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Abstract

The three-dimensional magnetic modelling program of Donald Plouff 

(Plouff, 1975) has been made operational on a Honeywell Multics 68/80 

computer. Modifications were made to input and output procedures to make the 

program compatible with U.S. Geological Survey (USGS) standard geophysical 

input and output formats.

Introduction

This program calculates the magnetic effect of three-dimensional models 

that consist of elements that form polygons in plan view (Plouff, 1976). The 

elements of the models are bounded by two horizontal planes and a series of 

intersecting vertical planes. The calculations use an exact formula rather 

than using a numerical integration approach of previous Talwani (1965) 

programs. Thus, values can be obtained on or inside the model. A least- 

squares comparison between the calculated anomalies and an observed field can 

be used to determine the best total magnetization vector (amplitude, 

declination and inclination) and also the best magnetic susceptibility for the 

assemblage of polygonal prisms.

Description

Model input to the program consists of x, y, and z coordinates of polygon 

corners. A maximum of 50 polygons can be specified and the total number of 

corners for all polygons cannot exceed 900. Parameter input such as plotting 

variables, magnetic susceptibility and inclination, and so forth are entered 

from a command file in namelist format. Fieldpoint locations and optionally 

observed values at these locations are read in from a disk file. This file 

can be user-formatted random data (see Appendix B) or it can be in USGS 

geophysical grid format (see Appendix A). If the height of the fieldpoint 

locations of a grid file are not on a level plane, a second USGS grid-format
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file containing the elevations of the fieldpoint locations can be read.

Output from the program consists of printed information about the bodies 

and fieldpoint coordinates and values. Contoured output may be directed to a 

line printer or terminal, or grid-format files can be created that can be used 

as direct input to a contouring program.

Program Usage

Parameters and body coordinate data are obtained from an ASCII segment on 

disk created by the user prior to running the program. This segment is read 

by Fortran unit 9; attachment and detachment of the segment are accomplished 

within the program. The program parameters are read from the first part of 

the segment in namelist format. The segment therefore must start with the 

characters "&parms" followed by any number of namelist variables explained 

below and followed with the character "&". After the above character, the 

body coordinate information explained below is read from the segment.

Fieldpoint information in either a user-specified format or in a USGS 

geophysics grid format is read from a separate segment created on disk by the 

user before running the program. The maximum number of fieldpoints allowed is 

1,000. This segment is read by Fortran unit 10 and is attached and detached 

within in the program. With user-formatted input, the height of each 

fieldpoint location is specified; this is not the case with grid files. In 

order to allow this flexibility with grid files, a second file that contains 

the heights of the fieldpoint locations may be read in from disk. This file 

must have the same header information as the location file, that is, it must 

be registered. This optional segment is read by Fortran unit 11 and is 

attached and detached by the program.



Following are explanations of the namelist variables, grouped under usage 

subheadings.

File information

ifile - the name of the file that contains the fieldpoint information. 

It must be enclosed in quotes with a maximum length of 50 characters.

ifile2 - the name of a grid file that contains the heights of the 

fieldpoint locations. It must be enclosed in quotes with a maximum 

length of 50 characters. This file is not necessary if the parameter 

"height" below is used.

name - a character variable that states the type of data that will be 

read from "ifile". Default is the characters "gridded", which means 

that the fieldpoint data will be read as a standard USGS geophysics 

grid file. Any other characters (maximum of 8) enclosed in quotes will 

assumed a user-formatted file.

height - the height of the fieldpoint grid above the same datum that is 

used to reference the body heights, for example, sea level. Positive 

values are upward. See parameter "unix" below for specification 

units. This parameter is used only when name = "gridded" and ifile2 is 

not specified. Default is zero.

ifmt - the format to be used when reading a user-formatted file for

fieldpoint data. Four variables are read for each fieldpoint location 

in the following order: x coordinate, y coordinate, observed value, 

and height. The parameter must be enclosed in quotes, for example, 

"(4F10.2)". A maximum of 80 characters can be used. Default is "(v)" 

for list directed input.



Plotting information and scaling

I. iplotr - a number that determines which plotter device is to be used. 

The number 9, which is the default, directs all plotting to an output 

file on disk, which is named with the characters "print." as a prefix to 

the command file name. One of the numbers listed below will direct the 

plot of the body corners and fieldpoint locations to that device. 

0 - Calcomp 7900

1 = Tektronix 4010

2 - Hewlett-Packard 7202

3 = Hewlett-Packard 7203

4 = Tektronix 4014 low resolution

5 = Tektronix 4014 high resolution

6 = General vector output, for example, electrostatic printer/plotter

ibody - a nonzero number will create a plot of body corners and 

fieldpoint locations. Default is zero.

Jobs - a nonzero number and iplotr = 9 will create printer contours for 

gridded input fieldpoint data. Default is zero.

icalc - a nonzero number and iplotr = 9 will create printer contours of 

the calculated data. A nonzero number will create a standard USGS 

geophysical grid file with the characters "calc." as a prefix to the 

command file name, which can be contoured later by a contouring 

program. Default is zero. [This parameter is applicable only with 

gridded input fieldpoint data.]

ires - a nonzero number and iplotr = 9 will create printer contours of 

the residual data values (observed-calculated). A nonzero number will 

create a standard USGS geophysics grid file with the characters "res."

as a prefix to the command file name, which can be contoured later by a
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contouring program. Default is zero. [This parameter is applicable

only with gridded input fieldpoint data.] 

idplot - 40 characters of identification that is printed at the top of

printed output. This parameter must be enclosed in quotes and the

default is blanks. 

dc - the contour interval to be used if printer plots are requested.

Default is zero. 

xscale - the scaling factor to be used only when plotting body

coordinates on a plotter device other than a printer. It is specified

in coordinate units per inch, for example, 62500, if inches are the

units of measurement (see "unix" below). Default is zero. 

unix - the units of measurement in the x and y directions. It is a four

character variable which must be enclosed in quotes. Options available

are "feet", "mile", "kilf", "kilm" and "metr". Default is "kilm". 

uniz - the units of measurement in the z direction. It has the same

options as "unix" above. Default is "feet". 

naxcol - a number that controls the horizontal width of printer plots.

If later printing is desired on a data terminal, then 79 should be

used. Default is 130 for plotting on the full width of a line printer.

Magnetization information

earth - amplitude of Earth's total field in gammas. A positive value of 

"earth" indicates that the exact formula will be used for calculating 

the true anomalous total field.

T = (IH+X) 2 + (mH+Y) 2 + (nH+Z) 2 - H, where H = "earth" and JC, Y;, and 

Z_ are the components of the anomaly along the three orthogonal axes and 

1, m, and n are the direction cosines of the Earth's field. For the



most commonly used option, if "earth" is less than zero (that is, 

"earth" is the negative of the amplitude of the Earth's field), an 

approximation to the above formula will be used for determining the 

anomalous field: T Z IX + mY + nZ. Use of this approximation implies 

that the direction and magnitude of remanent magnetization of the model 

has a negligible effect on locally changing the apparent direction of 

the Earth's field. The value of "earth" can be zero for the rare case 

in which the user wishes to isolate the effect of remanent 

magnetization yet assuming a negligible external magnetic field: this 

option must not be used if the magnetic susceptibility within the model 

is specified because the induced magnetization could not be calculated. 

dec - the declination of the Earth's field. It is measured in degrees 

positive clockwise from the positive y axis as viewed from above. 

Default is zero. 

fincl - the inclination of the Earth's field. It is measured in degrees

positive downward from a horizontal plane. Default is zero. 

datum - a number to be added to the calculated anomaly to convert to the 

observed anomaly values. This is nearly always zero, which is the 

default.

Isqs - a number that determines what type of fieldpoint (observed) values 

will be read or what type of least-squares comparison will be made 

between the calculated and observed data.

0 = no fieldpoint (observed) values will be used. It must be kept 

in mind that it is always necessary to read fieldpoint 

locations in order to define the positions at which the model 

values will be calculated. 

1 = y component of magnetic anomaly.
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2 = x component of magnetic anomaly.

3 = vertical component of magnetic anomaly (some ground surveys).

4 = total horizontal component of magnetic anomaly.

5 = total magnetic anomaly (the usual observed aeromagnetic 

anomaly).

6 = a best total magnetization vector (amplitude, declination and 

inclination) will be determined by a least-square comparison 

between the observed and calculated values.

7 = a best susceptibility, assuming no remanent magnetization, will 

be determined by a least-squares comparison between the 

observed and calculated values.

Body information

Following the namelist variables in the command segment is parameter 

information for each body of the model. A total of 50 bodies is permitted and 

each body has the following format (see Examples of Program Execution):

Eight parameter values precede the body coordinates. The values are read 

from one line in v format. The order of the values are as follows. 1) The 

number of corners of the body. 2) A print switch for body information. A 

zero means no additional printout. A positive number will print the 

contribution of this body at each field point. A negative number, used for 

debugging, will print the values of key parameters for each polygonal side of 

the body (integrals V-i-V^). 3) The volume magnetic susceptibility for this 

body in e.m.u. times 100,000. This can be zero only if the following value is 

nonzero or "Isqs" = 6 or 7. 4) The remanent or total volume magnetization in 

e.m.u. times 100,000. This can be zero only if the preceding value is nonzero 

or "Isqs" =6 or 7. 5) The declination of remanent or total magnetization in



degrees, measured positive clockwise from the direction of the y axis. 6) The 

inclination of reraanent or total magnetization in degrees, meaxured positive 

downward from the horizontal plane. 7) The height of the top of body. The 

positive direction is upward. 8) The height of the bottom of the body and 

again the positive direction is upward.

The body coordinate corners follow the above parameter line in x and y 

pairs. The progression of corners is clockwise as viewed from above. The 

first pair is not repeated at the end of the list and the total number of 

pairs must equal the first number of the preceding parameter line. A hole may 

be removed from a large body by treating the hole as a separate body with the 

same magnetization contrast as the parent body but with input progressing 

counterclockwise from corner to corner.

After the program finishes computations using the above parameter and 

model information, it will try to read another parameter line from the command 

segment. This optional parameter line will permit calculation of magnetic 

components using a different set of magnetization parameters for the previous 

model without recalculating the six time-consuming volume integrals. However, 

the parameters are the same for all bodies of the model. Any number of these 

optional parameter lines can be placed in the command segment. If this option 

is used, a line containing eight zeros must precede the first parameter 

line. The parameter line consists of six values read in a v format. The 

order of these values are as follows. 1) The plot switch "icalc" (see above 

under Naraelist variables). A word of caution: if this is a nonzero number 

and "iplotr" is not 9 the grid file created will supercede the standard 

calculated file created from the previous model. 2) The amplitude of the 

Earth's total field in gammas (see "Earth" above under namelist variables). 

The declination and inclination of the earth's field remain the same as
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defined before. 3) The volume magnetic susceptibility of the model in e.m.u. 

times 100,000. This can be zero only if the following value is nonzero. 

4) The remanent or total volume magnetization of the model in e.m.u. times 

100,000. This can be zero only if the preceding value is nonzero. 5) The 

declination of magnetization of the model, measured in degrees clockwise from 

the positive y axis. 6) The inclination of magnetization of the model in 

degrees, measured positive downward from the horizontal plane.

Program Execution

To run the program type the characters: >online>Reg>Pgms>magpoly. The 

program will then type the statement: "enter command file name:". The user 

then types in the name of the command file that he has previously created on 

disk and program execution continues. If no error messages are generated and 

the program terminates normally, a message is printed that states that the 

output is in a file that is named with the characters "print." as a prefix to 

the command file name. The user then can observe the results of the program 

by printing this file, which resides in the user's working directory on disk.

If a plot of body corners and fieldpoint locations is requested on any of 

the offline plotting devices, then the program will be interrupted by the 

plotting system to ask the user questions.
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Appendix A

Command Segment Examples

The following example will calculate a best susceptibility between 
the observed and calculated values and a plot of the body corners 
and contours of the observed, calculated and residual values will be 
placed in a disk file.

v.arid"/
*>eigfct = 4 C 00 , dc = 20 , i dn 1 ot = " ("aoDO 1 y test I"/?
T 6 000 l7.° 62.9 ^OuO 1200
1.14 .<»o Uo1 .71 .64 1.07 .46 .6 .54 1.04 .05 .62 -.05 1.07 .46 1.56
.05 l.^b .47 i.69
.26 ?.1b .52 e.77 .3 4.0° .40 -5.02 .«3 3.91 .76 3.63 1.3 3.43 1.93 4.39 BODY i
'.31 4.3° ?.a«i 3.9 2.6? 3.57 3.01 3.?3 2.6" 3.06 3.2 2.7 3.27 2.36
3.1 1.P2 3.o US? 3.65 1.13 4.03 .77 3.92 .5? 3.61 1.06 2.05 1.1?
? . 31 . 6 e 2.77 . b 2.47 ,03 2.17 . 4 o
11 0 0 0 I7.o fc^.9 2 a OO 2000
1.2 1.21 .54 2.29 .6 2.36 .51 3.34 1.41 3.?5 1.95 4.12 2.14 4.06 2.71 3.49 BODY 2
2.61 3.01 3.13 2.54 2.03 1.24
a n o 0 17.9 6?.° ?400 200"
.4 1.2* .56 1.43 .7^ 1.34 .6 1.19 BODY 3
12 0 0 0 1?.° 62.9 2900 ?400
2.51 1.4*.1.4 1.49 .96 2.04 1. 2.51 l.flb 2.97 2. 3.93 2.21 3.86 2.6 3.47 BODY 4
?.43 2.96 3."3 c.5<J 2.8 i.«2 2.5" 1.77
13 0 0 0 17.9 6^.9 32oO 2oOO
1.52 l.o« 1.27 1.94 1.6 ?.64 1.46 ?.«3 1.77 2." l.«5 3.4* 2.12 3.74 BODY 5
?.a9 3.41 2.24 2.93 2.87 2.49 2.77 2.07 2.4 1.04 2.32 1.62
13 0 0 0 17.9 ftc.9 3600 32"0
2.12 U6 l.b Ufl6 1.0 0 2.97 1.92 3.24 ?.Q6 3.6? ?.35 3.33 2. 3.01 BODY 6
l.oa 2.7o ?.1 0 2.0? 2.?a 2.7 2.o9 2.53 2.7 2.15 2.24 2.11
6 o n ft i 7.9 6?.° 3800 J.600
1.7 ?. 1.9 2.o3 2.*4 <:.5 2.65 2.?1 2.15 ?.18 2.OB l.«4 BODY 7
a ft ft 0 17.9 b?.9 4oOo 3«00
?.ft4 1.97 1.9S 1.97 1.95 2.Q5 2.Ob 2.04 BODY 8
'J 0 0 0 J7.9 62.0 aO"0 3^00
l.«9 2.19 I.BV 2.5 2.55 ?.ay ^.b 2.31 BODY 5
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Command Segment Examples Continued

2. This example will perform a forward calculation from the nine model 
bodies specified below. The fieldpoint locations are read from a 
user formatted file.

= 1 7 . =f>2 . 9 , , i D 1 ot p= 1 , xscal 
v.te«?t 1 " ,

= .5 ,

= "maaoo1 y t«»s^ * &

.6 .54 1.04 .05 .62 -.05 1..P7 .46 1.56

.«3 3.91 .7ft "?.63 1.3 3.43 1.93 4.39 
3.?3 2.64 3.06 3.2 2.7 3.27 2.36 
77 3.92 .5? 3.61 1.06 2.«5 1.12

*6 0 0 0 l7.° 62.9 <fOuO 1200 
1.14 .46 1.61 .71 .64 1.07 .46 
.05 l.*6 .47 1.69
.2f» ?.l6 .52 £.77 .3 3.0° .4« 3.92 
?.31 4.3° ?.4<i 5.9 2.6? "5.57 3.01 
3.1 1.*2 3.0 1.5? 3.65 1.13 4.03 . 
?.3l .60 2.77 .5 2.47 .0? 2.17 .4o
11 0 0 0 I7.o ftjj.9 £4QO 2000
1.2 1.?1 .54 2.29 .o a.36 .51 3.3«*
?.61 3.01 3.13 2.54 2.93 1.24
4«00 17.9 6?.° ?40Q 20QO :
.4 1.2* .56 1.43 .7<> 1.34 .6 1.19
12 0 0 0 I7.o 62.9 £800 ?400
?.51 1.4*.1.4 1.09 .96 <>.04 1. 2.51 1.46 2.97 2. 3.93 2.21 3.86 2.6 3.47

1.82 2, 1.77?.43 2.96 3.03 i.54 ?.*
13 0 0 0 17.9 6c.9 32uO
1.52 l.o* 1.?7 1.94 1.6 2.64 1.46 ?.*3 1.77 2.9 l.«5 3.48 2.12 3.74
?.49 3.41 2.?4 2.93 2.87 2.49 2.77 2.07 2.4 1.94 2.32 1.62
1i 0 0 0 17.9 62.9 3600 3200

12 l.b l.b 1.66 l.o b 2.97 1.92 3.24 2.06 3.62 ?.35 3.3? 2,
°4 2.7° 2.10 2.t>? ?.?4 2.7 2.o9 2.53 2.7 2.15 2.24 2.11
000 17.9 6?.0 3800 3600
7 2. 1.9 2.6"? 2.64 i.5 2.65 2.21 2.15 ?.18 2.08 l.*4

3.01

000 17.9 6?.9 4 0 0y 3*00
04 1.97 1.95 1.97 1.95 2.05 2.06 2.04 

4000 17.9 o?. 0 qoOQ 3*00 
1.P9 2.19 J.«v 2.5 2.55 ?.4v £.6 2.31

BODY

1.31 3.?5 1.95 4.12 2.14 4.06 2.71 3.49 BODY 2

BODY 3 

BODY 4

BODY 5 

BODY 6

BODY 7 

BODY 8 

BODY 5
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Appendix D 

Standard Grid

The grid can be any one of many types: (a) a rectangular grid with equal 

spacing in the x- and y-directions, (b) a rectangular grid with constant but 

unequal x- and y-intervals, (c) a rectangular grid with varying distances 

between grid positions in either the x- or y-direction or both, and d) a 

quadrilateral grid that consists of connecting quadrilaterals whose interior 

angles do not exceed 180 degrees.

The file of the gridded data consists of two basic parts: (1) a header 

record and optionally, a following record that contains the x-coordinates for 

each column, and (2) a series of data records, each containing the column 

values for one row.

The following diagram shows the relationship of the grid elements in the 

usual case where dx and dy are positive.

X last row stored 

X 

X

X first row stored 

NCOL

A. Header record (23 words long)

id: 56 ASCII characters of identification (14 words).

pgm: 8 ASCII characters of creation program identification (2 words).

ncol: number of columns of data (integer, 1 word).

nrow: number of rows of data (integer, 1 word).

nz: number of words per data element (integer, 1 word). For single 

precision use 1, double precision or complex use 2, double precision 

complex use 4. For quadrilateral grids this value is 3.
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xo: position of first column of data (real, 1 word), 

dx: equal spacing interval of columns (real, 1 word).

If equal to zero, then coordinates for each column are in the following 

data record; otherwise the following record consists of data for row 

one.

yo: position of first row (real, 1 word), 

dy: equal spacing interval of rows (real, 1 word). If equal to zero, the

coordinate for each row is the first word of each data record row. 

B. Column coordinate record, present only if dx of header record is equal to 

zero. Record consists of ncol real words specifying the coordinates of 

each data column in monotonic order. If nz=3 then this record is present 

but the values are meaningless.

C. Data record. Each data record contains one row of real data items. The 

total record length is ncol times (nz plus 1) words. For quadrilateral 

data the sequence of data values is x, y, and z. The first word contains 

the row coordinate if dy of the header record is zero, else the value is a 

dummy. Again, the row coordinates should be in monotonic sequence, if 

specified.

In general, i/o for this standard file can be stated in fortran as: 

dimension g(iz,ix,iy),id(14),pgm(2),x(ix),y(iy) 

read or write (..) id,pgm,ncol,nrow,nz,xo,dx,yo,dy 

if (dx.eq.O.) read or write (..) (x(i),i=l,ncol 

if (dy.ne.O.) go to 15 

do 10 j=l,nrow

10 read or write (..) y(j),((g(k,i,j),k=l,nz),i=l,ncol) 

go to 25

15 do 20 j=l,nrow

32



20 read or write (..) dum,((g(k,i,j),k=l,nz),i=l,ncol)

25 continue

In the usual case where dx and dy are constant and nz=l. the code

simplifies to:

dimension g(ix,iy),id(14),pgm(2)

read or write(..) id,pgm,ncol,nrow,nz,xo,dx,yo,dy

do 10 j=l,nrow 

10 read or write (..) dum,(g(i,j),i=l,ncol)
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Appendix E 

Example of User-Formatted File

.5 0 1*30 U500 
1. 0 1*15 4500 
1.5 0 1820 U500 
2. 0 162*5 4500 
2.5 0 1820 4500 
3 0 IMS 4500 
3.5 0 IBIS 4500 
.5 1 1980 4500 
1 1 2005 45^0 
1.5 1 202S 4500 
2 1 2015 4500 
2.5 1 1°40 4500 
3 1 1*75 4500 
3.5 1 1*30 4500 
.5 2 1<950 4500 
1 2 2015 4500 
1.5 2 2100 4500 
2 2 2?05 4500 
2.5 2 2010 4500 
3 2 1640 4500 
3.5 2 169* 4500 
.5 3 1830 4500 
1 3 1*00 4500 
1.5 3 1*15 4500 
2 3 1°20 4500 
2.5 3 1715 4500 
3 3 1675 45HO 
3.5 3 1670 4500 
.5 4 1*15 4500 
1 4 1745 4500 
1.5 4 1710 4500 
2 4 1660 4500 
2.5 4 1640 4500 
3 4 1647 4500 
3.5 4 16dO 4500
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Appendix p 

External Subroutines

The following subroutines are called externally by the program: 

Basic Plot System (Evenden and Wahl, 1977)

char (x, y, a, nc, icode, size, theta, xoff, yoff) - writes

characters on the plot 

endpt (ie) - terminates plot

line (x, y, n, icon, ipn) - draws one or more lines 

neatl () - draws a box around data area 

pltset (iplotr, xbd, ybd, isl) - initializes plot system 

scale (dxp, dyp, xp, yp, nopts, ier) - defines the plot area

and units 

xaxis (dxp, dyp, xp, del, ip, size, fmt, nfmt) - draws and

labels x axis 

yaxis (dxp, dyp, xp, del, ip, size, fmt, nfmt) - draws and

labels y axis 

where:

a = character string to be plotted

del - data unit interval of tick marks

dxp = array defining plot size (see fig. Cl)

dyp = array defining plot size (see fig. Cl)

fmt = Fortran format for labels

icode = 1 means x, y are arrays, 3 means x, y are single elements

icon = 0 start new line, 1 continue old line

ie = 10 element array containing diagnostics

ier = set to 0 to indicate no problems

ip = interval between tick mark lables
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ipn = line type, 0=solid, 1-7 dashed lines

iplotr = plotter number

isl = 5 element array, isl(l)=l inches, 2 cm

n = dimension of x, y arrays in line call

nc = if icode is 0 or 1, dimension of x and y arrays, otherwise

length of a

nfmt = length of format 

nopts = length of xp and yp arrays 

size = character size 

theta = rotation of char in radians 

x = x location (array of dimension n) 

y = y location (array of dimension n) 

xbd = returned maximum x size for selected plotter 

ybd = returned maximum y size for selected plotter 

xoff = x offset for center of label 

yoff = y offset for center of label 

xp = array defining plot size (see fig. Cl) 

yp =» array defining plot size (see fig. Cl)

scaleS(xmin, xmax, nxl, xminp, xmaxp, xdel) 

where:

xmin = minimum x value of data (input)

xmax = maximum x value of data (input)

nxl = number of divisions along x axis (input)

xminp = minimum whole number of x value (output)

xmaxp = maximum whole number of x value (output)

xdel = increment for labelling x axis (output)
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Figure Cl. DXP,DYP,XP,YP arrays and their relation to the plot area.

DXP and DYP are in data units.

XP and YP are In plot units (inches).
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Appendix G

c exact solution fop talwani 3d maanetics. plouff 7-77
c modified by p.oodson fop denvep multics 3/81
c

chapactep*4 unix/uni?
chapactep** name
chapactep*18 title
chapactep*40 idplot
chapacteP*SO ifilefi f ile2 f efi1e
chapactep*^4 pfile
chapactep* 6^ cafile

chapactep**0 ifmt
common/st/cafi 1 e* P f i 1 e* pf i 1 e
common/magi no /i pi ot p/ i body, i fi 1 e* i f i 1 e2, 1 sas r dec/ fincl

2
common/fie1d/v(1000,5),pClOOO),q(1000,3) 
Common/fpts/xp(1000),yo(1000),zp( 1000) 
common /side/xh(900),yb(9QO), 11C50) 
common /hodk/ mm,n1im,}bodv f shopt r nend 
common /tjcal/tjx(SO),tjv(SO)ftjz(50)fmtest

Common /tpans/ inpt,iout t jin,iopint 
common /hod/ astnc(900) , ifppnt(50) r zee(SO) , zm(^O) 
dimension t(S),flsa(7),aC!000),bC1000) 
data f1sa/'y','x','z'f'h','tVt ' *'t'/ 

c dimension limits fop 3 papameteps. copneps, bodies, fieldooints.
data ncopn*nbod,npt , iep/tx t ty/tz 

1 / 900,50,1001,Of 0.0,0.0,O.O/ 
c
c qet inout papameteps 
c

ca 1 1 min(i390) 
wpite(ioutf 10) idplot

10 fopmat ('lexact solution fop 3d maanetic bodies hounded hy ', 
1 'Hopizontal and veptical P!anes' t / t Sx/a40) 
ifC1sqs.ne.O) no to 20 
go to 40

20 write (iout,3o) flsqClsqs)
30 fopmat C5x,'expect determination of standapd deviation using 

1'inputted ',al f '-component of maanetic field.') 
if (1sas .It. 6) qo to 40 
if (eaptH .eq. 0.0) ea*th=-50000.ft 
if (fincl .ne. 0.0) go to 40 
if (dec .ne. 0.0) go to 4ft 
fin c l=«9.999 

40 facx=0.u 
*acz=0.0
call unit(unixfuniz f facxffacz) 
if (facx .eq. 0.0) go to 3 7 0 
zfac=l.0/facz

50 call comoon(1,0,dec,fincl , 0.0,0.0,0 .0,0 .0,0 .0) 
mtf»s t = 0 
shopt=1.Oe^O 
zdel =l.o e ?0

c Pead bodv coopdinates 
c

cal1 bodm(faczfnhod,ncopn,zdel f tx,ty,tz)
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zdel=ahs(facz*zdel) 
c
c mm (common) is total number of layers 

if («im .eq. 0) go to 370 
if (mtesf .ea. 0) qo to 70 
if (mtest .en.mm) QO to 70 
writeHprint,60) 

60 format (Sx t 'maanetization not specified for all bodies')
no to ??n 

70 kk = 0 
c
c read fie^noint locations and mavbe values 
c

call ptsm(kk,i^90) 
c
c check if printer plot of bodies R fieldpoints 
c desired if fieldpoints are in arid form 
c

title="bodv corners"
ifCihody.ne.O.and.iplotr.ea. 9 .and.name.eq."gri dded") 

1 call color(dc,a,1,0,title,$3b5) 
c
e check if location olot of bodies & fieldooints on 
c Plotting aevice wanted 
c

ifCibody.ne.0.and.iplotr.ne. 9 ) call maa3dplot(kk,$390) 
c
c check if contour plot of observed values desired 
c

iftlsqs.eq.O) go to 90 
tit1e="observed values"
i ffiobs.ne.O.and.iPlot r.eg.9.and.name.eg."gri dded") 

1 call cplot(dc^rrkk,1/tit1e,*365) 
c

80 nkl=kk+l
do 90 k=1,kk 

90 *o( k)=zpf«)*facz
iff1sgs.eg.O) ao to tlO 
do 100 k=i*kk 
r(k)=rfk)-datum 

100 continue
110 write Uout,120) kk _ -.
120 format (//,' total of',iS f ' fieldpoints.") 

call calcCkk*mm,short,zdel) 
iflsgs.lt.6) ao to 220 " 
ao to loO

130 read Ciin,140 f ends^60) icalc r earth,sus , rem f d, z i 
140 formatCv)

wri te(iout t ISO) 
150 formatd')

cal1 comDon(1,0,dec,*inc1,0.0,0.0,0.0,0.0,0.0) 
ao to 210 

tbO d=0.0 
zi=0.0 
rew = 0 . 0
if (nkt .gt. 3) no to 180 
write (iorint-,170) 

170 format C'Ostop. insufficient fieldooints for 1east-sauares.')
oo to "^70 

180 call t1sosCzi,d,rem,nk1,1sas»a,brdatum)
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write Ciout/320) sfd/avg 
320 ^ormat (///' standard deviation = ',el3,5, ' and average differences'

1 et3.5,' gammas') 
330 mtest=0 

c
c contour D]ots 
c

340 tit1e="calculated values"
i f (icalc.ne.0.and.iPlotr.eq.9.and.name.eq."aridc!!ed") 

1 call cplot fdc,a,kk/ if titIe/i3o5) 
title="residual values"
i f (i res.ne.0.and.iplotr.ea.9.and.lsas.ne.O.and.name.ea."gri dded") 

1 call cplot (ac,b,kk,I/title,i3b5)
ifCicalc.ne.O.and.name.ea."gridded") 

1 call stdout C1/a)
iffires.ne.0.and.lsqs.ne.0.and.name.eq. lf aridHed") 

1 call stdout(2/b) 
350 if (mtest .ea. mm .and. lsas.ge.6) go to 160

ifClsgs.1t.6) oo to 130 
3bO Cont i nue

QO to 390
3b^ write(iprintf37b)
37S format'''1 contour interval(dc) is 0.") 
370 write(iorint/3BO)
380 formatC" error - orooram a^ort") 
390 c1o s e(j i n) 

close(iout)
writeCiprint/400) ofile

^00 formatf//" output is in file "/a*5b) 
stop 
end

Subroutine min(*) 
c
c namelist input parameter subroutine 
c
c r.oodson - 3/dl 
c

character**! unix/uni?
character*^ name
character*?^ rfile
character*55 cafile
characterise pfile
character*^0 idplo*"
charac^er*SO i f i 1 e f i f i 1 e?., cf i 1 e
character*80 ifmt
common/st/cafi1e»rfi1e/pfi1e
Common/magi no/iplotr,ihody,i file/i f iIe2,1sas/dec/finrl ,

1 datum,xscale,dc/unix,unizfname,height/
2 ifmt/idPlot/sus/rem,dfZi/iobs/icalCfires 
common/confg/nrow,ncol/av,r»Xfxmin,vminfxmax,vmax 
common /vec/cae,cie,sae,sie,ex/ev/ez/earthfcdci/sdci 
Common /trans/ inpt , iout t jin/iorint 
common/widect/naxcol 
nameli st/parms/iPlotr,ibodv,i fi1e , i fiIe2/1sgs/earth/dec^ fincl/

1 datum f xscalefdcfunix,uni2fname,height/
2 i *mt,iuplot/iobs,icalCf i res/naxcol 
inot=5 
iout=8
i pr i nt =6
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j in = 9 
ipl ot r=9 
naxcol =130 
i'bodv = 0 
icalc=0 
iobs=0

idnlot=" " 
ifile=" " 
ifile2=" " 
1 sos=0 
eartH=0. 
dec=0. 
fine! =0. 
dat um=0 . 
xscal e=0 . 
dc = 0.
u n i x = " k i 1m" 
uni z = " feet H

10 format( H enter command file name:
readC i not , ?0) cf i 1 e 

20 format f v )

readfj i n f o
iff1sas.ftQ.O) ires=0

i ffi file.eo." ") qo to 50 
c
c encode cutout file names 
c

encodefpfi1er25) cfile
25 formatC H orint."/a50)

encode(cafile,?b) cfile
26 format("calc . "ra50)

encodeOf i 1 e* 27) cfile
27 format("res . "/a5°)

openfiout, fi le=ofi ler form = lt formatted H /carriaae=.true.)
return

30 wpite(iprint*40) 
40 formatC" end of file reading namelist command file")

GO to 70

60 formatC" no fieldpoint data file name specified") 
70 return 1 

end

subroutine bodm(faCZfnbod,ncorn,zae)rtx/tyrtz)

c reads oodv corner coordinates
c
c r.godson - 4/81
c

Character*** unixruniz 
-cnaracter*^ name

cter*^iO i HO lot
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character**0 i f mt
,xm 
fnc

f i body , i f i 1 e/ i f i 1 e?/ 1 snSfd<*Cf fincl

2
common /bod/ ds tnc (900 ) f i f omt C 50) , zee (50) , zm 

c see ncorn dimension limit in main program 
common /side/xb(<?00) r yb(<?00) , 1 1 f50) 
common /bodk/ mm/ n 1 i T», ) body i short , nend 
common /t jcal /t jx(SO) / t i v(50) / t jz(50) ,mtest 
common /trans/ 
nend=0

vmi n=l , 

10

m n ,
vmax=-t . Oe38
readfj inf20 / end=19^)nu'"f i fomt Cmmtl ) ,sus/ rem f drzi /ton /bottom 

20 format TV)m V
iffnum.ea.Oj qo to 1 Q 0 
ns t =nend> 1

t
i IF Cmm.at .nhod) go to 1^0 
i f f nend. at .ncorn) qo to 70 
1 1 Cmm) s

Zm tmm) =oot tom*f acz 
«r i te ( i out / 30) mm f foo, hot torn/ num 

30 format (' body',i'5f' between deot hs ' , f 1 1 . 3, ' and'ffll.3 f
i ' wit^/Fi'flr* corners.') 

40 if (too .qt. botto"») qo to 90 
50 write (iorint,60) too f bottom 
faO format ('Otoo of body is below cot t om* , 2f 7 .2)

ao to 1 8^
70write(iorintf80)mm f nendfncorn
80 format (* body * , i 3, * i nc 1 udes sufficient corners* * f i fl r * / to exceed* 

1 / * limitation of* f i5r' for all bodies.*)
ao to 18.0

c coordinates of corners of body east f north (x,y) oairs. 
c body has at least 3 corners-

90 readC j i nr 20, end=l oO) (yb C i ) r xb f j ) , j sns t , nend)

100 format (S(5x,2f9.3))
do 105 j=nstfnend
iffxb(J).lt.xmin) xmin=xb(i)
i f Txb ( i ) .qt . xmax ) xmax=xb(i)
i f (yb ( I ) . 1 t . vmi n) ymi n = yb ( ] )
if(ybU).qt.ymax) ymax=yb(J) 

t 0^ cpnt i nue
if (lsns.qe.6) qo to 1?0
i e r = 0
cal 1 comoonC?, ier,d,zi /susrremftx,ty/tz)
if (ier .qt. 0) ao to HO
iffi«r.ea.-l) oo to 180
oo to 120 

1 1 0 mtest=mt*st + 1
tjx(mm)=fx
t j v (mm) =t y
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t j z (mm) =t z 
120 npsnendtt

xb(no)=xb(nst)
Vbf no) = yb Cnst )
do 1?U j=nstfn
dist=Cx D f i + n-xb( i ))**?+( yb ( j -M )-yb( j))**2
if (Hist .eg. 0.0) ao to 130
di st=sart (di st )
if (dist .It. short) short =dist 

130 dstncC I )sdist
7d=too-bot torn
if (. zH .It. zdel ) zdel=zd
ao. to 10

140 write (iorint,150) mm 
150 format (Sxf'number of bodi es = ' t i 1? * exceeds limitation.*)

qo. to 180
16 ft write(iorintfl70)mm
170 formatC" end of *i 1 e reading x.y pairs for boav no. "fi3) 
180 mm = 0 
190 return

end

subroutine comoon f num^ i er t aec t f i n r sus t rem ? t x , t-y , t z ) 
c various comoonents of earth and maanet i zat i on fields

common /vec/cde^cie^sde/sie/exfey/eZfearthfCdci ̂ sdci
common /trans/ i not f i out t I i n> i or i nt
oo to f 10,90, 1^0) , num 

c earths field
10 art h=abs f earth)

if (earth .ea. 0.0") ao to SO 
20 write fjouty30) dec^fin
30 format (Sx t 'dec 1 i nat i on = * , f 7 . 1 / * and i ncli nat i on = ' t f h. 1 , 

1 * degrees for earths field')
if (arth .ne. 0.0) write ( i out 9 40) art h 

40 format (9x ' 'o f * , f 7 . 0 9 * gammas.')
d=l .74S3?9e-?*dec
7 = 1 .74*53?9e-2*f in
cae= cosfd)
ci *»s cos C z)
sie= sinfz)
sde= s i n (d)
cac i =cde*c i e

if (earth .le. 0.0) ao t^o 70 
h*c i e 
h*cdc i

ez=earth*sie 
return

60 format (5x / 'maanet i c susceotibilities are assumed fo be 
1 .',//) 
ao to ?0

80 format ( 5x , '^aonet i c anomaly is assumed to be small compared to '/ 
1 'earths field.'.//)
return

c maanetization oarameters 
90 t x =0.0 

tyrQ.O
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it (sus .Qt. 0.0) oo to 6 
if (sus .ne. 0.0) ao to 130 
if (rem .ea. 0.0) ao to 140 
writ* (iout,100) rem/dec/fin 

1.00 format (^x / ' i nt ens i t v of total magnetization i s ' / f 9 . ?, 'e-5 'r
1 'with .a declination = ',f7.1,' and i nel inat ions', f 6.1 r
2 ' degrees.'///) 

110 d=l .74 c?329e-2*dec
7 = 1.7453?9e-?*fin
cdr = cosCd)
c i r= cos fz)
sir= sinfz)
sor= sinfd)
eh r=rem*c i r
t x = tx + ehr*cdr
ty=tvten r*sor
tz = tz+rem*si r 

120 i e r= 1
return

130 if (cart* .ne. 0.0) ao to 160 
140 ier=-l

wpite(iorint/1bO)
150 format (5x,'error, normal field of earth or magnetization not ', 

1 'suooli ea')
return

Ib0w r itefiout/170)sus 
170 format (5x/'maanetic susceotibi1itv is',f9.2/'e-5 cgs.',//)

Sus=arth*sus*1.0e-S
tx=sus*cdci
ty = sus*sdci

if (rem .ea. 0.0) ao to 120 
write (iout,160) rem/dec/fin 

180 format (5x/'intensitv of remanent maanetization is',f9,2/ 'e-5 '
1 'with a dec 1ination = '/f7.1,' and inc1ination = ',f6.1,
2 ' degrees.'///)
ao to 110

190 if (earth . le. 0.0) ao to ?00 
delh=(ex+tx )**?+(ev+ty )**2 
de1t=(ez+tz )**?+de1h 
sus = sgrt f de 1h)-eh 
remzsgrt (delt) earth 
return

rem=tx*cdci+ty*sdcittz*sie
retu rn
end
**********
subroutine 11sos(az i/ad,tm/nkl/lsgs/a/b, datum)
real*8 fn,?x,sv,sxx,sxv,syv,sz/sxz/syz/d/a2/al
real*6 st,stt,stx,stv/stz/szz/a3/bl/b2/o3/cl/c2/c3/dl/d2/d3/det
real*8 otx/Dty/otz/ovz/oxz/oxy/sax/say/saz/sia/o
inteoer nm(6)/'x'/'y'/'z'/'t'/'n'/'d'/'r'/'s'/

common /yec/cde/cie/sde/sie/ex,ev/ez/earth/cdci/sdci
common/ f i ela/vCiOOO,S),rriOOO),adOOO,3)
common /trans/ inot/iout/jin/iorint
di wens ion a(l)/b(l)
D(fn/sxy/sx/sy)=(sxy-sx*Sy/fn)/fn
det(al,a2,a3,bl,b2/b3,cl,c?,c3)=al*(b2*cl-b3*c?)
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Sxz=0.0d0
Sy 7 = 0 . OoO

s t = 0 . 0 d 0 
st t = 0 
st x = 0

do 50 fcsl ,kk 
vk1=v(k, t ) 
vk?=v(l<,2)

x = cdci *vkt tsdci

st =st ft
Sx =SX -hX

sy =sv fy 
sz =S2 tz
stt=stttt*t
StX = «5tXtt*X

st v=stytt*y 
stz=stztt*z
S Z 7 = S Z Z t Z * 7

Sxx=sxxtx*x 
Sxv-sxytx*y
S X Z S S X Z + X * Z

s y z s s y z t y * z
Sy v = «?y y + y *v
Continue
Dtx=q(frust-XfSt,Sx)
otv=(n*Sty,st,sy)

= si a( f n, sx, sxx)

sqt =s i a( f n^ st , st t )
d=Het (sax,oxy,Dxz,oxy,sa<y>oyz,ox?,Dyz,sqz)
1=6
if (H .eq. O.OdO) qo to 1^0

Coer=s t d/sot
1=7
if (co*r .It. 0.0) qo to

if (stH .It. 0.0) qo to 1*0 
std =sart(std )

47



70

80

60 fopmat (//f' least sauapes determined values, ix=' rf 8.1/'e-5 }y=' 
lff*.lf'e-5f jz = 'ff*.1/'e-5'///5x/' (assuming anomaly is nealigibl' 
2f 'e comoaped to total field of eapth) ',/,5x 9 'std' r 
3 ' dev='ff7.0, * aa^mas. coppel coef= '/fo.2f' zepo'rf6.0 f * gammas')
th=x*x+y*y
tm = sapt (t.h*z*z)
th=sapt(th)
if (th .at. 0.0) go to 80
if.(z .at. 0.0) go to 70

ao.to 170

» to 170
:i =atan ( z/t h)* 

iffx) 12^/90,130 
90 if(y) 100,100, 110 

100 act=-90.
go to 15 ft 

110 aci = VO.
oo to 150 

120 aacslflO.
OQ to 140 

130 aac=0.0 
140 ad=atan (y/x)*?7 
150 wpite 
160 fopmat ( / r ' 

1 f7.1)

.29578

57.29578-tgac
(i out r 160)tm/1 h
It='fffl.l/'e-5f zi=',f6.1,', dec=',

it (tm .le. 0.1) go to 7
petupn 

170 ad=0.0
ao to 150

18<> write f i opi nt, 1 90) nm(1)
190 foPmat ('Ostoo. '/ al r '-comoonent of summed fiela OP amt5litude ' 

1 ' i ncoppect.')
nkl=-nlcl
Pet upn
end

Suhpoutine calcCkk 
c calculate exact 3d magnet i <J~>val ues

common /tjcal/tjx(SO),tjv(^01ftj7(50),mtest
Co"»mpn/fots/XD( 1000) ,yD(J0001fZD( 1000)
commpn/f ie! d/vClOOO f '5),pClpOO),g( 1000,3)
common /tpans/ i no t , i out r } i n t i OP i n t
common /H od/ ds tnc C90Q ) / i f opn t f 50 ) , zeeCSO ) , zm (SO )
common /side/x*(900),yb(900), 11(50)
di mens i op s ( 6 ) 

c oapt of shortest lenatH of boav edaes and thinnest lay*r

= 10.0*ztest
do 
xf = 
vf =

del x=0.0 
del y=0.0 
del z=0.0
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do in 1 = 
10 s( ?)=0.o

c number o* ^odies is 
HO 230 m si t mm 
zf l=

if ( ahsfzl) .It. ztest) zl=0.0 
if ( absfz?) .It. zt*st) z? = 0.0 

= 1.0

zl= abs(zl)
z2= abs(z2)
if (zz) 20,230,30

c case w^ere most of mass is above fieldooint 
20 fact=-t.O 
30 if (zl .It. z2") ao to ^0

72=zt
zl=dt 

40 1 k=I 1

z2s=72*z?
aal=0 .0 
aa?=0, 0

= 0 . 0

Vl=yh(n)-yf
if ( ahs(xl) .U. stest) xt=0.0 
if C.ahsfvl) .It. st«-st) vl=0.0 
rls=xl*x l+vl*yl

flz2= sort f r!s*z2s)
rlsf=p1s
rzl fsplzt
Pz?f=Plz2
xlfsxl
Vlf=Vl

c nun«bep of line seawents fveptical sides) OP veptices =lk-l 
Ho 1°0 1=1, U 
nm-n
if (1 .n*. 1W) ao to 50 
x2 = xt f 
v2=v1 f

ao to 
50 n=n+l

if ( absfx?) .U. stest) x? = 0.o 
if ( absfv?) .U. stest) V ?s0.0
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r2zl= sort Cr?s+zls)
r2?2 = sartCr?s+z?s) 

60 dx= x2- xl
dy= V 2- vl
dds= dx* dx + dv* dv
if (das-.le. 0.0 ) ao to 180
ds = ds tnc (not)
cost=dy/ds
sint=ax/ds
Sncos = s i nt*cost
coss=cost*cost 

c s i ns = si nt*s i nt
o=(xl*y2-x2*yn/ds 

c test if oeroendicular distance to line exceeds 1/5000 segment length
if ( ans(o) .qt. stest) ao to 70
o = 0.0 

70 dl= xl**int+yl*cost

ddl=
dd?= ahsCd?)
if (ddl .It. stest) dt=0.0
if (dci? .It. stest) d?=0.0

r loq(p+d) terms
if (0.0 .ea. pi ao to 140 

80 oh

if (dl .ae. 0.0 ) qo to 100 
if (d2 .at. 0.0 ) qo to 90 
al=(p2zl-d?)/(rlzl-dl) 
ao to 160 

90 dtftst=oh/(di*dl)
if (dtest .It. 0.01 ) rdzl=ddl*0.5 *dtesf*C1.0 -0.2^ *dtest)

i f (H2 .ae. 0.0 ) ao to 110
dtest=oh/(d2*d2)
if (dtest .It. 0.01 ) pd z ?=dd?*O.S *dtest*(1.0 -0.25 *dtest) 

110 a|=pdz1/rd?2
no. to t o.O

120 write (iout , 130) yf,xf t zfe"
130 format (' fieldooint a^ x = ',flO.?,', y = '^fl0.2/' is raised' t f9.5* 

1 ' dis^anc* units (on edae of hody)' )
z 1 -z tem
?ls=zl*zl
rizl=snpt(rlstzls)
r2zl=sapt(r2st?ls)
if (1 .ea. 1) pztf=rtz1
ao to ^0 

140 if (0.0 . n *>. zl ) ao to 80
if (0.0 .qe. dl2) ao to 120
if (0.0 .at. dl) qo to ISO 

c both oositive, exterior, in olane of edaer depth zero
al=dl/H2
ao to IbO

c Hoth n^aativ**, exterior, in olane of edge/ depth zero 
150 a] 
160 a] 

r 1oq(p+z) terms
)/(z2+ r1z?)
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character*4 unixfuniz,feetfki 1 w,mi 1 e, ki 1 f 
1 lunxflynz
common /trans/ i not , i out f i i n* i or i nt
data kilm, feet* mile, kilf, metr,jblank 

1 /'kilm', 'feet '/'mi 1e','ki 1 f ','metr',' V
write (iout/10) u n i x f u n i 7

10 *ormat .(Sxf'units of distance measurement are in 
1 * and heiahts are in *,aa)

20

30

i f
i f
if
i f
i f
i f
i f
i f
i f
i f
i f _
wr i

( uni
(uni
(uni
(uni
(uni
(uni
(uni
(uni
(uni
(uni
(fac
te(i

format (

X

z
X

2

X

z
X

z
X

Z

X

or
H

.

.

.

.

.

.

.

.

.

.

.

1

eg
eg
eg
eg
eg
eg
eg
eg
eg
eg
ne
nt

uni

 
.
.
.
.
.
.
.
.
.
.
t
X

mile
mi 1 e
feet
feet
ki If
ki 1 f
kilm
kilm
metr
met r
0.0)

30)
soec

)
)
)
)
)
)
)
)
1
)

i

f acx
f acz

= 1.
= 1.

f acx=3.
f acz=3.
f acx
f acz
f acx
f acz
f acx
f acz

go to

f icat

= 3.
= 3.
= 1.
= 1.
= 1.
= 1.
40

i on

609347
609347
048006e-4
046006e-4
043006e-i
048006e-l
0
0
Oe-3
Oe-3

is incorrect
f*et urn

40 if (fac Z . ne . 0.0) go to 50

return
c multiplying ^actor for heiahts to convert to distance units. 
c negative sign to compensate for deoths -K downward later *c«lc* 

50 f acz=-f acz/f acx
return
end

Suhroutinetanaet(o f ?dl»rl / zd2fr?fZd3 f r3fZd4 f r4 f tl?) 
c arc t anaent addi t i on with alternating terms negative 

dimension Zd(4)»r(4) 
r(1)=rt

r(4)= P 4 
zd(l)=7dl

Zdf3)=za3

SumsO . 0 
to=0.0 

do 60 1=1 ,4 
f num=zd( i )
if (fnum .eg. 0.0 ) ao *"o 60 

subroutine oy-oassed for o=0 
f=fnum/(o*r( ] ) ) 
if (i .en. -1) f=-f

d e n=l ,OaO-tg*f
if (den .eg. 0.0 ) go to 30 
ta=*num /den

if (den .gt. 0.0 ) go to oO
if (fnum ) 10, t>0,?0 

10 sum = sum-3. 14159"*
ao to 60 

20 sum = sum+3. 141593
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ao to 60 
30 if (fnum .It. 0.0 ) go to 40

sum=sum+ 1 .570796
ao to SO

40 sum=sum-t .^70796 
50 ta=0.0 
60 i=-i

tl2 = atan(tg)tsum
return
end

sub rout i ne cplotfoc/arntf i k, t i 1 1 e, *)
c jk must be zero for first call, of colot. later calls use revised xb/vb 
c ci---tHe initial contour value (calculated) 
c DCfdc---tHe increment in the contour values (read in) 
c _a(y f x)---t he inout arrav containing the data to be contoured. 
c index for eguivalent Id arrav is n*(x-t)+y 
c m---the final value of x-index in a-array 
r n---the final value of y-index in a-arrav 
c limits of o 1 o t a r e a ( y i * x i ) to a ( n , m ) 
c nx is number of intervals in x-direction (riaht) less than 41. 
c nv is number of intervals in y-direction (down) less than 41.

character*!*) title
inteoer ont ( 131 )   svm (35) ,CF i y (41) , ix(41)
common /side/xb(900) , yb(9QO) , llfSO)
common/fots/xf C1000) f yf( 1000) ,zff 1000)
Common /conto/ mmr dxrdy? xmn r vmn f xmx
Common /trans/ i not t. i out r \ i n* i or i nt
common /widect/ naxcol
common /bodk/ mm, nl i m, j body r short f nend
dimension a(t),xa(°00) f ya( <'00) f ni C50)
data svm/'l 'f'2' f '3'f'4' f 'S' f '6' f '7' f 'fl

needs carriage wit^ 13? columns available or change maxcol 
data maxcol f ibl ankf jex/131 f ' ','*'/ 
iffoc.eo.O.) return 1 
dc=oc
if (m .It. 2) ao to 650 
if (m .at. 41) ao to 6SO 
if (n .It. 2) ao to 650 
i f t (n .at . 41) ao to 65i>- 
maxcol =naxcol ft
if (naxco] .ea. 0 .or. naxcol .at. 130) maxcol=l?l 
nx=m- 1 
ny=n-l
i f f j k . ea. 0) ao to 60
write fiout,10) t i t 1 e f n, m f nt r ymn f ymx ? xmn r xmx f dc 

10 format (///,' *»xr»ect olot of 'al*,' of'fi3f' bv'fi^r
1 T'fi^r') arra'r
2 'v. x='rf8.1,' to'rfQ.lf' v='ff*.lf' to'ffd.lf' con^oured
3 f7.lf" oa^mas'///)
fmins 1 . 0 e 2 0
f max=-t . O e 20
do 20 i = 1 , nt
a i j s a ( i )
if (ail .at. fmax) fmax=aii
if (ait .It. fmin) fminsaij 

20 cont i nue 
30 f c = f m i n/Hc
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i c = f c
i f (amod( f c* 1 . ) .ne.o . 1 ic~ictt
if (ic.1t. 0) i c = i c - 1
j c = f wax/He
i f. ( ic .It. 0) jc=ic-l
ncont=Jc-ict1
if_(ncont .It. 36) qo to 50
write (ioutf40) dc

4fl format (*5x , 'requested contour interval of'/f9.4, ' is douoled', 
1 ' because more than 35 contours are produced.')
dc=2.0*dc
no to ?0 

50 cd=1.0/dc .
ci =dc*i c 

n cf=ac*Ic >
60 wj rtt hsmaxcol -1

ux=nx/wi dt h 
c number^of columns in one grid interval

f j i n c = 1 .0/ux
f j i ncp = 0 .5 + f j i nc
co]efm=1.0-fnnc 

c maintains true orocortions wit^> x exoand^d to 130 columns
uy= dx*nx/C dv^O.b")
if (uv .It. 1.0) ao to 80
uy=l . 0/uy
write ( i out f 70) uv 

70 format C5x, 'v-di stances are exaaqeratea by'/f9.4,' for contouring')
uy=1.0

c number of columns oer unit distance 
80 dlxsfjinc/dx

f i i nc = 1 .0/uv
dl v = f i i nc/dv
row=1 . 0
do °0 *c = l/ny
rowsrowt f i i nc 

90 i yf k)=rowtO.?
1 as t rw = i v (ny)
Col=1 .0
do 100 t=t ,m
Jxf k)=coltO.S 

100 col =col t f i i nc
if (Ik .ne. 0) ao to 3<>0 

c
c olot boavCs) corners 
c

write fioutrllO) t i 1 1 e> ymn/ y"»x f xmn t xmx 
110 format (///,' expect olot of 'al«r

1 'v = ',f<j.l,' to'rffl.lr' VS'rfd.l,' to'fffl.l,/r

2 ' v increases to the riqht and x increases downward' r //)
do l?Oi=lfnenH
xaC i )=xbT i )
va C i } =voC i ) 

!2 n continue
do 1?0 i =1 f mrr
1 11 (i) = ll (i ) 

130 continue

Ir = l
do 2BO i row=1 , 1 ast rw
do 1^0 I=l»maxco1
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ont (] ) = i 
140 continue

do 1^0 i - 1 r mm
i s = i e+1
ie=iet1 1 Ui )
i f Ml l.(i ) .ea.O) ao. to 180
kysl.5001 tdl y*Cya(is)-ymn)
i f fkv .ne. i row) go to 1^0
kx=l .SOQltdl x*(xa( i s)-xmn)
i f C kx . 1 1 . 1 .or . kx .at .maxcol) ao to 170
ont (kx)=sym( i )
nb=nh-1
do 160 k=is,no

150

1 60

170

180

190 
?00

220

xaCk)=xa(kk) 
ya(k)=vaCkk) 
cont i nue 
i s = i s-1 
ie=ie-l

i f f i s . 1 e. i <?) 
continue

QO to

if ( I row .ea. lastrw) ao to 220
if (I row .^a. 1) ao to ?20
if (jrow .fa. iy(jr)) ao to 210
if (pnt (T»axcol) .ea. ihlank) pnt Cmaxcol) -i vert
if,(nnt( 1) .ea. ihlank) pntC l)=ivert
write (i'outr200) Cpnt C k) , ks1 , maxcol)
format ( Ix,l31a1)
ao to 250
itest=l
i r = l + j r
do 2^0 k=l»m
kx=jx(k)
if (nnt(kx)
continue
if (itest-
do 2'JO k =
if Cpnt(
continue

ea. lastrw) ao to 290

eo

.ea.

ihlank) ontCkx)=JDlus

no to 190 

k) .en. fblank) pntC k)=i'hor

if (Jrow
i ff maxcol .ea. 1?1 )
wri te(i out

ao to 2&0

font Ck) r k=l f maxcol )

(on t ( k) / k=l , maxcol)

write (ioutr200) 
ao. to 280

260 wpite(ioutr270) f 
?70 format C H 1"rl3lal) 
?80 continue. 
290 write (ioutr20Q)

return
c next statement used if only first 
c otherwise ^ I 1 could he plotted 
c nb is total number of corners of 

"500 nb= 11 f 1) 
nf=l 
1=0
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310 do 320 k=nf,nb

dumsvb C k)
if (dum .It. xmn) ao to 330
if (dum .at. xmx) ao to 330
kx=1.500ttdlx*(dum-xmn)
dum=yb/k)
if (dum .It. ymn) ao to 330
if (dum .gt. ymx) ao to 330
ky=l.5001tdly*(dum-ymn)
Isltl

320 yaCl)=k v  
ao to 350 

330 nfrkktt
write Mout,340) yb f kk), xb ( kk)

340 format (^x,'b ody ooint x=',f10.3,' v='/ft0.3f' is outside', 
1 ' plot boundary.')
if (kk .It. nb) ao to 310 

350 nb=l. 
3bO Cm=ci-dc

do 370 i=l,nt
c rhanaes values inputted as "a" (restored later). 

370 a(i)=cd*Cafi)-cm)

c loop of rows fro m too to bottom
do 580 irow=l,1astrw
rows 1 . Otijy* (I row-1) 

c "»ajor arid index (i) increases once each fiinc rows

fyl srow-i
i nd=0
kt=i-n
do 3*0 1 = l,maxcol 

380 ont (1) = ibl ank
co^ef t =co 1 ef m 

c 1 OOD of arid intervals from left to riant
do 460 i=l»nx
col ef t'col ef t tf j i nc
if (jrow .ea. lastrw") ao to 390
kt=kttn
kb=kt+n
du m = a(kt)
71 = dum t ful *(a(kf»-n, -dum)
dum = a ( kb)
zr = Oum t f ul *Ca(kb*l) -dum)
ao to /JQO 

390 indsindtn
z 1 =af i nd)

'iOO den s 7r-zl
if (ab^(den) .at. O.OOOOOp ao to 420

if_(fl .ne. 7l) oo to 4oO 
lef t=col ?f t+0.5 
} rtscol e* t*f J i "CD

c IOOD o^ contours in this arid interval 
do 410 )=left,jrt
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410 ont(U=svmf izc)
ao to 4fcO 

420 if (?1 .at. zrl ao to 430
f m i n = z 1
f m a x * z r
ao. to 44 n 

43H f m i n = z r

440 lmi nsfmi ntO.9999

if (Imax .ea. 0) go to 460
if (Imax .It. Imin) no to 460
rat i o=f j i nc/den
do 4SO_i 7c=lmi n, Imax
c=co1e*t+ratio*(izc-zl) 

450 Pnt Cc)=svm(izc) 
460 Continue

i f (nb .ea. 0) ao to 510
P O W = I P O W

nf = l 
470 do 480 k=n*,nb

kk = k
if (yafk) .ea. row) ao to 490 

460 continue
ao to SlO 

490 nb=nb-l
kx=xa(kk)t0.5
ont (kx)=iex
if (kk .at. no) ao to SlO
nf = kk
do 500 k=nf,nb
ko=k+l ;
xaTk)=xaf (CD) 

^00 vaCk)=vaCko)
no to 470 

^1^ itest-=p
if ( j row .ea. lastrw) ao to 540
if (Irpw .*a. 1) ao to S40
if (I row .ea. iyfjr)) ao to S30
if (Dnt(maxcol) .en. {blank) ont Cmaxcol ) =i vert
if.(onf(. 1) .eo. iblank) ont( t)=ivert 

S20 write (iout.aOO) Conrfk) , lest , maxco 1 )
ao to S60

I P = 1 * j r
do 5SO k=l,m
k x = i i ( Ir )
if (onf(kx) .ec. iblank) ont Tkx ) = j o 1 us 

S50 continue
if (it*»st .ea. 1) ao to ?2^
do 560 k=l,maxco1
if (ont( k) .ea. iblank) ontT k)=ihor 

q 60 Continue
if ( I row .ea. lastrw^ ao to
i f fm^xcol .ea. 1 ^ 1 ) ao to S70

write (iout»200) Cent C k ), k=1 ,m 3 x col )
ao. to ^60

^70 w r i te(iout»270) Cent C k ) , ksl , m 3 xco 1 T 
S80 Continue
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wpite Cioutf200) (ont (k) , k=l /maxcol

600 fopmat(//, ' symbol ', 8x / 'val ue (gammas). v incpeases' 
I/' to pioht and x incpeases downwapd') 
zc = ci-dc 
do 610 i =1 / ncont

610 wpite (ioutfbZO) sym(i),zc 
620 format ('. ', 3x,al,6x, f 14.4)

630 fopmat (4x, 't',6x, 'f ieldooint ', l^x , '*'/6x, 'comer of body') 
do. 6^0 i=l,nt 
a( i )=cmtdc*a( i )

660 format f'O'f 'arid of'^i4 f ' hy',i4r' (x/y) is too large (4t) or ' 
1 'too small for opintep contour.') 
ret UPH 
end

SubpouMne Dtsm 
c
c inout data subPoutine fo»* usep fopmatted OP opidded data 
r r.oodson - 3/81

chapacter**
chapactep* z'0 idplot
chapacter*50 i fi le^ i fi Ie2,cfi le
Chapacter*64 id,icJt
chapacte^^^O i ^mt
Common/rnolot/ymin,xmin,ymax,xmax
commpn/fo'ts/vf (I0o0),yf(1000)/zffl000)
common/magi no/ iplotp, ibody, i fi le/ i f i 1 e?, 1 sas/dec/ fincl i

common /f i el a/v(lOOO,S),p(iOOO) r g( 1000,3) 
common /tpans/ inot, ioutf i in, inpint 
dimension ? ( 1 001) , z2C 1 00 1) 
data in/10/,in?/ll/,npcmax/lOOO/ 
wpi teC iout » 10) *- 

10 formatf//, 14x, w ons*pved values",/, 
1 7x,"x",10x, w y w ,lOx, H z"^10.x,"m w ,/) 

i f (name.eg. "api dded" t oo to SO
c.
c usep fopmatted data
r.

20 readf in, i f mt *end=40) y f ( i ) , x f C i ) ^ r ( i ) ^ zf ( i ) 
w p i t e C i o u t f 3 0 ) y f ( i ) , x f ( i ) , z f ( i) » r ( i )

30 format fix, 4fU. 4)
if(x*(i).lt.xmin) xmin=xf(i) 
iffxf(i).gt.xmax) xmax=xf(i) 
i f fy f ( i ) . 1 t .ym i n ) vmin=v*(i) 
if(yf(i).gt.ymax)

ao to 
40 lc=i-t
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ao to ?30 
c
c. apidded data 
c

Pead(in,end=190) i d,ncolfnrow,nz,xo*dxfyo/dy
ifC(ncpl*npow).at.npcmax) no to 110
iffdx.Aa.O..or.ay.ea.O.) ao to 130
if fn7.ne.ll ao to 170
ifCifi1e?.ea." ") ao to 60

1 n2, fi 1 e = i.fi 1 e2)
in^fendsl^O) i dlfncol1 f nppwl,nzl/xol/dxlrvol/dyl 

iffncol .ne.ncol1.OP.npow.ne.nppwl) ap to 90
i if f dx .ne.dx 1 .op.dy.ne.dvl .OP.xo.ne.xol .op.vo.ne.yol) go to 90 
if (nz.ne.nzl) ao to °0 

60 n»col=ncol + l 
xot =xo- 
vol=vo-dv

do 80 i = l'
cal1_rowin(z r mcol t in)
if(ifi1e2.ne. M H ) call rowin(z?/mcol t in2)
do 70 Jr?,mcol

iffifi1e?.ne." ") Height=z?(J)

vffk)=x 0 1+ (i*ax)
xf(k)=vo1+(i*av)_
wpite(iout/30) yf(k)fX*(k)rzf(k),r(k)

70 cont i nue 
80 Cpnt i nue

if(xf(1) .1t .xmin) xmin = xf(l)
iffxf(k).gt.xmax) xmax=xf(k)
iffyf(1).1t.ymin) vmin=vf(1)

xma = x f f k) 
vmasyf f <) 
no.to ?30

100 formatt" parameters on two input standard files do not match") 
ao to ?60

120 formatf" number of grid points .at. allowed maximum of M /i 
ao t o

140 f ormat f H ppesen t i T»pl e«»ent at i on does not allow uneaual"* 
1 " grid intervals"*) 
ao to

160 foPmatf" the numbep of columns * numhep of POWS peauested is"/ 
1 " gpeater than the maximu^ allowed of "fiS)
ao t o ?o rt

170w p ite(iprintfl80) 
180 formatf only single precision values allowed")

ao.to ?bfl
190 write(iprintf200) 
?00 ^ormatf" end o^ file while reading input data")

ao t o ?b rt 
P10 write(iorint/2?0) k f nrcmax
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? 2 o format (" number of formatted data values 
1 " is areater than allowed number of "^i 
ao to ?60

if (no ts.lt .11 ao to 240
ierr=0
qo. to ??0

?40 wri teCiorintf 2^0)
?50 formatC" number of Held points less than I") 
260 close(in>

i f (i f 1 leZ.ne." ") clos*(in?)
return 1 

? 7 0 close(in)
i f (i f ile?.n e . H H ) close
return
end

*****
subroutine rowinCzfmco! r i n
dimension z(mcol)
readC i n) z
return
end

subroutine maq3ao 1 ot (not s, *)

olottina routine for body corners & fieldooints 
r.oodson - 4/81

external char (descri Dtors) ,00 lot (descriptors) ,araph2(descriptors) ,
xaxis(descriDtors)/yaxis(descriDtors) 

character*^ unix^uni? 
character*^ name 
cnaracter* /JO idplo^ 
character*SO i f i 1 e> i f i 1 e?,cf i 1 e 
Character**0 i f mt
Common/ mqlot/xmin f yminfxmax^ymax 
Common /fnts/xf C 1000), yf ( 10 00) ,?f Cl 000) 
co"»mon/maai no/iplotribodv^i f i !e*i f i Ie2f

2
Common /bodk/ mm^ n 1 i m, j-bodv^ short f nend 
common /side/xbC^OO) f v b-(000) , 11(50) 
common /trans/ i not , i out t i i n* i or i nt

character*! revxfsym(50)
dimension xd(2)ryd(2)rxs(4)*ys(4)r Jdim(l 

1 ifmtl(2),nscale(b),xxb(900),yvt>(900) 
data jdim(i)/o/,n scale/lfO,2,0,2/,ifmtl/

1 nshl/6/,nsv1/l0/,n v l/12/,
2 nx/?/,nv/?/fvexaa/1./*
3 svm/ lf 1"f"?"/ l*3 M / lf 4 lf f"S lt / ll 6'l ,"7 H f H fl ll , ll 9 lf f ll a lf f ll b lf / M c'l f l'd lf f
4 H f lf f ll ci lf f lf h lf f w i H f H j w f lf k ll f lf l H f lf m ll f lf n lf f ll o tt f lf D l*f ll o ll f H r lf f W s ll f

c
c
c denver olottinn system
c

10 if(xscal».ea.O.) ao to 170
if(iDlotr.ea.l.or.iDlofr.en.4) ao to 20
nxls(xmax-xmin)/xscale*2.t.5
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13 n continue
xxb(m+l)=xb(i s)
vyb(m+t)=vb(is)
Call 1ine(vvb f xxb,m+1/0,0) 

140 continue 
c
c olot fi.eVdooints 
r.

do I a 5 i =1*not s
can.charCvfn),xf(i),"t"/l/0,.0*/ 

145 cont i nue
cal1 endot(idi m)
return

150 wpiteCiorintrl60) 
160 formatC1 unable to scale plotter 11 )

0,0. to 190
170 wpite(iorintrl?01 
180 formatC" xscale is zero") 
190 return 1

end
:***

subroutine stdout(isw,z) 
r
c subpoutine to create standard file 
c r.aodson - 4/81 
r

character*?2 idlf2) t id?C?)
cnaracter*54 file2
character*S5 filel
character*56 file3
di meps i on z(1)
cowmpn/st/fi1 el/fi1e2/fi1e3

r /i file»i f ile?rlsasrdec/fincl f

2 i f mt / i dpi ot » susr rem r dr zi r i obsr i cal Cr i res

^a^a i out/1 l/,nz/l/rduw/0./,
1 i Hl/ H maaDOl v calculated values from m",
2 "odel . "/r
3 i d2/"*aaoo 1 v residual val ues (observed 1* 9
4 "-calculated) "/ 

i f f i sw .ea. t ) ooen C i out> f i 1 e = f i 1 e1) 
i f f i sw.eo.?) ocen ( i out r f i 1 e=f i 1 e?)
i f ( i sw.eo. 1 ) v.r i t eC i put ). i dl f ncol r nrpwr nz , vmi n,dx 9 xmi n^dv 
ifHsw.eo.?) writeCiout) i d2r ncol / nrow t nz , vmi n*dx r xmi nr av 
is = l 
i e = n c o 1 
do 1 0 i si r nrow

( z f j ) r i =i s r i e)

i e=i f + ncol 
10 continue 

close(iout) 
return 
end

62


