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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
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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 ASCII 

segment on disk created by the user prior to running 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 "Sparms" 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. 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. 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 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 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 

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

Isqs - 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
 5

the body (integrals V^-V^). 3) The density contrast in g/cm . 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: >online>RegPgms>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 

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

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

. o a r * s uni? = ''kilm",i OOS ::i,i 
nai*e = ll *orrnfltteri"/ idolot! = "ara 
n a * c o 1 = 40, i b o a v = 1 , l s <? s = 7 / .s 
a 0 1 o-i
^'.657 0 ?.P<>fl ?.°<£? 5.657 5. 
4 o i -i -?
*.*57 0 ?** ** ^

test 1 " / i cal c = 1 / i res =

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 locations 
are read from a second file. Output is placed in a disk file.

c a

5 0 0.6 ?.f» -0 .5
-1/J 44 -14 4? -17 42 -17 44 -14 45
5 o o.a -0.5 -"5.0
-1* *6 -13 47 -1? 4i -19 3* -21 4Q

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.

« = 1 t icodv=1 / i

0 ft.f» ?..6 -0.5
1« 44 -14 4? -i? 42 -17 44 -14 45
o o.i -0.5 -3.0

1* 46 -13 47 -i? i\\ -19 3^ -21 ^0



q
r
a
v
i
t
y
 
e
f
f
e
c
t
 
o
f
 
t
,
n
|
y
u
n
n
a
|
 
p
r
i
s
m
s
 

f
o
r
 

o
r
a
v
n
o
l
v
 
t
e
s
t
 

1
u
n
i
t
s
 
of
 
d
i
s
t
a
n
c
e
 
m
e
a
s
u
r
e
m
e
n
t
 
a
r
e
 
i
n
 
k
i
l
m
 
a
n
d
 
h
e
i
q
h
t
s
 
a
r
e
 
i
n
 

k 
i 

1 
H
o
H
y
 

I 
b
e
t
w
e
e
n
 
t
e
n
t
h
s
 

O
.
O
Q
O
 
a
n
d
 

-
1
.
0
0
0
 
a
n
d
 
h
a
s
 

4 
O
.
O
O
o

-
1
.
0
0
0
 
a
n
d
 
h
a
s
5
.
6
b
7

b
o
d
y
 

? 
b
e
t
w
e
e
n
 
d
e
n
i
e
s

-
1
.
0
0
0
 
a
n
H
 

2
.
b
?
8

v
e
r
t
i
c
e
s
,
 
d
e
n
s
i
t
y
 
=

b
.
6
5
7
 

-
2
.
0
0
0
 
a
n
a
 
h
*
s
 

4 
v
e
r
t
i
c
e
s
,
 
d
e
n
s
i
t
y
 
=

1
.
0
0
0

2
.
*

I.
 0
0
0

5
.
6
5
7

b
.
6
5
7

8
.
4
«
5

o
b
s
e
r
v
e
d
 
v
a
l
u
e
s
 

y 
7

0. 1. t. 4. b. 0. 1. 2. H. b. 0. 1. t. 4
. b.

0
0
0
0
 

' 
4
1
4
0
 

<
b?

60
 

r 
2«

30
 

<
o
^
7
0
 

r
oo

oo
1
1
4
0

8
?
b
O

i?
43

0
0
^
7
0

OO
QO

 
;

41
40

 
;

d
?
b
O
 

;
^'
14
0 

;
6^
70
 

;j.
oo
oo
 

>.
oo

oo
 

i.
oo
oo
 

i.
oo
oo

i.
oo
oo

.
4
1
4
0

.
4
1
4
0

.
4
1
4
0

.
4
1
4
0

.
4
|
4
o

>
.
f
V
P
O

*
.
«
c
P
O

»
.
«
2
q
O

>
.
«
i
?
P
O

>
.
"
^
8
0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

.0
00
0 

.0
00
0 

.0
00
0 

.0
00
0

.o
oo
o

.
0
0
0
0

.0
00
0

.o
oo

o
.
0
0
0
0

.o
oo

o
.o

oo
o

.o
oo

o
.o

oo
o

.o
oo

o
.o
oo
o

1 . 3. s. 10
.

£0
. ?. s.

1
0
.

i/»
.

b
O
. 3. s. is
.

4
S
.

b
O
.

oo
oo
 

oo
oo
 

oo
oo
 

oo
oo

oo
oo

oo
oo

oo
oo

oo
op

oo
oo

oo
oo

oo
oo

oo
oo

oo
oo

oo
oo

oo
oo

rt T
) W

 
X §

> X
I XI (D
 

0
 

& K bd

d
e
n
s
i
t
y
 
is

f
s
t
d

w
i
t
h
 
c
o
r
r
e
l
a
t
i
o
n
 
c
o
e
f
f
i
c
i
e
n
t
s
 

0
.
9
7
 

d
a
t
u
m
:

s
t
a
n
d
a
r
d

4
.
2
6
 
«
n
d
 
a
v
e
r
a
u
e
 
d
i
f
f
e
r
e
n
c
e
s

m
il
 I

ig
a

ls

Q

1
0

1
1

 

1
?

1
4

o
.o

o
o

I 
.4

1
-4

0
.0

0
0

1
.4

1
4

0
.0

0
0

1
.4

1
4

b
.o

^
/

V o.
oo

o
o.

oo
o

o.
oo

o
o.

oo
o

o.
oo

o
.4

1
4

.4
1

"
.4

1
4

.4
1
4

.4
1
4

2
.b

?
b

2
. 

H
?

b
2
.6

?
tJ

2
. 

rt
?

fl
J

.d
^

b

7 o.
oo

o
o.

oo
o

0
.0

0
0

o
.o

o
o

o.
oo

o
o.

oo
o

O
.u

O
O

o.
oo

o
o.

oo
o

O
.O

O
O

o.
oo

o
o.

oo
o

O
.O

O
u

0
.0

0
0

o.
oo

o

a
0

.8
5

1
.6

4

3
.4

?
7
.3

3
1
b

.4
6

1
.1

0
2 

.b
fc

/.
3

3
?

7
.0

0
4
i?

.8
R

1
.2

?
i.

 1
5

1 
b 

. 
4 

"^
4

<
f.

 M
B

4
ii
.b

f»

re
s
i 

d
u

a
l

0
.1

5
1 

.3
6

1 
.^

8
?

.6
7

4
.5

4
o.

oo
?

.4
4

?
.*

7
- 

1 
?

. 
0

0
7

.1
2

1
.7

8
1 

. 
*b

-
 0

 .
 4

 b

?
. 

1 
?

1 
.4

4



Appendix C 

Output Example 2 

The following output was produced from command example 2
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Output Example 2 Continued

1 1 *

standard o*vi at-ion = 6.61 *nrt *ver»a* 4iff«renee= -<l.85 milligals
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Output Example 2 Continued

 »  c ir IT >c r- ir K. c«-3'«£3'r<»0'«irr»>ir !?<\j<XKKir»co sr-src-arv-o^ctth-ff^cc wcc c «£ K .c c c
M I I I I I I I I I I I I I I I I I I I I 11111*11 I I I I I I I | | | | -. -.   |
0, I I I'

O 3     -        -.^-.^«.^-.^^"i»-.-««-.-.   ̂ .-vj-V         -« -<   "«i'M'VJ-«-»   O-     «"«'\J'V-«    O 3     AJ    

CCCCOOCCOCOCCCCCCCCOCCOCCCCCCCCC-CCOCCCCCOCC.CCCCCCCCCCCCCCC
OOOO3OOOOO 3O3O3OOO3OOOOO 3OOOOOOO3O33OOOO 3O33OOOO33OO33OO3C
..........................................................
S'r-c'^-rr^^'-Tr oo o a -c oo o-o-aaowassflisc-jj-oososor-oo^o \j-u"\j-uAj"\jAjv-jAj^r-r-T7j'C> -rT

cccc.ccocccoccccoccccccc.cccccoccccc-ccc-cc.coccccccccccecc.cccc
OC1 OO3-33OO3OOO3OO-3OOOOOOOOOOO-23OOOOOOOOO3-J333O3JO3O-3OO3r,3OO 
    «  ....... I ... i .................. .... .....I............

^53p 'VJOA30-r /MOXO^-'\jO.-3O7^0CO^'V.OO^5T'\JC3£,3T.-\JCCO^-^OSO5'.\j3XO3- /MOX5TAJO-CC3> M
r\.n.p. (\          i n_r\.rvr\ «-   -     if\.r\.rvix   »  -     i <x f\ <\ r\.    «-    i (\ix^ r\     «-     i n. o. r. r\.         
i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i

c.   rv. K c- LT <r^*ac   rv.r*-air»cr»<toc   ixr'air>c^ecc' c  ft. K « ir «c r«- ec

14



5
9

6
0

61 6
2

6
3

6
4
6
5

6
6

6
7

6
6
6
9 7
0

71 72 73 74 75 76 77 76 79 80 81 8
2
8
3

84 8
5
8
6
8
7
8
8
8
9

9
0

91 9
2

93 94 9
5
9
6

97 9
«
9
9

10
0

-
1
0
.
0
0
0

-
8
.
0
0
0

-
2
6
.
0
0
0

-
2
4
.
0
0
0

-
2
2
.
0
0
0

-?
o.
oo
o

-
1
6
.
0
0
0

-
1
6
.
0
0
0

-
1
4
.
0
0
0

-
1
2
.
0
0
0

-
1
0
.
0
0
0

-
8
.
0
0
0

-
2
6
.
0
0
0

-
2
4
.
0
0
0

-
2
2
.
0
0
0

-
2
0
.
0
0
0

-
1
8
.
0
0
0

-
1
6
.
0
0
0

-
1
4
.
0
0
0

-
1
2
.
0
0
0

-
1
0
.
0
0
0

-
8
.
0
0
0

-
2
6
.
0
0
0

-
2
4
.
0
0
0

-
2
2
.
0
0
0

-
2
0
.
0
0
0

-
1
8
.
0
0
0

-
1
6
.
0
0
0

-
1
4
.
0
0
0

-
1
2
.
0
0
0

-
1
0
.
0
0
0

-
8
.
0
0
0

-
2
6
.
0
0
0

-
2
4
.
0
0
0

-
2
2
.
0
0
0

-
2
0
.
0
0
0

-
1
8
.
0
0
0

-
1
6
.
0
0
0

-
1
4
.
0
0
0

-
1
2
.
0
0
0

-
1
0
.
0
0
0

-
8
.
0
0
0

4
4
.
0
0
0

4
4
.
0
0
0

4
6
.
0
0
0

4
6
.
0
0
0

4
6
.
0
0
0

4
6
.
0
0
0

4
6
.
0
0
0

4
o
.
O
O
O

4
6
.
0
0
0

4
6
.
0
0
0

4
6
.
0
0
0

4
6
.
0
0
0

4
8
.
0
0
0

4
d
.
O
O
O

4
8
.
0
0
0

4
0
.
0
0
0

4
8
.
0
0
0

4
8
.
0
0
0

4
8
.
0
0
0

4
8
.
0
0
0

4
8
.
0
0
0

4
6
.
0
0
0

5
0
.
0
0
0

5
0
.
0
0
0

5
0
.
0
0
0

5
0
.
0
0
0

5
0
.
0
0
0

5
0
.
0
0
0

5
0
.
0
0
0

5
0
.
0
0
0

5
0
.
0
0
0

5
0
.
0
0
0

5
2
.
0
0
0

5
2
.
0
0
0

5
2
.
0
0
0

5
2
.
0
0
0

5
2
.
0
0
0

5
2
.
0
0
0

5
2
.
0
0
0

5
2
.
0
0
0

5
2
.
0
0
0

5
2
.
0
0
0

.
5
4
7

.
3
6
1

0
.
8
3
8

.
0
2
5

.
1
6
8

.
1
6
8

.
4
2
2

.
7
4
2

1
.
4
5
2

1
.
5
2
8

1
.
4
0
7

1
.
2
0
7

1
.
1
9
5

1
.
2
1
9

1
.
0
2
5

1
.
1
3
1

1
.
4
3
9

1
.
3
8
3

1
.
3
4
0

1
.
2
4
4
/

4
.
2
7
3

1
.
1
4
6

1
.
1
2
0

1
.
2
3
9

0
.
7
5
9

0
.
9
1
9

1
.
3
6
9

1
.
1
3
3

1
.
0
6
5

0
.
9
9
5

1
.
0
2
6

0
.
9
8
4

1
.
1
6
0

0
.
9
3
3

0
.
7
1
3

0
.
9
1
8

1
.
3
5
3

1
.
2
9
6

1
.
1
6
2

1
.
0
9
1

0
.
8
4
9

0
.
7
8
6

4
.
4
4

2
.
0
7

0
.
9
5

1.
81

3
.
6
2

7
.
3
6

1
2
.
6
5

1
4
.
8
7

1
3
.
1
0

7
.
5
6

3
.
6
2

1
.
7
4

0
.
8
7

1
.
4
4

2
.
3
8

4
.
4
6

7
.
4
7

8
.
7
5

7
.
3
4

4
.
5
4

2
.
4
8

1
.
3
4

0
.
6
5

1
.
0
3

1
.
3
8

2
.
3
0

3
.
5
4

3
.
8
2

3
.
2
7

2
.
2
8

1
.
4
7

0
.
9
1

0
.
5
0

0
.
6
4

0
.
8
3

1
.
2
4

1
.
7
5

1
.
8
5

1
.
6
4

1
.
2
6

0
.
8
5

0
.
5
8

-
0
.
6
4

3
.
8
5

0
.
1
3

-
3
.
3
7

-
4
.
0
3

-
7
.
0
2

-
9
.
6
2

-
1
1
.
7
6

-
1
2
.
8
7

-
7
.
5
4

-
2
.
0
0

-
0
.
4
7

-
0
.
6
2

-
9
.
0
3

-
1
0
.
1
1

-
7
.
0
3

-
6
.
7
4

-
8
.
3
3

-
7
.
7
6

-
4
.
2
9

-
0
.
3
7

-
2
.
2
2

3
.
2
0

-
0
.
0
3

-
3
.
6
4

-
5
.
8
0

-
4
.
8
1

-
4
.
4
9

-
5
.
7
2

-
4
.
4
6

-
2
.
0
5

-
3
.
7
0

3
.
9
7

2
.
7
1

-
2
.
7
9

-
5
.
5
0

-
2
.
6
3

-
1
.
8
1

-
3
.
3
4

-
4
.
1
3

-
4
.
2
4

-
5
.
1
9

o c rt L
 J H  8 I-

1 
(D N

J I O
 

O rt g a.



Output Example 2 Continued
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Output Exairple 2 Continued
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Output Example 2 Continued
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Output Example 2 Continued
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Appendix D 

Output Example 3

The following output was produced using command example 3 and a contouring 
program to produce the plots of the observed, calculated, and residual values.
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Output Example 3 Continued
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Output Example 3 Continued

rn .o r»- -* in 7   ao^^coi/>"O9'O-or<-.>o^<>-«<  ino7OO»* 90>O"0^r»..in9-ori>«39^ff'»<M   ̂ ^r^f^r^-oo-^o^-OTinfO 
ttir«ir-ro(\i  r^r^if. ofo<va<\.<co«r^oKiiriar^oo<v«o> 'v.oo   >o o c ir> 9   orvja.-rwo'r^r^oo a r»- 9 IT o- a « rv *o «  

tr*r-iriKo 9sC9r«.oeC'irri»ir9<V!rviroroir. >co'cc>r»909<\i9>cccKr>-a- 9Co 9«c-*CKoco   «-«irO'f\)f«-9O'GKiG 
i t i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i       » i i

ill

000    

OOOOOOOOOOOOOO3OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO3OOOO 
CCCCOCCCOOCCCGCCCCCO«CCCCGCCCCGCCOOOCOCOCGCCCCCGOCCCGCCCCCCC
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

979977974  00-OO-OO-O-O-O«aOCO'9«O0«O9OOOOOO9OOO(Mrv|rMrurUiM'Mrv|(M'U999??9?97?>O-O
(^K'fO^KKf^KK. l^r^r^K'f^'Kll^fOf^KlK-KVrOKVKlK. K1K> Ki99«99979999999999999999999?>99999

OOOOOOOOOOOOOOOOOOOOOOOOO3OOOOOOOOOOOOO-3OOOO-3OOOOOOOOOOOOOOO 
CCCCCOOCOCGCCOOCOGCCCCCCCCGGCCOCCCCC-GCCCOCCGCGCCG&CGGC JteCCCCO 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO O/5 O O O O O

rvjoa O7iMO13>O7rV)Oa5 £9r\JOSO O 7 <M O S3 47rvjO>O O 7 *U « OS 0 7 rvj O 3D O 7 "VJ O -O -07(MOO3O7(MO"O>O7i\JOt3 -O 7
rv iv    »-«.«.«. i (Vf\j<v<v ^       i t\i t\' rvi tv    - «.»,«. i f\j<\ir\j(v »-   «-»- - i f\.rv.(v<\    »-     i t\f\ rvrv   »-     ̂  i r\.<\, 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I II

«c o o«-f\.K9ir ^cr^ ec o c   rv K- 9ir«cr^« o-c »-nj
'<Of^7 9 9 99 9 99 7 71/tmUIUIUtJtininU'tU't-O-O.O
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Output Example 3 Continued

i i t t i t i i i t t t i i i

  o o o o

oooooooooooooooooooooooooooooooooooooo 
cccccoocococooccccoccccceooccoooooocoo 
oooooooooooooooooo o-o oooooooooooooooooo
 O O JJ -0 O OJD~O333DcO33300a3a3a51)OOOOOOOOOO'\)OJOJOjnjAJOJ'\)ryoJ

OOOOOOOO9OOOOOOOOOOOOOOOOOOOOOOOOOOOOO
cceooococcccooeocccoeocecoeooococccooo 
oooooooooooooooooooooooooooooooooooooo
iMOCO0ynjOt)O^'<\JOa00^''MO'O-OSTlMO-O>O^?MOnO-0^i\lO-O-O^''MO*
rtf\.     «     - i rv.rvirv.'(\^-         i fvrv.<vf\.~-      -  i <vrv.<vrv.   »-^.^-  t 
i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i t i i

ir «r»crak e«-ojf^9ir<<r^«cae ^-rv;^sjif^r».eco c rv-K- 
-O -O o -O^Or^r^f<>-r^r»»r^f<t-r<>-f<t-r^co <D'^'OcO:O<OU3<Ocoo^^<>
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Output Example 3 Continued

48.00--

44.00- +

40.00--

36.00 -

34.00

CM

O
o

<\J
I

oo

CM
I

O
o 
o
<M

O
o
GO

O
o

o 
o

o 
o
CsJ

T

o 
o

o 
o
00

I
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Output Example 3 Continued

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

X X 

X X

X X first row stored 

5 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 raonotonic 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
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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 p 

Example of User-Formatted File

". °. 1.0
1.aia n. T. o
? a 2 A o.  =;. n
a.?a "S o. 10.0
^.^>57 n. ?0.. n
0. 1 .aia ?. n
1 .a\u 1 .«!« ^. o
5 . * 2 * 1.^1^ 10. n
ii.Pa^ 1 .aia 15. 0 
s.<ss7 i./n^ ^o. n
n . ? . «2 -fl 3 . 0
1 . a 1 a 2.^5^ 5. o
'.'2*1 ?. P 2« 15. n
/i.?4* ^. 3 <£fl ^5. 0 

 3 fl ^ fl c;,- _ n
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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, 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)

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)
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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).

YPUJ

orpin
XP<31   

PLOT AREA

DXPU) DXP(2) 
DYP(2J kxxx:::^^^

XPIU

XP(4)

YP(U

YP(3J
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Appendix H

c oroqram to input exact talwani polvqonal prisms for 3d grav i t ypl ouf f 
modified by r.aodson fop denver multicsc 

c
character**! u n i x / u n i z
Character*8 name
character*18 title
character*40 idplot
character*SO i f i 1 e/ i f i 1 e2, cf i 1 e
character*54 pfile
character*55 cafile
character*56 ofile
character**0 i f mt
commpn/st /caf i 1 e/ r f i 1 e^pf i 1 e
common/qravi np/iolotr, i oodv/ i f i 1 e* i f i 1 e2* 1 sqs >

1 aatum ? xscale,dcfunix,uniz/name,heiqht/
2 ifmt/iaolot/iobs/icalc/ipes
common /f ielH/rClono)
common /fpts/ iff ( 1000) t yf ( 1 000) , zf ( 1000)
common /bodk/ mm/ nl i m, jbodv/ shopt f nend
Common /tpans/ i npt , i out * i i n* i ppi nt
dimension a( t 000) , h ( 1 000) , dstnc C°00)

c dimension limits fop 3 par-ameteps. corneps/ bodies/ fieldooints. 
c one more than dimension of total number of fieldooints

data'
c
c Qet inout Parameters
c

call mi n ($220) 
10 write Ciout/20) i do lot
20 format ('1 gravity effect of polvgonal prisms', /? 

1 lx, ' for ',5x,a40)
f acx=0.0
facz=0.0
cal 1 unitCunix/uniz/facx/facz)
if (facx .eg. 0.0) qo to 200
zf ac=l .0/f acz
qf ac=6.6?0*f acx 

30 shbrt=l .Oe20 
c
c read body coordinates 
c

cal 1 boda(faczrnbod, dstnc f ncorn,afac) 
c mm (common) is total number^of layers

if (mm .eq. 0) qo to 200 
c
c read fieldooint locations and mavbe values 
c

cal 1 Ptsm(nk,S220)
i f (nk .It. 1) qo to 200 

c
c check if printer plot of bodies R fieldpoints 
c desired if fieldooinfs are in arid form 
c

t i t 1 e=" body corners"
iffibody.ne.O. and. iplotr.ea.^.and. name. ea. M gridded") 

1 call cplot (dc,a, 1/0* t i tle/S3bS) 
c *- 
c check if location clot of bodies i fieldooints on 
r Plottinq device wanted
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ifCibody.ne.0.and.ipiotr.ne.9) call qrav3dolot(nk,$220)

c check if plot of observed values desired 
c

tit1e="observed values"
iffiobs.ne.0.and.iolotr.eq.9.and.name.eq. lf qridded lf ) 

1 call cplot(dorrnk,1,tit1e,*365)
do 40 k=l,nk 

40 zffk)=zf(k)*facz 
50 call qtalw(nk,mm*short *dstnc* a)

iffdatum .ne. 0.) write Cioutf60) datum 
60 format (//Ix f f10.2/ ' mqal is added to qravity values')

if Osqs .eq. 0) qo to 130
do 70 k=l,nk 

70 r(k)=r(k)-datum
if (Isqs .ne. 7) qo to 90
i e r = 0
Cal1 qlsos(nk,a,ier,datum)
if (ier .ne. 0) qo to 200 

90 stHsO.O
ayqsO.O
do 100 k=l,nk
errk=rCk)-a(k)
b(k)=errk
avq=ava+errk 

100 std=std+errk*errk 
110 if (nk .It. 2) qo to 130

std=sqrt(std/(nk -D)
avasava/nk
wpite (ioutfl20) std^avq 

120 format (///fSxf'standard deviations',
1 f8.2f' and averaqe difference = '»f8.2f'" mi 11igals') 

130 write fiout,140) 
140 format C/,15x,'x',9 x /'y'f9x, 'z ', <>x , ' v', 4x , 'res i dual ')

do.1BO k=lfnk
x=xf(k)
y=vfCk)
zfk=zfCk)*zfac
qrav r afk)tdatum
a(k)=qrav
if^Clsqs. .eq. 0) qo to 4.60
write CiputylSO) k/yrxrzfkf grav f b(k) 

150 format (i 6r 3x, 3f 1 0 .3, 2f 9.^2)
qo.to 180

160 write (iputfl70) kfyfXrzfk/ grav 
170 format (i6r3x,3f10.3/f9.2) 
I 80 cont i nue

c
c contour olots
c

340 title="calculated values"
if (icalc.ne.0.and.iPlotr.eq.9.and.name.eq."qri dded") 

1 call colot Cdc,a,nk,Irtitleri365)
tit1es"residual values"
if (ires.ne.0.and.iplotr.eq.°.and.lsqs.ne.0.and.name.ea. lf gri dded") 

1 call cplot (dc,b,n*f \, tit1er$365)
i fficalc.ne.O.and.iplotr.lt.9.and.name.eq."gridded") 

1 call stdout(If a)
ifCires.ne.O.and.iolotr.lt.9.and.lsqs.ne.0.and.name.eq."qridded")
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1 call stdout ( I/ a)
i f(i res. ne.O. and. iPlotr.lt. 9. and. lsqs.ne.0 .and. name. eg. "or i dded" ) 

1 call stdout(2,b>
ao. to 220

365 wp'i te(i print, 375)
"575 formatC" contour interval (dc) is 0.") 
200 wpited* print, 210)
210 format-( H error - prooram abort") 
220 clpse(jin)

close(iout)
wpi te( i print t 230) ofile 

230 format C/f" output is in file %aS6)
stop
end

subroutine min(*) 
c
c nameHst input papametep subPoutine 
c
c r.aodson - 3/81 
c

character*** unixruniz
chapacter*^ name
chapacter*40 idplot
character*50 ifile/ifile2,cfile

chapacter*55 cafile
character*^6 pfile
chapactep*flO i f mt
c ommpn/s t/caf i 1 e^ pf i 1 e/pfi 1 e
common/oravinp/iPlotr, ibodv/ i fi le/ i fi Ie2/ 1 sqs/

2 ifmt/idlotfiobs/icalCfipes

common /vec/cde,cie,sde,sie,ex,ey/eZfearth,cdcifSdci
common /trans/ i npt / i out r } i n* iopi nt
common /wi dec t/naxcol
namel i st/papms/iPl otr, ibodv* i fi 1 e/ i fi 1 e2/ 1 sqs,

2 i 
i not=5 
iout=6 
i p r i n t = 6

iplotr=9 
naxcol=130 
bodv=0

cal c=0 
pes = 0 
do 1 o t = w 
file= w 
file2=" 
sas=0

xscal e=0. 
d c = 0.
u n i x = " k i 1m" 
uni z = w f eet "
name = "apidded"
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HeigHt=0. 
i fmt="(v) n

10 formatC1 enter command file name! "/$)
read(i not r 20) cfile 

20 format(\/)
OD e n(j i n r f i1 e = c f ilefform="formatted")
readfj in,oarmsfend=30)
if(1sgs.eg.0) ires=0
if (ifile.eq." ") go to 50

c
c encode output file names
c

encode(pfi1ef25) cfile
25 format("print.",350)

encode(cafi1e,2b) cfile
26 formatf"calc."ra50)

encode(rfi1e*27) cfile
27 format ("res.%a50)

open(i out r f ile=ofilefform = "formatted"fCarri aqe=.t rue.) 
return

40 formatC' end of file reading namelist command file")
go.to 70

50write(iprintr60)
60 formatC" no observed data file name specified") 
70 return 1

end
:***;

subroutine bodn(facZfnbod f dstnCfncorn f qfac) 
c
c reads body corner coordinates 
c
c r.godson - 4/81 
c

character*^ unixruniz
Character*8 name
character*40 idplot
character*50 i filer i f iIe2,cfile
character*80 ifmt
dimension dstnc(l) "
common/mPlot/ymin f xminfymaXfXmax

common/qravino/iPlotr,ibodVfifi le f i fi

2 i f mt r i dPl ot f i obs, i cal c, i res
common /bod/ rHo (50) , i f prnt (50) , zee(50 ) t zm C50) 

c see ncorn dimension limit in main Program 
common /s i de/xb (900) , yb (900) , 11(50) 
common /bodk/ mmr nl i m/ j bodvr short 9 nend 
common /trans/ inotfioutrjinfiprint 
nend=0 
mm = 0
xmi n=l ,0e38 
xmax=-l .Oe38 
ymin=1.0e3B 
ymax=-1.0e38

10 read(jinf20,end=180)num f ifDrnt(mmtl),dencon,toPfbottom 
20 format(v)
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i f ( 1 sqs.ea.7) dencon=l. 
nst =nend+ 1 
nend=nend+num

i f Cmm.at .nbod) qo to 130 
i f ( nend.at .ncorn) ao to 70 
1 1 (mm) = num 
zee (mm) st oo*f acz 
zm(mm)=bottom*facz 
rho (t»m) =dencon*qf ac
wr i te( i out , 30) mm, too, bottom, num,dencon 

30 fo-rmat (' body',i3,' between depths', fl 1 .3, ' and',fH.3,
1 ' and has" t i 4, ' vertices, density = ',f8.3) 

40 if (too .gt. bottom) qo to 90 
50 write (iorint,60) too, bottom 
60 format ('Otoo of body is below bot torn" , 2f 7 .2)

go. to 170
70write(iDrint,80)mm,nend,ncorn
80 format (' body',i3,' includes sufficient corners ,', i 4, ', to exceed 

1 , 'limitation of',i5,' for all bodies.')
ao to 170

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

90 read( j i n,20, end=150) (yb ( I) , xb ( j ) , J =nst , nend)
wri te( iout , 100) (yb ( j ) , xb ( j ) , j =nst , nend) 

100 format (S(5x,2f 9.3) ) 
do 105 j=nst,nend 
if(xb(J).lt.xmin) xmin=xb(j) 
i f(xb(j) .qt.xmax) xmax = xb( I) 
i f (yb( J ) . 1 t . vmi n) ymin=yb(j) 
H (yb ( J ) .qt .vmax) ymax=yb(j) 

105 continue 
110 npsnendtl

xb(no)=xb(nst ) 
yb(no)=yb(nst ) 
do 120 i=nst*nend
dist=(xb( j+l)-xbC j ))**?+ (yb ( jtl)-yb( j))**2 
if (dist .eq. 0.0) qo to 1?0 
dist=sart(dist)
if (dist .It. short) sHort=dist 

120 dstnc( j)=dist
qo. to 1 0

I30writefiorint,l40)mm 
140 format (Sx, 'number of b*odi es = ' i i 3, ' exceeds limitation.')

qo. to 170
150write(iDrintfl60)mm
160 formatC* end of file readinq x,y pairs for body no. W ,i3) 
170 mm=0 
180 return 

end

subroutine unit(unix,uniz,facx,facz)
c conversion of Horizontal (x) and vertical (z) distances-3d maqnetics 

character*4 unix,uniz f feet,ki lm,mi le,ki 1 f,metr, j blank,
11unx,lunz
common /trans/ inpt,iout,jin,iDrint
data kilm, feet* mile, kilf, me tr,i blank 

1 . /'<i 1m', 'feet', 'mi le', 'ki 1 f ','»etr',' '/
write Hout,lu) unix,uniz 

10 format (Sx, 'units of distance measurement are in ',a4,
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1 ' and heights are in ',a4) 
20 if (unix .eq. mile) facx=l.609347

if (uniz .eq. mil e ) facz=l.609347
if (unix .eq. feet) *acx=3.048006e-4
if (uniz .eq. feet) f acz = 3. 04d006e-4
if (unix .eq. kilf) facx = 3.048006e-l
if (uniz .eq. kilf) facz=3.048006e-l
if (unix .eq. kilm) facx=1.0
if (uniz .eq. kilm) facz=1.0
if (unix .eq. metr) facx=1.0e-3
if (uniz .eq. m e tr) facz=1.0e-3
if (facx .ne. 0.0) go to 40
wri te(ipri nt* 30) 

30 formatC" unix specification is incorrect")
ret urn 

40 if (facz .ne. 0.0) go to 50
facx=0.0
return

c multiplying factor for heights to convert to distance units. 
c negative sign to compensate for deaths + downward later 'calc'. 

50 facz=-facz/facx
return
end 

c***************
subroutine atalw(nk,mm*short r dstnc t a) 

c exact solution for talwani 3d gravity in single precision (7 figures)
common /side/xb(9QO),yb(9QO) , 11(50)
common /bod/ rh o C50),ifpr n t(50),zee(50),zm(50)
common /fpts/ X D (1000),yo(t000),zpC1000)
common /trans/ inpt,ioutr jdi skrpage
dimension a(1) r dstncC1) 

c 1/1000 length of shortest non-zero side
test=short*l.Oe-3
do 240 k=l,nk
x=xp(k)
v=vpfk)
z=zp(K)
qrav^O.O
ne_ =0 

c loop of bodies
do 230 m=lrmm 

c number of vertices
ns =ne  «  1
1k= 11 Cm)
zl=zeefm)-z
z2=zm (m)-z
ne =ns  »  1 k-1
af=rho(m)
Ifprnt=ifprnt(m)
g = 0.0 

c to give clockwise Positive
hl=abs(zl)
h2=absCz2)
zz=zl+z2
if (zz)10,?30,20

c case where most of mass is above fieldpoint (minus g) 
10 gf=-gf 
20 if (hi .It. h2) no to 30

t = h2
h2=hl 40
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70 den=-den
80 call tandet(fnum/den*w3,ana)
90 ana=ana+a]

ao to 120 
100 al=1.570796

if (p .It. 0.0) al=-l.570796
ao to 90 

110 q|=0.0'
if (p .qt. 0.0) ao to 80
ao to 70 

120 if (dl .ea. 0.0) go to 130
call tandet(-dl*H1/(p*r11) , w 1,11)
call tandet( dl*h2/(p*r12),w2,t2) 

130 if (d2 .ea. 0.0) qo to 140
call tandet( d2*h1/(p*r21) , wl,tl)
cal1 tandet(-a2*H2/(p*r22),w2,t2) 

140 Ph=p*p+hhi
rzl=rlltdl
if (dl .qe. 0.0) qo to 160
if (d2 .at. 0.0) go to 150
al=(r2l-d2)/(r11-dl)
ao to 180 

150 dtest=oh/(dl*dl)
if (dtest .It. 0.01) rzl=ddl*0.5*dtest*(l.0-0,25*dtest) 

160 r z ?=r21td2
if (d2 .ae. 0.0) go to 170
dtest=oh/(d2*d2)
if (dtest .It. 0.01) pz2=dd2*0.5*dtest*(l. 0-0,25*dtest) 

170 ql=rzl/pz2 
180 ql=p*aloa(ql*(r22+d2)/Crl2+dl))

a=a-al
190 if (Jfornt .U. 0) write (iout^200) 1 , o, dUd2, ana,al , w 1, w2 
200 format (i4,7el6.fl)

xl=x?
vl=v?
rIs=r2s
rl2=r22
rll=r21 

?10 cont i nue
tl=tlt atan(wl)
t2=t?t atan(w2) ^
anas anatatan(w3)
qsqf*(ana*dh^q+nl*tl+h2*t2)
if (jfppnt .ne. 0) wrife (ioutf220) kfa f ana rtlrt2 

220 format (*i4,fa.2,' mgal ' , 15x , 3f ° .3) 
?30 arav=qravta

a(k)=qrav
return
end
*** 
Subroutine tandet(f,zze f sume) 

c program for arctanaent addition, negative f for subtraction.

a2=l.OdO-zze*f
if (a2 .ne. 0.0 ) go to 40
if (al) 10/20,20 

10 Sume = sum*»-l .570796
ao to 3u

20 sume = sume-h! ,5707 Q b 
30 zze=0.0 42



return 
40 zze=al/a2

if (a2 .at. 0.0 ) return
if (al) 50,60,70 

50 sume = sume-'S. I4t5°3 
60 return 
70 Sumessume+3.141593

return'
end 

c***************
Subroutine qlsas(kk,a,ier,datum) 

c least-squares calculation of density reqression
real*8 fn,sx,sy,sxx,sxy,syy
inteaer nm(4)/*n* r 'x*,'s',*y'/

common /field/r(t000)
common /trans/ inot,iout,idisk,page
di mens i on a(1)
1=1
i f (kk .1t. 3) qo to 40
f n = kk
sx =O.OdO
Sy =O.OdO
Syy=0.OdO
Sxy=0.OdO
sxx=0.OdO
do 10 ic = l,kk
rk=r(k)
a<=aC<)
Sx =sx tak
Sy =sy frk
Syy=syy+rk*rk
s x y = s x y t a k * r k 

10 Sxx=sxx+ak*ak
xx=sxx-sx*sx/fn
1=2
if (xx .le. 0.0) qo to 40
xy=sxy-sx*sy/fn
yy=svy-sy*sy/fn
tm=xy/xx
tb=(sy-tm*sx)/fn
1=4
if (vy .le. 0.0) qo to" 40
Coer=xy/sqrtCxx*yy)
stdm=yv*(1.0-coer*coer)/Cxx*Ckk-?))
!= $

if (stdm .It. 0.0) qo to 40
stdm=sart(stdm)
tb=tbtdatum
write Ciout/20) tm^stdm,coer t tb 

20 format (///' 1east-souares density is',f7.3,' Cstd'/f6.3^') with',
1 * correlation coefficient 2 '/ f6.2,3x,'aatum=' 9 f7.2,
2 * moal.')
do 30 k = 1 Ak 

30 a(k)=tm*a(k)
return 

40 ier=l
wri te C i out,50) nm(1 ) 

50 ^ormat ('Ostop. density can be calculated, cutoff ',al)
return
end 43



Subroutineco1ot(pc,afntfjk,titlef*)
c jk must be zero fo<" first call of cplot. later calls use revised xb/yb 
c ci---the initial contour value (calculated) 
c pCfdc---the increment in the contour values (read in) 
c _a Cy f x) ---t he input array containing the data to be contoured. 
c index for eguivalent Id array is n*(x-l)+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 olot are aCyi/xi) to a ( n , m ") 
c nx is number of intervals in x-directipn (rinht) less than 41. 
c ny is number of intervals in y-direction (down) less than 41.

character* 18 title
integer ont ( 1 31 ) , svm(35) , c* i v (41) , j x C41 )
common /si de/xb(900) , yb (^00) , 11(50)
common /fots/xf (1000) ,yf(1000),zf(1000)
common /conta/ m,nr dxrdVr xmnr ymn, xmx/ymx
common /trans/ i not , i out t \ i n* i ori nt
common /widect/ naxcol
common /bodk/ mm/nl i m, jbodyr short / nena
dimension a(l),xa(<>00),ya(900) ,111 (50)
data sym/'l', '?', '3' ,'4', '5','6' f '7% 'P ','<?', 'a', 'b','c' f 'd','e'r

'l'// . jolus/'+'X 
c needs carriaae with 132 columns available or change maxcol 

data maxcol r ibl ankr jex/131 /' ','*'/ 
if(oc.eg.O.) return 1 
dc=pc
if (m .It. 2) ao to 650 
if (m .at. 41) go to 6^0 
if (n .It. 2) no to 650 
if . (n .gt . 41) go to 650 
maxcol=naxcol+l
if (naxcol .eg. 0 .or. naxcol .gt. 130) maxcol=l31 
nx=m-i 
ny=n-l
if(jk.eg. 0) qo to 60
write (iout/10) t i t 1 e, n» m/ nt t ymnr ymx t xmn/ xmx/dc 

10 format (///,' exoect plot of 'a!8,' of',i3,' ov'/i3 f
1 'C,i3,') arra' f
2 'v. x=',fft.l,' to'/fS.lr' y='rf8.1/' to'ffS.l,' contoured at',
3 17.1, ' mill igals',//f
f mi n= 1 .Oe20
f max=-1. .Oe?0
do 20 i=l,nt
ai I =a(i )
if (aij .gt. fmax) fmax=ai]
if (ai? .It. fmin) fmin=aij 

20 continue 
30 fc=fmin/dc

ic = fc
i f (amod( f c r 1 . ) .ne. 0 . ) ic=ictl
if (ic,.lt. 0) i c = i c - 1
Jc=fmax/dc
i f. ( Ic .It. 0) jc=jc-l
ncont = 1 c-i ct 1
if (ncont .It. 36) go to 50
write (ioutr40) dc

40 format (5x f 'request ed contour interval o^'rf9.4, ' is doubled', 
1 ' because more than 3*5 contours are produced.')

44



dc=2.0*ac
ao to 30 

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

c cf = dc*i c
60 width=maxco1-1

ux=nx/widtH 
c number of columns in one grid interval

f j i n c = 1   0 / u x
f j incp=0.5+fJ i nc
colefm=1.0-fiinc 

c maintains true oroooptions with x exoanded to 130 columns
uy = dx*ux/( dy*0.6)
i f (uy .It. 1.0) go to 80
uy = l ,0/uy
write (ioutf70) uy . 

70 format(5x,'v-distances are exaggerated by',f9.4,' for contouring')
u v =1.0

c number of columns oer unit distance 
80 dlx=fjinc/dx

fiinc=1.0/uv
dly = f i i nc/dy
row=l.0
do 90 k=l ? ny
row=row+f i i nc 

90 iyCk)=row+O.S
1ast rw = i y(ny)
col=1.0
do 100 k=l f m
Jx(k)=colt0.5 

100 col=coltf j i nc
if (J k .ne. 0) go to 300 

c
c Plot body(s) corners 
c

write (ioutjllO) tit1e*ymn/ymx/xmn*xmx 
110 format (///,' exoect plot of "alfl,

1 *x=',f8.1,' to',f8.1,' y=',f8.1,' to',ffl.l,//)
do 1?0 i=l,nend
xa(i)=xbfi)
ya(i)=VD(i) 

120 continue
do 130 i = 1 r mm
1 11 (i) = n (i) 

130 continue
nb=nend
Jr = l
do 2flO irow=l , 1astr*
do 140 l=lrmaxcol
ont(1)=iblank 

140 continue
ie = 0
do 1PO i=l*mm
i s = i etl
ie=ietl11(i)
i fCl11(i).eg.O) go to 180 

150 ky=l.5001tdly*(ya(is)-ymn)
ifCky.ne.irow) go to 1JQ
kx=l.SOQltdlx*(xa(is)-xmn)
ifCkx . 1t.1.or.kx.gt.maxcol) ao to 170
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Dnt ( kx) =svm( i )
nb=nb-l
do 160 k=is,nb
kk=k+i

ya(k)=va(kk) 
160 continue

i s = i s - 1
ie=ie-l
11 1 (i) = 1 1 Hi )-l 

170 i s =istl
iffis.1e.ie) qo to 1^0 

180 continue
itest=0
if C i row .ea. lastrw) qo to 220
if (jrow .eq. D qo tp 220
if ( i row .ea. iy(jr)) ao to 210
if (ont(maxcol) .ea. iblank) pnt Cmaxcol ) =i vert
if (ont( 1) .eq. iblank) pntC l)=ivert 

190 write (iout/200) Cpnt C k) , k=l , maxcol ) 
200 format ( lx,131alD

qo to ?80 
210 itest=l

I p=l*i p 
220 do 230 k=i,m

k x = j x ( k )
if (nntCkx) ,eo. iblank) ont C kx) = j ol us 

230continue
if (itest .eq. 1) qo to 190
Ho 240 k=l/maxcol
if Cont( k) .eq. iblank) ontC k)=ihor 

240 continue
if C i row .eq. lastrw) qo to 290
i f f maxcol .eq. 131) qo to 260
wri te(iout / 2^0) 

250 formatC"!")
write (ioutf200) C on t(k),k=l, maxcol)
qo. to 280

?bO wpi te( i out / 270) (ont C k) , ksl , maxcol ) 
270 format C"1 % I3lal) 
280continue. 
?90 write (ioutf200) f ont""C k) , k = l , maxcol )

return
c next statement useH if only- first body corners to be plotted 
c otherwise all could be plotted
c nb is total number of corners of first bodv of model here 

300 nb= 1 HI)
nf = l
1=0 

310 do 320 k=nf,nb
kk = k
dym = xb f k )
if (dum .It. xmn) qo to 330
if (dum .qt. xmx) qo to 330
kx=1.500ttdlx*(dum-xmn)
dum=ybfk)
if (Hum .It. ymn) qo to 330
if (dum .at. ymx) qo to 330
ky=1.5001tdlv*Cdum-ymn)
l=ltl
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xaCl ) = kx 
320 y a Cl)=kv

ao to 350 
330 nf=kk+l

write (iout,3^0) vb(kk),xH(ki<)
340 format (5x,'body point x=" , f10.3,' v='ffl0.3,' is outside", 

1 ' plot boundary.')
if (kk*.7t. nb) ao to 310 

350 nb=l. 
360 Cm=ci-dc

do 370 i=l*nt
c chanaes values inputted as 'a' (restored later). 

370 a(i)=cd*faCi)-cm)
Jr = l 

c loop of rows from too to bottom
do 5*0 irow=l r 1astr w
row=t.Otuy*(jrow-1) 

c major arid index (i) increases once each fiinc rows
i = r o w
f u 1 = r o w - i
ind = 0
kt=i-n
do 380 1 s Irmaxcol 

380 p n t(1) = iblank
coleft=co1efm 

c loop of arid intervals from left to rioht
do 460 i=lfnx
coleft=coJefttfjinc
if tjrow .ea. lastrw) qo to 390
kt=kttn
kb=kttn
dum = aC kt)
zl = dum t fu1*(a(kt+l) -dum)
dum = a(ko)
zr = dum t ful*(a(kb+l) -dum)
no to 400 

390 indsindtn
zl=aCind)
kb = i nd + n
zp=aCkb) 

400 de n = zp-zl ^
if (abs(den) .at. 0.00^)001) ao to 420
i z c = z 1
fl=izc
i f_Cf 1. .ne. zl) ao to 460
left=colefttO.S
I rtscolef11fHnco 

c loop of contours in this qriH interval
do 410 l=left,irt 

4in ont (1 )=svmd ?c)
oo to 460 

420 i f (zl .at. zr) a o to 430
fmi n = z1
fmax = z r
oo.to 440 

430 fmin=zr
f 

440
1max=fmax
if Umax .ea. 0) qo to 460
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if (Imax^.lt. 1m in) go to 460
r a t i o = f i i n c / d e n
HO 450 i zc = l mi n, 1 max
c=coleft+ratio*(izc-zl ) 

'150 Pnt (c) =svmf i zc) 
460 con t i nue

i f (nb .ea. 0) qo to 510
rpw = I row
nf = l 

470 do 480 k=nf,nb
kk = k
if (ya(k) .ea. row) ao to 490 

480 continue
ao to 510 

490 nb=nb-l
k x =xa(kk)t0.5
ont(kx)=jex
if (kk .at. nb) ao to 510
nf = kk
do 500 k=nfrn&
ko=k+l
x a C K ) = x a f k n ) 

SOO va(ic)=vaCkD)
ao to 47 ft 

510 itest=0
if (jppw .ea. lastf*w) ao to 540
if (jppw .ea. 1) ao to 540
if (JPOW .ea. iy(jr)) ao to 530
if (ont (maxcol ) .en. iblank) pnt Cmaxcol ) =i vert
if (pnt( 1) .ea. iblank) pntf t)=ivert 

520 wp'ite (ioutr200) (pnt ( k) , k = t , maxcol )
ao to 580 

530 itest=l
J r'= 1 + J r 

540 do 550 k=lrm
kx=jx(k)
if (pnt(kx) .ea. iblank) on t C kx ) = j pi us 

550 cont i nue
if (it*»st .ea. 1) ao to 520
do 560 <=lrmaxcol
if (pnt( k) .ea. iblank) pntC k)=ihor 

560 continue ^
if (JPOW .^a. lastPw) ao to 590
if(maxcol.ea.l3l) ao to -5 70
wp'i tft(iout r 250)
wpite (ioutr200) Cpnt ( k) f k=l , maxcol )
ao. to 560

570 wpi te( i out r 270) (pnt f k) r k=l , maxcol ) 
580continue. 
590 wpit« (ioutr200) (ont ( k) , k=l i maxcol )

wpite (ioutr6 n O)
600 format^X/f * svmbol'rBxr 

1 'value fmilHaals). y increases'^ 
2' to piaHt and x increases downward')
?c = ci-dc
do 610 i =1 r ncont

610 write (iout*620) sym(i),zc 
620 format f. %3x f al,6x f f

write ( i out /



630 format(4x,'+',6x/'fieldpoint '/ l^x , '*',6x,'corner of body')
do.640 i=Unt 

640 a(i)=cmtdc*a(i)
return

format ( '0', 'arid of'/ i 4, ' by',i4,' (x,y) is too large (41) or ', 
1 'too small for printer contour.') 
ret urn' 
end 
*** 
Subroutine ptsm(npts/*)

incut data subroutine for user formatted or oridded data 
r.aodson - 3/61

character* 4 unix/uniz
character** name/datel
cnaracter*40 idplot
character*SO ifilefifile?/cfile
character*64 id/idl
character*60 i f mt
common/mqlot/ymin,xminfymax,xmax
Commpn/fnts/xf (1000) ,yf(1000)fZfClOOO)
common/qravinp/iolotr, ibodv/ i fi le/ i fi Ie2r 1 sqs/

1 datum; xscal erdcrunj x,uni zr name* heiaHt r
2 i f mt i i di ot t i 00 s, i cal c, i res

10

commpn/f iel d/r( 1000)
Common /trans/ i not , i out r ] i nr i or i nt
dimension z ( 1 00 1 ) , z2 ( 1 001 )
data in/1 0/r in2/1 l/ f npcmax/1000/
wri te( iout 9 10)
format (/// 14x f "observed values"///

""//)

if(name.eq."aridded") ao to
a 

SO

user formatted data 

in,fi le=i fi lef = "formatted")

20

30

read(in,ifmt/end=40) y^(i)fxf(i)/r(i)fZf(i 
write(ioyt/30) y f (i ), x f (i ) / z f (i ) / r (i ) 
format(lx,4fl1.4) 
'f(xfCi).lt.xmin) xmin=xf(i)
f(xf(i).qt.xmax) xmax=xf(i)
f(yf(i).lt.vmin) ymin=yf(i)
ffvf(i).qt.vmax) ymax=yf

40 lc =
to ?0

a o to ?3o 

nridded data

50 open(in,fi1e=ifi1e)
reaa(in,ends!90) id/ncol i 
if((nco1*nrow).qt.nrcmax) ao to 11 
if(dx.eq.0..or.ay.eq.0 .) qo to 130 
ifCnz.ne.D ao to 170
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if f i f i le?.ea." ") no to 60 
openC i n£, f i 1 e=i f i 1 e2)
reaa(in2,end-l90) idl/ncol I,nppwl/nzlrxolfdxt,vo1 * dy J 
i f (ncol .ne .ncol 1 .or .npow .ne.nppw t ) go to 90
i f Cdx .ne.dx 1 .or.dy .ne.dy 1 .OP. xo.ne.xol .or.yo.ne.vol ) go to 90 
iffnz.ne.nzP ao to 90 

60 mcol = ncol + 1

70 
SO

90
100

110
120

Vo t =vo-dv
k = 0
do 80 isl,npow
call POwin(z/mcol/in)
i f C i f i 1 e2.ne." ") call powi n Cz2, mcol , i
do 70 j=2,mcol
k = k+l
r(k)=zf j)
if f ifil e ?.ne." ") H e igHt = z?O)
zfCk)=heigbt
yfCk)=xoltCi*dx)
xf Ck)=yol tf i*av)
wpit?(iout,30) yf (k),xf (k),zf (k),r(k)
continue
cpntinue
i f ( xf ( 1 ) . 1 t .xmin)
ifCxf(k).gt.xmax)
iffyf(l).lt.vmin)
i f (y f ( k) .gt . vmax)
xma = x f C k)
vmasyf CK)
ao, to ?30
write(iorint/lOO)
formatC" oarameteps on two input standard "Hies do not match")
ao to ?bO
wpit^(iDPint/l?0)npcmax
formatC" number of gpid ooints
ao to 260

xmin = xf(l) 
xmax=xf(k) 
ymin=yf(1) 
ymax=yf(k)

.at. allowed maximum of

140 f opmat C " DPesent implementation does not allow uneoual", 
1 " gpid intepvals")
OQ. to ?60

150 wpite(iopint/l60) npcmax
160 formatC" the number of columns * number of POWS peouesfed is 

1 " gpeatep than the maximum allowed of %i5)
ao to 260

170wpite(iDPint,l*0) 
180 foPmat( M only single ppecision values allowed")

ao, to ?60
190 wpi'te(iopint/200) 
?00 fopmatC" end o^ file while peading input data")

oo. to 260
210 wpit*(ioPintf220) k, npcmax
220 fopmatC" numbep of fopmatted data values"/ i5/ 

1 " is oreatep than the allowea number of "/i5)
OQ to 260 

230 npts=k
ifCnots.lt.l)
iepp=0
a 0 . to 270

240 WM teCiprint »-25 
250 fopmatC" number

oo to 240

of field points less than 1")

50



260 closelin)
if (if He?. ne." ") closeCin?)
return 1 

270 close (in)
i f ( i f i 1 e 2 . n e . H " ) c 1 o s e ( i n 2 )
return
end

subroutine r o w i n ( z r m c o 1 f in)
dimension z(mcol)
read( in) z
return
end 

c***************
subroutine grav3dp1 ot (npt sr *) 

r
c Plotting routine for body corners & fieldpoints 
c r.oodson - 4/81 
c

external cHar(descriptors) rpolotCdescriptors) /araph2(descriptors) 
1 xaxis(descriptors)rvaxis( descriptors)
character*^ unixruni?
Character*** name
character*40 idplot
Character*50 ifilerifile^rcfile
character**Q i f mt
common/mPlot/xm'n,yminfXmaxrymax
common/ fpts/xf (1000) ,yf(1000),zf(lOOO)
common/aravinp/iplotr, i bodv f i fi 1 e/ i fi Ie2r 1 sqsr

1 datumfxscale/dcfunixrunizrnamefheiaht/
2 ifmtfidolotriobs/icalCfires
common /bodk/ mmrnl i m f ibodv/ short , nend
common /s i de/xb (POO ) , yb (900 ) , 1H50)
common /trans/ i not f i out .> \ i nr i pr i nt
common /contg/n row /ncolfdyfdxryOfXOfymarxma
Character*! revxrsvm(50)
dimension xd(2)ryd(2)rxs(4)/ys(4)r Jdim(l)/ 

1 i fmtlC2) rnscale(5)rxxb(9QO) f yyb(900)
data jdim(l)/0/,nsca1e/l,Or2rO,2/,ifmtl/ H (nO M ,".l) "/,

1 nsh1/6/,nsv1/10/r nvl/12/r
2 nx/2/r nv/?/r vexaa/1 ./r
3 s vm/ H 1 " , H 2 " r " 3 " , " 4 « , "^" , » 6 " , H 7 " , " 9 H f " 9 '  , » a " , " b " , " c " , " H H , w e " ,
4 fl f'« f l«a M f M h" f »i M f "J M f M k H f M 1 l' f M m'' f M n H r 'f o H f H o"/"a" f "r'f r ll «?" f
5 "t", H u n , H v H , M w","x", H y l«,"z H ,lS* H *"/ 

c
r

c denver plottina system 
c

10 i f (xscal e.ea.O.) ao to 170
if(inlotr.ea.l.or.ip1otr.ea.4) go to 20 
nx1=(xmax-xmin)/xsCale*2.+.5 
if(nxl.1t.2) nxl=2 
ny 1 =nx 1 
ao to "50 

20 n x l=?4 
n v l=17 

30 call scale3(xmin/xmax,nxl/xminn,xmaxDfXdel1

xd( 1 ) =xmi nn 
xa(2) =xmaxo
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ca11.char(vfU),xf(n,"t"/l,0,.o*,0.,0.,0.) 
145 continue

call endot C i Hi m)
ret urn

150 w r i t e (i D r i n t r 16 0) 
160 formatC" unable to scale plotter 11 )

oo.to 190
170 wpi te(-i print / 1*0) 
180 formatC" xscale is zero") 
190 return 1

end

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

character*^ idlC2),id2(2)
Character*54 file2
character*55 filel
Character*56 file3
di mens i on z(1)
common/st/fi1 el/fi1e?/fi1e3
common/qravinD/inlotr/ibodv/i fiI*/i fiIe2/1sqs,

1 datum/xscale/dc/un i x/un i z/name/hei qht/
2 ifmt/idpiot/iobs/icalc/ires
Common/contq/nrow/ncol/dy/dx/xmin/vmin/xmax/vmax 
data iout/1l//nz/l//dum/0.//

1 idl/"qravpolv calculated values from "/
2 "model "/,
3 id2/"aravooly residual val ues(observe" 9
4 "d-calculated _ "/ 

i f ( i sw.ea.1) ooen(iout/fi 1 e = fi 1 el) 
iffisw.ea.2) ooen(ioyt/fi1e=fi1e?)
Jffisw.ea.l) writeCiput) idl/ncol/nrowrnz/vmin/dx/xmin/ay 
ifCisw.ea.?) writeCiout) id2/ncol/nrow/nz/vmin/dx/xmin/dv 
is=l 
i e = nco)
do.10 isl/nrow
write(iout) dum/CzCj)/i=is/ie) 
is=ietl 
i e=i etncol 

10 continue 
close(i out) 
return 
end

53.


