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Abstract

The three-~dimensional gravity 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 gravity effect of 3D models that consist of
elements that form polygons in plan view (Plouff, 1976). The elements of
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 (1960) 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 density contrast. "

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, file names, 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 are not on a level
plane, a second USGS grid-format file can be read from a disk that will
contain the elevations of the fieldpoint locations.

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

Program variables and body coordinate data are obtained from an ASCIIL
segment on disk created by the user prior to rummning the program. This
segment is read by Fortran unit 9, and attachment and detachment of the
segment are accomplished internally in the program. The program variables 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
internally in the program. With user-formatted input, the height of each
fieldpoint location is specified; this is not the case with grid files. 1In
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. 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 locatiomn
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 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.

iobs - 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 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

"res ‘"

create a standard USGS geophysics grid file with the characters
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).
idplot - 40 characters of identification that is printed at the top of

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

Calculation information

lsqs -~ a number that determines if fieldpoint (observed) values will be
read or not or whether a least-squares comparison will be made betweeen

the calculated and observed values.

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 grid points at which the model
values will be calculated

1 = fieldpoint values will be read and used to calculate residual
values (observed-calculated).

7 = a least-squares comparison between the observed and calculateed



values will be made to determine the best density contrast
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.

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):

Five 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 VI'V6)' 3) The density contrast in g/cm3. A positive
contrast will produce positive anomalies. A hole in a body can be produced by
using a density contrast of opposite sign from that of the parent body.

4) The height of the top of body. The positive direction is upward. 5) 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 density contrast as the parent body but with input progressing

counterclockwise from corner to corner.



Program Execution
To run the program type the characters: >onlinedRegPgms>gravpoly. The
program will then type the statement: '"enter command file name:". The user
then types in the name of the command segment 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

" as a prefix to

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

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

1. The following example will calculate a best demsity
contrast between the observed and calculated values.

ioarm§ uhi?="kilM",iobs:!,iff]e:"qravcolv.testi”,cczq,
name="formatted",idolot="aravoelv test 1",icale=1,ires=1,
naxcel=d40,iosav=t,lsas=7,3

0 1 N -y

S.AS7 N 2,828 2 828 § AS7 S_AS7 8 ,48% P K28

4 A 1 =1 =2

S.6S57 0 2,R2R 2,828 S 457 S K57 R, U35 D, R28

2. This example will perform a forward calculation from the two
model bodies specified below. The fieldpoint values are read
from one file and the elevations of the fieldpoint locatioms
are read from a second file. Output is placed in a disk file.

Rparmrs unix="gilm",ynjiz="kilm",xscale=%,idolot="hood",
Taxcol=90,7$ns=1,ihodv=1:ica1c=1,ires=1,dc=2,
ifile="hdresre",ifijed="hdtec",%

S 0 0,6 2. =0.5

=14 44 =14 42 =17 42 =17 44 =14 45

S " 0,4 -0, -3.N0

=18 45 =13 47 =12 41 =19 383 =21 4y

3. This example will perform the same calculations as example 2.
Contoured output is not placed in a disk file but two grid
files of the calculated and residual values are created.

Roarms unix="kilm",yuniz="xilm",xscale=%,idolot="hooa",
iolotr=l,1lsqe=1,icodv=1,icale=!,ires=l,dc=2,
ifile="hdresra",ifilec="hytec",%

S0 0,6 2,6 =0,5

=14 44 =14 42 =17 42 =17 44 =14 4S5

S0 0,1 -y,5 =20

=198 48 =13 47 =12 &1 -19 3R =21 4§



Appendix B

Output Example 1

The following output was produced from command example 1.
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Appendix C

Output Example 2

The following output was produced from command example 2.

000°0n

000°Sn

000° 12~

000 ni-

00V us
0on°v

000" 0t
009°0

Sely ¢
vl
nol2d°o
€50y
GY6y ¢
Gohe g
LNV
U AT ]
LhGe ¢
Golu°® -
hyay* |-
Oyl ¢
$¢Gs° ¢
Ty€v°w
1501°y
15911
QY w
¢l 9
G4%G0° 0
2nlo° -
foll y-
Gy 0y ¢~
LA B
Sol9°v
nehe o
LYK PaT)
[T TR
RIS Y
1t/0° V-
NY6Y -
94"y ~
by ly u-
2Ny e~
2ves n-
NDobc "9~
9ull°y-
LI A T
fof0° Y-
LOSI“w-
9,0< 0~
Gelo’v
255y 14
enSL L~
0L€L°S~
6clu°s-
GelL h-
f960° -
29lnn-

b

ovo°el-~- 000" 1y
= AJISUap *S3V44daA G

Que“Li- 000°7n
= AJISULD *SIDLIJeA G
wigy uy

voo et- oou°Lh
sSey pue 00§~

0Vou° Lt~ (T TR
seyYy pue gpG -

4w SIYb Iy puv wiixn ul

oen e ooy Y TRUE L
cHu4 "2 oy ¢h LTI U A R
AL AN (U7X XTRerd ] LIV R N
Yoy n-°p N0y “-¢n vHuo°ql-
vlob- | Nylly°<h V0VoOn¢-
0’s0°1? nyoy°en Vouo ¢~
yheo-t 200v°ch Vo0 he -
w09l 0 b::c.m: V00 9¢-~-
900S° 1 [T J TR (L VI R B
(YA VAN nyYov-un voun-0i -
r9ng-t T AL vouo*? 1~
124 A 4 0yhy° uh MY UM
v0¢o-? UTTE TR TAY VOuUN*0f =~
¢ls0°? U TR TAY unNyo- N -
9LleG° 1 0p0v°uh VouvN°0¢-
(LY B | Quhy ol V0u0°2¢-
Lthyn-t (TR UnNYoO°h¢ -
CLYR R 0Cv0v ol 0oun“ o¢-~
nhye*t 0u00° 4t 00u0 "y~
AL | Quhy°us V0un° 0t~
Vho! 1 0unou° ys Loy024-
LH00°2 LT TREE Vouo°h )~
SAI0°2 UTTY X TRarY1Y vy -y -
Lhew-t Nyou° ¢ UTTL R N
§0uh°1 Yoy uf 00u0°0¢-
to1e°t 0yny*°g¢ Vv 2¢-
<9yt 1 NYny“uy 00u0“*tre¢-
$652° 1 UL DVREYAS vouN ¢~
nGy2°1 0g0u° 9y v0u0° -
vose°t UITT T TRE S voun*n|-
vousG* 1 (U T TR O R B
UAY TR R | Nyny° 9y voLohi-
the9 ouny°ye TV R
IR N | 0u0v°9ys§ VoVo° R~
L5¢s" 1 Ouly° vt V0N 0¢-
ot¢0°1 0u0y " ys 00v0*2¢-~
ohenct 0p0v°9ye vOu0-ti¢~
Shyt°t 000u° 9§ Vopocoe~
o947 °1 0vou°ney voYn“ Q-
t6L8° 1 Nodu° s VNN 04 -
dLsu2° oy Ny vopo°-2i-
nESseE°l 0vou°ny Uyt h -
9ty ° 1 (JTE XA 21 LT R
ylel°t LW TRE 2 3 voun-9 (-~
UL AR | 0Ny e Vovon°0¢-
ctol° 1l 0woo°ue Voo 2¢-
90 (1] XTRA2Y V0V0 e~
¢fol°0 0000°ne VOyo-a¢-~-
2 A x
SuN|CA pPpIALeSYO
001~ opncan voy°ul-
pue oy, gy~ Syludp udumydy ¢ ApOy
000°hH )~ nYo=thy vov°pl-
pue g0y°¢ Syludp uddMIdY ApOYy
ddk JUUWIINSLIW ADUNSID Ju s 1uUn
puoy Ju)

SWS 1ud (RUUDALLG JO 3D

933 Ajiaeub

11



Output Example 2--Continued
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Output Example 2--Continued
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Output Example 2--Continued
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Output Example 2--Continued

boeccnctccsbeoncncacadocacocavoelococosvcavce e onccncsslecesccscn e caencnwtjcceccscecnnebecacacace P

| |
1 |
| !
] 1t 1 !
! 1 1 |
+ + + 1 + + + 1 * + + +
| 1 1 |
| 1 1 |
! 1 1 |
! 1 2 2 1 |
| 1 2 2 1 |
+ 1 + 2 + + + 2 + + 1 + +
! 1 2 3 3 2 1 |
| 1 2 3 3 2 1 !
| 1 2 3 4 4 3 2 1 |
| 1 2 3 ] 4 3 2 1 |
1 2 3 4 S S a 3 2 1 |
+ 1 + 2 3+ q S+ + S 4 + 3 + 2 + 1 +*
bt 2 3 4 S 6 6 5 a 3 2 1 !
t1 2 3 4 S 6 [ 5 4 3 2 1 !
a1 2 3 4 S ) é S a 3 2 1 i
11 I 3 4 S 6 7 7 [ S 4 3 2 O
11 2 3 4 5 ) 7 7 6 S 4 3 2 1 )

+1 2 3 4 5 6+ 7 8+ L] 7 +6 5 4+ 3 2 + 1 +
i1 2 3 4 S [} 7 8 9 9 8 7 6 5 4 3 2 t |

[ 2 3 4 5 6 78 9 a s 9 8 7 6 S 4 3 2 10
1t 2 3 4 5 67 89 ax b *a 987 6 S q 3 2 11

11 2 3 4 S 6789 ab c cba987 6 S 4 3 2 1

B 2 3 4 S 6 78 9 ab ¢ d d eb a 98 7 6 5 4 3 2 11

+1 +2 3 +4 S 6+789 ab cd+ e e dcb a9 8+7 6 5 +4 3 2+ 1+
[ 2 3 a S 678 9a be d i dec ba 98 7 6 S 4 3 2 11
LB 2 3 a S 67 89 ab ¢ d de b a9 87 6 5 4 3 2 1)
11 2 3 4 S 678 %a b ¢ ch a 9 87 6 S 4 3 2 P |
[} 2 3 4 5 67 89 ab ba987 6 S 4 3 2 1!
1 2 3 4 S 67 8 9 ab ba9 87 6 S 4 3 2 11
+ 1 + 2 3 a S+6 7 8 9a » *3 9%A 7 +6 S 4+ 3 2 + 1+
! 1 2 3 [} S67 89 9 &8 7 & S 4 3 2 1 1
| 1 2 3 4 sS6 78 8 7 6 S a 3 2 1 !
1 1 2 3 q S 6 7 7 [} S 4 3 2 1 |
{ 1 2 3 q S 6 6 S 4 3 2 1 |
| 1 2 3 4 S S ) 3 2 1 |
+ 1 + 2 3 + ] + + a + 3 + 2 + 1 +
| 1 2 3 4 -] 3 2 1 )
| t 2 ~3 3 2 1 !
| 1 2 3 3 2 1 |

! 1 2 3 3 2 1 {
| 1 2 - 2 1 |

+ + 1 + + 2 + + 2 + + 1 + +
) 1 2 2 1 !

! 1 1 |

) 1 1 }

| 1 1 !

! 1 1 FE |
0----t.---+-----~---*------.--*-------1.}---------*-]-------*---------+------o--+-.--.-§--+
symbol value (milligals). y increases to riaht and x increases downward

1 2.0000

16



Output Exarple 2--Continued
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Output Example 2--Continued

jocccprennholofocfejtecechonsctheenjecnllecccnccncienencceceifensvosncifencngecajoncnncaca?d

! ) 6789 a b b ) 9 9 9 aa 9 a !
| 66 7 8 9 a bb a 9 9 9 a 3 9 a |
1 7 R 9 a 2 9 3 9 8 7 7 8 9 a |
! 78 9 a ] 9 8 7 66 7 8 9 a I
! 78 9 a a 9 8 7 6 6 74 9 a !
+ 7 89 a+ a 9 + +8 +7 6 S+5S 678 9 a +
1 7 8 9 aa 9 8 7 6 S S6 7A 9 )
| 7 8 9 9 8 7 6 S S 67 8 9 1
| 7 8 8 7 6 5 56 728 |
! 6 [} 7 8 8 7 7 7 6 S S 67 8 |
16 ® 7 7 77 6 S S 6 7 8 )
+6 + 6 7+ 7+ + + + 6 5 44 S5 b6 7+ +
[ 6 7 7 66 6 S S 6 7 |
| ) 6 6 6 S S ) 7 |
| 5S ) ] 6 [ S S ) |
! S S 6 6 S S Ss 6 |
' S s ) 6 S S 6 |
+ S + S 6 ¢+ b + S + + ] + + 6 + +
! S S 6 6 : S 44 S ) |
! S S 1) S 4 q 5 6 |
! S S S a a 5 6 |
| S S S a ) 5 6 7 |
| S S 5 4 3 3 4 5 6 7 |
+ S +5 + S + 4 + 2 + 3 a + S + 6 + 7 +
| S 4 3 3 4 S ) 7 |
1 S 4 3 2 2 3 4 S () 7 |
! S 4 3 * 2 * 2 3 a S 6 7 !
1 S a 3 2 11 2 3 4 S 6 7 |
I 6 S 4 3 2 1 1 2 3 a S ) 7 81
+ 6 S + +4 321 ¢+ + 1 2 3+ 4 S 6 +7 8+
1 () 5 4 3 21 1 2 3 ) S 6 7 |
! 6 5 a3 2 1 1 2 3 4 S [ 7 |
| 6 S a 3 2 1 1 2 3 4 S 6 7 |
| 6 S S 4 3 2 2 3 4 H ) 7 [
7 6 S S S 4 3 2 2 3 4 S 6 7 |
+7 I + 5+5S ] 4 3 = 2 * 2% +3 4 S+ 6 + 7 +
1?7 6 5 4 3 3 a 5 ) 7 1
17 6 S a 3 3 q S 6 7
A 7 6 S 4 33 a S [ 7
18 7 6 S a a S [ 7
1 8 7 [ S 4a S [ 71
+ 8 7 +6 + 55 + 5 + 5 + [ + + +
! 8 7 6 - ) 6 6 7 7 1
1 8 7 6 6 ) 6 7 7 |
L ] 7 [ 6 7 7 7 7
] 8 7 7 8 8 71
1 8 7 ¥ 8 8 8 8 7
+ 8 7+ + +7 8 99 + + + 8+ 7 +
18 8 9 9 8 71
I 8 9 9 8 7
| 8 9 9 8 7 |
| 8 9 ) a 9 ] 7 y )
17 8 9 a a 9 8 7T 7
0---7-'---0--5------’---Q-----*.--------Q--a-.----§---a---9-+-------e-*---------§-7-------#
symbol value (millicals). y increases to riaht and x increases downwarg
1 =16.0000
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Output Example 2--Continued

-14.0000
-12.0000
-10,0000
-8,0000
-6,0000
-Q.ﬁOOO
-2.,0000
0.0000
2.0000
. 4,0000
fieldpoint
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Appendix D

Output Example 3
program to produce the plots of the observed, calculated, and residual wvalues.

The following output was produced using command example 3 and a contouring
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Output Example 3--Continued
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Output Example 3--Continued
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Output Example 3--Continued
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gh°h
Bg?e
hh°1
L8°0
LA

29°¢
9s°L
ol°gtd
Lo nl
59214
9L
29°¢

9ul°0
6ng°0
1e0°1
291°1
902°1
gFoe°t
gi16°0
£I1L°0
££6°0
091°1
hy6°0
9¢0° 1
Sob6°0
590°1
se1°1
69¢°1
61670
651°0
6¢2°1
0e¢t°1
9n1* 1
sL2°1
hne*l
ong*1
gRe- 1
6yt 1
1g1°1
Geo0° 1
612°1
Sol*t
Loe*1
Lon°1
8¢5l
2ah* 1
entL°1
ceh* 1
g91°1
gul“1l

000°2S
000°2S
0V0°2s
000°2%
000°2S
000°2s
000°2s
000°2S
000°2s
0v0°2s
000°0s
000°05
000°0g
00v0°0S
000°0s
000°0y
0u0°0s
000°0S
009°0s
000°0¢g
000°8n
000°8h
000°€en
000°8n
000°8h
000° 8y
nyo° ovn
000°8n
000°Rn
000°8Yy
0vo°9n
000°9n
000"y
000°9n
0009y
0v0°9n
000 °n
0v0°9n

000°9~

000701~
000°21~
000°hij~
0v0°91~
0o Rt~
000°0c¢~
0v0°2¢~-
000°he-
000°9¢~-
000°€~

0y0°01l-
N00°21-
000°hi-~
0y0°9 |~
000°0 -~
000°0¢~
0p0°2¢~
000 e~
000°9¢~
000° @~

0000t~
000°21~
00 hi-~
0009}~
000°81~
000" 0¢-~
0y0°2Z-
000 e~
000°9¢-
000°R-

000°01{~
000°214~
000 hi~-
000°9~
000°81~
000°0¢~
0v0°2¢-
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Output Example 3--Continued

52. 00 =T T T r T I T t 1 T T T
+ + + + + + + + + -+
48,00+ -+ + + —
+~ + +* + -+
44,00+ + + + -t
+ + + + -+
40.001 + + + -7
+ + + + <+
36.001+ + + + + + + + + -

| | | | L | | l |
34.005 P s s = P P > p
v < o~ o ®© v - o~ o @
Y N o ~ - - - - - \

i i [} | H i 1 1 1

Body corners and fieldpoint locations

24



Output Example 3--Continued

82

44 —

40 -

24

-26

Calculated values
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Output Example 3--Continued

Residual values
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‘Output Example 3.--Continued

Observed values
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Appendix E
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.

NROW X X X X X last row stored
K} X X X X X X
dy
2 X X X dx X X X
1 X X X X X X first row stored
1 2 K} 4 5 NCOL
(x0,y0)

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.

28



x0: 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.
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.
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,xo0,dx,yo,dy
if (dx.eq.0.) read or write (..) (x(i),i=1,ncol
if (dy.ne.0.) go to 15
do 10 j=1,nrow
10 read or write (..) y(j),((g(k,i,j),k=1,nz),i=1,ncol)
go to 25
15 do 20 j=1,nrow

29



10

20 read or write (..) dum,((g(k,i,j),k=1,nz),i=1,ncol)
25 continue
In the usual case where dx and dy are constant and nz=1, the code
simplifies to:
dimension g(ix,iy),id(14),pgm(2)
read or write(..) id,pgm,ncol,nrow,nz,xo0,dx,yo,dy
do 10 j=1l,nrow

read or write (..) dum,(g(i,j),i=1l,ncol)
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Appendix F

Example of User-Formatted File

0
1.414 0
2,822 0
a.?u% 00

N
1
1
1
1

C. Chr o
" e

S.AS7

.
ANVNI —= N AN

1.014
2,828 Ja14 10,
a,24% a14 15.
S.697 1.414 SO.

1.010 2,828 S.

5,328 2,P2R 15.
n,24t 2., R2A 4S5,
S.A57 ?.R28 SG.

DDDDDDODDDDDDDQ
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Appendix G

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, O=solid, 1-7 dashed lines

iplotr = plotter number

isl = 5 element array, isl(l)=1 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)

scale3(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)

33



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).

+Y |
1§ '
; PLOT AREA -
- pXP{1) DXP(2
DYP(2) ’
YP(1)
YP(4)
o
DYP(1) _ :
XP{1) '
YP(3)
1’ R .
. XP(4) —
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Appendix H

CRkThkdhk*hkhkkkkxkdk ‘ ) - _
¢ orogram to input exact talwani polvgonal prisms for 3d gravity=plouff
¢ modified by r.,aodson for denver multics S/81
c
Characterxq unixs,uniz
characterx8 name
characterx18 title
characterx4Q idplot
characterxS0 ifile,ifile2,cfile
CharacterxS4 rfile
CharacterxSS cafile
characterxS56 pfile
characterxRQ ifmt
Common/st/caf1?e,rf11e,of11e
common/qrav1nolxolotr,1oodv.1fvle,1f11F2:1sas,
1 gatum,xscale,dcrunix,uniz,name,height,
2 ifmt,igplot,iobs,icalc,ires
common /field/r(1000)
common /fpts/ xf(1000),yf(1000),2zf(1000)
common /bodk/ mm,nlim,jbodyv,short,nend
Common /trans/ inpt,iout,jin,iprint
dimension a(1000),b(1000),dstnc(900) ) . ,
c dimension limits for 3 parameters. corners, bodies, fieldnoints.
c one more than dimension of total number of fieldooints
data ncornsnbod,npt/900,50,1001/

¢
c aet input parameters
¢
call min(3$220)
10 wprite (iout,20) vdolot
20 format (“1 gravity effect of oolvgonal prisms’,/,
1 1x., ‘ for ,Sx,aIJO)
facx=0,0
facz=0.0 } _
call _unit(unixsuniz,facx,facz)
if (faex ,eq. 0.0) qo to 200
zfac=1.0/facz
afac=6.670*facx
30 short=1,0e20
c
¢ read body coordinates _
c

call boda(faczs,nbod,dstnc,ncorn,afac)
c mm (common) is total number-of layers
if (mm .eq. 0) qgo to 200

C -
e read fieldooint locations and mavbe values
¢
cal)l otsm(nk,$220)
if (nk J1t, 1) go to 200
c
c check if orinter plot of bodies & fieldpoints
c desired if fieldmnoints are in arid form
¢
title="body corners"
if(ibody.ne.0.,and.iplotr.ea.9.and.name,ea,"gridded")
1 call ecplot(decsarl,s0,title,$365)
c -
¢ check if Jocation plot of bodies & fieldooints on
e Plottina device wanted

5



D0 0

0

(1]

40
S0

60

70

90

100
110

120

130
140

150
160

170
180

240

if(ibody.ne.0.and.iplotr.ne

check

titles"observed values”

ifliobs.ne.l0.and.iclotr.eq.

if plot of observed values desired

9.and.name.eq."gridded™)

1 cal) colot(decrrsnk,t,title,$365)

do 40 k=1,nk
zftk)zzf(k)xfacz
call
if(datum .ne.
format (/,1x,f10.2,° maal
if (lsas .ea. 0) go to 130
do 70 k=1,nk
r(k)=r(k)=datum

if (1sas .ne. 7) go to 90
ijer=0

call glsas(nk,a,ier,datum)
if (ier .ne. 0) ao to 200
std=0,0

avas0.0

do 100 k=1i,nk
errk=pr(k)=a(k)

b(k)=errk

avaQ=ava+errk
std=std+errk*errk

if (nk J1t. 2) ao to 130
std=sart(std/(nk =1))
avozava/nk ’

write (jout,120) stdravg
format (///+Sxs’
lf8 2:,°

and average differences=

qtalwl(nk,mm,short,dstnc,a)
_0.) write (jout,60) datum

is added to aravity values?’)

standard devtatlon

s, %8, 2, *~milligals”)

.9) call arav3dolot(nk,$220)

title="residual values”
if (ires.ne.0,and.

stdout(l,a)

iplotr.ea,.®
1 call cplot (de,b,nksrl,title,$365)

if(icalc.ne.0.and,.iplotr,1t.9.and.name.eqa,
1 call

write fijout, 1a0) ) , )
format (/,15%,"x°+9%+°v*+9%,°2°,9%,°a”,4x, residual ’)
do 180 k=1,nk

x=xf(k)

ysvyf(k)

zfk=zf(k)*xzfac

arav=alk)+datum

a(k)=grav ,

if (1sas .ea. 0) go to 160

write (jout,150) ksyrx,2fk, grav,b(k)

format (i6,3%x,3f10.3,2%9. ,2)

go. to 180

write fiout,170) krysrxr2fk, grav

format (i6,3x,3f10.3,19,2)

continue

contour plots

title="calculated values”

if (1calc ne.0.and.iplotr.eq.9.and.name.eq.”aridded"”)
1 cal) cplot (de,a,nk,1,title,3365)

.and,1sas.ne,0.and.name.ea,

"gridded™)

-

"gridded")

if(ires.ne.0.and.iolotr.lt.9.and.lsas.ne.0.and.name.eq."oridded")
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365
375
200
210
220

230

1

1

call stdout(l,a) . ,
if(ires.,me.0.and.iplotr.l1t.9.and.lsas.ne.0.and.name.eq."aridded")
call stdout(2,b)

go_to 220

write(iprint,375)

format ("™ contour interval(dc) is 0.")

write(iprint,210)

format(" error = proaram abort")

close(jin)

close(vout)

write(iprint,230) ofile

format(/," output is in file ",aS6)

stop

end

€ % % %k J kR gk ke ok ok k ok kK Kk

oO0000

1
P

1
2

subroutine min(x)
namelist input parameter subroutine
r.aodson - 3/81

character*xd4 unixsuniz

characterx8 name

Characterx40 idplot

characterx50 ifile,ifile2,cfile

characterxS4 rfile

CcharacterxS5S cafile

CharacterxS6 pofile

characterxB80 jfmt

common/st/caflleprfl1ecof11e _

common/orav1n9/1olotr;1bodv.1fvlp'1f1192 lsags,
datum;xscale,dc;un1x,unazaname,hesqht,
1fmt,vdnlot,1obs,1calc,1res

00mmon/conta/nrow,ncol;dv,dx;xM1n,vmwn’xmax;vmax

common /vec/cae,cie,sde,sie,ex,ey,ez,earth,cdci,sdci

common /trans/ inpt,ioutsjin,iorint

common/uadect/naxcol

namelist/parms/iplotr,ibody,ifile,ifile2,1sas,
datum,xscale,dc,unix,uniz,name,height,
ifmt,igolot,siobs,icalc,iress,naxcol

inot=5

jout=s

iprint=6

jin=9

inlotr=9

naxcol=130

ibody=0

iobs=0

icale=0

ires=0

idnlot=" "

ifiles" =

ifileg=" "

1sas=0

datum=0,

¥xscale=9.

dc=0.

unix="kilm"

uniz="feet"

name="qgridded"
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height=0.
ifmt="(v)"
write(iorint,10)

10 format(" enter command file name: ",8$)
reaag(impt,20) cfile

20 format(v) . ;
open(jin,filescfile,form="formatted")
read(jin,oarms,end=30)
if(lsas.eq.0) ires=0
if(ifile.ea.” ") o to 50 ‘
if(iolotr.1t.0.0or.iplotr.qt.9) iolotr=9

encode output file names

o0

encode(pfile,25) cfile

25 format("orint.",aSn)
encode(cafile,26) cfile

26 format("calc.",a50)
encode(rfile,27) cfile

27 format("res.",a50) _
open(iout,file=pfile,form="formatted",carriage=.true.)
return_

30 write(iporint,40) .

40 format(" end of file reading namelist command file")
Qo _to 70

S0 write(iorint,60) B

60 format(" no observed data file name specified")

70 return 1
end

c******t**?*****

subroutine boda(facz,nbod,dstne,ncorn,afac)

reads body cornepr coordinates

o000

r.godson = 4/81

o0

characterxd unix,uniz
characterx8 name

Characterx40 idplot
characterxS0 ifile,ifile2,cfile
characterx80 ifmt
dimension dstnc (1) ..
common/mplot/ymin,xmin,ymax,xmax
common/conta/nrow,ncol,dy,dx,yo,xorxma,yma
common/aravino/iplotr,ibody,ifile,ifile2,lsqgs,

1 gatum,xscale,dcs,unix,uniz,name,height,
2 ifmt,idolot,iobps,icalc,ires

common /bod/ rho(S50),ifornt(50),2ee(50),2m(S0)

¢ see ncorn dimension limit in main orogram

common /side/xb(900),yb(900), 11(50)

common /bodk/ mm,nlim, jbodv,short,nend

common /trans/ inpt,iout,jinsiorint

nend=0

mm=0

xmin=1,0e38

xmax==1,0e38

ymin=1.0e38

ymax==1_,0e38 ‘ - .

10 read(jin,20,end=180)num,ifprnt(mm+l),dencon,top,hottom
20 format(v)

-
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if(lsas.eq.7) dencon=1.
nst=nend+1
nend=nend+num
mm=mm+ 1
1f(mm at.nbod) go to 130
if(nend.at.ncorn) ao to 70
1M (mm)=num
Zee(mm)=topxfacz
zm(mm)=pottomxfacz
rho(mm)=dencon*afac
write(iout,30) mm,top,bottom,num,dencon .
30 format (° body’,i3,° between depths’,f11.3,° and®,f11.3,
1 7 and has”,idy” vertices. density = 7,f8.3)
40 if (too .at. bottom) go to 90
50 write (iorint,60) too,bottom i
60 format (“0top of body is below bottom”,2%¥7.2)
go to 170
70 write(iprint,80) mm,nend,ncorn ,
80 format (7 body”,i3,° includes 5uff1c1ent corners,’,i4,",to exceed”’
1 , “ limitation of”,i5,° for all bodies.”)
do to 170
¢ coordinates of corners of body east,north (x,y) pairs.
¢ body has at least 3 corners
90 read(jin,20,end=150) (yo(i),xb(j),ji=nst,nend)
write(iout,100) (yb(j)sxb(i)sj=nst,nend)
100 format (S(Sx,2f9.3))
do 105 j=nst,nend )
if(xb(j)eltoxmin) xmin=xb(j)
if(xb(j)eat.xmax) xmax=xb(j)
ifCyb(i).lt.vmin) vmin=yb(j)
if(yb(j).at.vmax) ymax=yb(j)
10S continue
110 np=nend+1
xb(no)=xb(nst)
vyo(np)=yb(nst)
do 120 i=nstsnend
dist=(xo(j+1)=xb(j))**x2+(yb(j+1)=yb(j))x=*2
if (dist .eaq. 0,0) go to 120
dist=sart(dist) ,
if (dist .)t. short) short=dist
120 dstnc(j)=dist
Qo to 10
130 write (iorint,140) mm ]
140 format (Sx,”number of bodies=’,i3,” exceeds limitation.”)
Qo _to 170
150 write(iorintes160) mm ]
160 format("™ end of file readina x,y pairs for bodv no. ",i3)
170 mm=0
180 return
end
c***************
Subrouf1ne un1t(Un1xoun1z'facx:facz)
c conversion of horizontal (x) and vertical (z) distances=3d magnetics
characterx4 unixsuniz,feet,skilm,mile, kil ¥, metr,jbliank,
1 lunx,lunz o
common /trans/ inpt,iout,jinsiporint
data kiim, feet, mile, kilf, metr,iblank
1 /xiIm?,“feet”,"mile’,*kilf®,“metr”,” °/
write (iout,10) unix,uniz )
10 format (Sx,“units of distance measurement are in °,ad,

39

~



1 2 and heiahts are in “,ad)
20 if (unix .ea. mile) facx=1.609347
if (uniz .eq. mile) facz=1.609347
if (unix .eq. feet) facx=3.048006e~4
if (uniz .ea. feet) facz=3.048006e-4
if (unix .ea. kilf) facx=3,048006e~1
if (uniz .ea. kilf) facz=3.048006e~-1
if (unix .ea. kilm) facx=1.0
if (uniz .ea. kilm) facz=1.0
if (unix .ea. metr) facx=1.0e=3
if (uniz .ea. metpr) facz=1.(0e=3
if (facx .ne. 0.0) go to 40
write(iorint,30)
30 format(" unix specification is incorrect™)
return .
40 if (facz .ne. 0,0) go to S50
faex=0.0
return . .
c multiplyina factor for heiaghts to convert to distance units,
¢ neagative sian to compensate for deoths + downward later “calc’.
S0 facz==-facz/facx
return
end
c******k**'******
subroutine atalw(nk,mm,short,dstnc,a) . .
exact solution for talwani 34 apravity in sinale pprecision (7 figures)
common /side/xb(900),yb(900), 11(50)
common /bod/ rho(50),ifprnt(50),zee(50),2m(50)
common /fpts/ xp(1000),yo0(1000),2p(1000)
common /trans/ inpt,iout,jdisk,page
dimension a(l),dstnc(1)
¢ 1/1000 lenath of shortest non=zero side
testsshortxl.0e=3
do 240 k=1,nk
x=xp (k)
vyavyp (k)
2=2p (k)
arav=0.0
. nhe_ =0
loop of hodijes
do 250 m=1,mm
¢ number of vertices
ns Sne +1
Tk= 11(m)
zi=zee(m)=2
22=zm (m)=2
ne =ns +lk=1
af=pho(m)
jfornt=ifornt(m)
a=0,0
¢ to aive clockwise positive
hl=abs(z1)
h2=abs(z2)
z2z=z1+22
if (22)10,230,20 4
¢ case where most of mass is above fieldpoint (minus q)
10 af==af .
20 if (hl .1t. h2) ao to 30
t=h?
h2=nt 40

[g]
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hi=t ,

30 x1=xb(ns)=x
vi=yb(ns)=-v o

¢ last poinmt js repeat of first

xf=x1
yf=yl
rissSxl*x1+yl*y!
risf=pts
hh1=hixht
hh2=h2*n?
dh=h2=h1
rit= sart(ris+hhl)
ri2= sart(ris+hh?2)
ritf=r1i
ri2f=rt12
anas=0,0
t1=0.0
t2=0.0
wi=0,0
w2=0.0
w3=0,0

. h=ns

¢ loop of all sides

do 210 1=1,1k
nm=n
if (1 .ne., 1k) go to 40
x2=xf
v2syf
rés=risf
r21sritf
r22srl2f
go to S0 -

40 n=n+1l
x2=xb(n)=x
ve2=yb(n) =~y
r2s=x2*x2+ye*y?
r22= sart(r2s+hh?2)
r21= saprt(r2s+hhi)

50 ds=dstnc(nm) .
if (test .at. ds) go to 190

c same sian as definition used for magnetics. opposite last aravity
p=(x1xy2=-x2%y1)/ds -
dx=x2=x1
dy=y2=vy1 -

¢ test if perpendicular distance to line segment is less than 1/1000

¢ of shortest seament length
ap=abhs(p)
if (ap .1t. test) go to 190
dl= (x1xdx+yixdy)/ds
d2= (x?xdx+y2xdy)/ds
dd1= abs(d1)
dd2= abs(d?)
if (dd! .1t. test) d1=0.0
it (dg2 .1t. test) d2=0.0
fnum=anxds
denz=x1*x2+yl*y?2
if (dem) 60,100,110

60 a1=3.141593 ,

if (o .at. 0.0) ao to RO

aj==al 41



70
80
90

100

110

120

130

140

150

160

170
180

190
200

210

220
230
240

denz==~den )

call tandet(fnum/den,w3,anqa)

anazana+al

ao to 120

al=1,570796

if (o J1t. 0.0) al==1.570796

0 to 90

al=0.0" ,

if (o .at. 0.0) co to 80

o to 79 )

if (dl .eq. 0.0) o to 130

call tandet(=dlxh1/(oxril),wl,t1)

call tandet( dixh2/(p*xri12),w2,t2)

if (d2 .ea. N.0) go to 140

call tandet( d2xh1/(pxr21),wl,t1)

call tandet(=ag2xh2/(p*xr22),w2,t2)

oh=p*p+hhi

rziz=rit+dl 4

if (dl .ace. 0.0) qo to 160

if (d2 .at. 0.0) go to 150

al=(rlt=d2)/(r11=dl)

go to 180

dtest=nh/(dl*xdl)

if (dtest .l1t. 0.01) r21=ddi*0.S5S%dtestx(1.0=-0_,25*atest)
rz2z=r21+d2

if (d2 .ce. 0.,0) qo to 170

dtest=oh/(d2*d2)

if (dtest .1t. 0.01) rz2=dd2*0.Sxdtest*(1.0=0,25*dtest)
al=rzl/prz2

al=p*aloa(ali*x(r22+d2)/(rl12+al))

asa=al

if (ifornt J1t. 0) write (iout,200) 1,0,d1,d2,ana,al,wl,w
format (id4,7e16.8)
x1=x2

vyisy?

ris=r2s

ri2=r2?2

ril=rd1t
continue

ti=ti+ atan(wil)
t2=t2+ atan(wl)
anas anatatan(w3)
gz=af*x(anaxdh+g+nixt1+h2xt2)

if (jfornt .ne. 0) writ® (iout,220) k,a,ana ,tl1,t2
format (i4,f8.2,° mgal’,15x,3f9,3)

arav=grav+a

a(k)=grav

return

end

~
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subroutine tandet(f,zze,sume)

c orbqram for arctanaent addition. negative f for subtraction,

10

20
30

alz=zze+f

a2=1,0d0=zzexf

if (a2 .re. 0.0 ) go to 40
if (al) 10,20,20
Sume=sume=1,57017%¢

Qo to 30

sumessume+1.,57079%p _
z2ze=0,0 42



return
40 zze=al/al
if (a2 .at. 0,0 ) return
if (01) 50'60:70
S0 sume=sume=3,141593
60 return
70 sume=sume+3.,141593
return’
end
C*********?*****
subroutine glsas(kk,a,ier,datum)
¢ least-squares calculation of gensity regression
real*8 fn,SxsSY,SxX,SXYsrSvyVv
inteaer Am(4)/"n","x","s", v/
common /field/r(1000)
common /trans/ inpt,iout,jdisk,page
dimension a(1)
1=1
if (kk .1t. 3) ao to 40 -
fn=kk
sx =0,0g0
sy =0.,040
Syy=0,0qd0
sxy=0.0d0
sxx=0,0g0
do 10 k:!;kk
rk=pr(k)
ak=al(k)
Sx =sSx +ak
Sy =Sy +rk
Syvy=syy+rk*prk
SxySsxytak*rk
10 sxx=sxx+ak*ak
XX=sxXx=sx*xsx/fn
1=2 .
if (xx .le. 0,0) go to 40
Xy=gxy=sxxsy/fn
YYSsvyy=svyxsy/fn
tm=xy/xx i
tb=(sy=tmxsx)/fn
1=4 .
if (vy .le. 0.0) go to 40
coer=xy/sart(xxxvy) )
stdm=yvx(1l.0=coerxcoer) /(xxx(kk=2))
1=%
if (stdm .1t. 0.0) go to 40
stdm=sart(stdm)
tb=tb+datum
write (iout,20) tm,stdm,coer,tb . _ .
20 format (//,’ least=sauares density is”,f7,3,” (std”,f6.3,7) with”,
1 * correlation coefficient=", f6.2,3%x, qatum=’,¢7.2,
2 ‘% maal,”’)
do 30 k=1t1,kk
30 a(k)=tmxa(k)
return
40 ier=1 .
write (iout,50) nm(1) o
S0 format (“0Ostop. density cam be caleulated., cutoff “,al)
return
end 43
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subroutine colot(pc,a,ntrjk,title,*) _
ik must be zero for first call of cplot. later calls use revised xb/vyb

c
¢ ci===the injtial contour value (calculated)

c pc,dc===the increment in the contour values (read in)

c aly,x)===the input array containing the data to be contoured.
¢ index for equivalent 1d array is nx(x=1)+y

c m===the final value of x=index in a=array

c n===the final value of v-index in a-=array

c limits of plot are alyi,xi) to aln,m)

€ nx iS number of intervals in x=direction (riaht) less than 41,

¢ ny is numbepr of intervals in y=direction (down) Jless than 41,

Characterx18 title
inteager ont(131),sym(35),c,iv(81),jx(41)
common /side/xb(900),yb(900), 11(50)
common/fots/xf(1000),vyf(1000),2f(1000)
common /conta/ m,n, dx,dy, XmA,ymn,xmx,ymx
common /trans/ inot,iout,jin,iorint
common /widect/ naxcol
common /bodk/ mm,nlim, jbody,short,nend
dimension a(1),xa(900),ya(900),111(50)
data svm/ 1' 520'03"140"50,060’070,080'0qp'aao'ﬂbl’lco'odl’te"
1 f’ ' ' 4 'h' ’."’j"'k',’]',’m"’ﬂ"’O"'D','Q"’P’l’S"’ht’l
2°u”’ ,'w’,'x’,'v *2°/sihor/"="/sivert/ 17/, jiplus/*+°/
¢ needs carr1ace with 132 columns available or change maxcol
data maxcol,iblanksjiex/131,° “,**x°/
if(pc.eq.0.) return 1
dc=pc ‘
if (m ,1t. 2) co to 650
if (m .at. 41) qao to 650
if (n J1t, 2) ao to 650
if (n .at, 41) qo to 650
maxcol=naxcol+1 ' o
if (naxcol .ea. 0 .or, naxcol .qt. 130) maxcol=131
Ax=m=]
ny=n=1 ,
if(jk.ea.0) qgo to 60
write (iout,10) title,n,m,ntrymn,ymx,xmn,xmx,dc
10 format (///,° expect plot of “ai8,” of“,i3,° ov*,i3,
1 °(*,i%,°) arra’, _ )
2 “v. x=7,f8.1,° to”’ ,fB.l, y=,f8.1,° to’,f8.1,” contoured at”’,
3 f7.1,° milligals” /7Y
fmin= 1.0e20
fmax==1,0e20 .
do 20 i=1,nt
ajj=za(i) ' o
if (aij .qt. fmax) fmax=aij
if (aij 1t, fmin) fminzaij
20 continue
30 fc=fmin/dc
ic=fc _ .
ifCamod(fcrl.).ne.0,.) ic=ictl
it (ic .1t. 0) je=ic=1
je=fmax/de
if (jc .1t. 0) je=jec=1
ncont=jc=ic+l _
if (ncont .1t., 36) go to SO
write (iout,d40) de . )
40 format (Sx,’reauested contour interval of’,f9.4, * is doubled”’,
1 * because more than 35 contours are produced.’)

44



fe ]

000

dc=2.0*ac
ao to 30
50 ed=1.0/dc
ci=dcx*xic
cf=dc*ic
60 w1dth—maxcol~1
ux=nx/width 4
number of tolumns in one arid interval
fiinc=1,0/ux
fiincp=0.5+fjinc
~ colefm=1.0-fjinc ‘ , .
maintains true proportions with x expanded to 130 columns
uy= dxxux/( dy*0.6)
if (uy Jlt. 1.,0) qo to 80
uy=1.0/uy
write (ijout,70) uy , - .
70 format(Sx, y~distances are exaagerated bv“’,f9.4,° for contouring”’)
uy=1,0
number of columns per unit distance
80 dlx fj1nc/dx
f\\ng 1.0/uy
div=fiinc/dy
row=1.0
do 90 k=1,nv
rowsrowt+fiinec
90 iy(k)=row+0,S
lastrw=iv(ny)
col=t.n
do 100 k=1,m
ix(k)=col+0,.5
100 col=col+fjinc
if (Ik .ne. 0) go to 300

Plot body(s) corners

write (iout,110) title,ymn,ymx,xmn,xmx
110 format (///,° expect plot of “ati8,
1 “x=°,f8.1,° to*,f8.1,° v=’,f8.1,° to’,fR.1,7/)
do 120 i={,nend
xa(i)=xb(i)
vali)=vo(i)
120 continue
do 130 i=1,mm
T11(¢id)=11(1)
130 continue
nob=nend
ir=1
do 280 jrow=1,lastrw
do 140 1=1,maxcol
pnt(l)=iblank
140 continue
ie=0
do 180 ji=t,mm
isziet+l ,
iezje+V 11 (i) .
if(111¢i).eq.0) ao to 180
150 ky=1.5001+d1v*(ya(is)=ymn)
it(ky.ne.jrow) ao to 170
kx=1, 5001+d1x*(xa(\s)-xmn)
if(kx.lt.l.or.kx.qgt.maxcol) ao to 170
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0

pont (kx)Y=sym(i)
nb=nh=1
do 160 k=is,nb
kk=k+1
xalk)=xalkk)
valk)=3valkk)
160 continue
iszis=1
iezie=1
111¢i)=111(43) =1
170 is=is+l ‘
iffis.le.ie) qo to 150
180 continue

itest=0 .
if (jrow .eqg. lastrw) go to 220
if (irow .ea. 1) ao to 220

if (jrow .ea. iy(jr)) ao to 210
if (ont(maxcol) .ea. iblank) pnt(maxcol)=ivert
if (ont(. 1) .ea. iblank) pnt( 1)=ivert
190 write (iout,200) (pnt(k),k=1,maxcol)
200 format ( 1x,131al)
Qo to 280
210 itest=1
ir=l+ir
220 do 230 k=1l,m
kx=jx (k) . _
if (pnt(kx) .ea. iblank) ont(kx)=jolus
230 continue ‘
if (itest .ea. 1) ao to 190
do 240 k=1,maxcol
if (ont( k) .ea. iblank) ont( k)=ihor
240 continue A
if (jrow .ea. lastrw) go to 290
if(maxcol.ea.131) ao to 260
write(iout,250)
250 format("1") o
write (iout,200) (ont(k),k=1,maxcol)
ao_ to 289 o
26N write(iout,270) (pont(k),k=1,maxcol)
270 format("1",131a1)
280 continue - L
290 write (iouts,200) (pntlk),k=1,maxcol)
. return . ‘ )
next statement used if only-first body corners to be plotted
otherwise all could be plotted i _ .
rnb is total number of corners of first boav of moadel here
300 npb= 11(1)
nf=1
1=0

310 do 320 k=nf,nb
kk=k
dum=xb (k) '
if (dum ,1t. xmn) aqo to 330
if (dum .at. xmx) go to 330
kx=1,5001+41xx(dum=xmn)
dum=yb (k) .
if (dum _1t. ymn) ao to 330
if (dum .gt. ymx) go to 330
ky=1,5001+Alyx(dum=ymn)
T=1+1
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9]

xall)=kx
320 va(l)=ky
ao to 150
330 nfzkk+!
write (iout,340) vb(kk),xh(kk) _ ) .
340 format (Sx,“body point x=°,f10.3,° v=",f10.3,° is outsige’,
1 ° plot boundary.”’)
if (kk',Tt. Nb) go to 310
350 nb=1
360 cm=ci=dc
do 370 i=1,nt _
changes values inputted as “a‘’ (restored later),
370 a(i)=cdx(alid)=cm)
EREL | .
loop of rows from too to bottom
do S80 jrow=1,lastrw
row=1.0+uyx(jrow=1) _ '
major arid index (i) increases once each fiinc rows
i=row i
ful=row=-i
ind=0
kt=i=n
do 380 1 = 1l,maxcol
380 ont(1) = iblank
. Coleft=colefm ) }
loop of arid intervals from left to riaht
do 460 j=1,nx
coleft=coleft+fjinc ‘
if (jrow .ea. lastrw) go to 390
kt=kt+n
kbz=kt+n
dum = a(kt)
Z] = dum + ful*(a(kt+l) =dum)
dum = a(ko)
Zr = dum + ful*(a(kb+1) =dum)
Qo to 400
390 ind=ind+n
21=a(ind)
kb=ind+n
2r=alkb)
400 den = zr=2] - ,
if (abs(den) .at. 0,000001) co to 420
ize=z]
fl=izc , -
if_(fl .ne. z1) go to 460
left=coleft+0.5
. irtscoleft+fiinco ]
loop of contaurs in this grid interval
do 410 1=left,ijrt
410 pnt(1)=symli2¢)
So to 460 '
420 if (21 .at. zr) ao to 430
fminz21
fmax=zr
Go_to 440
430 fmin=zpe
fmax=21
440 YTmin=fmin+0,9999
Tmax=fmax
if (Imax .ea. 0) go to 460
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if (Imax_.lt. Tmin) go to 460
ratjosfjinc/den
do 450 jzc=Imin,Imax
¢scoleft+ratior(izec=2z1)
450 ont(c)=symlizc)
460 continue ,
if (rb .eg. 0) go to S10
row=jirow
nf=i }
470 do 480 k=nf,nb
kk:k ) )
if (yalk) .ea. row) qo to 490
480 continue
ao to 510
490 nmpb=nb=1
kx=xa(kk)+0.5
ont(kx)=jex _
if (kk .at. np) ao to 510
nf=kk i
do 500 k=nf,np
kp=k+1
xalkl)= xa(ko)
S00 va(k)=ya(lko)
go to 470
S10 itest=0
if (irow .ea. lastrw) go to 540
if (jrow .ea. 1) go to 540
if (jrow .ea. iv(jr)) go to 530
if (onr(maxcol) .ea. iblank) pnt(maxcol)=ivert
if (ont( 1) .ea. iblank) pnt! 1)=jvert
520 write (iout,200) (pnt(k), k=1, maxcol)
ao to S80
530 itest=1
ir=t+ijr
540 do 550 k=1,m
kx=jx (k) :
if (ont(kx) .ea., iblank) ont(kx)=jplus
S50 continue ,
if (itest .ea. 1) ao to S20
do 56U k=1,maxco!
if (pnt( k) .ea. iblank) pnt( k)=ihor
560 continue -
if (irow .ea. lastrw) ao to 590
if(maxcol.eq.131) ao to-S570
wrvte(vout:Zqo)
write (iouts2N00) Cpnt(k), k=1, maxcol)
ao_ to 580
|70 wrvte(10ut:270) (pont (k) , k=1,maxcol)
S80 continue. o
590 write (iout,200) (ont(k),k=1,maxcol)
write (iouts,6N0) A
600 formatf(//, * symbol “,8x,
1 “value (millioals), y increases”’,
2° to riaght and x increases downward?®)
Z2¢ = ci=dc
do 610 i=l,ncont
Z¢c=zctde
610 write (1out,620) QYM(V)IZC
620 format(” “,3x,al,6x,f14.4)
write (iout,o030)
LR



630

640

650
660

format(ux, +°,6x,”fieldpoint’, 14x,°%x%,6x,"corner of body”)
dO‘bao i=l,nt

a(i)=cm+dc*xali)

Fefurn

write (iorint,660) m,n _ ,
format(°0”,”ariad of%,i4,° by”,i4,” (x,y) is too large (d41) or
1 “too small for orinter contour.’)

return’

end
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c
¢
c
c
10
c
c
c
20
30
40
c
¢
e
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subroutine ptsm(nots,x)

inout data subroutine for user formatted or oridded data
r.aodson = 3/81

characterxd4 unix,uniz

characterx? name,datel

characterxd40 idplot _

characterxS0 1f11ep1f11e?'cf11e

characterxé4 id,id!

characterx80 ifmt
common/mo]ot/vm1n,xm1n,vmax,xmax
c°mmon/fnte/xf(1000):vf(IOﬂO)pzf(1000)
common/aravinp/iplotr,ibody,ifile,ifile2,1sas,

1 datum,xscale,dc,unix,uniz,name,heiaht,

2 \fmt.1dnlntp1oos,1calc,1res
cOmmon/conta/nrow.ncol'dv dxsy0,X0,xma,yma
common/f1eld/r(1000)
common /trans/ inot,iout,jinsiorint
dimension 2(1001),22(1001)
data in/10/,in2/11/,nrcmax/1000/
write(iout,10)
format(//,14x," ohserved values",/,

1 7YI”X"'10XI" ;10!, IIOX' o] ’/)
if(name.ea."aridded"3 ao to S0

user fbrmatted data

openlin,file=ifile,form="formatted")
izt

nz=1 L .
read(in,ifmt,end=40) y#(i),xf(idsrCid,zf(i)
write(iout,30) yf(i),xf(idszf(id,r(i)
format(ix,4f11.4) -
Tfixf(i)oltoxmin) xminsSxf(i)
Tf(xf(i).at.xmax) xmax=xf(i)
ifl(yf(i)sltoymin) vminzyf(i)
iffyf(i).at.vymax) vymax=yf(i)

izi+l

o _to 20

k=j=-1

Qo to 230

nr%dded data

open(in,file=ifile)

reag(i1n,end=190) ld,ncol:nPOH:nz:xo:eryo,dv
\f((nco]*nrow).ct nrcmax) qo to 118
iffdx.ea.0..0r.ay.ea.0.) Qo to 130
if(nz.ne.l) ao to 170
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if(ifile?2.ea.” ") ao to 60
open(in2,filezsifile?) . ,
reaa(in2,end=190) idl,ncoll,nrowl,nzl,x0l,dx1,vo0l,dy!
if(ncol.ne.ncoll.or.nrow.ne. nrowi) go to 90
if(dx.ne.axl.or.dy.ne.dyl.or.xo.ne. x0l.0r.vyo.ne.vol) go to 90
if(nz.ne.nz1) co to 90
60 mcol=ncol+!
xol=xo=(2*dx)
Yolzvo=ay
k=0 )
do 80 i=l,nrow
call rowin(z,mcol,in) o .
iftifile2.ne." ") call rowin(z2,mcol,in2)
do 70 j=2,mcol
k=k+1
r(k)=sz(j) )
iftifile2.ne." ") height=22(j)
Zf(k)=height
Yflk)=Sxol+(j*ax)
xf(k)Syol+(i*ay)
write(iout,30) yf(k),xf(k),zf(k),r(k)
70 continue
80 continue . .
ifexf(1).1t.xmin) xmin=xf(1)
if(xf(k).qt.xmax) xmax=xf(k)
if(yf(1) . it.ymin) ymin=yf(1)
iflyf(k).at.vmax) ymax=yf (k)
xma=xf (k)
ymasyf (k)
go_to 230
90 write(iorint,100) , . )
100 format(" parameters on two input standard files do not match")
ao_to 260
110 wpite(iorint,120) nrcmax . i
120 format(" number of grid points .at,., allowed maximum of ",id)
9o to 260
130 write(iorint,140) ) . )
140 format(" oresent implementation does not allow uneaual”,
1 " grid intervals™")
Qo_tn 260
150 writeCiorint,160) nremax .
160 format(" the number of columns x number of rows requested is",
1 " areater than the maximum allowed of ",i5)
Qo _to 260 -
170 write(iorint,180) o
180 format(" only sinale precision values allowed")
ao_to 260
190 write(iprint,200)
200 format("™ end of file while reading input data")
Qo_to 260
210 write(iorint,220) k,nrcmax
220 format(" number of formatted data values",iS,
1 " is areater than the allowea number of ",i5)
ao to 26N
230 npts=k
if(nots.1t.1) co to 240
ierr=0 '
do_to 270
240 wrvte(aor1nt,a<0)
250 format(" number of field pcints less than t")
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260

270

ciose(in) .
if(ifile?.ne." ") close(in?)
return |

close(in) ‘
if(ifile2.ne." ") close(in?)
return

end

ChAk Ak xdXR KT kKX

subroutine rowin(zsmcol,in)
dimension z(mcol)

readf(in) z

return

end

% % e o K ko Kok k% ok Rk

300
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20

30

subroutine aravidolot(npts,*)

plotting routine for body corners & fieldpoints
r.ocodson = 4/81

external char(descriptors),polot(descriptors),araph2(descriptors),

1 xaxis(descriptors),vaxis(descriotors)
characterxd unixsuniz

characterxR name

Characterx40 idplot

CharacterxS0 1f11er1f11e?,cf11e

Character*R0 ifmt
common/molot/xmnn:vmvn,xmax'vmax
common/fcts/xftlooo)'vf(1000):zf(1000)
common/aravino/ipiotr,ibodv,ifile,ifile2,1sas,
1 datum,xscale,dcsunix,uniz,name,heiaht,

2 1fmt.\dolotrlobs,1calc.1res

common /bodk/ mmynlim, ibody,short,nend

common /side/xh(900),yb(900), 11(50)

Common /trans/ inot,ioutsjinsiorint
common/conta/nrow,ncol,dy,dx,yo,x0svyma,xma
Characterx! revxssvm(S0)

dimension xd(2),yd(2),xs(4),vys(d),jaim(1),

1 ifmti(2),nscalel(5),xxb(900),yyb(900)
data jdim(1)/0/,nscale/1,0,2,0,2/,ifmtl/"(f10",", 1) "/,
nsh1/6/,nsv1/10/,nv1/12/,
nx/2/,nv/2/rvexaa’/l </
Svm/"l"'"z"'"3"1"“"1"?"'"6"'"7”'"8","9"9"a"'”b","c"'"d"

(VAR —a VI AV

'lt!l'"un'"v"'"wll'ﬂxn’ﬂvu,’lz"’lg*"*ll/

denver plottina system

if(xscale,ea.0.) go to 170
if(iplotr.eq.l.or,.iplotr.ea.4) qo to 20
Nnx1=(xmax=xmin)/xscale*2.+.5
iflnxi.1t.2) nxl=¢g
nylznxl
do to 30
nx1=24
nyl=17 . . : .
call scale3(xminsxmax,nx?,xminp,xmaxo,xdel)
call scale3(vminsvymax,nyl,vmino,ymexo,vdel)
xd(1)=xminp
xg(2)=xmaxpo
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40

S0

60

70

80
90

100

110

120

130

140

vd(1)=vmino

vd(2)=vymaxo

xs(1)= (xmaxo-xmwho)/xsca1e
vs(1)=(ymaxp=yminp)/xscale
if(vs(1).qt.18.) ys(1)=18,

ao to 60
nyl=(ymax=vymin)/xscalexvexag*4.+.5
if(nyl.lt.2) nyl=2

call sca‘eB(vm1n,vmax,ny!,vmvno,vmaxo,vdol)
vd(1l)=vmaxpo

vdf2)-Vnwno

xs(1)= (xmaxo-xm1no)/xsca1e
ys(1)=(ymaxo=yminp)/xscale*vexag

call oltset(iplotr,xs(4),vys(8),jdim)
vyss=ys(4)

xs(2)=0,

ys(2)=0,

xs(3)=2,

ys(3)=2,

1f((xsf1)+xs(3)+ 2).at.xs(4)) ao to 70
1f((vs(1)+vs(3)+ 2).at.ys(4)) ao to 70

ao to 100

xs(4)= amvnl(xs(Q) 13.)
vs(d4)=amint(vs(4),10.)

xs(3)=1,0

vs(3)=1,0 .

xs(1)=xs(4)=xs(3)=,2

ys(1)3vs(4)=vs(3)=.2

go to 110 )

xs(d)=xs(1)+xs(3)+.2

vys(4)=svs(1)+vs(3)+.2 _

call scale(xd,ydsxs,vsrs4,icode)
iflicode.1t.0) ao to 150

call neatl

call xaxis(xd, vc'xs'xdelraa.OBI"(fIO 2Y",10)
call vaxisCvd,xdsys,ydel,2,.08,"(f10.2)",10)
iftiolotr.ne.l.and.iplotr.ne.4)
1 call char'(a.a.1:i"’o1ot'“0'3a.15'0.'0.'0.)
ie=0

plat bogy corners

do 140 i=t,mm

isziet!

ie=ie+11(i) . _
call char(vyb(is),xb(is),sym(i),1,0,.08,0.,0.,0.)
m=0

do 130 k=is,ie

m=m+1

xxb(m)=xb (k)

yyb(m)=yb (k)

continue

xxbh(m+1)= xh(ls)
yyb(m+1)=yb(is)

call line(vvyb,xxb,m+1,0,0)
continue

plot fieldpoints

do 145 i=l,npotSs 52



145

150
160

170
180
190

call char(vf(id),xfCi),"+",1,0,.08,0,,0.,0.)
continue

call endot(jdim)

return

write(iporint,160)

format (" unable to scale plotter™)
90 _to 190

write(iorint,180)

format (" xscale is zero")

return 1

end
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subroutine stdout(isw,z)

subroutine to create standard file
r.aodson =~ 4/81

characterx32 id1(2),id2(2)

characterxS54 filel

characterxS55 filel

CharacterxS6 filel

dlmens1on z(1)

common/sf/f1le1 f17e? f1le1 )
cammon/araV1nplanlotr,1bndv,1f\19,1f1192 lsas,
1 datum,xsca]e,dCaun1x;un1z,name,he1ahtr

2 1*mt,1dnlot'1obs,1ca]c,1res
COmmon/contq/nrow,ncol'dy,dx'XM1n,vm1n,xmax,vmax
data iout/11/,nz/1/,dum/0./,

1 id1/"agraveoly calculated values from ",

2 "model ] "/
3 id2/"aravooly residual values(observe",
4 "d=calculated ) } "/

if(isw.ea.1l) open(iout,file=filel)

if(isw.ea.2) open(iout,file=file?)

if(isw.ea.1) write(iout) 1d1,nc01,nrowpnz,vm\n'dx,xmwn,cv
iflisw.ea.2) write(iout) id2,ncol,nrowsrnz,vmin,dx,xmin,dy
is=1

ie=ncol

do 10 i=t,nrow

write(iout) dum,(z(j),j=is,ie)

iszietl

ie=ietncol

continue

close(iout)

return

end
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