND.l.GT.l) GO TO 70 
Z ANSC1 STORK, JREb)=ZSUM/ ARC C1STORE) 
GO TO 1000 
LQQK=I+LAG 
IQ = LOOK./284 
IR=^OD(LOOK,284) 
IFCIR.EO.O) IH=1 
IROLL=IQ*283
IFCKEY(IR) .LE.1ROLL) GO TO 150 
IF(NQRDCJREL)) 130,120,130
CSZ^ORKCIR, OREL )*« roc j)
GO TO 140
C = ZWORK(IR,JRt;L)*WTl (I)

GO TO M, (20, 30, 60)
KEY(IR)=IROLLtIR
G=Y
ZWORKCIR, 1)=FUN1 (G)

IFCNREL.EQ.l) GO TO 110
DO 160 J=2,NR£L

ZWORK(IP,J)=CMPLX(G**JJREL(1,J) , 0 . 0 ) *ZwQRK ( IR , 1 ) **I JPEL -( 2 , J
GO TO 110 

CONTINUE 
CONTINUE 
RETURN 
IERR=1 
RETURN 
END

00015660 
00015670 
00015660 
00015b9G 
OU015700 
00015710 
OOU15720 
00015730 
00013740 
00015750 
00015760 
00015770 
00015780 
00015790 
0 0 0 1 5 M 0 0 
00015810 
00015s 20 
00015b30 
00015840 
00015850 
000158oO 
0001bd70 
00015880 
00015890 
00015900 
00015910 
0001592U 
00015930 
00015940 
00015950 
00015960 
00015970 
0001 59 »0
00015990
00016000 
OOOlbOlO 
00016020 
OOOloOBO 
00016040 
0001b050 
00016060 
0001t>070 
000,16080 
00016090 

) 0001 6100 
000 1611 0 
00016120 
OOOJblJO 
00016140 
00016150 
00016160 
0001ol70


