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NOTE: The program described in this report is awaiting revision to permit 

plotting on the U.S. Geological Survey's Honeywell Multics Computer. At 

that time this report will be published as a U.S. Geological Survey 

Professional Paper. 

A tape containing the interim Fortran code for the program, along 

with test data input, is available from a private vendor. For information 

about obtaining copies of this report and the tape, contact U.S. Geological 

Survey, Public Inquiries Office, 1961 Stout Street, Denver, Colorado 80202. 

The cost of the tape-copying service is presently $20.00 plus postage if 

the user supplies the tape. A vendor-supplied tape is $12.00 additional. 
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Calculation of , gravity and magnetic anomalies 

along profiles with end corrections and inverse solutions 

for density and magnetization 

By John W. Cady 

ABSTRACT 

An equation is derived for the vertical gravity field due to a 

body with polygonal cross section and finite strike length. The 

equations consists of the 2-dimensional equation of Talwani, 1-lorzel, 

and Landisman (1959), with the addition of end corrections. Equations 

for the magnetic field due to a similar body were derived by Shuey 
--· 

and Pasquale (1973). They coined the term "2!2-dir::ensicnal" to descr i be 

the geometry. 

If the geometry of the causative body or bodies is specified, 

the 2~-dimensional equations can be combined with observation of the 

gravity and magnetic anomaly fields to make linear least squares 

solutions for density and susceptibility or remanent magnetization. 

A computer program is presented which performs, for one or more 

bodies, along a profile perpendicular to strike, both forward 

calculations for the magnetic and gravity anomaly fields and 

independent gravity and magnetic inverse calculations for density and 

susceptibility or remanent magnetization. 
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I In the quantitative interpretation of gravity and magnetic 

I surveys, 2-dimensional calculations along profiles perpendicular to 

1 the axis of an infinitely long body have been popular (Talwani, Worzel, 

and Landisman, 1959; Talwani and Heirtzler, 1964). Reasons for this 

• popularity are that structures which approach two-dimensionality are 

• common in geology and data are often collected in profiles 
I 

perpendicular to strike; polygonal cross sections of 2-dimensional 

bodies are conveniently represented on paper and input to the computer; 

and completely general 3-dimensional programs {e~g. Talwani, 1965) are 

slower and data input and display are more cumbersome. Shuey and 

Pasquale (1973) derived equations for the magnetic field of a compromise 

I "2~-dimensional body", invariant in cross section but terminated a 

finite distance along strike. I have derived the equations for the 

gravity field of a 2~-dimens ional body. The 2~-dimensional approach 

has the convenience and speed of the 2-dimensional approach with much 
I 

of the generality of the 3-dimensional approach. For completeness, 

and to illustrate the difference between the magnetic and gravity cases, 

· Shuey and Pasquale's derivation for the magnetic case is repeated in 

parallel with the derivation for the gravity case. 
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In recent years much effort has been spent trying to find 

! practical ways to invert potential field data to yield the geometry 
2 

and physical properties of a causative body. The problem is difficult 

: because the equations relating potential field to body geometry are 
4 

nonlinear. Many useful solutions for special cases can be found in 
5 -

any recent volume of the journal Geophysics. 
6 I 

j Fortunately, half of the potential field inverse problem is linear. 
I 

For a given homogeneous body and profile geometry, the gravity field 
8 

is a linear function of density and the magnetic field is a linear 
9 

function of susceptibility or the x-, y-, and z-components of 
·o -

' remanent magnetization. Once the geometry is specified, and nonlinear 
I I 

geometrical factors are calculated along the profile by a forward 
12 

13 
! calculation, observed values of the gravity and magnetic field are 

used to calculate density and susceptibility or remanent magnetization 
14 

by linear least squares.. This method was used by Vacquier (1962) to 
15 -

16 i 
calculate the direction and intensity of magnetization in a 

i 3-dimensional seamount and by Bott (1967) to find the magnetization of 
I 7 

1 numerous identical 2-dimensional rectangular blocks. Tanner (1967) 
IS I 

10 

21 

22 

23 

l used linear least squares to find the density of rectangula'!' 
I 

I 

1 2~-dimensional blocks. 
70 

I am aware, however, of no potential field 

inversion program, either linear or nonlinear, which is as general 

in application or as cheap and convenient to use as the Talwani or 

Shuey polygon programs. 

3 
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The rest of this paper describes an algorithm, programmed in 

I 

2 
1Fortran IV, that calculates gravity and magnetic geometrical factors 

3 

_, 

7 

8 

9 

along a profile perpendicular to the strike of one or more 

"2~-dimensional" prisms of arbitrary polygonal cross section. The 

uniform density, susceptibility, and remanent magnetization of some or 
5 -

all of the prisms can be specified by the user, while the uniform 
I 

density, susceptibility, and remanent magnetization of the remaining 

prisms (or all the prisms) is determined by linear least squares. 

Magnetic or gravity calculations can be done alone. Although 

10-· 
documentation for general operation of the program is complicated, 

11 

12 

13 

1 ~ 

16 

17 

18 

19 

sample data sets for simple calculations are given in figure 7 and on 

pages 63 and 68. 

An extended discussion beginning on p. 76 entitled "Hints for 

the effective use of the program", is not required for basic operations. 

15
_ 

1 
It is intended to introduce selected aspects of modeling to the naive 

1 

user, to suggest sophisticated applications of the program, and to 

1 explain at length certain topics treated briefly in the basic 

: documentation. 

20-
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I 
i 

DERIVATION OF 2~-D FORMULAS 

2 

' Parallel magnetic and gravity derivations 
3 

Separate magnetic and gravity calculations are made for two 

reasons. First, even though the gravity field could be calculated from 
5 -

6 
1 the magnetic field, or vice versa, via the Poisson relationship 

( (Grant and West, 1965 p. 213), calculations would not be saved because 

8 
of the need to integrate the magnetic field or differentiate the 

9 
gravity field . Second, in many applications, gravity alone or 

10-
magnetics alone is required, or the gravity field is measured on the 

II 

12 

13 

14 

16 

17 

18 

19 

? I 

22 

23 

24 

ground and the magnetic field from an aircraft, so separate 

calculations are required. 

"' The gravity field at a point r external to a continuous mass 
' 

distribution p (r ) contained within a volume V (fig. 1) is given by the 
0 

15- '---------

I 
Figure 1.--NEAR HERE 

expression 
A A 

F (r) = V'U (r) J 

I 
' where the gravitational potential is given by 

0 -

U(r) 

West, 1965, p. 211). G is the universal 

(G1a) 

(G1b) 

gravitational_____j 
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~vith similar geometry, the magnetic field is given by the 

expression 
2 A A 

== - VA(r) ) (M1a) H(r) 
3 

4 
i where 

I 
the magnetic scalar potential 

3 
5 - I 

I A(r) f ,..,.. d r 
- M(r )·V ,.. ~ 

v o . /r ~ r I 
o · 

(M1b) 
6 

(Grant and West, 1965, p. 212-213). M is the vector magnetization. 

I 
Note the extra V sign, indicating -an extra order of spatial 

8 

l differentiation in the magnetic case. This difference makes the 
9 

I 

I derivation shorter for magnetics than for gravity. 
10-

II 
The derivations start in parallel. Figure 2 defines the 

12 

I 
Figure 2.--NF~ HERE 

13 

14 

15-

16 

18 

19 

20-

2 1 

22 

23 

24 

?5 -

right-handed coordinate system and shows the body over which we 

integrate. The y-axis is parallel to the strike of the body, and 

observations lie along a profile contained within the x-z plane. The 

z-axis is positive downwards, in the derivation, for consistency with 

I Shuey and Pasquale (19 {3) and for agreement with the paleomagnetic 

convention that normal inclinations are positive downward in the 

northern hemisphere. When inputting topography, flight line data, and 

body geometries, however, it is convenient to have z positive upwards. 

A conversion from z-positive-upwards to z-positive-downwards is 

effected in subroutines MAr. and GRAV. The magnetic field derivation 
J 

closely follows that of Shuey and Pasquale (1973). The Newtonian 

6 
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p~tential is defined as 

u = ~ i 

.. ~ 

6a 

(1) 
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Magnetic case: Equations (Mla) and (Mlb) become 

H "" 2MP +2MQJ (M2a) 
X X X Z 

H :::: -2~R ' 
(M2b) 

y 

H = 2M Q- 2M p ) (M2c) 
z X z z 

where 

p = a2u/ax2 (M3a) 
X 

p = -a 2u/az 2 ~ (M3b) 
z 

R = -a2u/ay2 • 
(M3c) 

Q = a2u/axaz {M3d) 

To simplify the magnetic derivation, we specify equal strike 

length to either side of the x-z· plane. Because of this symmetry 

2 2 
about the x-~ plane, the terms in a U/axay and a U/ay az are zero, and 

from Laplace's equation 

P - P - R = 0 
X Z 

Gravity case: Equations (Gla) and (Glb) become 

Fx = -2Gpau/ax, 

, F -= -2Gpau/ay 
y 1 

F = -2Gpau/az 
z 

(M4) 

(G2a) 

(G2b) 

(G2c) 
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2 

3 

4 

5-

6 

7 -

8 

9 

10-

11 

If we were to assume symmetry about the x-z plane, 

F e -GpaU/ay = 0 y 
(G3) 

There is no advantage, however, to making this assumption for the 

gravity case, so we permit the gravity prism to have different y-lengt s 

to either side of the x-z plane. 

The equations for P , P , Q, R, and F , F , F have the form of 
X Z X y Z 

second and first partial differentials of volume integrals. These 

volume integrals must be converted into line integrals around the 

polygonal cross sectional figure. Without loss of generality we place 

the coordinate origin at the observation point r and drop the subscrip 

from the body point r • Equation (M3a) becomes 
12 0 

13 

14 

15-

16 

17 

18 

19 

20-

22 

23 

24 

25-

p = ~! .. (!~ 
z } ..- a:z2 (M5) 

Equation (G2a) becomes 

Fz c -Gp~~ ~~z (x2 + y 2 + z 2 )-~ dxdydz (G4) 

Fz is chosen for detailed derivation because the total gravity field, 

Which we measure, is very close to vertical. 

In the magnetic case we integrate along strike between Y1=-Y 

and Y z=+Y and get 

where 

8 

(M6) 

(M7) 
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In the gravity case we allow the body to have different partial 

strike lengths Y1 and Y2• In order to avoid ambiguities of sign, 

both Y
1 

and Y2 are defined, for the purposes of this derivation, as 

positive distances from the x-z plane: Y1 positive in the -Y directio , 

Y2 positive in the +Y direction. By symmetry the gravity contribution 

of identical bodies to either side of the x-z plane. must be equal. 

Later, in the operational program, Y1 and Y2 will be input as signed 

algebraic quantities, positive in the +Y direction and negative in 

the -Y direction. 

Integrating equation (G4) from 0 to Y1 yields 

and integrating from 0 to Y2 yields 

Summing these expressions we get 

9 

- -.. 

(GSa) 

(G5c) 
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In the magnetic case, integrating equation (M6) over z yields 

p = ~ z 
ln r + y 

r - y 
dx 

] 

~2 

Z} 

f a r + Y .. ~ az ln r - y dx ' 

(M8) 

(M9) 

while in the gravity case, integration of equation (G5c) over z yields: 

X2 

Fz = :_Gi [ -ln(x2+z2)+1n(YJHJ x 2+Y 1
2+z 2 )+ln(Y2+" x'>+Y2

2+z2 

1 . . 

dx, 

and 
(G6) 

Fz = -Gp ~ (-ln(x2+z 2)+ln(Yl+"x2+Yl 2+z2 )+ln(Y2+"x2+y2
2+z 2 ) dx. 

(G7) 

d Note the absence of the ~ term in equation (G7) when compared 

with equation (M9). From this point the derivations diverge. 
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Magnetic derivation continued 

In the magnetics case differentiation of the log term yields 

a -!Y 2 r x 
z 
+ z2 dx (MlOa) 

Similar manipulations on equations (M3a), (M3c), and (M3d) yield: 

and 

at 

and 

p = -ly x dz 
x r x2 + z2 

Q = -fy -z.......-=..z~ dz 
r x + z z 

(MlOb) 

(MlOc) 

(MlOd) 

./ 
Shuey and Pasquale (1973) cleverly introduced complex variables 

this point and from equations (MlOa) to (MlOd) derived 

f y __ dx __ = Q + iP 
~ x + iz z (Mlla) 

\ 

f y idz 
r x + iz -(Q + iP ) 

X 
(Mllb) 

R .. Im~~ dx = -r..mfzr z !z iY : . r X + iY (Mllc) 
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Supposing the polygonal cross section has N sides, a final 

integration is performed along each edge from the point (x 1,z 1) to 

(x2,z2) yielding the following easily programmable formulae: 

Q + iP ~ - 6x 1 (F /F ) z = LJ 6x + i~z n 2 1 (Ml2a) 

and 

(Ml2b) 

where the sum is over the N sides of the polygon, and 

(M13a) 

6x (Ml3b) 

and 

6x i6z 
r 

+ (1 +~ ) F 
n X + iz y 

n n (M14) 

i (x ~z - z 6x) +YT n n J (M15) 

with n taking the values 1, 2. A modified version of Shuey and 

Pasquale's algorithm (R. T. Shuey, written communication, 1975) is 

presented as subroutine MAG on p. 36. 
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Combining the geometrical factors of equations (Ml2) to (M15) 

with the components of magnetization according to equations (M2a) to 

012c) we obtain the components of the anomalous magnetic field Hx, 

Ry~ and Hz, from which we calculate ~T, the total field anomaly. 
... 

Let T
0 

be the total magnetic field measured at a point far from 

"anomalous" bodies. Then introduce an anomalous magnetic body into 

the vicinity which produces disturbing field components H , H , and 
X y 

H at the magnetometer head. The total field T measured by the z 

magnetometer is now the vector sum of T
0 

and the disturbing field, 

and is given by: 

where 

T 
0 

X 
I T 
' 0 

I 
y 

' T 
0 z 

I 

c: T cos IcosA 
0 

c: T .cosisinA 
0 

c: T sini 
0 ~ 

(M16a) 

{Ml6b) 

{Ml6c) 

{Ml6d) 

and I is the inclination and A is the declination of T • In general, 
0 ... 

the direction of T will differ from that of T • The proton precession 
0 

magnetometer is insensitive to field direction, however, and the 

anomalous field ~T registered by the magnetometer is the scalar 

difference in magnitude between T and T : 
0 

6T=Iil-li I= [ (T coslcosA+H ) 2+(T coslsinA+H ) 2+(T sini+H )2] ~-IT I 
0 0 X 0 y 0 Z 0 • 

13 

{Ml7) 
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Although nature rarely allows us to remove an anomalous magnetic 

body in order to measure li j, A, and I, these quantities can usually 
0 

be estimated from regional measurements distant from the anomalous 

body. 

If jH j, jH j, and jHzj <jT
0

j , the first two terms of the binomial 
X y 

expansion of equation (M17) yield the following approximation f or t.T: 

6T~H sini+R coslcosA+H coslsinA• 
Z X y 

(M18) 

This approximation, which is the projection of the magnetic field of 

the anomalous body into the Earth's field direction, was used to 
/ 

calculate the total field anomaly by Talwani and Heirtzler (1964) and 

Shuey and Pasquale (1973) . It is accurate only when the perturbing 

field i s small compared co the Earth's field, so equation (Ml7) is 

preferred for strongly magnetized bodies. Equation (M18), which is 

linear in H , H , ~nd H , must be used for linear least squares 
X y Z 

calculations. I n subroutine FITMAG (p. 39 ), the approximate equation 

(M18) is normally used in both forward and inverse calculations, but 

an option is provided for forward calculations using exact equation 

(M17). No provision is made for an exact summation of the total field 

anomaly of multiple bodies. The approximate sum assumes that all 

total field anomalies are paralle~. A user can modify the program 

to retain a running sum of H , H , and H and then compute the exact 
X y Z 

total field anomaly for all bodies together. 
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I 
jGravity derivation continued 

To evaluate the line integral in the gravity case we rewrite z 

: as a function of x along each side of the polygon (fig. 3). 

Figure 3.--NEAR HERE 

I 
where· 

z .. mx + zr) (GSa) 

Z2 - Zl 
:mx c: tane = (G8b) 

X2 Xl 

and z is the z- intercept of the extension of the side. Equation 
0 

(G7) becomes 

where 

' and 
I 

I 

!1 a 

I 
0 

J 

F "" -Gp (-I 
z 

- f ln(x2 

ln(Yl +VY12 

+ Il + 12) 
0 , (G9a) 

+(mx + z ) 2)dx 
0 (G9b) 

+ x2 + (mx + z ) 2 )dx 
0 ' (G9c) 

:•) -I (G9d) 

21 I 
2 .. 

I 

I I 
I ?5 -L_ 

--- __j 

15 . 
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We define the new quantities: 

sec0 

a = z cos0 = z /c o o or zo a/cos0 ' 

x • asin0 
0 

z sin0cos0 = mz /c2 
0 . 0 

t • c(x + x ), d~ = cdx, and dx l d~ 
0 c 

The expression for r
0

, r
1

, and r 2 all contain the form 

· x 2 + z 2 = x 2 +(mx + z ) 2 
0 ' 

which expands to - -· ---- --- -
mz z 2 

c 2 (x2 + 2 ~ + + )" c c 

Completing the square yields 

/ 2 [ 2 . mzo mz 2 . ~ 2 
/-c x + 2(-cz--)x +(c2o) . + 2"---

z c
2 

- m
2

z 
2

] 
2x X +X 2 + O O 

0 0 c 

or ' 

and we obtain 

' 

(GlOa) 

(GlOb) 

(GlOc) 

(GlOd) 

(Gll) 

(Gl2a) 

, (Gl2b) 

16 
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and 

(Gi2c) 
2 

3 

Integrating equation (Gl2a) using formula G23 of Dwight (1957) yields: 
4 

(G13a) 
5 - xi+l 

2atan-l ! J ~ 
6 

xi 
7 

8 

where xi, and xi+l are the endpoints of the ith line segment of the 

polygonal cross section. 
9 

10 -

11 

12 

13 

14 

15-

16 

17 

18 

19 

20-

2 1 

22 

23 

24 

25-
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5-

6 

9 

___ ...!.._ -- ---- --· ------ ---~ 

An integration formula for equations (G12a) and (Gl2b) is given 

1 by Nagy (1966). Incidentally, an erroneous solution is given by 

Kellogg (1929, p. 57). Using Nagy's integration formula yi elds 

It 2 
' 

(Gl3b) 

I 

where b represents Y
1 

in integral r 1 and Y2 in integral r 2• 

To obtain xi and zi in the square root terms, we reverse the 

substitutions leading to equation (Gll) and obtain 
10-

ll 

12 
. 1 (c(x .+x )) 

I = (xi+x )ln(x . 2+z . 2)-2(x .+x )+2~tan- · 
1 0 1 

o o 1 1 1 o c a 
(Gl4a) 

! ~ 

5 -
)~ln(c(x+x )+~/b 2+x. 2+z. 2 

c . 0 l 1 1 

~ ~ 

• ', 
(Gl4b) 

. l 

23 

24 

2 
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2 

3 

4 

5-

6 

8 

!: -

12 

! J 

rs-

1' 

i' 

/I 

r- -------------

1 

Fortran subroutines commonly compute the arcsine from the 
-, 

, arctangent.. A simple trigonometric manipulation (fig. 4) permits 

,----------------------
1 

l Figure 4.--NEAR HERE 

I 
! conversion of the arcsine in formula (G14b) to the arctangent for 
I 
I 

l" direct computation. Let n be the numerator and d the denomi nator of 

! the argument of the arcsine in formula (G15) .. 
-1 n 

If 9=sin d' then 

e = tan -1 n 
' 

...;d 2 - n2 

Let Ri = (b2 + x.2 + z.2)~ 
1 1 

Then 
n = a2 + b2 + bRi 

and 

d .. V a2 + b2 (b + R ) 
i 

and it follows that 

~ ~ ~ (d2-n2) ' = a(Ri2-b2-a2) = c(xi2+zi2-a2) 

From equation (Gll) ~.;re have 

so 

(G15) 

(G16a) 

(G16b) 

(Gl6c) 

(G16d) 

z (x.+x ) 
0 1 0 

(G16e) 

/., I 
' t _______ _______ __ 
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I 

Equation (Gl4b) can now be re-expressed 

2 
-I1 2 .. [cx.+x )ln(b+R.)+ b ln(c(x +x )+R.)-(x +x ) 

, ~ 0 ~ c i 0 ~ i 0 

7 

8 

9 When evaluating r 2, b becomes Yz and Ri becomes 

10-

I I R2,i = ~ y22 + xi2 + zi2 

12 : Evaluating at the endpoints yields: 

13 II 
I 0 
i 

14 

... ( 2 2 1 ( c (x . +x ) ) xi+l+xo)ln(x.+l +z.+l )-2(x. +x )+2~tan- ~+1 o 
1 1 1+l o c a 

15- 1 ( c(x.+x ) ) -(xi+x )ln(x.2+z 2)+2(x.+x )-2~an- 1 o 
o ~ i ~ o c a 

16 

! 7 

i ~ 

:.>0-

2 1 

22 

23 

24 

(Gl7a) 

(Gl7b) 

(Gl7c) 

(Gl8a) 
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5-

6 

7 

8 

9 

10 -

11 

12 

13 

14 

15-

16 

17 

18 

19 

20-

21 

22 

23 

24 

25 -

11 = (xi+1+xo)ln(Y1+R1,i+l) 

-(xi+x
0

)ln(Y1+R1,i) 

+ :lln [c(xi+l+xo)+R1,i+l] 

yl [ ] - --ln c(x.+x )+R1 . 
c 1 0 ,1 

a -1 (a2
+Y1

2
+YlR1,i+l) 

- -tan 
c · z (x.+1+x ) 

0 1 0 

(

a 2+Y 2+Y R 
a -1 1 1 1 

+=tan ( +x ) c . z x. 
0 1 0 

(G18b) 

21 

12 = (xi+l+xo)ln(Y2+R2,i+1) 

(xi+xo)ln(Y2+R2 ,i+1.) 

+ :
2
ln [ c (xi+l+x

0
)+R2 ,i+l J 

- y
2
ln [c(x.+x )+R2 .] 

c 1 0 ,1 

(Gl8c) 

U.S, COVEHNMENT PRINTING OFFICE : 1~5~ 0·511171 

111 • tOO 



2 

3 

4 

5-

6 

7 

8 
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10-

11 

12 

Recalling equation (G9a), F =G (-I +I 1+r2), and letting 
z . p 0 

BI zz xi + X: , 
• 0 

r = :xi2 + 2 i zi ' 

K • ale 

we get F =G • z p 

=x· 2+z 2 
i+l i+l 

[ BX .in ri+l2 - BI ln r/ 

+ 2K tan-l(BX/K)-2K tan-l(BI/K) 

and (Gl9) 

Terms: 

1,2 

3,4 

13 ...,_ 

14 

15-

16 

17 

18 

19 

20-

21 

22 

23 

24 

25-

5 

'-

' -BX ln((Yl+Rl',i+l)(Yz+R2,i+l). 6 

22 

7 

8 

9 

10 
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14 

15-
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17 

18 

19 

20-

21 

22 

23 

24 

25-

11 

12 

(G20) 

Note that * is used to indicate multiplication involving the 

two-letter variables BI and BX. 

The first four terms of equation (G20) give the gravity field 

of a standard 2-dimensional Talwani prism. In the 2-dimensional limit, 

terms 5 through 12 either equal zero for each segment of the polygon 

or sum to zero around the polygon. Equation (G20) is evaluated in 

subroutine GRAV on p. 35.· . 

-23 
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10 -
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13 

15 
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20-

21 

22 

23 

24 

25-

INVERSE SOLUTIONS FOR DENSITY &~ MA~ETIZATION 
I 

The vertical gravity field g(J) at field point J due to body I 

is given by the linear equation 

g(J)=G*RSUM(J, IBOD)*RHO (IBOD) J (G21) 

where G is the universal gravitation constant.. KSUM(J, IBOD) is the 

geometrical factor computed in equation (G20) relating the field point 

J with body IBOD, and RHO(IBOD) is the density of body IBOD. (Multipl 

letter variables, * for multiplication, and .parentheses for indexing 

are borrowed from FORTRAN to enable the reader to relate the text to 

the computer program.) The gravity fields of multiple bodies are 

additive, so the following system of linear equations applies for 

,!"lnltiple bodies and multiple field points. 

~(1) 

g(2) 
=G 

' - ~ .._ .... -

RSUN(l, 1) RSUM(l, 2) ••••• RSUM(l.NBODS) RllO(l) 

RSUM (2,1) RSUM(2,2) ••••• RSUM(2,NEODS) RH0(2) 

. . 
RSUM(NlJMX , 1) RSilli(NUMX, 2) ••• RSUM(NUMX,NBODS) RHO (NBODS) 

(G22) 

For example, at field point 1, 

g(l)=G[RSUM(1,l)*RH0(1)+RSUM(1,2)*RH0(2)+ ••• +RSUM(l,NBOD~RHO(NBODS)]. 

24 
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In the forward mode RHO(l) through RHO(NBODS) are specified and 

GRV(1) through GRV(NUMX) are calculated directly. In the inverse mode 

observed values of GOBS(1) through GOBS(~1X) are input to the 

subroutine FITG and the unknowns, RHO(l) through RHO(NBODS) are 

determined by the method of linear least squares (Subroutine LLSQ, 

International Business Machines, 1968, p. 160-163), provided that NUMX, 

the number of observations, is greater than or equal to the number of 

bodies ~~th unknown density. A hybrid mode is also available, in whict 

RHO is specified and forward calculations performed for the first 

IBOD-1 bodies. An inverse solution is subsequently performed for the 

remaining bodies IBOD through NBODS to fit the difference between the 

observed field and the field calculated for bodies 1 through IBOD-1. 

The calculations for the magnetic case are similar to those for 

the gravity case but complicated by the vector nature of both induced 

and remanent magnetization. In the forward magnetic calculation the 

x, y, and z components of · induced magnetization are added to the 

respective components of remanent magnetization in each body before 

calculation of the resultant fields. In the inverse magnetic 

calculation, two independent calculations are made assuming pure 

remanent magnetization and pure susceptibility. The combined effect 

of susceptibility and remanence can be examined by performing a forwar< 

calculation using an assumed susceptibility followed by a repeat, 

inverse calculation for the same body to determine the remanent 

magnetization required to fit the residual left after the forward 

calculation. 

25 
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2 

3 

4 

I In 

I magnetic 

the case of pure induced 1 magnetization, the approximate total 

field anomaly T(J) at field points J=l through J=NUMX from 

bodies 1 through NBODS is given by 

t.T(l) a(l,l) a (1, 2) ••••• a (1, NBODS) sus (1) 

s - t.T(2) a (2, 1) a(2,2) ••.•• a(~,NBODS) SUS (2) 
) 

6 

. . 
7 t.T(3) a(NUMX,l) a(NUMX,2) ••• a(N~~.NBODS) SUS(NBODS) 

6 

(Ml9) 
9 I 

/ where, from equations (M2a) to (M2c) and (M18)) 
1 0

- ~ a(J,I)=MX*(CHX*PXSUM(J,I)+CHZ*QSUM(J,I)) 
I I 

12 

13 

14 

15-

16 

17 

18 

19 

20-

i +MY*CHY*(PZSUM(J,I)-PXSUM(J,I)) 

'I -H-1Z*(CHXllcQSUM(J' I)-CHZ*PZSL'11 (J' I)). 

, PXSUM(J,IBOD), PZSUM(J,IBOD), and QSUM(J,IBOD), are the geometrical 

factors c0mputed by subroutine MAG following equations (M12) to (M15). 

CHXa2cosicosA, CHY=2cosisinA, and CHZ=2sini, (M20) 

where I is the inclination, A the declination, MX the x-component, 

I , MY they-component, and MZ the z-component of the Earth's magnetic 

I 
field, SUS(IBOD) is the susceptibility of body IBOD. In the inverse 

mode observed values of TOBS(l) through TOBS(~~) are input to entry 

FITSUS of subroutine FITMAG and the unknowns, SUS(l) through SUS(NBODS), 
2 1 I 

22 

23 

24 

2 -

are determined by linear least squares. As in the gravity case, NUMX 

must be greater than NBODS. 
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In the case of pure remanent magnetization, the number of linear 

equations is tripled by the need to solve independently for the x-, 
2 

y-, and z- components of magnetization. Equation (M21) expresses the 
3 

total field anomaly T(J) at fieldpoints J=l through NUMX from bodies 
4 

IBOD=l through NBODS each with magnetization components MX(IBOD), 
5-

MY(IBOD), and MZ(IBOD). CHX, CRY, CHZ, PXSUM, PYSUM, and PZSUM are 
6 

the same as described above. 
7 

8 

9 

10-

11 

12 

13 
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14 

15-
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N 
00 

• 

!' 

T(l) 

T(2) 

T(3) 

,(1, 1) 

- [(2, 1) 

a(~~. 1) 

, 

a(1,2) •••••• ~(l,NBODS) 

a(2,2) •••••• a(2,NBODS) 

a(NUMX,2) •• ,a(NUMX,NBODS) 

MX(l) 

lo!Y.(2) 

MX(NBODS) 

'lfi(l) 

MY(2) 

. 
HY(NBODS) 

MZ ( 1.) 

t1Z(2) 

~Lons~ 

) 

eo, 1> 
a (2, 1) 

a(1,2) •••••• a(l,NBODS) 

a(2,2).,,,,,a(2,NBODS) 

a(NUMX,1) a(NUMX,2),,,a(NUMX,NBODS) 

where ~T(J) is the observed total field .anomaly at field point J, 

a(J,IBOD) ~ CHX*PXSUM(J,IBOD)+CHZ*QSUM(J,IBOD) , 

a(J,IBOD) • CHY*(PZSUM(J,IBOD)-PXSUM(J,IBOD)) , and 

Y (J, !BOD) .. CHX*QSUM(J, IBOD)-CHZ*PZSID1(J, !BOD) . • 

y(l,l) 

y (2, 1) 

y(l,2),,,,,,y(1,NBODS) 

y(2,2) •••••• y(2,NBODS) 

. . . 
y(NUMX,l) y(NUMX,2).,,y(NUMX,NBODS) 

(M21) 
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In some cases the systemlof equations (M21) is ill-conditioned. 

For example, if the y-axis is oriented towards wagnetic north at the 

magnetic equator, CHX=2cos0°cos90°=0, and CHZ=2si n0°=0. No solution is 

possible for MX or MZ, and the inverse solution is aborted. If the 

Earth's field is vertical, CHY=2cos90°sinA=O, or if the Earth's field 

0 is parallel to the x-axis, CHY=2cosisinO =0. I£ a body is very long in 

both Y directions (2-dimensional), PZSUM-PXSUM=O. In these three cases, 

the equations can be inverted for MX and MZ but not MY. Entry FITMVT 

of subroutine FITMAG automatically solves for MX, MY, and MZ if it can, 

or, in the case of CHY=O, solves for MX and MZ alone. The user should 

be aware that ill-conditioned equations, leading to inaccurate results, 

may occur for geometries approaching the pathologic cases described 

above. No warning will be given unless LLSQ acnoally fails. If LLSQ 

fails due to ill-conditioned equations when solving for MX, MY, and MZ, 

a second attempt is automatically made to solve for MX and MZ alone. 

To solve for two or three components of magnetization, NmfX must be 

equal to or greater than two or three times the number of bodies with 

unknown magnet i zation. 

As in the gravity case, magnetic calculations can operate in a 

hybrid mode, in which forward calculations using remanent magnetization 

or susceptibility or both for bodies 1 through IBOD-1 are followed by 

inverse calculations to find the susceptibility of all the remaining 

bodies, the remanent magnetization of all the remaining bodies, or 

both. 
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OPERATION OF THE PROGRAM 

2 

Figure 5 is a flow diagram for the main program 2HDPOT and 
3 

4 

! Figure 5.--NEAR HERE 
s - 1 

6 

! ·------------------------
! subroutine FIELD. The flow diagram is somewhat generalized. Most 
I 

' output operations have been omitted.. The diagram has been drawn 
8 I 

I· 

1
as if both magnetic and gravity calculations were always performed, 

9 I 
jwhereas the program can branch to do gravity calculations or magnetic 

10

- , calculations alone. Flow diagrams are omitted for most subroutines 
II 

' 
Jon the assumption that their operations can be deciphered from the 

i2 

Fortran code. 
13 

16 

. first part, aided by subroutine SETUP, sets up the profile geometry 
I 7 I 

· and makes regional corrections to the observed magnetic and gravity 
18 

profiles. The second part inputs the body geometries and computes 
19 

geometrical factors in the subroutines GRAV and MAG. The third part 
20 --

calls subroutine FIELD, which computes magnetic and gravity fields 
2 1 

in the forward mode, or calls subroutine FITGRV and FITMAG to 
22 

compute them in the inverse mode, and subroutine PLOTER, which plots 
23 

the results. 
24 

25 -
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2 

3 

4 

6 

7 

I Data may be input in either the formatted or the namelist mode. 

J In most cases, it is easiest to create a formatted input file on 

1 card or disk. Modifications to the body subsequent to the first run 

l ean be made using the namelist facility or by modifying the formatted 

, input file. Specifications for formatted data input are included along 
5 - , 

!with sample data sets beginning on page 48. Specifications for namelist 

l data input, and a sample of its use, begin on page 57- Tests of the 

program, with sample data sets for inverse solutions, begin on page 
s I 

63. 
9 
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C ••• PROGRAM 280~. 2 1/2 DIMENSIONAL POTENTIAL PIILD CALCULA~IONS ••• 
C ••• CALCULATION OP GRAVITY AND MAGNETIC ANOMALIES ALONG PROFILES WitS 
C ••• END CORRECTIONS AND INVERSE SOLUTION FOR DENSITY AND MAGNETIZATION. 
C ••• BY JOHN W. CADY, U.S. GEOLOGICAL SURVEY, DENVER, COLORADO 88225. 
C ••• APRIL 23, 1976. 
C ••• DI MENSIONED FOR 58 FIELD POINTS, 10 BODIES, 15 CORNERS PER BODY. 
CT •.• CT'S COMMENT OUT STATEMENTS INTENDED FOR INTERACTIVE 
C ••• SYSTEMS. JOHN CADY. 11115176 

DIM ENSION GRV(50),TOT1(50) , TOT2(50) ,GIN(50),TIN(50) 
DIMENSION GOUT(50) ,TOUT(50) ,VER(50) 
DIME !'ISION X(50) ,E LEV(50) ,TOP0(50) ,GOBS(50) ,TOBS(50) 
DIM ENSION XCTOP0(99) ,ZCTOP0(99) 
DHIE:ISION PXSUH(50,10) ,PZSUM(50,10) ,QSUM(50,10) ,RSUI4(58,lll) 
DHI E!'I SION ¥1(10) ,Y2(10) ,YMAG(l0) ,NEWBOD(10) 
DHIE:ISION XCORNR(15,10) ,ZCORtlR(15,10) ,NCORNR(10) 
DIM E~SION HEADER(20),XZUNIT(2) 
DIM EllS I ON COW (50) , HORSE (50) 
COMHON I INOUTIIO,ITI,ITO,IDI,IDO 
NAMELI STIPROFILIX,N UMX,HIMAG,XZUN,GCONS,TCONS, 

1 AZMUTII,FLDDEC,FLDINC,FLD,NLPLT,KSPL 
NAMELISTIBODSIKINDFP,NBODS,NEWBOD,Y1,Y2,YMAG,NCORNR,XCORNR, 

1 ZCORtiR,IO 
DATA HI MAGI0 . I, X ZUNI' 'I, AZMUTHI0. I, FLDDECIB. I, FLDINCII ./1 PL0/1./ ,, 
DA TA (Yl(I) ,I =1,10) I (Y2(I) ,I=1,10), (YMAG(I) ,I•l,ll)/38*1.8/ 
DATA (NWBOD(I) ,I=1,10), (NCORNR(I) ,I•1,10)121l*01 
DATA (HEADER(I),Is1,20)l20° 1 1 I,IOI61,MODEIIll 
DATA (TOT2(I) ,!=1,50), (GIN(!) ,1=1,50) I (TIN(I) ,1•1,50)1150*8./ 
DATA (TOBS (I) I 1=1 I 50), (TOUT (I). I•1, 50)' (GOUT (I)' I•l ,50) 1158*11./ 
DATA (TOPO(I) ,I•1,50), (GRV(I) ,1=1,50) 1 (TOT1(I) ,I•l,50)I15B*8./ 
DATA (VER(I) ,I•1,51l)l50*1l.l, (GOBS(!) ,I•1,50)151l*ll.l 
'DATA GE RRI B.I,T1ERRIIl.I,T2ERRIIl. / 
DATA ITII5/,ITOI61,IDI/71,IDOI81 

7 CONTINUE 
C *** PART ONE *** 
C***********••••••S ETUP PROFILE GEOMETRY*************************** 
C ••• TERMINAL INPUT ITI=5, TERMINAL OUTPUT IT0•6 
C ••• DIS K INPUT IDI~7, DISK OUTPUT IDO•O 

WRITE(IT0,701l)IDO,ITO 

711 FORMAT(" FOR BULK OUTPUT ON DSK TYPE ",12,". ON TTY 'l'YPI. ",I:z,•a•) 
READ(ITI,7000) IO 

78110 FORMAT(I1) 
WRITE:(IT0,701) 

781 FORMAT(' FOR FORMATED INPUT,TYPE 8. NAHELIST INPUT,~YPE 5a 1 ) 

READ(ITI, 7000) MODE 
IF(MODE.EQ.0) GO TO 9 
WRITE( ITO, 702) 

712 PORMAT('O NAMELIST ENTRY OF "PROPIL" LISTa'/ . 
1 • x,NUMX,HIMAG,xzuN,AZMUTH,PLDDEC,rLDINC,rLo,GcoNs,TcoNs, 
1 NLPLT, KSPL ') 

READ(ITI,PROFIL) 
C ••• OUM MY STATEMENTS TO CIRCUMVENT BUG IN NAMELIST, 

DO 888 I•l,NUMX 
188 DUMMY =DUMMY+ X(I) 

DUMMY=DUMM¥-(HIMAG+XZUN+AZMUTH+PLODEC+PLDINC+FLD+GCONS+TCONS) 
WRITE(IO,PROFIL) 
WRITE(ITO,BIJO) 

811 FORMAT(' TYPE HEADER UP TO 89 CHAR.') 
READ(ITI,900) (HEADER(I),I•1,28) 
GO TO 12 ... 'l 

c••• 
9 
911 

C*** 
11 

DATA OMIT 1 *** MANDATORY 
R!AD(IDI,988) (BEAD!R(I) ,1•1,21) 
PORMA'l' (21!A4) 
IELEV•Il 
NTOPO•B 
ISW=0 

••• 

WR ITE(I0,9BB) (HEADER(I),I•1,28) . 
IF(IO.EQ.IDO) WRITE(IT0,999) (HEADER(I),I•1,21) 

DATA UNITS 2 THRU 6 READ IN SETUP *** 2 IS MAROATORY 
CAL L SETUP (NUHX,X,ELEV,TOPO,XCTOPO,ZCTOPO,NTOPO, 

1 AZMU'l'H,Fl.DDEC,FLDINC,FLD) 
C ••• IN PU'l' VARIOUS PARAMETERS. 
C*** DATA UNIT 7 *** MANDATORY *** 

READ(IDI,l100) KINOFP,NGIN,NTIN,NGOBS,NTOBS,INY, 
1 IREG,IRET,IWIDE,NLPLT,GCONS,TCONS,XZUN,KSPL,RHOBOO 

1109 FORMAT(l0I5,2F10.1,A2,I2,F6.2) 
C, •• FROM DIST UNI 'r SYMBOL XZUN, CALCULATE GFAC, X-AXIS LABEL. 

WRITE(IO,ll01) 

••• 

1101 FORt1AT (I, ' KINDFP NGIN NTIN NGOBSNTOBS INY IREGIRET IWIOENLPL'f' 1 
1 1 GCONS TCONS XZUN KSPL RHOBOU') 

WRITE(I0,1100) KIN DF P,NGIN,NTIN,NGOBS ,NTO BS,INY,IREG,IRET, 
1 IWIDE,NLPLT,GCONS,TCONS,XZUN,KSPL,RHODOU 

WRITE (10,1102) 
1112 FORMAT('0 I',8X, 1 X1 ,9X, 1 TOP0',6X,'GRAVTOP0 1 ,.X,'KAGELEV',8X, 

1' GIN I , 9X, I GOBS I , 7X, I TIN I • 7 X, I TOBS I I '0') 
C,,.INPUT OBSERVED OR REGIONAL FIELDS. 
C*** DATA UNIT 8 '** OPTIONAL *** 

C*** 

C*** 

C*** 

12 

13 

IF(NGIN.GT.B) CALL ELEVER(GIN,NUMX,X,NGIN,COW,HORSE,KSPL) 
DATA UNIT 9 *'* OPTIONAL *** 

IF (NTIN.GT.0) CALL ELEVER(TIN,NUMX,X,NTIN,COW,HORSE,KSPL) 
DATA UNIT 10 *** OPTIONAL *** 

IP (NGOBS.GT.B) CALL ELEVER (GOBS,NUMX,X,NGOBS,COW,HORSE,K&PL) 
DATA UNIT 11 *** OPTIONAL *** 

IF (NTOBS.GT.0) CALL ELEVER (TOBS,NUMX,X,NTOBS,COW,HORSE,KSPL) 
NOBS=MAX0(NGOBS,NTOBS) 
CALL UNIT ER(XZUN ,G PAC,XZUNIT) 
IF(IWIDE.LT.60 .AND. IO.EQ.IDO) IWIDE,.l11 
IF(IWIDE.LT.61l .AND. IO.EQ.ITO) IWIDE•BB 
IF (NLPLT.EQ.Il) NLPLT=NUMX 
DO 13 I=1,NUMX 
COW(I)=TOPO(I) 
IF(TOPO(I).LT.Il.) TOPO(I)•Il. 
WRITE(IO, 1300) I ,X( I) ,COW(I) ,TOPO(I) ,ELBV(I) ,Gill (I) ,GOBS (I), 

1 TIN(I) ,TOBS(I) 
1311 FO RMAT (I5,8Fl2.4) 
C ••• REGI ONAL COR RECTIONS FOR IREG OR IRET •ll (DEFAULT REGIONAL PROC!OURI) 

IF(KINDFP.EQ.3 .OR. IREG.NE.B) GO TO 16 
C., ,RE~IOVE REGI ONAL GIN+GCONS FROM GOBS. MODEL RESIDUAL. 

DO 15 I=l,NUMX 
IS GOBS(I)=GOBS(I)-GIN(I)-GCONS 
16 IF(KINDFP.EQ.2 .OR. IRET.NE.B) GO TO 21 
C ••• REMOVE REGI ONA L TIN+TCONS FROM TOBS . HODEL RESIDUAL. 

DO 17 I =l, NUMX 
17 TODS(I)=TOBS(I)-TIN(I)-TCONS 
C •• ,REG IONAL COR RECTION FOR IREG OR IRET •1 (SPECIAL) 
21 IF(KINDFP.EQ.3 .OR. IREG.EQ.Il) GO TO 23 
C ••• GIN+GCONS ARE STARTING REGIONAL TO ADO TO COMPUTED GRAVITY. 

DO 22 I=1,NUMX 
22 GRV(I)=GI N(I)+GCONS 
23 JF(KIND FP.EQ.2 .OR. IRET.EQ.B) GO TO 31 
C ••• TIN+TCONS ARE STARTING REGIONAL TO ADD TO COMPUTED MAGN!TICI. 

2. 
DO 24 I " l,NUMX 
'l'OT 1 ( I ) • T 1 N ( 1 ) +TCONS 
TO'r2 (I) =TOT1 (I) 
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C ** * PARr !'NO ••• . 
C*****************COMPOTB GEOMETRICAL FACTORS********************* 
C ••• INPUT NUMBER OF BODIES AND NUMBER OF CORNERS FOR EACH. 
31 IP(MODE.L£.4) GO TO 37 
33 WRITE(IT0,3300) 
3388 FORMAT( 1 0NAMELIST ENTRY OF •BODS• LIST TO ALTER BODY GEOMETRYa'/ 

1 ' NEHBOD,Yl,Y2,YMAG,NCORNR,XCORNR,ZCORNR,KINDFP,NBODS,IO'/ 
2 1 SET NEWBOD(I)•0 IF YOU WANT TO MODIFY GEOM OF BODY I. 1 ) 

READ(ITI,BODS) 
C ••• DUMMY STATEMENTS TO CIRCUMVENT BUG IN NAMELIST. 

DU HMY•DUMMY+KINDFP+NBODS 
DO 333 I •l,NBODS 
DUMMY=DU~1MY-NE\o/BOD (I) +Yl (I) -Y2 (I) +YMAG (I) +NCORNR (I) 
DO 333 K=1,NCORNR(I) 

333 DUMM'i=DUMMY+XCORNR (K,I)-ZCORNR(K,I) 
WRI TE(IO,BODS) 
GO TO 47 

C*** 
37 
3781 

DATA UNIT 12 *** MANDATORY *** 
READ(IDI,3700) NBODS, (NCORNR(I),I•l,NBODS) 

FORMAT (1615) 
WRI TE(I0 ,3701) 

37Sl FOruiAT(/ 1 NBODS , NCORNR(I),I•l,NBODS 1 ) 

WRITE (I0,3700) NBODS, (NCORNR(I),I•l,NBODS) 
If(IN Y.EQ .0) GO TO 47 

C ••• INPUT STRIKE HALF-LENGTHS. 
C*** DATA UN IT 13 (3 READ STATEMENTS) 
3782 FORMAT(8G 10.2) 

WRI TE ( IO, 3703) 

*** 

3783 FORHAT(' Y1(I),I•l,NBODS;Y2(I);YMAG(I)') 
READ(IDI,3702) (Y1(I) ,I•1,NBODS) 
WRITE(IO, 3702) (Y1 (I) ,I•l,NBODS) 
READ(IDI,3732) (Y2(I) ,I•l,NBODS) 
WRI TE( I0,3702) (Y2(I),I•1,NBODS) 
READ(IDI,3702) (YMAG(I),I:l,NBODS) 

n 
WRITE(I0,3702) (YMAG(I) ,I:1,NBODS) 
DO 55 I=l, NBODS 
IF(MODE .LE . 4) NEWBOD(I)=0 

OPTIOMAL 

IF(Yl(I).EQ.Y2( I) .AND. Y1(I).NE.8.) WRITI(I0,47tl) 
4711 FOKMAT ( 1 GRAV BODY 1 ,13, 1 IS DEGENERATE. Y1•Y2. 1 ) 

NEWT =NCORNR(I) 
IF(MODE .GT. 4) GO TO 51 

C ••• INPUT X AND Z CORNERS FOR I 1 TH BODY. 
C*** DATA UNIT 14 ca ~tAD 8TATtM~NTI) *** 

READ(J D I,~ ?02 ) (X CORNR(K,I),K•l,N!Wf) 
READ ( IDI, 3702) (ZCORNR(K, I) ,Kul ,NEWT) 

MANDATORlf 

C ••• PL~CE BODY CORNER AT TOPO SURFACE FOR CODE 777. 
51 DO 53 K:l,NEWT 

••• 

••• 

53 IF (Z CORNR(K ,I).EQ.777.) CALL INTRPL(NTOPO,XCTOPO,ZC!OPO, 
l XCORNR(K ,I),ZCORNR(K,I)) 

WRITE ( IO, 5300) I 
5311 FO R.'"1AT ( 1 0BODY 1 ,I5, 1

-- COORDINATES OF CORNERS') 
WRI TE (10,5500) (XCORNR(K,I) ,K•l,NEWT) 

55 WRIU (10,5500) (ZCORNR(K,I) ,Kz1,NEWT) 
5588 FO~MAT (1 H ,8Fl0.4) 

c 
IF(KI NDFP . NE .3) CALL GRAV 

1 (NUMX,X,ELEV,NBODS,NCORNR,XCORNR,ZCORNR,Yl,Y2,RSUM,NEWB00) 
1 (N UMX,X ,ELEV,NBODS,NCORNR,XCORNR,ZCORNR,Yl,Y2,RSUM,NEWBOO) 
IF(K!NDFP.N E.2 ) 

1 CALL MAG(NUMX,X,ELEV,NBODS,NCORNR,XCORNR,ZCORNR,YMAG, 
2 PXSUM,PZSUM,QSUM,NEWBOD) 

C ••• NEI~BOD( I) =1 MEANS GEOM FACTORS HAVE BEEN COMPUTED FOR BODY I 
C ••• AND WILL BE RE COMPUT ED ON A SUBSQ PASS ONLY IP NEWBOO(I)•8. 

DO 57 I • 1,NBODS 
NEWBOD( l)•l 
Xl•X(l) 

57 

l\ 

C *** PARr ftllBB ** * ~ 
C**************COMPOTB FIELDS FORWARD AND/OR IMVBRSI******************** ~ 
C*** DATA UNIT 15 READ IN FIELD *** MANDATORY *** 0 
61 CALL FIELD(NUMX,X,KINDFP,NBODS,MODE,PXSUM,PZSUM,QSUM,RSOM, ~ 

1 AZMUTH,FLDDEC,FLDINC,FLD,NXTKFP,KPLOT,KOUT,IWIDE, ~ 
2 TOPO,GRV,VER,TOT1,TOT2,GOBS,TOBS,GFAC,RHOBOU,YMAG) S 
GMERR•0. 
GMSQ~ 0. 

TlMERR=B. 
TlMSQ =0. 
T2M ERR= 0. 
T2MSQ =0. 
WRI TE (I0,6l98) 

6111 FO RHAT ( 1 0 X GOBS 
T2ERR 

GRV GERR TOBS 
1 TlERR TOT2 GOUT 

C ••• COMPUTE RESIDUAL ERRORS 
DO 67 J al ,NUMX 

65 

IF(KI NDPP .EQ.l) GO TO 65 
GE RR=GRV (I)-GOBS(I) 
IF(KOUT.EQ.B .OR. KOUT.EQ.-2) GOUT(I)•GBRR 
GMSQ=GMSQ~GERR*GERR 
GMERR=GMERR+GER R 
If'(KINDFP.EQ.2) GO TO 66 
Tl ERR=TOT l(I)-TOBS(I) 
IF(KOUT.EQ.B .OR. KOUT.EQ.-2) TOUT(I)•T1BRR 
TlMSQ=T1MSQ+T1BRR*TlERR 
TlM ERR•TlMERR+T lERR 
T2ER R=TOT2(I)-TOBS (I) 
T2MSQ =T2MSQ+T2ERR*T2ERR 
T2M ERR=T2MERR~T2ERR 

TOUT ') 
~1 

66 WRI'rE ( 10, 6 500) X (I) ,GOBS (I) ,GRV (I) ,G!RR,TOBS (I) 1~1(1) 1 '1'1BU, 
1 TOT2(1),T2ERR,GOUT(I),TOUT(I) 

6511 
67 

FORHAT (11(1PE10.2)) 
CONTI NUE 
Tl HSQ:SQRT(TlHSO/NUM X) 
T2M SQ=SQRT(T2MSQ/NUH X) 
GM SQ=SQHT ( G~1SQ/NUMX) 
GM ERR=GMERR/NUMX 
TlM ERR=T1MERR/NUMX 
T2MERR =T2MERR/NUMX 
IC O•lO 

Ill IF(KINDP9.NE.l ) WRJ,!(KO,Itll) OMill,OMIO 
6718 FOR~1A'l'( 1 BMEAN P.RROR OP G• 1 ,1PS11.2,' ,RMS !IUIOR OF 0• 1

1 1Pill.21 1 1MGAL. I) 

IF(KI NDFP,NE.2) WRITE(K0,6781) T1MERR,T1MSQ,T2M!RR,T2MSQ 
6781 FORMAT( 1 0MEAN ERROR OF TOT1•',1PE18.2,' ,RMS ERROR OF TOT1• 1 , 

1 1PE10.2, 1 GAMMAS. 1
,/,

1 BMEAN ERROR OF TOT2• 1 ,lPE1B.2, 
2 I 'RMS ERROR OF TOT2• I, lPElB. 2, I GAMMAS. I , I/) 

IF(KO.EQ.ITO) GO TO 682 
C ••• EXT RA OUTPUT ON TERMINAL IF BULK OUTPUT IS ON DISK. 

682 

69 
71 

73 
75 

K0 2 ITO 
GO '1'0 681 
IF(KOUT.EQ.B .OR. KOUT.EQ.-2) GO TO 75 
IF(KINDFP.EQ.) .OR. IREG.NE.B) GO TO 71 
DO 69 I=l,NUMX 
GOUT(I)=GRV(I)+GIN(I)+GCONS 
IF(KINDFP.EQ.2 .OR. IRET.NE.B) GO TO 75 
DO 73 I=1,NUMX 
TOUT(I)=TOTl(I)+TIN(I)+TCONS 
WRITE(I0,900) (HEADER(!) ,I •1, 20) 
IF(KPLOT.GE.B) CALL PLOTER (KINDPP,NUMX,X,ILIV,tOPO,ORY,OOBS, 

1GOUT,TOT1,TOT2,TOBS,TOUT,NGOBS,NTOBS,ISW,IWIDE1 MLPL'I',IPLOT,B!AOIR1 
2XZ UNIT) 

~ 
~ 
en ,. 
s-

OQ 

~ 
H z -n 
0 
~ ,. 
s-
c:: 
(t) 
p. -



I 

w 
~ 

Jr(JCOO'f.GB. I) GO t'O 77 
IP(KINDPP.!Q.J) GO~ 76 
WRITE(ID0,76U) (X(I) ,I•l,WOIII) 

7"1 PORMAT(8Fll.2) 

76 

71 

7111 

7t 
81 
83 
8311 

WRITE(IDO, 7699) (GOUT(!) ,I•1,NOIIX) 
IF(KINDFP.EQ.2) GO TO 77 
WRITE(IDO, 7600) (X(I) ,I•l,NUMX) 
WRITE(IDO, 7600) (TOUT(I) ,I•l,NUMX) 
IF(NXTKFP.NE.0) KINDFP=NXTKFP 
IF (MODE.GE.O) GO TO 81 
WRITE(I0,7700) MODE 
FO~~AT('BMODE= ',I3,', 

HODESI'i=~IODE 

MODE~-MODE 

GRV AND V!R, ~1, ~2 ARI U-1111010. 1 ) 

DO 79 I=1 ,NUMX 
TOTl (I) •0. 
TOT2(I)=0. 
VER(I)z0, 
GRV(I)*0. 
GO TO (87,85,83,93,87,85,83),MODB 
WRITE ( IO, 8300) 
FOR~AT ('9THE COMPUTATION WILL RECOMM!NCB WITH 

lBUT WITH THE SAME BODIES AND FIELD POINTS') 
GO TO 61 

lf!W MAG AND D!NS, , 

.i\ 85 WRITE(I0,8509) 
8581 FORMAT ( '0 THE COMPUTATION WILL RECOMMENCE WITH N!W BODIES, D!NSl 

lTIES, AND MAGNETIZATIONS BUT WITH THE SAME FIELD POINTS') 
C ••• GOI NG TO 21 RE-ESTABLISHES ORIGINAL INPUT GRV,TOTl,TOT2. 

IF(M0DESW.LT.9 .AND, (IREG,NE,B ,OR. IRET.NE.9)) 
1 GO TO 21 

GO TO 31 
87 'WRITE(I0 ,8799) 
8781 FORMAT ('0 THE COMPUTATION WILL RECOMMENCE AT THE VERY BEGINNING W 

liTH THE COMPUTATION OF NEW FIELD POINTS') 
DO 89·I"1,NUMX 

., 

91 

93 

ELEV{I)=B. 
TOPO(I)"B, 
GI N( I) "9, 
TIN(I)"9. 
GOBS (I) :9 , 
TOBS(I)•I, 
DO 91 t • 1,NI008 
NE\\BOD(I)•I. 
Y1(Il*0. 
Y2(I)•9. 
YMAG(I):I!, 
GO TO 7 
WRITE ( IO, 93118) 
IF(IO.EQ.IOO) WRIT!(IT0,9381) 

CCC9389 FORMAT('9THE COMPUTATION IS COMPLITB.') 
9311 FORMAT('0 THE COMPUTATION IS COMPLETE.TYPI(MODI)•OR+ 5,1,7 TO', 

1 'ADJUST PARAMETERS',/,' BY NAMELIST1 -7•PRYS', 
2 ' PROP, -6=BODY GEOM + PHYS PROP, -5•EVERYTHINGr'/ 
3 ' MODE NEG TO ZERO GRV,VER,TOTl,TOT2, ZERO TO STOP.',/ 
• ' POS TO RETAIN PRESENT VALUES AS INIT VALUES IN SUBSQ RUN.') 

READ(ITI,1190) MODE 
IF (MODE.EQ.0) STOP 
GO TO 77 
END 

SUBROOTINI S!TUP(NOIIX,X,!LEV,~PO,lC~PO,IC'fOPO,Ift'OPO, 
1 AZMUTH,F~DEC,PLDINC,FLD) 

C ••• SUBROUTINE SETS UP PROFILE GEOMETRY. 
C ••• TOPO IS FLO PT Z FOR. GRAV. ELEV IS FLO PT I POR MAG. 

DIMENSION X(l),ELEV(l) 1 TOPO(l),XCTOP0(1) 1 ZCTOPO(l) 
DIM ENSI ON COW(50) ,HORSE(50) 
COMMON/INOUT/IO,ITI , ITO,IDI,InO 

DATA UNIT 2 ••• MANDATORY *** C*** 
11 READ(IDI,100)XZERO,DELX,AZMUTH,FLDDEC,FLDINC,FLD,8IMAG,NUNI,Nr0PO 

l,I ELEV 
WRITE(IO,l001) 

1801 FORI-1AT ( '0 X ZERO DELX AZMUTH PLODEC 
1 HIMAG NUMX,NTOPO,IELEV') 

FLDINC PLD 

199 FORMAT (7fl0.2,I4,2I3) 
WRITE(I0,100)XZERO,DELX,AZMUTH,FLDDEC,FLDINC,FLD,BIMAG,NUMX,NTOPO 

1,IELEV ' 
IF(NUMX.GT.0) GO TO 3 
NUMX =-NUMX 

C, •• PLD PT X'S READ 
C*** DATA UNIT 3 

'READ(IDI, 101) 
WRI'rE(IO, 104) 

FROM CARDS 
••• OPTIONAL 

(X(I) ,I•1,NUMX) 
*** 

1U . FORMAT ( 1 DELX,XZERO DISREGARDED. I-ARRAY READ PROM CARDS.' ) 
GO TO 7 

C ••• CREATE EQUALLY SPACED FLO PT X'S. 
3 DO 5 I=1,NUMX 
5 X(I) =XZERO+(I-l)*DELX 
C,,. INTE RPOLATE TOPOGRAPHY . 
C*** DATA UNIT 4 *** OPTIONAL **• . 
7 IF( NTOPO,GT ,B) CALL ELEVER(TOPO,NUMX,X,NTOPO,lC'fOPO,IC~PO,I) 

IF (IELEV) 11,13,12 
C, •• READ EQUALLY SPACED ELEV (USUALLY AEROMAG). 
C*** DATA UNIT 5 *** OPTIONAL *** 
11 READ(IDI,101) (ELEV(I),I•l,NUMX) 

WRITE(I0,101) (ELF.V(I),I•l,NUMX) 
111 FORMAT (8G10.2) 
C ••• ADD CONSTANT TO ELEV (USUALLY A!ROMAG). 

DO 1101 I"1 ,N UMX 
111!1 ELEV(I)=ELEV(I)+IIIMAG 

RETURN 
12 IF(IELEV-2) 102,193,193 
C ••• ELEV CREATED FR0~1 TOPO+CONST (GROUND MAG OR DRAPID AIROIIAO). 
192 DO 1201 I=l,NUMX 
1291 ELEV(I)=TOPO(I)+HIMAG 

RETURN 
C ••• INTERPOLATE ELEV (USUALLY AEROHAG). 
C*** DATA UNIT 6 *** OPTIONAL *** 
193 CALL ELEVER (ELEV,NUMX,X,IELEV,COW,BORS!,I) 

RETUHN 
C ••• ELEV=CONST (AERO OR GROUND MAG). 
13 DO 1301 Im1,NUMX 
1391 ELP.V(I)=HIMAG 

RE"l'UHN 
END 
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St1BRO~IWI GRAV(NUMX,X, ILlY ,lfBODS ,MCORJfR, XCOIUIR, IC011fl 1 
1Yl,Y2,RSUM 1 NEWBOD) 

C,,,,COMPUTES GEOMETRICAL PACTORS POR •2 1/2 DIMENSIONAL• GRAVItY 
C ••••• PRISM. A~TER PROG 2DGRAV BY DAVE CAMPBELL (2/28/75), - ------ --- · 
C,,,MUST STEP CLOCKWISE AROUND BODY. 
C DIME NSIONED FOR 50 FLO PTS, 18 BODIES, 15 CORNERS PER BODY, 
C,,,NUMX: NUMBER OF FIELDPOINTS. 
C,,.X: ARRAY OF FIELD POINT X-VALUES, 
C ••• ELEV: ARRAY OF FIELD POINT ELEVATIONS. 
C ••• NBODS : NUMBER ·OF BODIES. 
C ••• NCORIIR: 1-DIM ARRAY CONTAINING NUMBER Ot' CORNERS IN EACH BODY, 
C.,. FI RST CORtiER COUNTED AGAIN AS LAST CORNE R. 
C ... XCO RNR,ZCORIIR: 2-DIM ARRAY S CONTAINING CORNERS OF BODIBS. 
C ••• 1ST IN DEX IS CORNER NUMOER , 2ND. INDEX IS BODY NUMBER. 
C ••• Yl,Y2: 1-DIM ARRAYS OF Y COORDINATES OF BODY ENDS. 
C ••. Yl IS NEG, Y2 IS POS FOR A BODY CROSSING THE X-Z PL~NE, 
C ••• RSUM: 2-DIM OUTPUT ARRAY CO NTAI NING GEOMETRICAL FACTORS WHICH, 
C ••• WH EN MULTIPLI ED BY DEN SITY CONTRAST, GIVE GRAVITY ANOMALY, 
C ••• 1ST INDEX IS FIELD POI NT NUMBER, 2ND INDEX IS BODY NUMBER, 
C ••• NEWBOD: 1-DIM ARRAY CONTRO LLI NG CALCULATION OF RSUM, 
C.,. IF NEWBOD (I) =B, DELETE CALCULATION OF RSUM FOR ITH BODY. 

DIME ~ISI ON X(1) , ELEV(1) ,RSU/1(50 ,1 0) ,N EWOOD (10) 
DIME NSI ON ~ICORNR (1), ¥1 ( 1), Y2 ( 1), XCORNR (15, 10), ZCORNtl (15, 11) i' 
DIM ENSION VX(15) ,VZ (15) ,RSQ(15) ,Rl (15) ,R2 (15) 
PI=3.1415927 
TWOPI=2,*PI 

C,.,,.BEGIN BOD Y LOOP 
DO 50 Izl,NBODS 
IF(NE WBOD(I) .NE.B) GO TO 50 

C ••••• INITIALIZE GEOMETRICAL FACTORS 
00 3 J=l,NUMX 

3 RS UM(J,I)=0. 
NC=NCORNR (I) 
!IS=NC-1 
JE ND=l 

C ••••. Yl NORMALLY NEG(ALG!BRAIC Y-COORD) ON INPUT, 
C, ••••• BECOMES NORMALLY POS(DIST PROM Y-AXIS) POR CALCOLATIOI, 

YYl=-¥1(1) 
YY2=Y2 (I) 

C ••••• IN PUT CONVENTION! ZERO Y BECOMES INFINITY, 
IF(YYl.EQ.B •• AND.YY2.EQ.9,) JEND•B 
YlSQ=¥Yl*¥Yl 
Y2SQ =YY2 * ¥Y2 

C ••••• BEGIN FIELD POINT LOOP 
DO 49 J=l,NUMX 
DO 20 Il =l ,NC 

C.,, •• TRA tiSLATE ORIGIN TO FIELD POINT AND COMPUTE RADIUS VIC'l'ORS to 
C,,,,,BODY CORNERS 

VX(Il)= XCORNR (Il,I)-X(J) 
VZ(Il)=-Z CORIIR (Il,I)+ELEV(J) 

C ••••• NOTE ELEV IN PUT+ UPWARD,ZCORNR INPUT- DOWNWARD,Y!T PHYSICAL 
C,,,,.COORDINATES ARE + DOWNWARD 
C ••••• RSQ IS ARRAY OF SQUARED RADIUS VECTORS TO CORNERS OP POLYGON 
C ••••• Rl AND R2 ARE ARRAYS OF RADIUS VECTORS TO Y1 AND Y2 CORNERS 

nso ( I1 1 .. vx ( I1 1 •vx ( 111 +Vz (Ill •vz 1111 
Rl (Il)=SQRT (YlSQ+RSQ(Il)) 

29 R2(Il) =SQRT (Y2 SQ+RSQ(Il)) 
C ••••. BEG IN BODY CORN ER LOOP 

00 49 IS • l,NS 
XI•VX(I5) 
XIPl aVX(IS+l) 
ZI=VZ (IS) 
~ll'laV~ (t'j <- 1) 

C,,,,,MO CO~RIB~IONB PROM VIRTiCAL 8ID18, DIL CALC roa !WIM 
IP(XI.EQ.XIPl) GO TO 49 

C,,,,,SET UP GEOMETRY POR SLOPINQ SIDES 
DX•XIPl-XI 
OZ•ZIP1-ZI 
EM 2 DZ/DX 
CSQ=l.+EM*EM 
C•(SQRT(DZ* DZ+DX*DX))/DX 
Z0 =ZI-EM* XI 
A=Z0/C 
ASQ=A*A 
AK =Z 0/ CSQ 
X0 =EM*AK 
BX =XI Pl+XB 
BI =XI +X0 
CB X=C*BX 
CDI=c•ni 

c, ·, .. ,CALCULATION OP STANDARD 20 'fiRMS 
Tl=O. 
T2 =0. 
IF(RSQ(I5+1).G~.I.) T1•BX*ALOO(RSQ(I5+1)) 
IF(RSQ(I5),GT.I,) T2•BI*ALOO(RSO(I5)) 
T3 " A'rAN2 (BX,AK) 
IF(UX.GT.8.AND.AK.LT.B.) T3•T3-TWOPI 
T4 =A'l'AN2 (BI ,AK) 
IF(BI .G'l'. I!.AND .• AK, LT.B.) T4 •T4-TWOPI 

C,,,,,PROG RAM RETURNS ATAN2 IN (-PI,PI), BUT CALCOLA'fiOI IBID& •••• , 
C,,,,,T3, T4 IN (-3.*PI/2.,PI/2.),,,.APPROPRIATI PIXUP BBRI,,,,, 
33 IF(JEND.EQ.I!) GO TO 47 
C4,,,,TERMS DUE TO TRUNCATED ENDS OF PRISM 

Rl J:Rl (I5) 
R2I =R 2(I5) 
R1I Pl=R1 (15+1) 
R2IPl =R2 (IS+l) 
TS =BI*ALOG((YYl+Rli )*(YY2+R2I)) 
T6 =BX*ALOG ((YYl+RllPl)*(YY2+R2IPl)) 
T7 =Y Y1/C*ALOG((CBI+Rll)/(CBX+R1IP1)) 
T8 =Y Y2/C*A LOG ((CBI+R2I)/(CBX+R21Pl)) 
FN UM= ASQ+ YlSQ+YYl*RliPl 
OEN =Z0 *0X 

C ..... ADD 2. *PI TO A'rAN 2 VALUES FALLING IN ~BIRD QUADIAII'f .. • • • 
91 T9 =ATA N2 (FNUM,DEN) 

IF(FNUM.LT.0 .. AND. DEN.LT.B.) T9•T9+TWOPI 
FNUM=ASQ ~Y2SQ+YY2*R21Pl 

111 Tl0 =ATAN2 (FNUM ,DEN) 
IF( FNUM .LT.0 .. AND. DEN.LT.S.) TlB•T18+TWOPI 
FN UM=ASQ+ YlSQ+YYl*Rll 
0EN=Z0 *01 

111 Tll =ATAN2 (F NUM,DE N) 
IF( FNUM . LT .0 •. AND. DEN.LT.S,) Tll•Tll+'l'WOPI 
FN UM=ASQ+Y2SQ+Y Y2*R2I 

121 Tl2 =ATAN2(FNUM ,DEH) 

46 
IF(FN UM . LT.0 .. AND, DEN.LT.I,) Tl2•Tl2+TWOPI 
TE RMS=T1-T2+2.*AK*(T3-T4)+T5-T6+T7+T8+AK*(T9+'flt•'fll-'f12) 
GO TO 48 

47 TE RMS =Tl-T2+2.*AK*(T3-T4) 
C,.,,.MI NUS SI GN UEFORE TERMS INDICATES CLOCKWISE INTBGRATION, 
48 RSUM(J ,I) =RSUM(J ,I)-TERMS 
49 CONTINUE 
SB CONTINUE 

RETURN 
END 

:? 
0 

OQ 

~ s 
- ...... 
~ 
(/) 

" ..... 
::3 

()Q 

(j) 

~ 



w 
0\ 

SOBROOTIN! MAG (NOMX,I,!LEV ,NBODS,NCOIUfR,XCORNR, ICOUR, Y ,PilON, 
1PZSUM,QSUM,NEWBOD) 

c .••••. CO~PUTES GEOMETRICAL FACTORS POR •2 1/2 DIMENSIONAL• MAGNETIC 
C •••••• PRISM. APTER R.T. SHUEY AND A.S.PASQUALE(1973), END CORRECTIONS 
C •••••• IN MAGNETIC PROFILE INTERPRETATION, GEOPHYSICS, V 38, P.SB7-512. 
C MUST STEP CLOCKISE AROUND BODY. 
C DIME~S IONED FOR 50 PLD PTS, ll:l BODIES, 15 CORNERS PER BODY, 
C ••• NUMX: NUMBER OF FIELDPOINTS. 
C ••• X: ARRAY OF FIELD POINT X-VALUES. 
C ••• ELEV: AR RAY OF FIELD POINT ELEVATIONS. 
C ••• NBODS: NUMBER OF BODIES. 
C ••• NCOR NR : 1-DIM AR RAY CONTAINING NUMBER OP CORNERS IN EACH BODY, 
C.,. FIRST CORNER COUNTED AGAIN AS LAST CORNER, 
C ••• XCO RNR ,ZCORNR: 2-DIM ARRAYS CONTAINING CORNERS OF BODIES, 
C... 1ST INDEX IS CORNER NU~BER, 2ND. INDEX IS BODY NUMBER, 
C .•. Y: 1-DIM AR RAY OF BODY HALF STRIKE-LENGTHS. 
C ••• PXS UM ,PZS U~1,QSUM : 2-DIM OUTPUT ARRAYS CONTAINING GEOM~TRICAL 
C ••• FACTORS TO BE COMBINED WITH COMPONENTS OF MAGNETIZATION 
C ••• TO CALCULATE MAGNETIC ANO~ALY. 1ST INDEX IS FIELD POINT NUMB8R1 
C .•• 2ND INDEX IS BODY NUMBER. 
CCC COMPLE X IM,P(2) ,FLN,DXIZ,ACLOG,CMPLX 

COMP LE X IM,F(2) ,FLN,DXIZ,CLOG, CMPL X 
DIM WS I ON X(l) ,ELEV(l) ,N CORNR( l) ,XCORNR(lS,ll:l) ,ZCORNR(l5,18) 1 Y(lt 
DIM EtlS I ON PXSUM(SO,ll:l) ,PZ SU M(50,10) ,QSUM(51:l,l0) 
DIME NS ION VX(15) ,VZ (15) ,VR(l5) ,NEWBOD(10) 
IH=C~PLX(0.0,1.0) 

C ••••• BEGIN BODY LOOP 
DO 53 Izl, NBODS 
IP(NEWBO D(I).NE.I:l) GO TO 50 

C ••••• INITIALIZE GE OMET RICAL FACTORS 
DO 3 J=l,N UM X 
PXSUM(J,l)=B, 
PZSUM(J,I)=I:l. 

3 QSUM(J,I)=Il. 
C ••••. INPUT CONVENTION: ZERO Y BECOMRS l.i15 

IF(Y(I) .EQ.I:l.) Y(I)•l.E15 
YSQ=Y (I) *Y (I) 
NC= NCORNR(I ) 
NS=NC-1 

C ••••• FI ELD POI NT LOOP 
DO 49 J=l,NUMX 

C ..... TRAIIS LATE ORIGIN TO FIELD POINT AND COMPO'f! RADI·I 'lO AU, IODY 
C. •• .. CORNE RS 

DO 20 Ila1,NC 
VX(Il) =XCORN R(I1,I)-X(J) 
VZ(Il)=-ZCORNR(I1,I)+ELEV(J) 

C ••••• NOTE ELEV INPUT +UPWARD,ZCORNR INPUT- DOWNWARD,Y!T PHYSICAL 
C ••••• COO RD INAT ES ARE+ DOWNWARD 
21 VR(Il)=SQRT(VX(Il)*VX(Il)+YSQ+VZ(I1)*VI(I1)) 
C ••••• BODY CORNER LOOP 

ll 

DO 49 ISzl,NS 
OX=VX(IS+l)-VX(IS) 
DZ=VZ(IS+l)-VZ(IS) 
DXIZ=OX+IM*DZ 
DO 30 13 ~ 1, 2 
IV=I5+I3-l 
F(l3)•(DXIZ*(1.+VR(IV)/Y(I)))/(VX(IV)+IM*VI(IV)) 

1 +(IM/YSQ)*(VX(IV)*DJ•VZ(IV)*DX) 

. l\ 

·! 

' . 
' 

., 

'•' 

+ 
C ••• MOT! .CoMPIL!R D!PBNDBNT IRRORS IN COMPLIX ARI~RMITIC. 
C ••• ON DEC-11 COMPUTER FUNCTION CLOG MUST BE REPLACED BY ACLOG. 
C ••• ON WATPIV· COMPILER CLOG MUST BE USED INSTEAD OP ACLOG. 
C •• ON OTHER SYSTEMS, TEST TO SEE WHICH COMPLEX LOG FUNCTION NORIS OK. 
CCC FLN•(ACLOG(F(2)/F(1)))/DXIZ 

FLN=(CLOG(F(2)/F(1)))/DXIZ 
Ql=-DX*REAL(FLN) 

C Q1 =- DZ*AIMAG(FLN) ALTERNATIVE SOLN FOR 01 
PX1 =DZ*REAL(FLN) 
PZl =-DX*AIMAG(FLN) 
PX SUM(J,I) =PXSUM (J,I)+PXl 
PZ SUM (J,I) =PZSUM (J,l)+PZ1 
QSUM(J,I) =QSUM (J,I)+Q1 

49 CONTIN UE 
51 CONTINU E 

RETURN 
END 

:·· · 

COMPLEX FUNCTION ACLOG(I) 
C •••• FUNCTION TO EVALUATE COMPLBX NATURAL LOG YI!LDINO 
·C •••• PHASE BETWEEN -PI AND PI USING SYSTEM FUNCTION CLOG 
C •••• WHICH YIELDS PHASE BETWEEN I AND 2PI. 
C.,,REQUIRED ON DEC-18 COMPILER TO REPLACE CLOG. 
C ••• GIVES WRONG ANSWER ON WATFIV COMPILER. 

COMPLEX Z,CLOG 
ACLOG=CLOG(Z) 
IF(AIMAG(Z) .GE.I:l) RETURN 
ACLOG =ACLOG+(S,,-6.2831853) 
RETURN 
END 
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SUBROtrriN! PI!L.D (NUMX, X, ltiNDPPr lfBODS ,MOD!, PXSUM, PI SUM ,QSUM 1 JUIUM, 
lAZMOTH,PLDDEC,PLDINC,PLD,NXTitPP,JtPLOT,JtOOT,IWID!,TOPO,GRV,VER, 
2 TOTl,TOT2,GOBS,TOBS,GFAC,RHOBOO,YMAG) 

C ••• PIELD USES GEOM FACTORS FROM GRAV AND HAG TO COMPOTE FIELDS, 
C ••• PIELD CALLS FITGRV AND FITHAG (WITH ENTRIES FITHVT AND FITSOS) 
C ••• FOR INVERSE SOLUTIONS. MOVEMENT WITHIN OR OUT OF FIELD IS 
C ••• CO~TROLLED BY !SKIP AND MODE READ IN DATA UNIT 15. 

DIME:-lSION X(l) ,PXS UM(50,10) ,PZSUM(50,10) ,QSUM(Sil,lil) ,RSUM(Sil,ll) 
DIM EHSIO~ TOPO( 1) ,GRV ( 1) ,TOT1 ( 1) ,GOBS ( 1) ,TOBS (1) ,TOT2 (1) 1 VER( 1) 

DIM ENSION COW(50) ,GOAT(50) ,ASS (50) ,YMAG(l) ,HORSE(50) 
coHMuti/I NOUT/ IO, I 'ri, ITO, I or, r DO 
REAL MX,MY,~Z,INC 
DOUBLE PRECISION DBLE ,DSQRT 
N.-\M£LJ ST / PROP/ RIIO I sus I REMH!\G I REM DEC I REM INC I I SKIp, 

1 ~XMODE,NXK~FP , NXKPLT,NXKOUT,NXKFLD,IO 

DATA NX~ODE/4/ ,NXKNFP/0/ , NXKPLT/0/,NXKOUT/0/,NXKFLD/Il/,ISitiP/1/ 
C ... RADO COtlV ERTS FROM DEGREES TO RADIANS. 

RADO=lL 01 74 533 
C ••• INITIA LI ZE FITMAG WITH GEOMETRY OF EARTH'S MAG FIELD, 

INC=RADO*FLDINC 
CltlC=COS(INC) 
SltiC=SIN(HIC) 

C ••• DEC IS + ANGLE IF EARTH'S FIELD DIRECTION CLOCKWISE FROM X-AXII, 
DEC=RADO*(FLDD EC-AZMUTH) 
CD EC,. COS (DEC) 
SDEC=SIN (DEC) 
CX=FLD*CINC*CDEC 
CY= FLD *CI NC* SDEC 
CZ=FLD*SI NC 

CALL FI TMAG (I,NUMX,NBODS,IWID£,2,*CINC*CDEC,2.*CINC*SD!C 1 2.*8INC, 
1 DEt,YMAG,AZM UTH,X,TOBS,TOTl,TOT2,MX,MY 1 MZ 1 PXSUM,PZSUM 1 0SUM) 

DO 47 I:l,NBODS 
C ••• ISKIP.GT.O MEANS BODY PROPERTIES SAME AS BEFORE, 

IF(ISKIJ.'.GT.9) GO TO 422 
HX=0.B . 

. ' MY=B.B 
MZ =B .B 

C,,,READ PROPERTIES AND CONTROL PARAMETERS FOR I'TH BODY, 
IF(MODE.LE.4) GO TO 3001 

1815 WRITE(IT0,1006) I 
1896 FORMAT('BNAMELIST ENTRY OF •pRop• LIST FOR BODY 1

1 Il 1
1 1'/ 

1 I RHO,SUS,REMMAG,REMINC,ISKIP,NXMODE,NXKNFP,NXItPL!, 1 , 

2 'NX KOUT ,N XKF LD,IO') 
READ (IT!, PROP) 

C ••• DUMMY STATE~E tlTS TO CIRCUMVENT BUG IN NAMELIST. 
DUM !1Y= RII O t-SUS+ REMMAG+REMINC+ I SKI P+NXMODE+NXKNFP+NXKPLT+NXIOU'! 

1 +NXKFLD 
WRITE(IO,PROP) 
MODE=NXMODE 
I<PLOT=NXKPLT 
NXTKFP=tlXKNFP 
KOUT=NXKOUT 
KFLD=NXKPLD 
CO TO 3002 

C*•* DATA UNIT 15 *** MANDATORY *** 
3111 READ(IDI,105) RRO,SUS,REMMAG,REHD!C,RfMINC,ISIIP,IPLOT, 

1 KOUT , KFLD,MODE,NXTKPP 
3882 WHITE(IO,l06)RIIO,SUS,REMMAG,REMD!C,REHINC 1 ISJCIP,IPLOT 1 

1 KOUT,KFLD,MODE,NXTKFP 
ISI\ •0 

115 FORHAT( 5G10.2,6I5) 
116 FORMAT(1X,5(1PE10.2),615) 
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WRITI(I0,41lt) I 1 RBO,SU8 1 RBMHAG,R!MD!C,REMINC,I 
4111 PORMAT ( 1 9BODY 1 ,Il,'--DENSITY CONTRAST RHO • 1

1 P7.4, 
1' GRAMS/CC, SUS•' , lPElll. 2, I GAUSS/OE. I I 
2' REMANENT MAGNETIZATION•',lPE18.2,' GAUSS WITH D!CL- 1 , 

3 0PF7.1,' DEG, INCL•',F7.1,' DEG 1 /' FOLLOWING 1
1 

4'ARE THE FIELD COMPONENTS DUE TO BODY',I4, 1 • 1 ) 

C,,.ISI<IP.NE.-69 MEANS NO INVERSE CALCULATION. 
IF(ISKIP.NE.-69) GO TO 407 

C,,,PIT DENSITY FOR OODlES I THRU NOODS. 
IF(KINDFP.NE.3i CALL FITGRV(NUMX,X,GOBS,GRV,I,NBODS,RSUM,IWIDB, 

1 GFAC,RHOBOU) 
C,,,REMMAG.EQ.1 MEANS SOLN FOR VECTOR MAG OF "BODIES I TRRU NBODS, 

IF(KINDFP.NE.2 . AN D. REMMAG.EQ.1) 
1 CALL F IT~IVT (I I NUMX I NBODS' IWI DE I 2. *CINC*CDEC, 2. *CINC*SDEC, 2. *SINC, 
2 DEC,YMAG,AZMUTH,X,TOBS,TOTl,TOT2,MX,MY,MZ,PXSUH,PZSUM,QSUH) 

C ••• SUS.EQ.l. MEANS SOLN FOR SUS OF BODIES I THRU NBODS. 
C,,,FIT SUSCEPTIBILITY FOR BODIES I THRU NBODS. 
42 IF(KINDFP.NE.2 .AND. SUS.EQ.l.) 

1 CALL FI'rSUS(I,NUHX,NOODS,IWIDE,2.*CINC*CDEC,2.*CINC*SDEC,2.*SINC, 
2 DEC,YMAG,AZMUTH,X,TOBS,TO'l') , TOT2 ,MX,MY,MZ,PXSUM,PZSUM,QSUH) 

GO TO 40 
497 IF(KINDFP.EQ.2) GO TO 421 

IF(REMMAG.EQ.0.) GO TO 41 
C,,,CALC MX,MY,MZ . (COMPONENTS OF REM. HAG.) FORWARD ONLY. 
C,,,MULTIPLICATION O'i 1. ES CONVERTS FROM GAUSS TO 'GAMMAS' 

RE MMAG=REMHAG*1.ES 
C ••• RADO CONVERTS FROM DEGREES TO RADIANS • 

RINC=RADO*REMINC 
RD EC=RADO* (R EMDEC -AZMUTH) 
DOG=REHHAG*COS (RINC) 
MX =DOG*COS (RDEC) 
M'l =DOG*SIN(ROEC) 
MZ=REMMAG*SIN(RINC) 

C ••• CALC X,Y,Z COMPONENTS OF INDUCED MAG, ADD TO Ml,MY,MI. PWD OILY. 
41 IF(SUS.EQ.0.) GO TO 421 
C ••• NOT E FLO MUST BE IN GAMMAS • 

MX=MX+SUS*CX 
M'l = ~IY+SUS*CY 

MZ=HZ+SUS*CZ 
421 IF(ISKIP.LE.0) GO TO 423 
422 IF(ISW.NE.0) WRITE(I0,4221) I,I 
4221 FORMAT ( 1 000DY' ,I4,' HAS SAHB HAG AND DENS PROPTS AS PREVIOUS 101 

l,' DY .'/' FOLLOWING ARE THE FIELD COMPONENTS DUB TO BODY 1
1 I4, 1 • 1 ) 

C •• ,DEC !SKIP EACH TIME THE OLD PROPERTIES ARE USED FOR A NEW BODY. 
ISKIP=ISKIP-1 
ISW=1 

423 CONTINUE 
C ••• FO RWARD COM PU'rA'riON OF MAG AND GRAV FOR ITH BODY, 

DO 46 J=l,NUMX 
IF(KINDFP.EQ.3) GO TO 444 
G=GFAC*RHO*RSUM(J,I) 
CRV{J)=GRV(J)+G 
COlo/ (J) =G 
IF(KINDFP.EQ.2) GO TO 46 

C ... BX, IIY, HZ ARE CO~IPONENTS OF HAG FLO VECTOR OP ITH BODY. 
444 HX=2.*(MX*PXSUM(J,I)+MZ*QSUM(J,I)) 

HY=2.*MY*(P ZSUM(J,I) -PXSUM(J,I)) 
HZ = 2.*(MX*QSUH(J,I)-MZ*PZSU~(J,I)) 
ASS (J) atfZ 
VEH(J)•VER(J)+IIZ 

C., ,AP PROXIMATE CALCULA'riON OF TOTAL FIELD ANOMALY, 
T=HZ*SINC+HX*CINC*CDEC+HY*CINC*SDEC 
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C ••• to?1 IS RUNNING SUM POR BODIBS 1-I:--70!1 AND 70!2 WILL II OSBD 
C ••• AS S~ARf IF INV!RSB SOLM REQUIRED roa BODI!S I+1 ~RROOGB NBODS. 

TOTl(J)•TOTl(J)+T 
IF(KPLD.LT.2) TOT2(J)•T0Tl(J) 
GOAT(J)•T 
IF(KFLD .. LT.2) GO TO 46 

C ••• MORE ACCURATE CALCULATION OF STROtiG TOTAL FIELD ANOMALIES, 
TPRIME=DSQRT(DBLE((CX+HX)**2)+DBL!((CY+HY)**2) 

1 +DBLE((CZ+HZ)**2))-DBLE(PLO) 
TOT2(J)=TOT2(J)+TPRIME 
HO RSE(J)=TPRIME 

46 CONTINUE 
IF(KI NDFP .NE.3)CALL PRINTR(X,COW,NUHX,IWIDE,'GRAV 1 , 1 (PWD 1

1
1 ) 1 ) 

IF(KI NDFP .NE.2)CALL PRINTR(X,GOAT,NUHX,IWID!,'TOT1 1 ,'(FWD 1
1

1 ) 1 ) . 

IF(K FLD .GE.2) CALL PRINTR(X,HORSE, 
1 NUMX,IWIDE,' ACC',' TOT','2 1 ) 

IF(KFLD.EQ.1 .OR. KFLD.EQ.3 .OR. KPLD.EQ,S) 
1 CALL PRINTR(X,ASS,NUMX,IWIDE,' VER','TICA','L 1 ) 

W 41 CONT I NUE 
CO IF(KFLD.GE.4) GO TO 475 

DO 471 J=l,NUMX 
471 TOT2(J)~TOTl(J) 

GO TO 48 
475 00 476 J=l,NUMX 
476 TOT1(J)~TOT2(J) 

48 IP(NBODS .EQ.1) RETURN 
WRITE(I0,4700) 

4781 FO RMAT ('0FOLLOWING ARB PRINT!D TH! GRAVITY AND MAGNI~IC ANOMALY' 
1,' FIELDS'/' DUE TO THE SUMMATION OP THB BODIIS ~ABULA~ED ABOVB 1 ) 

GO TO (469,469,479) ,KINDPP . 
469 CALL PRI NTR (X,GRV,NUHX,IWIOE, 1 GR','AVIT 1 , 1 Y 1 ) 

GO TO (479,611,479) ,KINDFP 
479 IF(ISKIP.EQ.-69 .AND. REMMAG.EQ.1) 

1 CALL PRINTR(X,T0Tl,NUMX,IWIDE ,'TOT1 1
1

1 (HVT 1 , 1 ) 1 ) 

IF(ISKIP.EQ.-69 .AND. SUS.EQ.l) 
1 CALL PRINTR(X,TOT2,NUMX,IWIDE,'TOT2','(SUS 1 , 1 ) 1 ) 

IF(IS KIP.NE.-69) . 
1 CALL PRINTR(X,TOTl,N UMX,IWIDE,' T 1

1
1 0T1 1

1
1 1 ) 

IF(ISKIP.NE.-69 .AND. KFLD.NE.8) 
1 CALL PRINTR(X,VER,NUMX,IWIDE,' VER','TICA','L 1 ) 

611 RETURN 
END 
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SUBRO~IN! PI'I'ORV (NUMX,I,GOBS,GRV, I ,NBODS,RSOII, IWIDI,GPAC,IUIOBOO) ~ 
C ••• PITGRV PINOS TH! DENSITY CONTRAST POR BODI!S I TBRU NBODS, 
C ••• NUMX,X,NBODS,RSUH SAME AS IN GRAY, 

- C,,,GOBS: ARRAY OF GRAVITY OBSERVED AT PIELDPOINTS, 
C,,,GRV: ARRAY OP CALCULATED GRAVITY. HAY BE NON-ZERO AT INPUT 
C.,, IF PARTIAL FORI~ARD CALCULATION PRECEEDED FITGRV CALL. 
C ••• IWIDE: WIDTH OF PRINTER OUTPUT. 
C.,.GFAC: NUMERICAL FACTOR CONTAINING UNIVERSAL GRAVITATIONAL CONSTANT, 
C ••• GFAC=6.673 IF DIMENSIONS ARE IN KM. GFAC CALC IN UNITER. 
C ••• RUOBOU : BOUGUER RED. DENS. USED IN CALC DENS. FROM DENS. CONTRAST. 

17 

111 

DIMENSI ON GOBS (l) ,GRV(l) ,X(l) ,RSUM(59,19) 
DHI ENSION A(5 01l) ,8(50) ,FJ(20) ,IPIV(10) ,AUX(50) ,G(50) 
COMMON/INOUT/IO,ITI,ITO,IDI,IDO 
DATA FJ,IPIV,AUX / 20°9.,10*0,50*0.1/ 
DO 17 IBOD=I,NBODS 
K=(IBOD-I) 0 NUMX 
DO 17 J =l,NUMX 
A(J+K) =RSUM(J ,IBOD)*GFAC 
B(J) =GOBS (J)-GRV(J) 
EPS =.0001 
KK =NBODS-I+ l 
CALL LLSQ(A,B,NUMX,KK,l,PJ,IPIV,EPS,IBR,AUI) 
K=0 
DO 57 IBOD•I,NBODS 
K=K+l 
RUO=RHOBOU+FJ( K) 
WRI TE( IO,l01) IBOD,PJ(l),RRO 
IF(IO.EQ.IDO) WRITE(IT0,181) IBOD,PJ(l),RBO 
FORMAT ('0LST SQRS SAYS BODY ',I3, 1 HAS D!NSITI co.!RAST- 1

1 
1 Fl0.3,' GM/CC, DENSITY•',Fll,l,' GM/CC 1 ) 

C,,,PWD CALC USING FJ OUTPUT BY LLSO 

37 
57 

DO 37 J•l,NUMX 
G(J)~GFAC*FJ(K)*RSUM(J,IBOD) 
GRV(J) aGRV( J)+G(J) 
CALL PRINTR(X,G,NUMX,IWIDE,' 
RETURN 
END 
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SUBROU?INI PITMAG(I,NOMX,NBODS,IWIDI,CBX,CRY,CBI,DIC,YMAO,AIMOTB, 
1 X,!OBS,TOTl,TOT2,MX,MY,HZ,PXSUH,PISUH,QSOH) 

C., ,NOTE THAT THIS MOLTIPLE-EN'rRY SUBROUTINE IS NON-STANDARD FORTRAN, 
C,,,IT IS EASILY CONVERTED TO STANDARD FORTRAN IP YOUR SYSTEM REQUIRES, 
C ••• ENTRY TO INITIALIZE MAG-FITTING SUBROUTINE. 
C ••• PXSUM,PZSUM,QSU~,NUMX,X,NBODS ARE SAME AS IN MAG. 
C ••• CHX,CHY,CH Z,DEC: DEF. IN CALL FITMAG. FIELD, PROFILE GEOM, 
C ••• DEC IS THE ANGLE FROM X-AXIS TO EARTH FLO DECL., +CLOCKWISE, 
C ••• MX,MY,M Z: XYZ COMPONENTS OF MAGNETIZATION IN BODY IBOD 
C ••• COMPUTED IN FITMVT OR FITSUS BY LEAST SQUARES. 
C ••• IWIDE: WIDTH OF PRINTER OUTPUT. 
C •.. YMAG: 1-DIM ARRAY OF HALF-STRIKE LENGTHS. SAME AS Y IN MAG. 
C ••• AZMUTH: AZIMUTH OF+X AXIS, IN DEG +CLOCKWISE FROM TRUE NORTH, 
C ••• TOBS: ARRAY OF OBSERVED TOTAL MAGNETIC FIELD AT FIELDPOINTS, 
C, •• TOT 1: ARRAY OF TOTAL MAG FI ELD CALC. BY FITMVT. 
C ••• TOT2: ARRAY OF TOTAL MAG FIELD CALC. BY FITSUS, 
C ••. TOT1 AND TOT2 MAY BE NON-ZERO ON INPUT IF PARTIAL FORWARD 
C ••• CALCULATION PRCCEEDED FITMVT OR FITSUS CALL. 

DIM ENSI ON X{l) ,TOBS{l) ,TOT1{1) , TOT2{l) ,YMAG{l) 
DIM E!1SION PXSUM{50,10) ,P ZSUM{50 ,1 0) , QSut-1{50,1 0) 
DIM ENS I ON A{ 5013) ,B{50) ,FJ{20) ,IPIV{10) ,AUX(50) ,T(50) 
REAL MX,MY,MZ,MXSQ,MYSQ,MZSQ 
COMMON/ I NOUT/IO,!TI ,I TO ,I DI,IDO 

C ••• GEO MX ,Y,Z ARE COMPLETE GEOM FACTORS TO MULTIPLY BY MX,MY,MI, ~ 
GEOMX(PX,Q)=C HX* PX+CHZ*Q 
GEOMY(PZ,PX)=CHY*(PZ-PX) 
GEOMZ(Q,PZ)=CHX*Q-CHZ*PZ 
DATA FJ,IPIV,AUX/20*0.,10*0,50*0./ 
CDEC=COS(DEC ) 

C ••• SMCDEC PREVENTS DIVISION BY CDEC•B. 
SMCD EC•SIGN (AMAX1{ABS(CDEC),l,E-18),CDEC) 
RAD=57. 29578 
MX=0. 
MY=0. 
MZ=0. 
EPS=0.00l 
RE TU RN 

c .•.............................................•••••••••••••••••••• 
C ... PITMVT FINDS THE VECTOR MAGNETIZATION CONTRAS'l' Or BODIII I !'0 0008 

ENTRY F l'£1'4VT (I, NUMX 1 NBODS 1 IWIDE 1CHX 1 CHY 1 CHI ,DEC, YMAG,AIMU?H 1 
1 X,TOB S,TOT1,TOT2 1MX,MY 1MZ,PXSUH 1PZSUM 1QSUM) 

C ••• TEST FOR DEGENERATE GEOMETRIES WHERE INVERSION FOR ALL THREE 
C ••• COM PONENTS OF MAGNETIZATION IS IMPOSSIBLE. NOTE THAT THERE IS 
C ••• NO TEST FOR S~ALL NON-ZERO CHX,CHY,CHZ. GEOMETRIES WHICH 
C, •• RES ULT IN VERY SMALL CHX, CHY1 OR CHZ MAY CAUSE LLSQ TO FAIL. 

IF(CHX. NE .0 •• AND. CHZ.NE.0.) GO TO 12 
WRITE{IO, 110) 

IF( 10. EQ. tOO) WRITE (ITO,ll0) 
111 FORMAT (/' CHX=0. AND CHZ =0. EARTHS FLO HORIZONTAL AND PARALLBL', 

1 'TO Y-AXIS.',/ 1 'CANNOT INVERT FOR MX, MZ.') 
RETURN 

12 KY xl 
IF(CHY,NE.0.) GO TO 13 
WRITE {IO, 120) 
IF(IO.EQ.IDO) WRITE(IT0,128) 

121 FORMAT(/' CHY,.0. EARTHS FIELD VERTICAL OR PARALLBL TO X-AXIS, 1
1/, 

1 ' INVERT FOR MX AND MZ BUT NOT MY.') 
KY=0 
GO TO 16 

C ... 'rEST FOR 2-DIMENSIONALITY (YMAG VERY LAME), 
13 DO 14 IBOD•I,NBODS . 

IF(YMAG(IBOD).GE.l.E15) GO TO 15 
U CONTINUE 

GO TO 16 

; ' 

! l 
~ I . ! 

15 WRITI(IO,l51) 
IP(IO.EO.IDO) WRITI(I'1'0 1 151) 

C,. .POLLOWING CONDI'l'ION MEANS YOU CAN''! SOLVB POR MY IP '!Ill BODY 
C,,,IS VERY LONG OR TWO-DIMENSIONAL BECAUSE 'l'HE CO~RIBOTION FROM 
C.,,THE ENDS IS INSIGNIFICANT. THE BODY MAY PASS THIS TEST BUT 
C,,,STILL BE TOO LONG FOR LLSQ TO WORK (STATEMENT 178). 
158 FORMAT(/' INVERSION REQUESTED FOR AT LEAST ONE BODY WITH YMAG 1

1 

1 1 .GE. l.E15.',/,' INVERT FOR MX AND MZ BUT NOT MY.') 
KY=0 

16 DO 17 IBOD=I,NBODS 
C ••• K-INDEXING IMITATES 2-0IM ARRAY WITH 1-DIM ARRAY A, 

K"'(IBOO-I )*N UMX *(K'i+2) 
DO 17 J=1, NU~IX 
PX = PXSUI~ (J, !BOD) 
PZ =PZSUM(J,IBOD ) 
Q=QSUM (J,I £3 00) 
A(J+K) =GEOMX(PX ,Q) 

C,,,KY(SET=l IN STATEMENT 12) PERMITS SOLUTION FOR MY, 
IF( KY . EQ .l) A(J+K+NUMX)•GEOMY(PZ,PX) 
A(J+ K+ (KY+l) *NUM X)•GEOMZ(Q,PZ) 

17 B(J) =TOBS (J)- '!'OT1(J) 
KK=(N BODS-I+ 1)*(KY+2) 
CA LL LLSQ(A,B,NUMX,KK,1,FJ,IPIV,EPS,IER,AOX) 
IF(I ER.NE.0 ) CALL LSQERR(IER 1'VECTOR MAG',NUMX,II) 
IF{I ER.LE .0 .OR. KY.EQ.0) GO TO 21 
WRITE(IO, 170) 
IF(IO.EQ.IDO) I~RITE(IT0 1 179) 

C,,,SEE IF FAILURE OF LLSQ IS DUE TO AN INSIGNIFICANT CON'!'RIBO'!'IOI 
C,, .FROM 'l'HE END S. IF THIS IS THE CASE THE INVERSION WILL 
C.,,PROCEED B'i DISREGARDING MY, 
171 FORMAT(' T~Y SOLUTION DISREGARDING MY.') 

K'i =0 
GO TO 16 

21 K=0 
C,,,PWD CALCULATION USING FJ OUTPUT BY LLSQ. 

DO 57 IBOD,.I,NBODS 
K=K+ 1 
MX =FJ (K) 
IF(KY.EQ.0) GO TO 35 
K=K +l 
HY =FJ (K) 

35 K=K+l 
MZxFJ (K) 
DO 37 J=1 1NUMX 
PX =P XSUM(J 1IBOD) 
PZ =PZSUM(J,IBOD) 
Q=QSUM(J ,IBOD) 
T(J) =MX *GEOMX(PX,Q)+MI*G!OMI(Q,PI) 
IF( KY.EQ.l) T(J)•T(J)+MY*GEOMY(PI,PI) 

37 TOT1(J)=TOT1(J)+T(J) 
C ••• COM PUTE COMPONENTS, AZIMUTR, DECLINATION Or MAGNI'!'tiA'l'IOR. 
C •• ,B I S IN GAMMAS SO MOLT MX1MZ BY 1.£-5 TO GB'!' GAUSS 

MX=IiX*l. E-5 
MY=MY*l.E-5 
MZ=MZ*l.E-5 
REMDEC= ~AD * ATAN2(MY,MX)+AZMUTH 

MXSQ=MX*MX 
MYSQ~ MY*MY 

MZSQ =MZ*MZ 
AMP=SQRT (MXSQ+MYSQ+MZSQ) 
REMINC•RAD•ATAN(HZ/SORT(MXSQ+MYSQ)) 
IF( REMINC.GE, 9) GO TO 375 

C • .,INCL EXP !lESSED IN RANGE 9-180 DEG. AIIMOTB BIGHID ACCOlDIIOLf. 
REMI NC=REMINC+180. 
MIP=-1\~P 
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·J75 WRI~I(I0,111) IBOD,MI,MY,MI,R!MDIC,REMINC,AMP 
IP(IO.EQ.IOO) WRITB(I~,111) IBOD,MX,MY,MI,REMDIC,RIMINC,AMP 

111 PORMAT('ILST SQRS SAYS BODY ',IJ,' HAS MAGNETIIATION CONPONB~8 1 1/ 
1 ' HX• ',lPE11.2,', MY• ',1PE11.2, 1 , HZ• 1 ,1PE11,2,/ 
2 1 DEC• ',BPP7.1,', INC• ',P7.1,', AMP• ',1PE19.2) 

C, •• PREVENT DIVISION BY HXz0, · 
HXzSIGN (AMAXl (ABS (HX) ,l. E-10) 1 HX) 

C.,.IP HY.EQ.B, VECTOR ALREADY LIES IN X-Z PLANE. 
IF(HY.EQ.0 .) GO TO 376 
EFFI ~C=RI\D*ATAN(MZ/ABS( MX)) 
IF ( Ef'FI NC. LT. B.) EFFINC=EFPI NC+l80. . 
WRI TE( IO,l 02) AZMUTH,EFFINC 

112 FORMAT(' . IN THE X-Z PLANE(AZ• ',P7.1,') ,EPP INC• 1
1 P7.1) 

C ••• IP CD EC.EQ . l., VECTOR ALREADY LIES IN PLANE OF EARTH'S PI!LD, 
376 IF(CDEC.EQ.l .) GO TO 57 

HYPINC=RAD*ATAN (M Z/ABS ( ~I X/SHCDEC)) 
IF(HYPINC.LT.B) HYPINC=HYPINC+l80. 

38 WRITE(IO,l03) HYPINC 
IF(IO.EQ.I DO ) WRITE(ITO,l03) HYPINC 

113 I'ORI'I AT (' HYP EA RTH FIELD TO PRODUCE 2-D BPI' INC HAS INC• 1
1 17.1) 

57 CALL PRINTR(X,T,NUMX,IWIDE,' TOT','1(MV 1
1

1 T) 1 ) 

RETURN 
c .••••............................•............•••••..•••••••••••••• 
C ••• PITSUS FINDS THE SUSCEPTIBILITY CONTRAST POR BODIES I TRRU NBODS 

ENTRY FITSUS(I,NUMX,NBODS,IWIDE,CHX,CHY,CHZ,DEC,YMAG,AZMUTH, 
1 X,TOBS,TOTl,TOT2,MX,HY,HZ,PXSUM,PZSUH,QSUH) 

DO 27 IBOD=I,NBODS 
C, •• K-INDEXING IMITATES 2-DIH ARRAY WITH 1-DIH ARRAY A, 

Jla(IBOU-I)*NUMX 
DQ 27 J=l,NUHX 

C ••• NOTe HX AND HZ MUST BE IN UNI'rS 01' l.E-5 GAUSS ("GAMMAS") 
C,,,B ALSO IS GAM~AS, SO I'J IS A PURE RATIO, SUS, 

PX%PXS UM (J,IBOD) 
PZ=PZS UM (J,IBOD) 
Q=QSUM (J, IBOD) 
A(J+K)=MX* GEOMX(PX,Q)+MY*GEOHY(PZ,PX)+MZ*GEOHZ(Q,PI) 

27 B(J)=TOBS(J)-TOT2(J) 
KK=~BODS-I+ l 

l CALL LLS Q(A ,B,NUMX,KK,l,FJ,IPIV,EPS,IER,AUX) 
IF(IER.t~E.B) CALL LSQERR(IER, 'SUSCEPTIBILITY' ,NUMX,Itl) 
KRO 
DO 77 IBOD• I,NBODS 
K=K+l 
WRITE(IO,l04) IBOD,FJ(K) 
IF(IO. EQ. IDO) WRITE (ITO,Hl4) IBOD,PJ (K) 

11• FORMAT ('BLST SQRS SAYS BODY',I3, 1 HAS SUS• 1
1 

1 1PE10.2,' GAUSS/ OE. 1 ) 

C,,,PWD CALC USING FJ OUTPUT BY LLSQ 
DO 67 J•l,NUHX 
PX=PXS UM(J ,IBOD ) 
PZ=PZS UM (J, IBOD) 
O=Q SUM (J, I BOD ) 
T(J)zFJ(K)*(MX*GEOMX(PX,Q)+HY*GEOMY(PI,PX)+NZ*GIOMI(Q,PI)) 

'7 TOT2(J)•TOT2(J)+T(J) . 
77 CALL PRINTR(X,T,NUMX,IWIDE,' TOT 1

1
1 2(SU 1 , 1 S) 1 ) 

RETURN 
END 
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8UBROUfiNI LSQIRR(IIR,~I~,NUMX,KK) 
C,,,OIVES ERROR MESSAGES FOR SUBROOTINI LLSQ. 

COMMON IO 
DIMENSION TIT(l) 
WRITE(IO,lBe) (TIT(I) ,1•1,3) ,IER 

111 FORMAT(/,' ERROR IN LLSO ROUTINE FOR 1
1 3A5 1

1 • lla- 1 ,13) 
IF(IER.EQ.-2) WRITE(IO,lBl) NUMX,KK 

111 FORMAT (' NUMX= 1 ,I3, 1 , MUST BE GE 1
1 13) 

IF(I ER . EQ .-1) WR1TE(10,102) 
192 FORMAT(' ZERO-MATRIX A') 

IF(IER. GE. l) WRITE (10, Hl3) 
113 FO RMA'l' (' MATRIX A ILL-CONDITIONED. HAY BB DUI ~ VBRY DBIP 1

1 
1 'BOTTOMS OF BODIES , YMAG BIG BUT LT 1.E15 1 ,/, 

2 'OR NEAR-DEGENERATE GEOMETRIES DESC. IN ENTRY PITNVf.') 
RETURN 
END 

SUBROUTINE UNITER(XZUN,GFAC,XZUNIT) 
C,,,GIVEN CODE FOR DISTANCE UNITS (RH OR BLANK, HI, KF, MB, PT, OR .W), 
C,, .UN ITER COMPUTES (J RAVI'l'ATIONAL CONSTANT GPAC AND X-AXIS LABEL. 

DIMENSION XZUNIT(2) 
. REAL KM,HI,MILE,KF,KILO,ME,HETR,NH,NAUT 

DATA BL/' 1 /,KH/'KM'/,MI/'HI'/,KF/'RF'/,HE/'HE'/,FT/ 1 FT 1/, 

1 NH/'NM'/,HILE/'HILE'/,S/'S'/,KILO/'KILO'/,FEET/'FEET'/, 
2 METR/'METR'/,ES/'ES'/,NAUT/'NAUT'/,PARS/'PARS'/,ECS/'ECS'/ 
GFAC=6.673 
XZUNIT(l)sKM 
XZUNIT(2)•BL 
IF(XZUN.EQ.BL.OR.XZUN.EQ.KH) RETURN 
IF(XZUN.NE.MI) GO TO 3 
GFAC =GFAC *l.61l9 
XZUNI 'l' (1) =MILE 
XZUNI 'l'(2) •S 
RETURN 

3 IF(X ZUN. NE.K P) GO TO 5 
GFAC =GfAC*l.609 
GFAC=GFAC*0.3 048 
X ZUNI 'l' (l ) = K 1 LO 
XZUNI 'f ( 2) zFEET 
RE TURN 

5 IF (XZUN. NE.ME) GO TO 7 
GFA C=GFAC *0.0Bl 
XZ UNIT(l)=MET R 
XZ UNI 'l'(2) =ES 
RETURN 

7 IF(X ZUN.NE ,FT) GO~ 9 
GFAC=GPAC *0.0003148 
XZU Nl'l' ( 1) •FEET 
RE'fUHN 

9 IF(X ZUN. NE.NM ) GO TO 11 
Gf'AC=GFAC*l.B 52 
XZ UNIT( l)cNAUT 
XZUNIT (2) cMILE 
RETURN 

C ••• !RROR OUTPUT: XZUN NOT RECOGNIIBD. 
11 GFAC=GFAC*3.08E13 

XZ UNIT(l)•PARS 
XZ UNIT(2)•ECS 
RE 'l'UHN 
END 
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SOBROOTIN! ILEV!R (ILBV 1 NOMX,XAR1', •IW'l' 1 XCORifR, ICOitlllt, KIPL) 
C ••• CREATeS I-ARRAY !LEV CORRESPONDING TO XARY Or LENGTH NUMX II 
C ••• LINEAR INTERPOLATION OF INPUT ARRAYS XCORNR AND ZCORNR Or LW!B •swr. 
C ••• XARY NORMALLY EQUALLY SPACED, XCORNR UNEQUALLY SPACED, 
C ••• ALTERNATIVELY , FOR KSPL•1 , DOES SPLINE INTERPOLATION. 
C ••• IN SPLINE INTERPOLATION 2ND DERIVATIVE ASSUMED 8 AT ENDPOINTS. 

DIMESSION XCORNR( 1) ,ZCORNR(1) ,ELEV(1) ,XARY(1) 
DIMEIISI ON A(58) ,B(Sil) ,C (Sil) ,D(2) ,P(59) ,S (51l) 
COMMOU/1NOUT/10 ,ITI,ITO,ID1,IDO 
DATA D(1),D(2)/2*0.0/ 

111 FO~~AT (8Gl0.2) 
. READ (IDI,lllll) (XCORNR(K),Kz1,N EWT) 

READ (1D1,100) (ZCORNR(K),Kzl,NEWT) 
IF (KSPL.NE.l) GO TO 99 
M= NE;-I 'r 
CALL SPL1Nl(M,9.0,XCORNR,ZCORNR,A ,B,C,I,D,P,S) 
IF(H.GT.0) GO TO 23 
WRIT£(10,2100) 

2111 FORMAT(' PARM OUT OF RANGE IN SPLINB. TRY LINEAR INTIRPOLA~IOI.') 
GO TO 99 

C ••• SPLI NE INTERPOLATION FROM W.L. ANDERSON, USGS, DENVIR. 
23 DO 29 I a1, NUHX 

XX =XARY(I) 
IF(XX .LT .XCORNR(1) ,OR. XX.GT.XCORNR(NEWT)) GO TO 28 
M1zNEWT-1 
DO 25 J"1,M1 
J(cJ 

IF(XX.LE.XCORNR(J+l)) GO TO 27 
25 CONTI NU E 
27 Z=XX-XCORNR(K) 

ELEV(I)•ZCORNR(I)+((C(I)*I+B(I))*I+A(I))*I 
GO TO 29 

28 ELEV(I)•9. 
29 CONTINU E 

RETURN 
C ••• LINEAR INTERPOLATION. 
99 Iz1 

Ka1 
XLAST=-99. 
SLOPEa- 99. 

1 IF (1-NUHX) 2,2,18 
2 XLAST•XCORNR(I) 

DOG=XARY(I)-XLAST 
IF(DOG) 11,12,12 

11 ELEV(I) • 0 . 
J zl+1 
GO TO 1 

12 ZLAST= ZCORNR(K) 
K=K+ 1 
IF(K-NEWT) 13,13,U 

13 XN EXT•XCORN R(K) 
SLOPEa( ZCORNR(K)-ZLAS~)/(XCORIR(I)-ILAS~) 

14 CAT=XARY( I)-XNEXT 
IF(CAT) 15,15,2 

15 ELEV (I )•ZLAST+DOG*SLOPB 
I•I+1 
IF (I.GT.NUHX) GO TO 18 
DOG=XAR Y(I)-XLAST 
GO 'l'O 14 

16 IP(I.GT.NUHX) GO TO 18 
DO 17 J•I,NUMX 

17 BLEV(J)•8 
18 RETURN 

END 
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SOBROOTINB Itn'RPL (N,XARRY 1 1ARR1'1 X1 1) 
C ••• PINDS A SINGLE I CORRESPONDING TO X 81' LI•BAa I.riRPOLA~IOW 
C ••• or ARRAYS XARRY AND. lARRY OF LENGTH N. 

DIMENSION XARRY(N),ZARRY(N) 
COMMON/INOUT/IO,ITI,ITO,IDI,IDO 
I•1 
IF(X-XARRY(l)) 5,3,1 

1 I •I+l 
IF(I-N) 2,2,5 

2 IF(X-XARRY(I)) 4,3,1 
3 Z=ZARRY(I) 

RE'rURN 
4 Z=Z ARRY(I-l)+(ZARRY(I)-ZARRY(I-1))* 

1 (X -XARRY (I-1))/(XARRY(I)-XARRY(I-1)) 
RE 'rURN 

5 WRITE (10, 59) I 
51 FORHA'r ( 'IHNTRPL PAlLED. X OUTSIDB RANGB OP IADI. I•' ,Il) 

Z=0. 
RE'I'URN 
END 

SUBROUTINE PRINTR(X,A,NUMX,IWIDE,rl,F2,r3) 
C ••• PRINTS VECTORS X AND A OP LENGTH NUMX IN NCOL COLUMNS. 

:r 
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C ••• NCOL DEPENDS UPON PRINTER WIDTH IWIDB. PURPOSE IS TO SAVI 
DIMENSION ALABEL(3,5) 

PAPIR. t-< 

DIM8NSION CAT(5),PIG(S),X(NUMX),A(NUMX),XLABEL(5) 
COHMON/INOUT/IO,ITI,ITO,IDI,IOO 
DATA (XLABBL(I),I s 1,5)/5*' 1 /,EX/'X 1

/ 

NCOL=MIN0(IWIDE/24,NUMX) 
C ••• COMPUTE NUMBER OF ROWS REQUIRED. 

DOG=l ,* NUHX/NCOL*1. 
NROW=DOG 
IF(DOG.EQ.NROW) GO TO 3 
NROW:NROWtl 

3 IF(NROW*( NCOL-1).LT.NUMX) GO TO 5 
C ••• REDUCE COLUHNS FOR CO~IPACT PRINTOUT. 

NCOL=NCO L-1 
GO TO 3 

5 DO 13 I=l,NCOL · 
XLABEL(I) •EX 
ALABEL(1,1) •F1 
ALIIBEL(2,I) •F2 

13 ALABEL(3,I) • F3 
WRITE( ro, 130) (XLABEL(I), (ALABBL(I,l) ,1•1,1) ,I•l,11COL) 

131 FORMAT('9',5(6X,A1,5X,2A4,A2,2X)) 
C ••• PRINT X AND A IN NCOL ASCENDING COLUMNS. 

DO 25 I =1,NROW 
DO 23 J =1,NCOL 
K" l+ (J-1) *NROW 
IF(K.LE.NUMX) GO TO 21 
GO TO 24 

21 PIG(J)=X(K) 
23 CAT(J)sA(K) 

GO TO 25 
24 NCOL,.J- 1 
25 WRIT8 (10, 250) (PIG(J) ,CAT(J) ,J•1 1 NCOL) 
251 FO RMAT ( 1 X1 ,5(2Gl2.4)) 

RE'l'URN 
END 
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SUBROU?INB PLO!BA(KINDPP,.uMX,I,ILBV,~PO,GRV,GOII,G007, 
1 TOTl,TOT2,TOBS,TOUT,NGOBS,NTOBS,ISW,IWIDI,NLPLT,IP~,BIADil, 
2 XZUNIT) 

DIMENSION X(l),ILEV(l) ,TOPO(l) ,CRV(l),GOBS(l),GOUT(l),TOUT(l) 
DIMENSION TOTl(l) ,TOT2(1) ,TOBS(l),Y(58,9) ,HEAOER(l),S(9),XZUNI!(2) 
COHMOS/INOUT/IO,ITI,ITO,IOI,IOO 
IP(ISW.LT.8) GO TO 2 
ELMIN=l.El5 
EL~AX= -l.El5 

GMIS=l.El5 
GH AX =-l.ElS 
TMI N= l.ElS 
TMAX=-l.ElS 
CA LL Mtli'I X ( ELEV ,NUMX, ELM IN ,ELMAX) 
CALL MtlMX (TOPO,NUMX, ELM IN ,ELMAX) 
IF( NGOBS .GT.B) CALL MNMX(GOBS,NUMX,GMIN,GMAX) 
IP(NTOBS.GT.8) CALL MNMX(TOBS,NUMX,TMIN,THAX) 
IF(KINDf'P.NE.3) CALL MtlMX(GRV,NUMX,GMIN,GMAX) 
IF(KI NOf'P . NE .l) CALL MNHX(GOUT,NUMX,GMIN,GMAX) 
IF(Ki tlOf' P.NE.2) CALL MNM X(TOT l,NUMX,TMIN,TMAX) 
IP(KINDFP.NE.2) CALL MNMX (TOT 2,N UM X,THIN,TMAX) 
IP(KINDFP.NE.2) CALL MNMX (TOUT ,NUMX,TMIN,TMAX) 

C,,,£XPAtlO RA NGES FOR NEAT GRAPH AND 
C ••• SCAL E ALL VARIABLES TO GRAV IF POSSIBLE, OTHERWISI !0 MAG, 

IP(KINDFP.EQ.]) GO TO 5 

411 

s 
511 

OELG= OEL(GMAX -GMI N) 
CALL EXPANO(GMIN,GMAX,DELG) 
YMIN=G~IN 

YM AX=GMAX 
DE LY=DELG 
IF(KIN DF P.NE.2) GO TO 5 
TMIN =Il . 
TMAX=Il. 
GO TO 7 
DELT=D EL (TMAX-TMIN) 
CALL EXPAND(THIN,THAX,DELT) 

IP(KI NDFP.NE.J) GO TO 7 
Y!'II N=TMIN 
GMIN=0. 
YM AX=TMAX 
GM AX=Il. 
OELY zDE LT 

C •••• CA~E ~LE V ~NO toro TO 1/S Or fO~L VIRTICAL ICALI, 
l CALL SCAL~Y(ILIV,NUHX,!LHIN,ELMAX,YMIN;YMAX*,l,Y,l) 

CALL SCAL!Y(TOPO,NUMX,ELHIN,ELMAX,YMIN,YMAX*,1,Y,2) 
CALL SCALEY(GOBS,NUMX,GHIN,GMAX,YMIN,YMAX,Y,3) 
CALL SCALEY(TOBS,NUMX,TMIN,THAX,YMIN,YMAX,Y,4) 
CALL SCALEY(GRV,NUMX,GMIN,GMAX,YMIN,YMAX,Y,S) 
CALL SCA LE Y(T0Tl,NUMX,TMIN,TMAX,YMIN,YMAX,Y,6) 
CALL SCALEY(TOT2,NUMX,TMIN,TMAX,YMIN,YMAX,Y,7) 
CALL SCALEY(TOUT,NUMX,TMIN,TMAX,YMIN,YMAX,Y,8) 
CALL SCALEY(GOUT,NUMX,GMIN,GMAX,YMIN,YMAX,Y,9) 
ISW=-1 
IP(KPLOT.EQ.l) GO TO 9 
DA TA S(l)/ 1 l 1 /,S(2)/ 1

:
1 /,S(3)/ 1 G'/,S(4)/ 1 T 1/, 

1 S(5)/ 1 *'/,S(6)/ 1 + 1 /,S(7)/ 1 f 1 /,S(8)/ 1 @'/,S(9)/ 1 t 1 / 

WRI'PE(I0,20) (S(l) ,Izl,9) 

., 

21 PO RMAT ( 1 0PLOT SYMBOLS: ELEV= 1 ,Al, 1 TOP0• 1 ,Al, 1 C08S• 1
1
Al

1 
1 1 TOBS= 1 ,Al,' GRV= ',Al, 1 T0Tl• 1 ,Al, 1 TOT2• 1 ,A1, 
2 'TOUT=',Al, 1 GOUT= 1 ,Al) 

CALL PRLPLT(X ,Y,X(NUMX),X(l),YHAX,YMIN,TMAX,THIN, 
1 9,50,NLPLT,NUMX,S,IW!OE,XZUNIT) 

1F(KPLOT.EQ.0) RE TURN 
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t XMIN•X(l) 
XMAX•X(NUMX) 
DELX•DEL(XMAX-XMIN) 

C CALL DECPLT(X,Y,XMAX,XMIN,YMAX,YMI•,~KAX,~I·, 
C 1 9,50,NUHX,HEADER,IINDFP,DELX,DELY,XIUNIT) 

RETURN 
END 

SUBROUTINE HNMX (A, N ,AM HI, AMAX) 
C.,,MNHX FINDS THE MIN AND MAX AHIN AND AHAX OF VECTOR A WI!W 
C,,,LENGTH N IF TilEY ARE LT AND GT INPUT AMIN AND AMAX RISP, 

DIMENSION A(N) 
DO 5 tal,N 
TEM~A (I) 
IP(TEH.GT.AMAX) AMAX•TEM 

5 IF(TEH.LT.AMIN) AMIN•TEM 
RETURN 
END 

FUNCTION OEL(SPREAD) 
C ••• DEL IS A CONVENIENT TENFOLD DIVISION OP SPRBAD. 

FI•l, 
DEL•SPREAD/19. 
IF(DEL.LT.FI) GO TO 18 

2 IF(DEL.GT.FI*2L) GO TO 3 
DEL=PI*2. 
RETURN 

3 IF(DEL.GT.FI*5,) GO TO 4 
DEL=FI*S, 
RETURN 

4 1F(DEL.GT.FI*18,) GO TO 5 
DEL~FI" l0. 
RETURN 

5 FI=FI*lB. 
GO TO 2 

11 IF(DEL.LT,FI*,5) GO TO 13 
DE L=FI*. S 
RE1'URN 

13 lf(DEL.LT.FI*,2) GO TO 14 
OEL =FI* .2 
RETURN 

14 IF (DEI •• LT.FI*,l) GO TO 15 . 
DE L= PI* .1 
RETURN 

15 FJ zFI* .l 
GO TO 19 
END 

SUBROUTINS IXPAND(AMIN,AMAX,DIL) 
C,,,QIVEN OLD AMIN AND AHAX DEFINING A RAMGI, ClBA~I ... 
C ••• AMIN AND AHAX DEFINING A RANGE EQUALLY OIVISIBLI BY OIL. 

AHIN =DEL*(AINT(AHIN/DEL)-1) 
AMAX =DEL* (AINT(AHAX/DEL)+l) 

1 RETURN 
END 
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SUBRO~IWB SCALIY(A,NOMX,AMI.,AMAX,BMIN,BMAX,Y,W) 
C ••• SCALEY TAKES A VECTOR A WITH RANGE AMIN-AMAX, SCALII I~ tO PI~~~ 
C ••• RANGE BMIN-BMAX, AND INSERTS IT AS TRB N1 TH ROW OF 2-D P~ ARRAY Yo 

DIMENSION A(l),Y(S8,9) 
RATI0•0 , 
IF(AMAX.GT.AMIN) RATIO•(BMAX-BMIN)/(AMAX-AHIN) 
DO 10 Ial,NUMX 

11 Y(I,N)•BHIN+(A(I)-AHIN)*RATIO 
RETURN 
END 

SUBROUTINE PRLPLT(X,Y,XMAX,XHIN,YMAX,YMIM,TMAX,'tMI•,NY,IYDM, 
1 LINES,LAST,SYH,IW,XZUNIT) 

c 
C LONG PRINTER PLOT, ONE X, SEVERAL Y VALUES 
C ARGUMENTS 
C ••• MODIPIED TO LABEL GRAV,MAG AND TO ALLOW VARIABLE P~ WIDTH. 
C X THE ARRAY OF X COORDINATES 
C Y THE ARRAY OF Y COORDINATES 
C XMAX THE LARGEST VALUE OF X 
C XMIN THE SMALLEST VALUE OF X 
C YMAX THE LARGEST VALUE OF Y 
C YMIN THE SMALLEST VALUE OF Y 
C THAX THE MAX OF AUXILIARY VARIABLE T (FOR AXIS LAB!L) 
C THIN THE MIN OF AUXILIARY VARIABLE T 
C NY THE NUMBER OF Y VARIABLES 
C IYDM THE ACTUAL DIMENSION OF THB FIRST SUBSCRIPT OF Y 
C L~ NES THE NUHBER OF LINES TO BE USED FOR TBB X AXIS 
C L~ST THE NUMBER OF DATA POINTS 
C SYH THE SYM BOLS TO PLOT, ONE FOR EACH Y 
C IW THE WIDTH OF PLOT (EG 80 FOR TELETYPE, 126 fOR PRilft'll) 
c 

11 

16 
169 

DIMENSI ON X (LAST) , Y ( IYDM ,NY) , SYM (NY) , ZY ( 11) ,TZ'i (11) ,GRAPH (112; 
DIHENSI O~ TICK(22) ,TICKY(22) ,XZUNIT(2 ) 
COMMON/INOUT/IO,ITI,ITO,IDI,IDO 
DATA BLANK/' 1 /,CR/'-'/,PL/'<'/ 
DATA (TICK(I),I•l,22)/22*' •••• '/,(TICKY(I),I•1,22)/22* 1 + 1 / 

XS CALE=(XMAX-XHIN)/ (LIN ES-1.) . 
IR=MIN0(I~-15 ,11l) 
I COL= I R/11!+ 1 
ICOL2=ICOL*2-1 
IRPl ziR+l 
TYSCAL •(TMAX- THIN)/IR 
YSCALE=(YMAX-YHIN)/IR 
DO 10 K=l,ICOL 

11 ZY(K) a l0.*(K-l)*YSCALE+YMIN 
WRIT E(IO,l5) (ZY(K),K•1,ICOL) 

15 fO RMAT (/,' GRAV ',1Pl2Ell.2) 
DO 11 K•1,ICOL 
TZY(K)•l0.*(K-l)*TYSCAL+THIN 
WRITE(IO,l6) (TZ\'(K) ,K•l,ICOL) 
FORMAT(' HAG ',1Pl2El0.2,/) 
WRITE(IO, 20) XZUNIT(l) ,XZUNIT(2) ,~ICIY(l), 

1 (TICK(K) ,TICKY(K) ,K=l,ICOL 2) 
28 FO RMAT (' ',2A4,3X,Al,22(A4,Al)) 

IN DEX•! 
31 IF(X(I NDEX) .GE.XMIN) · GO TO 40 

INDEX•INDEX+l 
IP(INDEX.LE.LAST) GO TO 30 

i\ 

·:, 

" 

I 

WRITI(IO, 35) 
35 FORMAT(180, 110 I IS GRIA'tBl !UAI IMIN 1

) 

RETURN 
U Xl•XMIN 

DO ·ao I•l ,LINES 
IF(HOD(I,S),BQ.1) GO TO 45 
GRAPH(l)•CR 
GRAPH ( IRPl) •CR 
GO TO Sll 

45 GRfiPH {l) •PL 
GRAPH (I RPl) •PL 

58 DO 55 J=2,IR 
55 GRfiPH(J)•BLANK 

X2 = ((I-.S)*(XHAX-XMIN))/(LINIS-1.)+XNIM 
57 IF(INDEX.GT.LAST) GO TO 71 

IF(X(INDEX).GE.X2) GO TO 71 
IF(X(INOEX) .LT.X1) GO TO 65 
DO 60 J=l,NY 
IF(Y(IN DEX ,J) .LT.YMIN·.OR.Y(INDBX,J) .GT.YMAX) 
I Y= ( Y ( 1 NDEX, ,J) -YMIN) /YSCA LE+l. 5 
GRAPII(IY) =S YM(J) 

61 CONTINUE 
INDEX=INOEX+l 
GO TO 70 

65 lNDEX=lNDEX+l 
GO TO 57 

71 XES• (I-l)*XSCALE+XHIN 
WRITE ( IO, 75) XES, (GRAPH (J) ,J•1,IRP1) 

75 FORMAT(lH ,2X,lPE9.2,2X,111Al) 
Xl •X2 

Ill CONTINUE 
WRITE(I0,20) XZUNIT(l),XZUNIT(2),TICKY(1), 

1 (TI CK (K) ,TICKY(K) ,K•l,ICOL2) 
WRITE(I0,85) (ZY(K),K•l,ICOL) 

85 FORMT (/,' GRAV ', 1Pl2El0, 2) 
WRI 'rE(I0,86) (TZY(K) ,K• l,ICOL) 
FO RMAT(' HAG ',1Pl2Elll.2) 
RETURN 
END 

/ 



SUBROU?IWB SPLINl(N,I,X,Y,A,B,C,7,D,P,S) 
C--oRE DIMENSIONAL CUBIC SPLINE INTERPOLATION 
c 
C BY W.L.ANDERSON, U.S. GEOLOGICAL SURVEY, DENVBl, COLORADO. 
c 
C PARHS--- M• NUMBER OF DATA POINTS .GT. 2 
C H• EQUAL INTERVAL OPTION WHEN H.GT.8.8 (OS! DUMMY I lill), 
C UN EQUAL INT ERVALS IF H=9.9 (X REQUIRED STORAGE) 
C X• I NDEP. VAR WHEN Hz9.9 (DIM .GE. M). 
C Y• DEP ENDENT VARIABLE (DIM .GE. H). 
C A,B,C=COEFF.ARRAYS (EACH DIM .GE. H) 
C RESULTS ARE RETURNED IN lST(M-1) ELEMENTS OP A,B,.C. 
C ALSO USED AS WORK ARRAYS DURING EXECUTION. 
C T• TYPE OF BOUNDARY CONDITION SUPPLIED IN D ARRAY, USB 
C T=l IF 1ST DERIVATIVES GIVEN AT EN D POINTS, OR 
C T=0 IF 2ND DERIVATIVES GI VEN AT END POINTS. 
C D• BOUNDARY ARRA Y (DIM 2) AT POINT 1 AND M RESPECTIVELY. 
C P,S• WORK ARRAYS (EACH DH1=~1). 
C--ZRROR RETURN WITH M=-(ABS(M)) IF AUY PARM OUT OF RANGE. 
C THE RESULTI NG CUBIC SPLINE IS OF THE FORM : 
C Y•Y(I)+A(I)*(X-X(I))+B(I)*(X-X(I))'*2+C(I )*(X-X(I))**3 
C FOR I•l,2, .•. ,M-l 
c 

IMPLICIT REAL*4 (A-H,O-Z) 
REAL*4 X(l) ,Y(l) ,A(l) , B(l) ,C(l) ,D(2) ,P(l) ,S(l) ,HUL 
INTEGER*4 T 

~ IF(T.LT.B.OR.T.GT.l.OR.H.LT.B •• OR.H,LT.3) GO TO 999 
~ N"11-l 

IF(T.EQ.B) GO TO 20 
C--lST DERIVATIVE BOUNDARIES GIVEN 

NE =N -1 
.IF(H) 999,11,1 

C--EOUAL SPAC I NG R .GT. 8. AND T•l 
1 HH=3.9/H 

DO 2 I • l,NE 
B(Il=LB 
C(I)•l.B 
A(I)=l.9 

2 P(I) =HH *(Y(I+2)-Y(I)) 
P(l)=P(l)-D(1) 
P(N E)•P (NE)-0(2) 

C--SOLUTION OF TRIDIAGONAL MATRIX IQ. Of ORDER Ml 
3 C(ll=C(l)/B(1) 

P(l)=P(l)/B(1) 
DO 4 I z 2,NE 
MULzl . 0/(B (I)-A(I)*C(I-1)) 
C(I) =Ii UL*C(I) 

4 P(I)=M UL *(P(I)-A(I)*P(I-1)) 
C--QBTAIN SPLINE COEFFICIENTS 

A (NE+T) :p (NE) 
I:NE-1 

5 A(I+T)=P(J)-C(I)*A(I+T+1) 
I =I -1 
IP(I.GE . l) GO TO 5 

IF(T.EQ.9) GO TO 6 
A(l)=D(l) 
A (M) =D(2) 

6 IF(H. EQ. 9.0) GO TO 14 
HH= l .0/H 
DO 7 I • l,N 
HUL• HII * (Y (1+1) -Y (I)) 
B(I)zHH*(3.S*MUL-{A(I+l)+2.1*A(I))) 

7 C(IJ =HII*HH *(-2.0*HUL+A(I+l)+A(I)) 
RET UR N 

:\ 
··, 

! . 

l 
c:"otoN!QCIAL SPACING 1•1 • .• AWD !'al 

11 DO 12 I•l,N 
12 S(I+l)•X(I+l)-1(1) 

DO 13 I•l,NE 
B(I)•2.0*(S(I+l)+S(I+2)) 
C(I)•S(I+1) 
A(I) • S(I+2) 

13 P(I) m3.0*(S(I+1)**2*(Y(I+2)-Y(I+l))+8(I+2)**2*(1(l+l)-I(I)))/ 
* (S (I+l)*S(I+2)) 

P ( 1) =P (1) -S ( 3) *D (1) 
P(NE)=P(N E)-S(N)*D(2) 
GO TO 3 

14 DO 15 I = 1 , N 
IIH =l.0 /S (I+l) 
HUL• (Y(I+l)-Y(I))*HH**2 
B(I)=3.0* MUL- (A(I+l)+2.8*A(I))*BH 

15 C(I) =-2.0*M UL*HH+(A(I+l)+A(I))*BH**2 
RETURN 

C-2ND DERIVA'riVE BOUNDARIES GIVEN 
20 NE=N+l 

IF(II) 999 ,31,21 
C--EQUAL SPACING H .GT . 0 AND T•8 

21 HH =3 .0/H 
DO 22 Ja 2,N 
B(I) =4.9 
C(I) =l.0 
A(I)><l.0 

22 P(I)•HH*(Y(Itl)-Y(l-1)) 
B(l) z 2,8 
B(N E) *2.0 
C(l) : l.0 
C(N E) a l.8 
A (NE) "' 1. 0 
P(l) =1111* (Y(2)-Y(l) )-1.5*B*D(l) 
P(N E) •HH *(Y(M)-Y(N))+I.S*B*D(2) 
GO TO 3 

C--UNEQUAL SPACING H•B AND T•l 
31 DO 32 Izl,N 
32 S(I+l) s X(I+1)-X(I) 

Nl =N- 1 
00 33 I .. l,Nl 
B(I+l) "' 2.0*(S(I+1)+S(I+2)) 
C (I+l) zS (1+1) 
A(I+l) .c S(I+2) 

33 P(I +l) •3 .0*( S(I+l)**2*(Y(I+2)-Y(l+l))+S(I+2)**2*(Y(I+l)-l(l)))/ 
* (S(I+l)*S(I+2)) 
8(1) =2.0 
B(NE) =2.0 
C(l)=l.0 
C(NE) • l.9 
A (N E) =1. B 
P(l) : 3.0*(Y(2)-Y(l))/8(2)-1.5*S(2)*D(l) 
P(N E)"'3 .9*(Y(M)-Y(N))/S(M)+I.S*S(M)*D(2) 
GO TO 3 

tt9 Mz-IABS (M) 
RE'£URN 
END 
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IOBROOTINI LLSQ(A,B,M,N,L,I,IPIV,IPS,I!R,AOX) 
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SUBROU'!'IN£ LLSO 

PURPOSE 
TO SOLVE LINE'-R L£'-ST SQUARES PROBLEMS 1 I, I, TO MINIMIII. 
THE EUCLIDEAN NORM OF B-A*X, WHERE A IS A M BY M MATRIX 
WITH H NOT LESS THAN N. IN THE SPECIAL CAS£ M•N SYSTEMS Or 
LINEAR EQUATIONS HAY BE SOLVED. 

USAGE 
CALL LLSQ (A,B,H,N,L,X,IPIV,EPS,IER,AUX) 

DESCRIPTION OF PARAMETERS 
A - H BY N COEFFICIENT MATRIX (DESTROYED). 
B - H BY L RIGHT HAND SIDE MATRIX (DESTROYED). 
M - ROW NUMB ER OF MATRICES A AND B. 

; 
--, . .... - 1 - .. - · -

__ L_. __ !., __ l ,. 
-f--, ----

-,----· ·· 

__ ._ _____ ---
- , ....... --

• 1· I 
--. ·--~ ·• r ·-. ' 
- -~- -- : - -l -

N - COLUMil NUM BER OF MATRIX A, ROW NUMBER OF MATiliX I. ---~ - - - ~ --
L - COLUMN NUMBER OF MATRICES B AND X. 
X - N BY L SO LUTION MAT RIX. 
IPIV - INTEG ER OUTPUT VE CTOR OF DIMENSION N WHICH 

EPS 

IER 
AUX 

REMARKS 

CO NTAI NS I NFO RM ATI ONS ON COLUMN INTERCHANGES 
IN MATRIX A. (S EE REMAR K N0 . 3). 
IN PUT PA RA METER WHIC H SPECIFIES A RELATIVE 
TOLERANCE FOR DETERMI NATION OF RANK OF MATRIX A, 

- A RES ULTI NG ER RO R PARA METER. 
-AUXILIARY STORAGE ARRA Y OF DIMENSION HAX(2*N,L), 

ON RETURN FIRST L LOC ATIONS OF AUX ~ONTAIN THB 
RESULTING LEAST SQUARES. 

(1) NO ACTION BESIDES ERROR MESSAGE IER•-2 IN CAS£ 
M L!:SS THAN N. 

(2) NO ACTION BESIDES ERROR MESSAGE IER•-1 IN CASE 
OF A ZERO-MATRIX A. 

(3) IF RANK K OF MATRIX A IS FOUND TO BE LESS THAN N BUT 
GREATER THAN B, THE PROCEDURE RETURNS WITH ERROR CODI 
IER=K INTO CALLING PROGRAM. THE LAST N-K ELEMENTS OF 
VECTOR IPIV DENOTE THE USELESS COLUMNS IN MATRIX A, 
THE REMAINING USEFUL COLUMNS FORM A BASE OF ~ATRIX A. 

(4) IF THE PROCEDURE WAS SUCCESSFUL, ERROR PARAM ETER IER 
IS SET TO B. 

SUBROUTINES AND FUNCTION SUBPROGRAMS REOUIRED 
NONE 

METHOD 
HOUSEHOLDER TRANSFORMATIONS ARE USED TO TRANSFORM MATRIX 
TO UPPER TRIANGULAR FORM . AFTER HAVING APPLIED THB SAME 
TRANSFORMATION TO THE RIGHT HAND SIDE MATRIX 8, AN 
APPROXIMATE SOLUTION OF THE PROBL~M IS COMPUTED BY 
BACK SUBSTITUTION. FOR REFERENCE, SEE 
G. GOLUB, NUMERICAL METHODS FOR SOLVING LINEAR LEAST 
SQUARES PROBLEMS, NUM ERISCHE MATHEMATIK, VOL.7, 
ISS.) (1965), PP.206-216. 
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DIM!NSIOW A(1),B(l),l(l) 1 1PIV(l),AOI(l) 

ERROR TEST 
IP(H-N)31,l,l 

GE~IER.\TION OF INITIAL VECTOR 8(1) {lt•l,2, .. ,,.) II STOaAGB 
LOCATIONS AUX(It) (K•l,2, ••• ,M) 

1 PIV=0. 
IENDzB 
DO 4 Koa l,N 
IPIV(K)•K 
H=B. 
ISTziEN0+1 
IEND=IEND+M 
DO 2 I =IST,IEND 

2 H=II+A(I)*A(I) 
AUX(K) =H 
IF'(II-PIV)4,4,3 

3 PIV =II 
KPIV=K 

4 CONTINUE 

ERROR TEST 
If'(PIV)31,31,5 

DEFINE TOLERANCI POR CBICII.O aANI Or A 
5 SIG:SQR'r ( PIV) 

TOL:SIG*ABS(!PS) 

DECOMPOSITION LOOP 
LM 2 L*H 
IST=-H 
DO 21 K2 1,N 
IST: IST+M+1 
IEND=IST+H-K 
I"'KPIV-K 
IF(I)8,8,6 

IN'l'E RC HANGE K-TB COLOJOI Or A WI'l'B IPIV-ft II CASI IPIV.Gt'.l 
6 H=AUX(K) 

AUX(K)•AUX(KPIV) 
AUX(KPIV)•H 
I D• I* M 
DO 1 I=IST,IENO 
J= I tiD 
H: A (I) 
A(I) =A(J) 

7 A(J) : fl 

COMPUTATION OF PARAMBTBR 810 
8 IF(K-1)11,11,9 
9 SIG=0 . 

DO 1B I•IST,IEND 
18 SIG: SIG+A(I)*A(I) 

SIGzSQRT(SIG) 

TEST ON SINGULARITY 
IF(S I G- TOL)32,32,11 

GEN ERA"rE CORRECT SIGN Or PARAMITBR 810 
11 II•A(IST) 

IF(11)12,l3,13 
ll SIG•-SIG 

·- · - - j - \1 
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c 
C SAVB Iln'IRCIIANGB IlfPORMA'fiO. 

c 
ll IPIV(KPIV)•IPIV(K) 

IPIV(K)•KPIV 

C GENERATION OP VECTOR OJ: IN K-'!'B COLOJtll Or MA'fRIX A AJID OP 
C PARAMETER BETA 

BETA•H+SIG 
A(IST)•BETA 
BETA=1./(SIG*BETA) 
J=N+K 

c 

AUX(J)•-SIG 
IF(K-N) 14,19,19 

C TRANSFORMATION OP MATRIX A 

c 

U PIV=B. 
I D=B 
JST=K+l 
KPIV=JST 
DO 18 J•JST,H 
ID=ID+M 
H=ll. 
DO 15 I•IST,IEND 
II • I+ID 

15 H•H+A(I)*A(II) 
H=BETA*H 
DO 16 I•IST,IEND 
Ilsl+ID 

16 A(II)=A(II)-A(I)*B 

C UPDATING OP ELEMEN'f S(J) STORED IW LOCA'fiON AOI(J) 
II=IST+ID 

c 

H=AUX(J)-A(II)*A(II) 
AUX(J)=H 
IF(H-PIV)l8,18,17 

11 PIV•H 
KPIV•J 

18 CONTINUE 

C TRANSFORMATION OP RIGB'f BAND SID! MATRIX 8 
19 DO 21 J•K,LM,M 

H=B. 
IEND=J+M-K 
II=IST 
DO 29 I•J,IEND 
B=H+A(II)*B(I) 

21 II•II+1 . 
H=BETA*H 
II•IST 
DO 21 I •J I I END 
B(I)=B(I)-A(II)*B 

21 II•II+l 
C END OP DECOMPOSI'fiOI LOOP 
c 
c 
C BACK SUBSTITUTION AND BACI IW'f!RCBANGI 

IER•Il 
IzN 
LNxL*N 
PIV•l./AUXC2*N) 

,A• 

:\ 

c 
c 

DO 22 l•W,L.,W 
X (I) •PIV*B (I) 

22 I•I+M 
IP(N-1)26,26,2) 

23 JST•(N-1)*M+N 
DO 25 J•2,N 
JST=JST-M-1 
K=N+N+1-J 
PIV=1./AUX(K) 
KST=K-N 
ID=IPIV(KST)-KS'f 
IST=2-J 
DO 25 K=1,L 
H•B (KST) 
IST=IST+N 
lEND= IS1'+J-2 
II=Js·r 
DO 24 I=IST,IEND 
I I =II+ M 

2• H=H-A(II)*X(I) 
I=IS'r- 1 
II.,I+ID 
X(I)=X(II) 
X(II)=PIV*H 

.25 I<ST=KST+M 

C COMPUTATION or L!AS'f SQOARBS 

c 
c 

c 
c 

c 
c 

c 

26 IST=N+l 
IEND=B 
DO 29 J•l,L 
IEND•IEND+M 
H=B. 
IF(M-N)29,29,27 

27 DO 28 I • IST,IBND 
28 H=H+B(I)*B(I) 

IST=IST+M 
29 AUX(J):H 

RETURN 

ERROR RETURN IN CASI M LISS '!'BAll W 
Jll IER=-2 

RET UR N 

ERROR RETURN IN CASI Or IERo-MATRIX A 
31 IER=-1 

RETURN 

ERROR RETURN IN CASB or RANI OP MA'fRIX A LIBS ~ • 
32 IER=K-1 

RETURN 
END 
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FORMATTED DATA INPUT 

2 

The program is designed for formatted entry of data, with a 
3 

1 namelist option provided for interactive modif ication of model 
4 

parameters. Figure 6 is an operational flow chart to aid the user in 
5 -

6 

r Figure 6.--NEAR HERE 

8 

· preparing formatted data on card, disk, or other input devices. 
9 

10- I 
Following are the specifications for formatted data input. To 

1 allow flexibility in the use of the program, the specifications are 
II 

12 
I rather complicated. An examination of Figure 7, however, shows that 

= 
13 

Figure 7. --NEAR HERE 
14 

I 
15- j-----------------------

16 

I 7 

18 

19 

~ I 

23 

24 

! data entry can be very simple. For simple forward calculations, the 

user can modify to suit his own purposes one of the data sets shown 
I 

I in Figure 7. For simple inverse calculations the user can modify 

I 
1 one of the input data sets labeled FOR05.DAT under FIRST TEST and 
I 

I SECOND TEST on pages "63 a nd 68. 20-, 
Input of formatted data occurs on logical unit 5, nominally a 

disk drive. Interactive prompts and user input occur on logical unit 

7, nominally the user's terminal. In response to prompting from the 

program, the user may receive all output on his terminal (nominally 

. I 
unit 7) or send the bulk ou~~~-to a - ~~~nter file (nominally unit~ 

41 ' 
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I ' 

----------------------------------1 
In the latter case, selected output, including density and magnetization 

determined by least squares, are output on the terainal as well. 
2 I 

3 I 

5 

8 

9 

- 10 - 1 

II 

12 

13 

14 

' 15-

16 

17 

18 

19 

?0-

2 1 

22 

24 

84 2 -17 1 
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2 

3 

4 

5-

6 

7 

8 

9 

10-

11 

12 

13 

14 

15-

16 

17 

18 

19 

20-

21 

22 

23 

24 

25 -

Specifications for formatted input data 

Data 
Unit 

1 

2 

Format 

(16A5) 

(7Fl0.2,I4,2I3) 

F10.2 

F10.2 

F10.2 

Fl0.2 

F10.2 

F10.2 

F10.2 

!4 

!3 

Columns Variable name, comments, etc. 

Title card, mandatory. 

1 Number 1 for page throw at beginning 
of output. Otherwise blank. 

2-80 Arbitrary title. 

1-10 

11-20 

21-30 

31-40 
.,-:z 

41-50 

51-60 

61-70 

71-74 

75-77 

Parameters for profile line, mandatory. 

XZER.O: Initial X-value. 

DELX: Increment of X. 

AZMUTH: Azimuth of +X axis, in degrees 
+ clockwise from true north. 

FLDDEC: Declination of earth's field 
in degrees, + clockwise from true north • 

FLDINC: Inclination of earth's field 
in degrees. 

FLD: Strength of earth's total magnetic 1 
field in gammas. Needed only for 

.calculations involving susceptibility. 

HIMAG: Height of magnetometer above 
or, if -, below elevation ELEV, determir.ed 
later. 

NUMX: Number of field points at which 
calculations will be made. Usually+ 
but - value acts as switch to cause 
lmn1XI X-values to be read as data 
unit 3. 

NTOPO: Number .of X-TOPO pairs defining 
topography, input to ELEVER as data 
unit 4. 

U. S, GOVERNMENT PRINTING OFFICE: 1959 0- 51117! 
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1.1287 

2 

3 

4 

5 -

6 

7 

8 

9 

10 -

11 

12 

13 

14 

15-

16 

17 

18 

19 

20 -

21 

22 

23 

24 

25 -

Data 
Unit 

Format Columns 

2 !3 
(cont.) 

78-80 

3 

4 

5 

6 

(8Gl0.2) 

(8G10. 2) 

(8G10. 2) 

(Don't use both data 
units 5 and 6.) 

(8G10.2) 

Variable name, comments, etc. 

IELEV (Switch to determine input mode 
for ELEV, the elevation of magnetic 
fieldpoint.) 

• -1: Read ELEV(J),J=l,NUMX as data 
unit 5. 

0: ELEV(J)=HIMAG,J=l,NUMX (constant 
elevation). 

. +1: ELEV(J)=TOPO(J)+HIMAG (ground 
magnetometer or draped aeromag). 

>2: Interpolate ELEV(J),J=l,NUMX 
from IELEV X-ELEV pairs input 
to ELEVER as data unit 6. 

X-values of fieldpoints. May be unequally 
spaced. Optional card string, used if 
NUMX negative. Input X(I),I=l, jNUMXj, 
8 per card. 

x-z pairs for interpolation to form 
TOPO. Optional, used if NTOPO>O. 
String of X-values 8 per card followed, 
on separate card or cards, by Z-values, 
I•1,NTOPO. 

Z-values, corresponding to X(I),I=l, 
NUMX, defining ELEV. Optional, require( 
if IELEV=-1 ELEV(I),I=l,NIDfX, 
8 per card. 

x-z pairs for interpolation to form 
ELEV. Optional, used if IELEV~2. 
String of X-values 8 per card followed, 
on separate card or cards, by Z-values, 
I•l, IELEV. 

99 U.S. OOV E R.N MENT PRI NTING OF F IC E: 1959 0. 51 11 71 
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2 

4 

5 -

6 

8 

9 

10-

II 

12 

13 

I ~ 

, ~· . ·-
; ...... 

fData- --- Format ---columns - --variable Dallle, conunents, etc. - 

J ~U~n~i~t~------------------------------------------------------------------- I 

7 (10IS,2Gl0.2,A2,I2) 

IS 1-S 

IS 6-10 

IS - 11-lS 

IS 16-20 

IS 21-2S 

IS 26-30 

IS 31-35 

Miscellaneous parameters, mandatory. 

KINDFP 1: 
- 2: 
- 3: 

grav. and mag. 
grav. only. 
mag. only. 

NGIN: Number of input (e.g. regional) 
grav. values. This and next three 
variables define the number of X-Z pairs 
to be interpolated. 

NTIN: Number of input (eg. regional) 
mag. values. 

N\~BS: Number of observed grav. values. 

NTOBS: Number of observed mag. values. 

INY 0: Standard 2-dimensional bodies, 
unlimited in Y. 

a 1: 2~-dimensional. Read Y's in 
data unit 13. 

!REG (Switch for regional gravity 
procedure. See below for explanation.) 

15- 1 
IS 36-40 !RET (Switch for regional magnetic 

procedure.) 
I 

16 

I I 7 

18 

19 

20-

21 
IS 41-45 

22 

23 
15 46-SO 

24 , .. 

2 - ___ ,010. 2 ___ _ __ 1-:'60 

• 0: Normal mode. Remove regional 
GIN+GCONS froM GOBS or TIN+TCONS 
from TOBS, model residual. 

• 1: GIN+CONS or TIN+TCONS are 
starting regional to add to 
computed gravity or ma~etic 
fields respectively. Model GOBS 
or TOBS with regional retained. 

I 
ITHDE: Columnar width of output device ' 
eg. 80 for teletype, 110 for line printer. 
Use DviDE=O for these default values. 

NLPLT: Number of lines in X-axis of 
printer plot. Use NLPLT=O for default 
NLPLT=NUMX. 

GCONS: Constant I 
regional or base level_" 

gravity value. ~ · ' '' r~· u ri\ ll :\ i: ll .. ... ,( ,:: t•l .... ,\1 . ... , ,, 1, 

so 



I . 7 G10. 2 
2 I (cont.) 

3 A2 

5-

6 

12 

8 

9 

10-

11 
FG.2 

12 

13 

14 8 (8G10.2) 

15-

16 
9 (8G10.2) 

17 

18 10 (8G10.2) 

1'l 

20- 11 (8G10.2) 

71 

22 

2J 

24 

25 -

- COltmllls- - ----variable name, comments, etc-.--. 

61-70 

71-72 

73-74 

75-80 

TCONS: Constant regional or base level 
magnetic value. 

XZUN: Unit for distances. Required for 
gravitr, optional for magnetics. 

= KM or blank, kilometers; MI, miles; 
KF, kilofeet; ME, meters; FT, feet; 
NM, nautical miles. 

KSPL (Switch for interpolation mode of 
GIN, TIN, GOBS and TOBS.) 

= 0: Linear interpolation. 

• 1: Spline interpolation. 2nd 
derivative at endpoints = 0. 

RHOBOU in the Bouguer reduced density 
used only in output by FITGRV. Normally 
2.67, may take other values including 0, 
used in modeling free air gravity profiles. 

x-z pairs for interpolation to create 
GIN. Optional, used if NGIN>O. 

x-z pairs for interpolation to create 
TIN. Optional, used if NTIN>O. 

x-z pairs for interpolation to create 
GOBS. Optional, used if NGOBS>O. 

x-z pairs for interpolation to create 
TOBS. Optional, used if NTOBS>O. 

51 
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15-

16 

3rd card string 
17 

18 

14 (8Gl0. 2) 
10 

1st card string 
20-

2nd card string 
2 1 

22 

23 

24 

·>r .;; -

Columns Variable name, comments, etc. 

Number of bodies, number of corners in 
each. 

1-5 NBODS: number of bodies. 

6-10 NCORNR(l): number of corners in body 1, 
last corner counted twice. 

11-15 NCORNR(2): number of corners in body 2, ••• 

16-20 etc. 

Half strike-lengths of bodies. Optional, 
3 card-strings required if INY=l even if 
calculation is for mag. or grav. alone. 
Cards may be blank. In grav. case, · strike 
lengths may be different to either side 
of X-Z plane, so Yl and Y2 needed. Mag. 
symmetrical, so only YMAG needed. 

Yl(I),I=l,NBODS, 8 per card. +Y 
dimension of grav. body from x-z plane, 
+ "out of paper". Normally +. 

Y2(I),I•l,NBODS, 8 per card. -Y 
dimension of grav. body from x-z plane, 
- "into paper". Normally -. 

YMAG(I),I=l,NBODS, 8 per card. Half 
strike-length of mag. body, always +. 

X and Z corners for Ith body, mandatory. 

XCORNR(K),K=l,NCORNR(I). 

ZCORNR(K),K=l,NCORNR(I). 

Repeat for each body. Use ZCORNR(K)=777. 
only as a code which places the body 
corner at the topographic surface by 
interpolation. 

5~ -·~ 
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2 

6 

8 

9 

5-

~at a 
Unit 

15 

10 - I 
I 

11 

12 

13 

14 

15-

16 

17 

18 

20-' 

21 

22 

23 

Format 

(5Gl0.2,6I5) 

Gl0.2 

Gl0.2 

Gl0.2 

Gl0.2 

Gl0.2 

I5 

!5 

",_J 
~--------------------

_ Columns 

1-10 

11-20 

21-30 

31-40 

41-50 

51-55 

- ~ 
I 

56-60 

___ Variable name, comments, etc. ----~ 

Physical properties for Ith body and 
control parameters for continuing run, 
mandatory. 

3 
RHO: Density contrast in gm/cm • 

SUS: Susceptibility contrast in 
gauss/oersted. SUS=l. is required for 
inverse soln. for SUS. 

RD~G: Remanent magnetization contrast 
in gauss. REMMAG=l. is required for 
inverse soln. for RB~G. 

REMDEC: Declination of remanent 
magnetization, + clockwise from true 
north. Ignored in inverse soln. 

REMINC: Inclination of remanent 
magnetization. Ignored in inverse soln. 

!SKIP (Switch for next body or inverse 
soln.) 

• 0 or 1: Read another card like this 
one for next body if one 
exists. 

>2: Use physical properties from 
this card for (ISKIP-1) 
bodies to follow, then read 
another card like this one 
for next body if one exists. 

-69: Inverse soln. for this and 
all remaining bodies. Must 
also have REMMAG and/or 
SUS=l. 

KPLOT (Plot switch. 0 default.) I 
I 
I 

.. 0: Printer plot output . 

- 1: Plot on DEClO hardware plotter. , 
De-vice requested on teletype. 

- 2: Both of above. 

--- .::;-r: ___ Delete plot.-- J 
- ~,. :'-1, l. \ t\l-. t!,\ ti. '\1 I'H !:-.. 11 (, Ul-l'll ' l. · f Q'"' ()- 'l l l l ... l 
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2 1 

22 

23 

24 

20-

~~ -

Columns 

61-65 

- -==-
1 

Variable name, comments, etc. 

KOUT (Output option switch. 0 default.) 

~ 0 or -2: GOUT is residual between 
GRV and GOBS. TOUT is 
residual between TOTl 
and TOBS. 

• +1 and IREG=O: 
GOUT(I)=GRV(I)+GIN(I)+GCONS 

• +1 and IRET=O: 

< 0 

TOUT(I)=TOTl(I)+TIN(I)+TCONS 

If IREG#O, revert to 
GOUT(I)=GRV(I)-GOBS(I). 

If IRETIO, revert to 
TOUT(I)=TOTl(I)-TOBS(I). 
X and GOUT and/or X and 
TOUT are output to unit 6 
in 8Fl0.2 format for 

.subsequent use to creace 
GIN and TIN. 



Data Format 
Unit 

2 15 IS 

3 

4 

5-

6 

7 

8 

9 

10-

11 

12 

13 

14 

• 15-

16 

17 

18 

19 

20 -

21 

22 

23 

24 

25-

Columns 1 Variable name, comments, etc. 

66-70 KFLD (Switch for printing of vertical 
field and choosing approximate or exact 
equation for calculating total field 
anomaly.) 

• 0: Default. Use approximate 
equation (Ml8). Omit vert i cal 
field. TOT2 set equal to TOTl 
before proceeding with further 
calculations. 

• 1: Same as 0 but print vertical 
field. 

• 2: Use approximate equat i on (M18) 
to calculate TOTl and exact 
equation (M17) to calculate 
TOT2. Omit vertical field. 
TOT2 set equal to TOTl before 
proceeding with further 
calculations. 

• 3: Same as 2, but also print 
vertical field. 

- 4: 

- 5: 

55 

Same as 2, but set TOT1=TOT2 
before proceeding with further 
calculations. 

Same as 4, but print vertical 
field. 
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2 

3 

4 

5-

6 

7 

8 

9 

10-

11 

12 

13 

14 

15-

16 

17 

18 

19 

20-

21 

22 

23 

24 

25-

Data 
Unit 

15 IS 
(cont.) 

IS 

Format Columns 

71-75 

76-80 

Variable name, comments, etc. 

MODE (Switch to control program flow 
followinP, calculations for all bodies. 
Req~ired only on final card in data 
unit 15 sequence.) 

· • + l:Go back to beP:inning and read 
new data unit 1. 

• + 2:Go back and read new body 
geometries (data unit 12). 

• + 3:Go back and read new physical 
properties (data unit 15) 

• + 4:End computation. 

• Rezero computed fields GRV,TOT1 
TOT2, and VER before continuing 

• + Keep present field values as 
input to ne·H calculation. 

NXKNFP: 0 Default means no change. 
Switch used to set new value (1, 2, or 
3) of KINDFP prior to beginning new 
calculations. Required only on final 
card in data unit 15 sequence. 
Irrelevant for MODE=+1. Often useful 
for MODE=+2 to delete mag. or grav. 
calculations. Take care with t10DE=+3, 
for if KINDFP was 2, switch to KINDFP=1 
or 3 will find missing mag. geometrical 
factors, or if KINDFP was 3, switch to 
KINDFP=1 or 2 will find missing grav. 
geometrical factors. 

56 U, S , GOVERNMENT PRINTING OFFICE: 19S9 0- Slll71 
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3 

5 -· 

6 

8 

9 

NAMELIST DATA INPUT 

In simple cases the program can be executed using namelist data 

' input exclusively (for example, the c~lculation of the gravity field 

of an infinite slab shown below, but it is intended as a means of 

I modifying a few parameters following a run using formatted input.) 

I The namelist data input mode is entered via a program prompt on the 

user's terminal (logical unit 7), and namelist input occurs on the 

terminal as well. The output options are the same as for formatted 

data input. The program prompts the user ·when namelist data input is 
10- ,I 

required. To input namelist parameters, type a space, a $, the 
11 

12 

13 

i 4 

15-

16 

17 

18 

19 

20-

?1 

22 

23 

24 

5 -

namelist name, 'another space, the list of variables to be changed, and 

end with a $and a carriage_return. For example: 

$PROFIL YZER0=-5.,HIMAG=lO.,XZUN='ME'$CR. 
' 
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.12111 

2 

3 

5-

6 

7 

8 

9 

10-

11 

12 

13 

14 

15-

16 

17 

18 

19 

20-

21 

22 

23 

24 

25-

The four namelist names and the associated variable are: 

PROFIL: X, NUMX, HDfAG, XZUN, GCONS, TCONS, AZMUTH, FLDDEC, FLDINC, 

BODS: 

PROP: 

PLOT: 

FLD, Nl.PL T , KSPL 

NEWBOD, Y1, Y2, YMAG, NCORNR, XCORNR, ZCORNR, KINDFP, NBODS, 

IO. (NEWBOD(I) is a switch set equal to 1 when any 

geometrical factor has been computed for body I. To recomput 

geometrical factors for body I, Nffi~D(I) must be reset to 0. 

RHO, SUS, REMMAG, REMDEC, P~INC, !SKIP, 10, N~10DE, NXKNFP, 

NXKPLT, NXROUT, NXKFLD. (The last five variables are the 

same as MODE, NXTKFP, KPLOT, KOUT, AND KFLD used in formatted 

input.) 

(Used only for USr.S hardware plotting routine DECPLT. Ignore 

except for fancy plots.) Default values in parentheses. 

I 

IPX, IPY: Interval between labeled ticks on x- and y-axes. 

(Default value 1 means each tick labeled.) 

SIZEL, SIZET, SIZES, SIZER: Height in em for: axis numberin 

(.2), axis labels (.3), plot symbols (.2), header (.2). 

HIGH, lHDE: Height and width of plot in em. (Default values 

of 20.32 and 25.4 are dimensions of Tectronix 4010 scope 

display.) 

XAX, YAX: x- and y-axis labels. (XAX default: .x in KM, or 
,.., I 

MILES, KILOFEET, ME~P~, FEF.T, NAUT MILES. YAX default: 

MILL I GALS and/ or GAHMAS.) 

NXAX, NYAX: Number of characters in XAX and YAX. (Max.=20, 

default value.) 
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2 

3 

4 

5-

6 

7 . 

8 

9 

10-

11 

12 

13 

14 

15-

16 

17 

18 

19 

20-

21 

22 

23 

24 

25-

Following is a sample run using namelist input exclusively. The 

lines of type enclosed by boxes were input by the user. 

.. -:= 

59 
- ~. 
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TTYSO-assigncd 

.RO 2ROPOT 

FOR BULK OUTPUT ON DSK TYPE "6". ON TTY TYPE "7". 

111 FOR FORMATEO tNPUT,TYPE •o•. NAMELIST INPUT,TYPE "5". 

lSI 

NAMELIST ENTRY OF "PRCFI L" LIST: 
X,NU MX, HIMAG, XZ U~.~ ZM UTR ,PLDDEC,FLDINC,FLD,GCONS,TCONS, 

[}PROfiT, X- 5 .0 .5 . N'J T<- 3$J 
NJ,PLT ,!<LIN 

SPROFIL 
0.0000000 X• -5.000000 , 5.000000 

NUMX• 3, HIMAG• 0.0000000 
GCONS• 0.0000000 TCONS• 0.0000000 
FLDDEC• 0.0000000 FLDINC• 0.0000000 
NLPLT• 0, KLIN~ 

TYPE REA~D~E~R-TU~P~T0~7BO~C~H~A~R~·~~~~~ (GRAvi TY OF l KM THIC K l~F f ~I TE SLAO J 

0, $ 

• 47* 0 . 0000000 
XZU N• 0.1574802E-01, 

AZMUTH• 0.0000000 
FLO• 0.0000000 

ltiNDFP NGIN NTIN NGOBSNTOBS m Y IPROC1,2 IWI DENLPLT GCONS TCONS XZUN KLIN 
1 0 0 0 0 0 0 0 80 3 0.00 0.00 0 

I . X TOPO GRAVTOPO MAGE LEV GIN GOBS 

1 -5.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 
2 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 
3 5.0000 o_oooo 0.0000 0.0000 0.0!)00 0.0000 

NAMELIST ENTRY OF "BODS" LIST TO ALTER BODY GEOMETRY: 
NEiriBOD f Yl, Y2 S Y l~l\G, NCORN~ , XCOP.NR, <:CORNrt , i<I~lDFP, NBODS 

narps !! _OBNS-- . XC?P IS--9IT9 ,999 9. 499 9.-99 99 I 9992 . ZCO~NR d , !l,-1, 1,0 ,RI!1Hl1'P- 2Sl 
$BODS 

UNDFP• 
Y1•10* 0.0000000 
NCORNR• 

2* 9999.000 • 2* 
SCORNR•2* 0.0000000 

$ 

2, NBODS• 
, Y2•10* 0.0000000 
5, 9* 0, 
-9999.000 , 145* 

2* -1.000000 

BODY 1-- COORDINATES OF CORNERS 

1, NEWBOD•10* 
YMAG•10* 0.0000000 

XCORNR• -9999.000 
0.0000000 , 
, 146* 0.0000000 

· -0.10E+05 0.10E+ 05 0-10E+05 -0.10E+05 -0.1UE+05 
o.oo 0.00 -1.0 -1.0 0,00 

NAHELIST ENTRY OF "PROP" LIST FOR BODY 1: 
RHO ,S US, REM~IAG ,REMINC, IS KIP ,NXMODE , NXKNFP ,NXKPLT ,NXKOUT ,NXKFLO 

($PROP RHO=lft . 
$PROP 

RHO• 1.000000 SUS• 0.0000000 , REMMAG• 0.0000000 
REHDEC• 0.0000000 , REMINC• 0_0000000 , ISUP• 
5XHODE• 4, NXKNFP• 0, NXKPLT• 
WXKOUT• 0, NXKFLO• 0, $ 

l.OOE+OO O.OOE-01 O.OOE-01 O.OOE-01 O.OOE-01 0 0 0 
O.OOE-01 

0,. 
0, 

o, 

0 ' 

BODY 1--DENSTTY CONTRAST RHO • 1. 0000 GP~MS/CC, SUS: O.OOE-01 GAUSS/OE. 
REMANENT MAGNETIZATI ON: O.OOE-01 GAUSS WITH DECL= 0.0 DEG, INCL- 0.0 DEG 
POLLOWING ARE THE FI<:LD CO~IPONE~TS DUE TO BODY 1. 

X 
-5.000 

GR.\VITY 
41.94 

X 
0.0000 

X · GOBS GRV GERR 
GRAVITY 0 ~ l~M THICK INFINITE SLAB. 

GRAVITY 
41.91 

TOBS 

X 
5.000 

TOTl 

GRAVITY 
41.94 

TlERR TOT2 

PLOT SYMBOLS: ELEV•1 TOPO•: GOBS»G TOBS=T GRV=* TOT1•+ TOT2 • 1 TOUT•@ GOUT=\ 

GRAV - 5.00E+OO 2.69E+OO 1.04E+Ol 1.S1E+01 2.58E+01 3.35E+Ol 4.12E+01 
MAG O.OOE-01 O.OOE-01 O.OOE-01 O.OOE-01 O.OOE-01 O.OOE-01 O.OOE-01 

KH '· + •.•• + •.•• + ••• , + •••• + ••.• + •••• + .••• + •.•• + •••• + •.•• + •••• t .... + •••• + 
-S.OOE+OO @ G \ < 

O.OOE-01 ~ \ * 
5.00E+OO @ \ * 

KM + •••• + •••• + ••.• + •••. + •••• + •••• + •••• + • ••• + •••• + •••• + •••• + •••• + •••• + 

GRAV -5.00E+OO 2.69E+ OO 1.04E+01 1.81E+01 2.58E+01 3. 35E+Ol 4.12E+01 
MAG O.OOE- 01 O.OOE-01 O.OO E-0 1 O.OOE-01 O.OOE-01 O.OO E- 01 O.OOE-01 

YSCALE • 7.6923E-01 XSCALE a 5.0000E+OO TYSCAL• O.OOO~E-01 

TRE COM:>UTATION IS COHPLE'l'IL TYPE (MODE) +OR- 5,6, 7 TO ADJUST PARAMF.Tt:RS 
BY N.t.MELIST: 7-PIIYS PROP, 6-BODY GEO;., + PI!Y3 PROP, 5-EVERYTHINGJ 
mOOE NEG TO Zf':RO GRV ,Vt:R,'l'O'rl,TOT2, 'l:t:RO '1'0 STOP. 

STOP 

END OF EXECUTIOS 
CPU 'riME: 1.75 El,/\I.JSEO 'tiME: 7:4.85 
•vy~ . 

i 

TIN TOBS 

0.0000 0.0000 
O.QOOO 0.0000 
0.0000 0.0000 

T2ERR GOUT 
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2 
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4 

5-

6 
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8 

9 

10-

11 

12 

13 

14 

1!>-

16 

17 

18 

19 

20 -

21 

22 

23 

24 

25-

I 

TESTS OF THE PROGRA~ 

The first test uses a 8x8x3 prism from a h0ok of magnetic type 

/ 
curves by Aero Service (undated, p. 259). TOBS was measured from the 

total magnetic field curve on p. 259, and r~BS ~s calculated using 

the formula for the gravity field of a right rec~angular prism (Nagy, 

1966, ··eq. 9, p. 365). The rectangular prism was divided into two 

bodies by ·a diagonal in order to test the pro~ on a sloping si~e. 

The forward calculation shows measured (not-interpolated) values of 

GOBS and GRV to agree within 0.1%. TOBS AND TO!l agree within 2% of 

the anomaly magnitude, the error resulting froameasurement on the 

plotted curves. Following the forward calculations are successful 

inverse calculations resulting in density contr.ast, susceptibility, 

and remanent magnetization very _close to the nomdnal values. Observed 

D and computed anomaly values at x---10. are mar~ with a box to aid 

the reader in making comparisons. The Earth's magnetic field 

declination and inclination are underlined for comparison with compute 

declination and inclination of magnetization. 'Input values of RHO and 

SUS in the forward case are underlined for comparison with values of 

RHO, SUS, and A!~ (amplitude) of remanent -magnetization computed in 

the inverse case which follows. 

- w.; - · - -- - - · - ..-..... -. 
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2 

3 

5 -

6 

8 

9 

10 -

11 

12 

I ~ 

14 

The second test is a magnetic test only using an 8xlxoo prism of 

Aero Service (undated, p. 235). 

0 
compared to 0 in the first test. 

0 The azimuth of the x-axis is 60 , 

approxL~ate minus infinity. 

A bottom depth of -9999 was used to! 

Again the prism was divided into two 

I 
bodies in order to test the program on sloping sides. The division 

was not made along a simple diagonal for the following reason. With a 

near-infinite bottom depth, and division of the rectangular cross 

section into two congruent triangles, the triangle with its base near 

the surface has a much greater magnetic effect at the observation 

points than does the triangle with its base at depth. The results are 

accurate in the forward calculation, but the equations are 

ill-conditioned in the inverse calculation. 

The third and fourth tests use half of the prism of the first 

~est and compute its gravity and magnet!~ fields in each of four 

quadrants to ensure that computed anomalies have the proper sign both 
15- I 

I 
above and below the observation point. The gravi.ty effect of a body is 

16 I 

17 

18 

19 

20 -

21 

22 

23 

24 

25 -

reversed when it is moved from below to a point the same distance above 

an observation point. 

In the magnetic case, however, the lines of force of a vertically 
I 

polarized body enter through the top and emerse through the bottom. 1 

The vertical component of magnetization, and hence the total fi~ld I 
anomaly if the Earth's field is vertical, is the same a given d1stance 

above a rectangular prism as it is the same distance belm.;. The 

horizontal component of magnetization, and hence the total field 
anomaly if the Earth's field is horizontal, is opposite in sign at 
points equally disposed above and below the body. 

62 \i . S, \oOVEHr.;M~NT PH INTING 0&-"f-H'I-: ; 1 9.,~ 0 - <; IIIli 
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FIRST TEST 

,TYPE FOR05.DAT 
TEST 2HOP0'!' V'3 AERO SERVICE(U~DhTED,P.259) 30 ~lhG hNO NhGY ( 1966) 3D 

-10. 1. 0. o. 60. 
1 0 0 11 15 1 0 0 110 

-10. -8. -6. -4. -2. 

'· 8. 10. 
3.4188 6.7024 15.2465 38.4065 60.7150 
ts.2465 6.7024 3.4188 
-10. -8. -6. -5. -4. 
2. 3. 4. 4.65 6. 
0.094 0.231 0.906 1. 781 2.938 
0.875 0.06 -1.250 -1.406 -0.875 

2 4 4 
-4. -4. , .. 4. 
4 • . 4. 
-4. 4. -4. -4. 
-1. -1. -4. -1. 
-4. 4. 4. -4. 
-4. ' -1. -4. -4. 
1. .00001 o. o. 0. 
o. 1. 1. o. 0. 

.RU 2BD?OT 

FOR BULK OUTPUT ON OSK TYPE •6•. ON TTY TYPE •1•. 
1 

100000. 
00. 
"0. 

66.2300 

-3.55 
8. 
3.0i8 
-0.380 

2 
-69 

FOR FORHATEO INPUT,TYPE •o•. NAMELIST INPOT,TYPE •5•. 

0. 
0. 
2. 

60.7150 

-2. 
10. 
2.4 53 
-0.169 

2 0 
2 0 

GR.o\V. 
21 00 

KH 0 
4. 

38.4065 

0. 

1. 750 

3 -3 
2 4 -

0 
TEST 2HOPOT VS AERO SERVICE(UNDATEO,P.259) 30 ~~G AND NAGY(1966) 30 GRAV. 

00 

0 
0 

XZERO 
-10.00 

D~LX AZMUT~ FLOOEC f'LDJNC !'LD !tl:-11\G NUHX ,N'l'OPO, IELEV 
1.00 0.00 ~ lld.Q.. 100000.00 0.00 21 0 0 

liNOFP l<GDI !lTIN NGOBSNTOBS INY IPROC1,2 · IWIOENLPLT GCO NS 
1 0 0 11 15 1 0 c 110 21 0.00 

I 

1 
2 
3 
4 
5 
6 
1 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

X 

· -10.0000 
-9.0000 
-8.0000 
-7.0000 
-6.0000 
-5.0000 
-4.0000 
-3.0000 
-2.0000 
-1.0000 

0.0000 
1. 0000 
2.0000 
3.0000 
4.0000 
5.0000 
6.0000 
7.(1000 
8.0000 
9.0000 

10.0000 

TOP<> 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0. OllOO 
0.0000 
0.0000 
0.0000 

NIIODS, NCORNH(I) ,I =1,:'WOO$ 
2 4 4 

Yl(I) ,l ~l,NfiOO::;Y2 (I) ;\'~l1IG( [) 
-4.0 -4.0 

4 .o 4. 0 
4.0 4.0 

GRAVTOPO 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
o.cooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0(100 
o.o ooo 
0.0 000 
0.0000 
0.0000 

DODY 
-4.0 

1-- COOk OINhTES OF CORN~R'3 

-1.0 

eoov 2 __ 
-c.o 
-4.0 
l.O :lt:+ OO 

. 0, OOt:- o 1 

4.0 -4.0 -LO 
-1.0 -4.0 -1.0 

COOHDINo\T ES 01' 
4.0 4.0 

-1.0 -4.0 

CORNI:MS 
-~.0 
-4.0 

1.oo~-o5 o.oor.-o1 O.OOE - (11 

~!AGE LEV 

0.0000 
O.iJOOO 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.000 0 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
O.O t1 00 
0.0000 
0.0000 
o.ocoo 
0.0000 
0.0000 
0.0000 
0.0000 

(-4,--1) 

0.001:- 0l 

63 . 

2 

TCONS XZUN KLIN 
0.00 K~ 0 

GIN 

0.0000 
0.0000 
0.0000 
0.00 00 
0.0 000 
0.0000 
0.0000 
0.0 000 
0.00()0 
O.Ol100 
0.0000 
0.0000 
0.0 000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 

z 

2 0. 

GOBS 

13 .4le~ l 
4.9020 
6. 7024 
9.4775 

15.2465 
25.5192 
33.4055 
51.1328 
60.1750 
65.2808 
66.2300 
65.2808 
60.7750 
51.1328 
38.4065 
25.5192 
15.2465 

0 

').4775 
6.7024 
4.9020 
3 .41S8 

-3 

TIN 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
o.cooo 
0.0000 
0.0000 
o.oouo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .000 0 
0.0000 
0.0000 

·o.oooo 
o.ocoo 

TOBS 

10.0 9401 
0.17 21 
0.2810 
0.4754 
0.') 06 0 
1.7310 
2.9380 
2.9674 
2. 4530 
2.0559 
1.7500 
1.3715 
0.8750 
0.0 600 

-1.2500 
-1.318!, 
-0.8750 
-0.5::>74 
-0.3880 
-0.26')7 
-0.1G90 



, l--DEN:i i'l"Y CO~lTI ~ M;-r r;I! O • l. OCOO C~f. 'IS/CC , SUS" l.OO r.- 05 G.\lJSS/01::. 
8~?\u::-~T '\1\G::t:Tt: .\ T ICltl • 0.00!.:-0l GI\I J,;· · \·:JTI! ut~CL• 0.0 Ol:G, INCL• 0.0 Dt::G 
~~~~WI:-IG 1\Rt:: 'l'Hi:: FIELD COMF'Otii:::OlTS DU E 'i'O llL1DY 1. 

lC 
-10.00 
-?.000 
-s.ooo 
-7.000 
-6.000 
-s.ooo 

X 
-10.00 
-9.000 
-s.ooo 
-7.000 
-6.000 
-5.000 

X 
-10.00 
-9.000 
-8.ooo 
-7.000 
-6.000 
-5.000 

X 
-10.00 

· -9.000 
-8 . 000 
-7.000 
-6.000 
-5.ooo 

GRI\VtTY 
2.06~ 
2.~44 
4.348 
6.69') 
1il.79 
18.06 

TOT1 
0.629~£-01 
0.1071 
0 . 1900 
0.3 52') 
0.66 86 

1.3!'9 

ACC TOT2 
0.6 250E- 01 
0.10 6 < 
o . l 8a5 
0.3 516 
0.68 85 
1.388 

VERTICAL 
-0.~563C-01 

-0.4 568E-01 
-0. 30 54E-01 

0.2 3 6 7 !>-01 
0.213 9 
0.7589 

X 
-4.000 
-3.000 
-2.000 
-1.000 
0.0000 

1.000 

1( 

-4.000 
-3.1)00 
-2.000 
-1.000 
O.DOOO 
1.000 

X 
-4.000 
-3.DOO 
-2.000 
-1.000 
o.or.oo 

1.000 

X 
-4.000 
-3.000 
-2.000 
-1.000 
0.00 0 0 

1.000 

GP.!WI'f'{ 
29.5') 
40 . 09 
44.34 
43.68 
39.02 
33.79 

TOT1 
2.393 
2.272 
1. 578 

0.9602 
0.41 57 

-0.53'JOE-02 

ACC T072 
2.393 
2.271 
1.577 

0.9590 
0. 4 443 

-0.5859£-02 

VERTICAL 
1.962 
2.485 
2.146 
1.661 
1.180 

0.7075 

X 
.2.000 
'3.000 
4.000 
5.000 
6 . 000 
7.000 

X 
2.000 
3.000 
4.000 
5.000 
6.000 
7.000 

X 
2.000 
·3.000 
·4.000 
5.000 
6.000 
7.000 

X 
2.000 
3.000 
4.000 
5 . 000 
6.000 
7.000 

·· ·BODY 2 R.\S SAME HAG Mm DE!IIS ?ROPTS 1\S PRF:VI OUS BODY. 
FOLLOWING !.RE T;;E FI ELD Cmt PO N£NTS OU C TO IlODY 2. 

X 
-10.00 
-9.000 
-6.oco 
-7.000 
-6.000 
-5.000 

X 
-10.00 
-9. 000 
- 8. 00 0 
-7. 000 
- 6.000 
-5 . 000 

X 
-1 0.00 
-9. 00 G 
- 8 . 000 
-7.000 
- 6.000 
-5.000 

l 
-10.00 
-9.000 
-8.000 
-7.000 
-6 :ooo 
-~.000 

GRI\VITY 
1. 35 0 
1.765 
2.355 
3. 208 
4.4 55 
6 . 264 

TOT1 
0 . 3G52 S-01 
0 .5 462E- 01 
G. 6 347 E- Ol 
0.1 29 9 
0.2038 
0.3171 

1\CC TOT2 
0 .3613!::-01 
0.5 371E- 01 
0. 3 301 F: -01 
0 .121'19 
0 .2031 
0.31 64 

VERTIC/\!:. 
- 0 . 1317E-01 
-0. 95 75 C-02 
-0. 2931E-03 

0. 20 26E -Ol 
O.G l'l 0 ~:- 01 
(1.1392 

X 
-4 .0CO 
-3.000 
-:LOGO 
-1.000 
0.0000 

1.000 

X 
- 4. 0 00 
-3 . 0 00 
-2 . •)0 0 
-1.0 0 0 
0.0000 
1.000 

X 
-4.00 0 
-3.000 
-2.000 
- 1.000 
0.0000 
1.000 

X 
-4.000 
-3 . 0 0 0 
- 2 . 000 
-1. 00 0 
0.00 0 ~ 

J. 000 

GRAVITY 
8.814 
12 . 2 2 
16.H 
21.29 
26.41 
31.18 

TOT1 
0. 4768 
0 .677 5 
0.90 07 
1.122 
1.311 
1.417 

ACC TOT2 
0.4756 
0. 6768 
0 .8994 

1.17.1 
1.311 
1.416 

VERTICAL 
0.2674 
0.4 533 
0 .6903 
0. 9633 

1. 254 
1. 529 

X 
2 . 000 
3.000 
.: .o oo 
5.000 
6.000 
7.000 

X 
2 .000 
3.000 
4.000 
5 . 000 
6.000 
7.000 

X 
2 .000 
3.000 
4.000 
5.000 
6.000 
7.000 

X 
2.000 
3.000 
4.000 
5.000 
6.000 
7.000 

FOLI.OI>DIG ARF: P !l!NTS O T :ll:: C:l ,\VITY /\NO ~; .:.. r. N f.TIC 1\Nmii\I,Y F!I,T.OS 
DUE TO '1'111:: SlJH N.I\TION Of 'I'IH~ ilO DlES TI\BUL.t\TEO !.l<OVE 

X 
-1o.oo 
-9.000 
-8.000 
-7.COO 
-6 .ooo 
-~.000 

X 
-10.00 
-9.000 
-e.ooo 
-7.ooo 
-6.ouo 
-~.ooo 

EHW 
6.703 
9.907 
15.25 
24.32 

TO'rl 
til. 9 9 ·1 ~ ~·. - ~n 
C.l (j 11 
0.2734 
11.4 112 8 
0.8 ~}.4 

1.70 (; 

X 
-~.000 
- 3.000 
-2.000 
-1.001) 
o.ocoo 
l. 000 

l( 

-4. 0 0 0 
- ). 1100 
- 2 .fl 0 :J 
- 1.000 
O.UO •l O 
1.00 0 

CR/\VI'n' 
36.H 
5 2 .30 
60 . "/8 
64.97 
66.23 
oi4.97 

1'0Tl 
2.870 
2. ') -19 
2.479 
2. 0 11 2 
1. 7 ~ 6 
1.4\l 

X 
2.000 
3.000 
4.000 
s.ooo 
6.000 
7.000 

X 
2.000 
3.000 
·LOfiO 
s.ooo 
(;.000 
1.000 

64. 

GRAVITy 
26.27 
17.90 
10 . 21 
5 . 586 
3.3S4 
2.229 

TOTl 
-0.4202 
-0.7708 
-0.6391 
-0.4943 
-0 . 2661 
-0.1580 

1\CC TOT2 
-0.4209 
-0.7803 
-0.6396 
-0.4951 
-0.2695 
-0.1592 

VERTICAL 
0.2217 

-0.2926 
-0.6517 
- 0 .5 077 
-0.3161 
-0 . 2064 

GRAVITY 
34 . 51 
3 4 .40 
23.2C 
18.74 
11.86 
7.678 

TOT1 
1.332 

0. 813 9 
- 0.3409 
- 0.8133 
-0.6251 
-0.4157 

ACC TOT2 
1. 332 

0.8135 
-0.3426 
-0.8145 
-0.6250 
-0.4170 

VERTICAL 
1. 709 
1. 549 

0.54 25 
-0 .33 39 
-o.~ 370 
-0.3S46 

GRAVITY 
60 . 78 
52.30 
38.41 
24.32 
15.25 
9,907 

TO'rl 
0.9121 
0.3 ~ 13 1:- 01 
~l.lRO 
-1.l0Jl 

-O. tl'l ll 
-0.5736 

X 
o.ooo 
9.000 
10 . 00 

X 
8.000 
9.000 
10.00 

X. 
8.000 
9.000 
10.00 . 

X 
a.ooo 
9.000 
10.00 

X 
8 . 000 
9 . 0 0 0 
!0 .00 

X 
8.000 
9.000 
10.00 

X 
8.000 
s.ooo 
10.00 

X 
8.000 
9.000 
10.00 

X 
8.000 
,.000 
10.00 

X 
8.000 
9.000 
10.00 

CRI\VITY 
1.';!;6 
1.13) 

0.85)1 

TO'r1 
- 0.1002 
-0.6731E-Ol 
-0.4727E-Ol 

ACC TOT2 
- 0.10 15 
-0.68361':-01 
-0.4683E-01 

VERTICAL 
-0.1409 
-0.1004 
-0.7409E-Ol 

GRAVITY 
5.147 
3.575 
:! .566 

TOTl 
- 0. 2722 
-0. 161 2 
-0.1238 

ACC TOT2 
-0. 2 734 
-0 .1616 
-0.1240 

VE R'l' ICAI.. 
-0.2G2S 
-0.1917 
-0.1409 

GR ,\'/I'rlC 
6.703 
~.709 
3.420 

TOTl 
-0.3724 
-0. 240 6 
-0.1711 



lC 
.!.l,OOi-:+01 
_9 • oo •: +OO 
-s. oo1: ~oo 
-7.001::~00 
-6.00E+00 
-5.001::+00 
-4.00C+00 
-J.OOE+OO 
-2.001:+00 
-l.OOr>OO 
o.oo~:-o1 
J.oo:;+oo 
2.0Ci:+OO 
).001::•00 
{.OOE+OO 
S.OOE+OO 
6.00E+00 
7.00E+CO 
S.OOE+OO 
9.00£+0 0 
l.OOE+Ol 

ll. A .. ,: . nfll 
4. <JQ:-: I GO 
1).7 UC • CO 
9. 4 ~ r: + <J o 
1. ~2 f. +Ol 

2.'>~1::+01 
}. 84E+Ol 
S.llE+Ol 
6.0 6E +Ol 
G.SJF.+Ol 
6.F!2 E·+Ol 
6.531::+01 
6.0 8f.+Ol 
~.llE+Ol 
3.8-l E•Ol 
2.55 £+01 
1.5 :-!S+Ol 
9. 43E+00 
6. 7 0EHJO 
4.90r:+uG 
3.42000 

\:.?.'1 G~;an 

1'-P::•oot "-'~t. !: -1)4 
~ - ;;s·~o -1. 9 J ~- ol 
E.70 E+O~ l . O ~S- 04 
9.9l~TU0 4.) UC-0 1 
1. ~2~: • 01 
2.-13r;+C1 
). :H f. ,01 
5. 231:: ~01 
6.08 C: +ill 
u. 5U r:+O 1 
6.62 f.+·01 
6.':>0C+Ol 
6.0flE+01 
S.2~f.+:)1 

3.6~ E+O l 

2. -13E Hl l 
l.52E-'-01 
9.9l f.+OO 
6. 70 :0+00 
4.71 t:+GO 
3.41 :':+00 

1. J:F:- :13 
-1. 20 •: +00 

5. hf!i> ·04 
1.17 r:+ OC 
4.271::-04 

-3.03E-Ol 
6. osr:-0 4 

-J.Oit:-01 
~.2 GE- 0 4 
l. l7E+OO 
5.8ti C-04 

-l.. 20r:r00 
1.71f.-03 
4.3:JE-01 
1.11 E- 04 

-1.931::-01 
7.08E-01 

-t<J. -!l>f.: -o :~. l 
1.7?.1:-01 
2 .at r:-01 
•I. 7 ·; F.-0 1 
9.0f; t- !)l 
1. iCF.+OO 
2.94 <: +0(1 
2.'l7t::+ OO 
2.45E+OO 

·2.06E+·00 1 

1.75!::+00 
1.31~:+00 

8.75E-01 
G.C0!.:-02 

-1. 25C+OO 
-1.321::+00 
-8.75!:.:-0l 
-5.57E-01 
-3.88 E-01 
-2.70 E- 01 
-1.6'?E-01 

1'0Tl Tl t::RR 
t, q•,;:- oi) 5.1~ E- 0) 
~.u L.S-01 -l.OI.F:-02 
2.7J E-01 -7.~ GE -0] 
4.83 E-01 ?.l ~E- 03 
8.9~E-Ol -1.36F.-02 
1.11!.:+ 00 -7 .53 £-0~ 
2.87E~OO -G .BiE-02 
2.9~r:~oo - I . R?r:-o 2 
2.~HE+ oo 2.~or.-o: 
2.08 S+OO 2.50 E-02 
1./6!+0 0 6.24£-03 
1.41E+OO 3.~/E -02 

9.12E-01 3.7\t::-02 
3.51E- 0 2 -2.4~E-02 

-1.161::+0 0 7.001::-02 
-1.31E+00 1.0 8~-02 
-3.93 ~-01 -1.81E-02 
-5.74£-01 -1.6 2E-02 
-3.721::-01 1.~61::-02 
-2 .40 £-01 2.111::-02 
-1.71E-Ol -2.10E-03 

MEA!I ERROr< OF G ~ -8.92E-03 ,R:-IS ERROR OF 1.= 5.4SE-Ol 
MEAN f.R!<OR Of TO'fl = S.25E-0 -I , [WS :-:RROR Of 'fOTl ~ 3.26E-02 
fU;,\N ERROP. Of TO'f2 = S. 25E-04 , R=·IS £RR<JR OF '!'0T2= 3. 26E-02 

TO'l'7. 
~ .q ~l~ -0~ 

l.tiZ t:-o 1 
2.73f.-Ol 
4.C1 t::-O J 
B.<l'lE-01 
1.11r.~oo 

2.>17t::+ 0 0 
2.95 ~:+00 

2.41lt::+OO 
2.0HE+00 
1.7 6E+O O 
1.41 E+CO 
9.l2E-01 
3 .51E- 02 

-l.lSE+OO 
-1. 31£+0 0 
-8.93E-01 
-5 .741::-01 
-3.72£-01 
-2.49E-01 
-1. 71E-01 

TEST 2HDPOT VS l,ERO SERVICJ::( UN DATED,P.259) 3D HAG A!ID NAGY(l96G) )D GRAV. 

PLOT S'iHBOLS: ELEV =1 TOJ:'O=: GCIBS =G T0f3S=T GRV=• TOT1 =+ TOT2 2 # TOUT=@ GOUT=\ 

CRAV 
MAG 

-l.OOE+Ol -l.SSE+GO 6.84E+OO 1.53E+01 ' 2.37£+01 
-1.40E+00 -9.37E-01 -4.74E-Ol -1.05£-02 (.53E-Ol 

3.21E+01 
9.1GE-01 

LOSE+Ol 
1.38E+OO 

T7.F.R !t 
5.4S t;- C3 

-1. o-: .:-oz 
-7.~1;F.-03 

7 .35E-03 
-1.361::-02 
-7.53E-0?. 
-6.Ult:-02 
-l.B2f.- 02 

2. GOE -02 
2 . 60£-02 
G. 2 -\E-03 
3 .•17::-02 
3. 71 C- 0 2 

-2:49E-02 
7.00E-02 
1.08E-02 

-1. H lE-02 
-1.628-02 

l.S6E-02 
2.11£-02 

-2.10E-03 

4.89£+01 
1.84 £+00 

GOfJ1' TOU1' 
b. 9 ~ E-04 5.: ',!:-oJJ 

-l.'llf.-01 -\.0~ ~-0 ~ 
l . Oci E-04 -l.~L f- 03 
4.10 l.-Ol ~.JSC-0 3 
1.7.E-03 -1.161::-02 

-1.20E+ryo -7.53S-O: 
s.~s ~-cc -&. SlE-o: 
1.17E+CU -! .8 2£-02 
4. 2"/E-0~ 2.60E-02 

-).OR t::- 01 7.60f.-02 
G.OR F.- 04 6.L~ S-O J 

-l.O CE-0 1 3.9 7£-02 
4.26E-04 - 3.71£-02 
1.17£+00 -2.4~ ~-02 
S.SBE-04 · .. OOE-0 -

-1. 20E+OO 1.03E-0 2 
1.71£-0J - 1.a1~-o 1 
4.30t::-Ol -l.i2F.-C2 
l.llE-04 1.5 6£-02 

-1.93E-01 2.11C-02 
7.08E-G4 -2.10E-03 

5. 74E+Ol 
2.31E~OO 

E.SS!:+OJ 
2. 77!::+-:lC 

ltli 
-1.001-:+0l 

+ •••• + •••• + •••• + •••• + •••• + •••• + •••• + •••• + •••• + •••• + •••• + •••• + •••• + •••• + •••• + •••• + •••• + •••• + •••• + 

-9.00 £+00 
-8.001-:+00 
-7.0i)E+OO 
-6.\JOE+OO 
-S.OOEtOO 
-4.00000 
-3.00 £+ 00 
-2.00E~O O 
-1.001::+00 

T 
J 

' * 
\ •c 

' * 
' ' ' ' ' ' ' \ 
l 

' ' ' 

G* 

@ 
@ 

@ I 
@ 
@ 
@ 
@ 

@ 

@ 

I! 
I! 

I! 
@ 

@~T 
- @ 

, @. 

u @ 
' t c• @ 
\ * t @ 
l *G Ti @ 

• 
< 

• Tf .-
IT 

*G I T < 
* • T-

G* f-
Tl 

I • 
I * < 

Tt * 
Tt • 

G* 
* 

*G < 

O.OOF.-0 1 
l.OOEtOO 
2.00£+00 
).OO E+ OO 
4.00 Et0 0 
5. OC t:: >·00 
6.00 EH O 
7.00 2..-00 
8.00 E+ :JO 
9.00t:+OO 
l.OOE+Ol : ' * J @ < 

ltlt + •••• + •••• + •••• + •••• + •••• + •••• + •••. + •••• + •••• + •••• + •••• + •••• + •••• + •.•• + •••• + ••.• + •••• + •••• + •••• + 

GRAV -1.00!::+01 - l.S8 t:+O O 6.£4£+00 1.531::+01 2.37£+01 3.21 £+01 4.0~E+Ol 4.898~01 5.74 £+01 o.SRE+Ol 
MAG -1.401::+00 -9.37E-Ol -4.741::-01 - l.OSE-0 2 4.53 :0: -01 9.1 6E- 01 1.381::+00 1.84£+00 2.31E+OO 2.77 E+:J O 

YSCT\T, !: a 8.42llE-01 
ENTER P~OTT~R HO. = l 

-·· -to. 
0 .. 

XSCALE ~ l.OOOOE+OO TYSCM.~ 4.6316£-02 

d 

65 . 



t.<1'1\~0l0{:</Y:17.6/12.G-CM(CII I/0:129/l:l'?(LII I/0:126/12~ 
< orv: -r-;·n 1 nLKS: 12 J 

~O EXIT 7'1'1'£ "0". TO ADJUST PLO'r ON S•\~J:: OEV TYN: "P. TQ CHNG Dt:v liND AOJ Pt.o·r TYI't; •2•. , '!'0 CliNG DE:V TYl'£ "3' 
0 

-l. CRV AND VCR, TOTl, 1'01'2 lii~E RE-ZEROt:O. 
I 

THE COMPUT~TION WILL RECOMMENCE WITH NEW MAG AND DENS,BUT WITH THE SAM£ BODI£5 AND FI£LD POINTS 
O,OOE-Oi l.OOE+OO 1.COE+OO O.OOE:-01 O.OOJ::-01 -69 · 2 0 0 4 

O.OOE-01 

BODY 1--DENSITY CONTRAST RllO z 0.0000 GRA11S/CC, SUS= l.OOE+OO GAUSS/0£. 
REMANENT ~1.1\GN ET [Z t\TION= l.OOE+On GI\US S 1\ITH DECL= 0.0 DEG, INCLz 0.0 DEG 
FOLLOWING ARE THC FIELD COM PONENTS DUE TO BODY 1. 

LST SQRS SAYS BODY 1 HAS DE"lSITY CONTR.'\STz 0.998 GM/CC, OE~lSITY= 

X GRAV X GRAV X GRAV 
-10.00 2.066 -4.000 29.55 2.000 26.23 
-9.000 2 . 939 -3.000 40.02 3.000 17.87 
-s.ooo 4.341 -2.000 44.26 4.000 10.19 
-7.000 6.608 -1.000 43.61 5.000 5.577 
-6.000 10.78 0.0000 39.75 6.000 3.379 
-s.ooo 18.03 1.000 33.74 7.000 2.225 

LST SQRS SAYS BODY 2 lli\S DENSITY CONTRAST= 1. 000 GM/CC, DENSITY= 

X GRAV X GRAV X CRAV 
-10.00 1.150 -4.000 8.812 2.000 3-1.50 
-!1.000 1.765 -3.000 12.21 3.000 34.39 
-s.ooo 2.354 -2.000 16.44 4.000 28.19 
-7.000 3.208 -1.000 21.29 5.000 18 . 73 
-6.000 4.454 0.0000 26.41 6.000 11.86 
-s.ooo 6.263 1.000 31.17 7.000 7.676 

CHY*O. Ef.tl'l'HS fiELD VERTICAL OR PARALLEL TO X-hXIS • . 
INVERT FOR ~:X /',NO ~IZ OUT NOT MY. 

!.ST SQRS S l, Y'3 OODY 1 H/'.5 MAGNET IZI\TION COHPONENTS 
HX= 5.3 51::-06 , MY = O.OOE-01, MZ= 6 .6 6E -f)6 
DEC• ~ INC= t'. ? 1 , 1\!·l;..>= ~.Q ~ F:-0~ 
PI<OJECTE:O «>fO· t'.\R'l'HS FI ELD /',Z J~\U Til, INC- 58.3 

X TOT1 X TO'rl X TOTl 
-10.00 0. '/019!:: -·01 -4.00 0 2.44'1 2.000 -0.4635 
-9.000 0.1175 -3.000 2.281 3.000 -O.Blol 
-8.000 0.20 53 -2.000 1. 559 4. 000 -0.8588 
-7.000 0.1762 -1.000 0. 9269 s.ooo· -0.4983 
-6.000 0.7243 0.0000 0.40 52 6.000 -0.2677 
-5.000 1.441 1.000 -0.4996£-01 7.000 -0.1566 

!.ST SCR!:> r;t,'!S BOD\' ~ H,\ S ~1,\G ~JE'r!Z/\TION COHPONCNT$ 
HX• S.O SE-1)15 , ~ys O. OOE-01, ~~;: ~ B.7 RI:: - Qti 
DEC• ~. lNC ~ .flJ.....l., ,\;:,p ~ . l ,01 f - 0 5 
PROJcCTco"iih•, r.,\HTIIS '1'TTT.t; A:>.r :-~ tt TII, t ::It" GO .1 

X TOT1 X TOTl 
-10.00 0.3694E-01 -·1 .000 0.4:!24 
-9.000 0. 55 14 !'.:- 01 - 3 .0 00 0.6057 
-s.ooo 0.34311::-0l -2 .000 0.9118 
-7.000 0.1312 - 1.000 1.136 
-6.000 0. 2061 0.0000 1.3 29 
- 5.000 0.3207 1.000 1.436 

X 
2.ono 
3.noo 
4 . 000 
5.000 
6.000 
7.000 

!.ST SQRS SI\YS 80l)'i 1 H/\S sus ~ ~,02 !':-05 GAUSS/OE. 

X TOT?. X TO'l'2 J( 

-lo.oo 0.6412!'-01 -4.000 2. 4 ·16 2 .000 
-9.000 0.1095 -3.000 2. 322 3.000 
-8.000 0.1'J.I1 -2.000 l.Cl3 4.000 
-7.000 0.3 607 -1 . 000 o.'J<ltJ 5.o r. o 
-6 . 000 0.70 37 0 .0000 0.4 5'> 4 6.01Jtl 
-5.000 1. 419 1.()00 -0.'.>5011C-0:! ?.non 

!.ST SQR5 SA 'iS UODY 2 tlt\S su~ - ~·~lid1 G/\USS/OE. 

X TOT2 1( TO'l'7. X 
-1o.oo 0. 3'> tl6 f.-Ol -4.noo 0.46U3 :!.OllO 
-9.000 O.SJ C.~E- 01 -)'.000 0. ,; (, ') 4 3.00tl 
-e.ooo o. e 1911 r.-o1 - 2.000 0.0 ~ 46 A.OOn 
-7.000 0. t 276 -1.000 ).1 0:! 5.01JO 
-6.000 0. L002 0.0000 1. 2117 r..ooo 
-5. ooo 0.3115 1.000 l. 391 7.0 00 

~· 

TOTl 
1. 351 

0.826') 
-0.)4 25 
-0.87.7.5 
-0.6327 
-0.4209 

TOT2 
-0.4294 
-0.7939 
-0.8';75 
-0.50 51 
-0.2740 
-0.1614 

TOT2 
1.109 

0.79 !).1 
-0.3J4fl 
-o • . ,? P9 
- 0.&1;9 
-0.4063 

·-= 

3.668 GM/CC 

X 
8.000 
9.000 
10.00 

GRAV 
1.553 
1.131 

0.8517 

3.670 crvcc 

X 
8.0CO 
9.000 
10.00 

X 
8.000 
9.000 
10.00 

X 
8.000 
9.000 
10.00 

X 
8.000 
9.000 
10.00 

X 
8.000 
9.000 
10.00 

.... -- - GRI\V 
5 .146 
3.574 
2.566 

. 
TO'rl 

-o . 9S72f:-ol 
-0 .65'l 5£- 01 
- 0.4609£-01 

TOT! 
-0.2758 
-0.1837 
-0.1255 

TOT2 
-0.10~4 
-0.6B7n-o1 
-ll.4l))O C- Ol 

TOT2 
-0.7.674 
-0.17 1l 0 
-0.1216 



•oLWWING ARE PRTNTE D THE GRfiVC~Y ~~C MAGN ET IC AN0MALY FIELDS 
' ouE ·rO Til t: SU'~MfiT ! ON Of Ti!t:: ll(•U I r:S 

X GR,\VlTY X 

-10.00 lf.4W -4.0 0.0 

-~.000 • J -3.000 

-e.ooo 6.69~ -2.000 

-7.000 ').896 -1.0 CO 

-6.000 15. 23 0.0000 

-s.ooo 24.29 1.000 

X X 

-10.00 -4.000 

-9.000 -3.000 

-s.ooo -2.0 00 

-7.000 -1. 0 0 0 

-6.000 0.0000 
-S.QOO 1.000 

X TO'r2 (SUS ) X 

-10.00 11l.H!01 1 -4.000 
-9 . 000 0.1 63 1 -3.000 
-8.000 0.2761 -2.000 
-1.000 0.4882 -1.000 
-6.000 0 .903 9 0 . 0000 
-s.ooo 1. 731 1.000 

GOBS GRV GERR 

Tl\l.IU LI\H;I) 1\0CVE 

GRI\VI'rY X 
38.36 2.000 
5 2 .24 3.0()0 
60.70 4.000 
64.90 5.000 
.66.16 6.000 
64.91 1.000 

TOT1 (MV'r) X 
2.925 2.000 
2.967 3.000 
2.411 4.000 
2 . 0G3 5.000 
1.733 6.000 
1.387 7.000 

TOT2 (SUS) X 
. 2.914 2.000 

2.987 3 . 000 
2.498 4.000 
2.083 5 . 000 
1. 743 6.000 
1.386 7.0 00 

TOBS TOT1 

GR>.V!T'{ 
60.73 
5?..27 
38.38 
24.31 
1~.24 
9.902 

TOTl (MVT) 
O.E875 
0 .108 0£-01 
- 1.201 
-1.321 

-0.90;)4 
-0. 57 75 

TOT2 (SUS) 
0.8792 
0.3544£-02 
-1.192 
-1.304 

-0.9879 
-o .56n 

T1ERR 

X 
8.00('1 
9.000 
10.00 

X 
8.000 
9 . 000 
10.00 

X 
8.000 
9.000 
10.00 

TOT2 X 
-l.OOE+Ol 13. 42E +OO \ 13. 1?.r:+OOI- 2.95E-03 (!l.;j t)E-02J ILo H~-OIJ 1.30E-02 1!. OOE Oil 
-9 .OO E+OO 4.9 0<:+00 4.70 E+O O -1.9 9£-01 1.72£-01 1. 73E-01 
-S.O OE+OO 6 .7 0E+00 6. 6'?C:+OCJ -7 . ~ SE-03 2.81E-0 1 2.901::-01 
- 7.00!':+00 9. 4SH00 9.90E~!lo 4.18 E- 01 4.75£-01 5.07 £- 01 

- -6.00 E~ 00 1 . 52 E+ 01 1.5 2E+U1 - l . 68E-02 9.06F. - 01 9 . 30E-01 
-5.00 E+0 0 2.55E+Ol 2 . 43C:~01 -1.232+00 1. 78E+O O 1 .7 6E+O O 
-4.00£+00 3. 84F-+ 01 3.84!-:+01 - 4 . 94£-02 2 . 94£+00 2.93£+01) 
-J.OOHOO 5 . llE+01 5 . 22F: +01 1 . 10E+O O 2.9 7£+00 2.97£+00 
-2.00£+00 6.08 E+ 01 6 . 071::+01 -7.51E- 02 2.45 £+00 2.47E~OO 

-1.00 £+ 00 6.5 3E+Ol 6 . t,1F.t0 l -3 . 63i:-Ol 2.06E+OO 2 .0 61:: .. 00 
O.OO E-01 6 . 6 2E+C1 6.62F.+Ol -6.96f.-02 1.75£+00 1.73£+00 
1. OOE +OO 6. '::3C+01 6.4'?E+Ol - 3 . 69£-01 1.37E+OO 1.39F.+ OO 
2.COE+00 :i . O ~ll::~01 5. 07 S"'0 l -4 . 94E-02 8 . 75£-0 1 8.8 SE - 01 
3.00!::•0 0 5 . 11 £+01 5.23F>t- Ol l .1 3E+OO 6 .0 0£-02 LOll E-02 
4. OOE+ OO 3 . 84£+01 3 .84£ ... 01 - 2.1 3£-0 2 -1 . 25f.+OO - 1.20 E~ ac 

s.o oc:•o c 2.55 ::• 01 2 . 43E+n -1 . 21•:+00 -1 . n E+OO -1. 3~E+OO 
6. 00£•00 1. 5 2f.+ Ol 1. 52E+Ol -6 . 2')£-03 -8.75 E-O l - 9 .0 01:: -01 
7.00 E+JO 9 . 46E-"CC 9 . 90>:•00 ~. 2 4!::-01 -5.57s-a1 -'; .7 7£-01 
8.0 0CTC/(; 6.7 0f.t-0 0 6.7 0F.+CO - 3. ~US-G J -3 .8ec-o1 - 3 . 710:-01 
9.c o::~co ~ . 90 :: >00 .:. 71EtC ;.; -l. 'JC :: -!ll .. 2 .7 C'r:-:l. -2 .. 50!:-01 
l.OOE+Ol 3 . 4 2!::~00 3.4 2:::+0 0 -1. :01::: -03 -1 . G9E- 01 -1. 72t::-01 

MEAN ERROR OF G ~ - J.S SE -0 2 ,RMS ERROR OF G; S .44 E- Ol 
MEAN ERRO~ OF TOT1= 3 . 04~-03 , R~S ERRC~ Of TOT l • 2 .17 £-02 
HEAN ERRO~ OF TOT2• 2 .93E-03 ,RMS ERKOR OF TOT2• 2.6 5£- 02 

:..33!:: - 04 1 . 63E-01 
8.60£-03 2 . 76£-01 
3.2 0E-0 2 4 . 88£-01 
2 .~4 S-02 'L04E-01 

-1. 96E-02 1.73 £+00 
-1. 27E -02 2.91E+00 
-6.45£-C~ 2 . 99E+00 

1.81 £-02 2.50 t.:+ OO 
6 . 94E-03 2 . 0 8E +!JO 

-1.71 £-02 1. 7~E+00 
1. 52E-02 1.39£+00 
1. 2jf. -02 3 . 79C-01 

-C9 2E-02 3. S•I E-03 
4 . 36£-02 -1. l9 E~ 00 

-2 . 44£-03 - l .3 0E+OO 
-2.54 !,·02 -S . Silt: -01 
-2.0 l E-02 -5 .70 E-Ol 
1.l C>t::- 02 -3 . 7 C!'::-Cl 
2.C'lC-C2 -:!. OE-Cl 

-2. 6GE-03 - 1. '/OC:-0! 

TEST . 2H DPOT VS /I ERO SI:RV1CF:(·ut;::>ATEO,P.259) 30 II.'IG 1\ND NAGY(196 6 ) 3D G!V.'V. 

£!ITE R PL01'TER NO. "' 1 

I. ()(). 

70. 

60. 

llO. 

40. 

V) 
_J ro. 

(I)< 
<O 
~-
:::lCJ 
<J 
(!) -

:l: 

0. 

-10. 

-:t. -:ro. 
0 
i 

----- ....... 

' \ \ 

\ 
\ 

\ 
--'\.~---

------~---=~:;(~ ~-j 
ci 
I 

.. 
I 

. 
1 

. 
N 
I 

X IN K!-1 

.; d 

TtST ~'Of V!1 JJliO !"l"I\VHX:IU()ATtJl,)•, ]:\~ I Z,j l-loi.Q ~~ H.!.J't' ( 1~'-~l · 00 ~.\'1. 

GRhVITY 
6.699 
4.706 
3.<118 

TOT1 (MVT) 
-0.3745 
-0.2<196 
-0.1716 

TOT2 (SUS) 
- 0.3 69 8 
-0.24 68 
-0.1699 

T21::RR GOUT 
6 . 1SE-03 -2.95E-03 

-8.99S- 0 3 -1.99£-01 
-4.S6 E-03 -'I .4 5£-,0 3 

1.2 8E-02 L18E-C1 
-2 . 11£- 03 -1.6 8£- 0:! 
-5 . 05£-02 -1.23C:+OO 
- 2.41£-02 -4.94E-02 

1 . 96£-02 1 . 10£+0() 
4 . .: 6£ -0 2 -.,. 51 s -o 2 
2 . 71E-02 -3.8 3<'-0 1 

- 7 . 33£- 03 -6 . 9 6£-02 
1 . qr:-02 -3.6-l E- 01 
4 .ld f.-03 -4.94E-02 

-5 .6 5E-0/. l.l3E+J0 
~.77E-02 -2 .l oE-0 2 
1 . 4 4E-02 -1.21E+O:J 

- l. 29E-02 -6. 25£-0 3 
- 1. 23:: -02 ~. 24::: -01 
1. 82f. -0~ -3.4 8<: -03 
2.'l':l i~ ·02 -l-9r1E-tll 

- 9.2G;::-o4 -1 . 21".:-0 3 

TOUT 
1 .30£-02 
5.338-04 
8.60:::-03 
3. 20£-02 
2 . ~·: £ -02 

-! . 96<:-02 
-l.27E-02 
-6 . 45 <.: - 04 

1.81 E-0 2 
6 . 941.:-0 3 

-1.71E· 01 
1 . 52E-02 
1 . 25<-02 

-4 . 9 2E- 0 2 
4. 66C: -02 

- 2 .44 £- 03 
-2.54f.-02 
-2.0\ f.- 02 

1. JS E-0 2 
2.01:"-1'2 

- 2 . 60!·:- 03 



SECOND TEST 

n'.,~ ''O!lO~ · . or•r • u 

TI-:ST 2Hl.lPO'r VS AERO SEHVlC2(U~DATEl.l, P. 2J~) )O I'L\G • 
-10. l. 60. o. 45. 100000. 

) 0 0 0 15 l 0 0 110 oo. 
-10. -a. -6. -5. -4. -1.6 
2. 3. .. . 4.5 6. a. 
.2907 .54-13 1.~536 2.9814 5.8144 6.o6go 
1.76H -0.0309 - ).0000 -3.3-102 -2.00H -1.0';15 

2 4 5-
BLMil( CAitO 
BLANK CAlle 

.s .5 
-4. 1. -4. -4. 
-1. -1. -9999. -1. 
-4. 1. 4. 4. -4. 
-9999. -1. -1. -9999. -9999. 
o. • 0001 0. o • 0. 2. 
o. 1. 1. o. o. -69 

.RU 2HOPOT 

FOR BULK OUTPUT ON DSK TYPE •6•. ON TTY TYPE "7". 
7 
FOR l'ORMATED I NPUT,TYPE •o•. NANELIST INPUT , TYPI:. •s•. 
0 
TEST 2HDPOT VS 1\!::RO SERVICC:(U tiDATED, P. 235) 3D MG. 

· XZERO 
-10.00 

DC:LX 1\ZMOTa FLDDEC 
1.00 60.00 ~ 

FLOINC FL O 
45 OQ 100000.00 

ltiNDFP NGIN NTIN NGOSSNTOBS INY IPROC1,2 HIIDEN LPLT GCONS 
3 • 0 0 0 15 1 0 0 110 21 0.00 

2 
2 

o. 21 00 00 
o. M& 
- 2. o • 
10. 
4.5155 3 .117 5 
-0. 6247 

0 0 -] 0 
0 0 4 0 

HH11\G NOMX ,NTOPO, IE LEV 
0.00 21 0 0 

TCONS :<7.!JN Kr.IN 
0.00 liE 0 

I X TOPO GR/\VTOPO MAGEr.EV GIN GOBS TIN TOSS 

1 
2 
l 

• 5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

-1o:oooo 
- 9.0000 
-8. 0000 
-7.00(l:J 
-6.0000 
-5.0000 
-4.0000 
-3.0000 
-2.0000 
-1.0000 

0.0000 
1.0000 
2.0000 
3.0000 
4.0000 
5.0000 
6.0000 
7.0000 
8.0000 
9.0000 

10.0000 

0.0000 
0.0000 
0.0 000 
C. OOJO 
0.0000 
0.0000 
0.00 0 0 
0.0000 
0. 0000 
0.0 000 
0. 0000 
0.0000 
0.0000 
J.OOOO 
0.0000 
0.0 000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
o.o ooc 
0. 0000 
O.O:JOO 
0 . 0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0 .0 000 
0.0000 
0.0000 
o.cooo 
0.0000 
0.0000 
0.0000 
0. 0000 
0.0000 
0.0000 
0.0000 
o.cooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000' 
0.0000 
0.0000 
0 .0000 
0.0000 

0.0000 
0. 000 0 
O.O:JOO 
:J.OOOO 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0 00 0 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0.0000 

0.0000 
0.0000 
0.0000 
O.!JGCO 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0001) 
0.0000 
0.0000 
0. 0000 
0.0 000 
0.0000 
0.0000 

0 . 0000 
0.0000 
0.0000 
a.oaco 
0.0000 
0 .0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0. 0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0 00 0 
0 . 0000 
0.0000 
0.0000 

NBODS, NCOHNR(I) ,I : 1,NBOOS 
2 4 s (4.-1) > X (-4,-1) 

Yl(I) ,I~1,N BOJJ$;Y::! (I) ;YMAG(I) 
o.oa o.oo 
o.ao o.oo 
0.50 0.50 

BODY ' 
-4.0 

1-- COORDINATES Of CORNERS 
1.0 -4.0 - 4 .o 

-1.0 -1.0 -0.10£+05 -1.0 

BODY 2-- COORDINATES OF CORNERS 
-4.0 1.0 4.0 4.0 

-0.10E+OS - 1.0 -1 .0 - 0.10 E+ OS 
O.OOE- 01 1.00E- 04 O.OOE-0 1 O.OOE-01 

O.OOE-01 

1 2 

-4.0 M.-9999) (4.-9999) 
-0.10£+\lS 

O. OQE-01 -l 2 2 0 

DOllY 1--DENSITY CON'\'!ti\ST ll:IO 2 0.0000 GllM!S /CC, SUS• 1.00£-04 GAUSS/OE. 
RE:o'IAN ENT 111\GNt:.:Trt:,\T!ON, 0.00£-01 GI\U% 1-HTI! Dt:.:CL" 0.0 DEG, HICL• 0.0 OEG 
FOLLOWING liR E '!'I!E f !ELO COHPON~:NTS OUE 'fO OOD'l 1. 

X . TOTl . X TOT1 X TOT1 X 

-10.00 0.7.392 -4 . 000 5.368 2.000 -2.669 8.000 

-9.000 0.3::!36 -3.000 5.362 3.000 -1.76') 9.000 

-a.ooo 0.4626 -2.000 4.014 4.000 -1. 19 3 10.00 

-7 .ooo 0.7163 -1.000 2.727 5.000 -0.052'i 

·6.ooo 1.253 0.0000 0.8496 6.000 -0.63')~ 

-s.ooo 2.620 1.000 -2.299 7.000 -O.H74 

·. 60' 

TO'rl 
-0.3982 
-O.l2ti2 
-0.2722 

UiQll 
0.3870 
0.5443 
C.8446 
1.4536 
2.9814 
5.a144 
5.735a 
4.5155 
3.6418 
3.1175 
2.5933 
1. 7 6 2'J 

-0.03 09 
-3.0000 
-3.0854 
-2.0041 
-1.3317 
-1.0515 
-0.8378 
- 0.6247 

,. 



BODY 2 HAS SAME MAl, 1\~D OENS PROP'l'S 1\S ?REViOUS OOOY. 
FOt.LOHlNG 1\Rl:: THE Fl £ 1,0 COMPONEt-: 'C~ OUt: TO OOD't 2. 

X 
-10.00 
-9.000 
-8.000 
-7.000 
-6.000 
-5.000 

TOT1 
0.57SlE-Ol 
0 .6927::-01 
0. 8-14 8 ~: - 0 1 
0.1053 
0.1348 
0.17 84 

X 
-4.000 
-3.000 
-2.000 
-1.000 
0.0000 

1.000 

T01'l 
0.2470 
0.3633 
0.5829 

1.065 
2.337 
4.900 

X 
2.000 
3.000 
4.000 
5.000 
6.000 
7.000 

TO'rl 
4.472 
1.'.176 

-1.577 
-2.177 
-1.414 

-0.9252 

FOLLOIHNG /I RE PRINTED THE . GRAVITY 1\ND MAGNETIC 1\ NO :'I.A.LY FIELDS 
DUE TO THE SUMMATION Of THE 80Dit:;S T!•OULIITED 1\00VE 

X 
-10.00 
-9.000 
-8.000 
-7.000 
-6.000 
-s. ooo 

X 
-l.OOE+01 
-9.00E~OO 
-S.OOE+QO 
-7.00E+OO 
-6.00E+OO 

· · · -5.00E+00 
. -C.OO E+ OO 
-J. OO E+OO 
-2.00£~00 
-l.OOE+OO 

O.OOE-01 
l.OOE+OO 
2.00 ~+0 0 
3.00E+O O 
C.OOE+OO 
S.OOE+OO 
6.00E+OO 
7.00E+OO 
8.00£-. 00 
9.00 f. +OO 
l.OOE ~Ol 

TOTl 
to. 2 9 zil 
0.39 2 ~ 
0.5471 
0.8216 
1. 38f.l 
2.798 

GOBS 
O.OOE-01 
O.OOE-01 
O.OOE-01 
O. OOE - 01 
O.OOE-01 
O. COE-01 
O.OOE-01 
O.OO E-0 1 
O.OO E-0 1 
O.O OE-01 
O.OOE-01 
O.OOE- 01 
0.00~-01 

O.OOE-01 
o.oo ::-0 1 
O.OOE-01 
O.OOE-Cll 
O.O OE-01 
0.001:;-Ql 
O.OOE-01 
O.OOE-01 

X 
-4.000 
-3.000 
-2.000 
-1.000 
0.0000 

1.000 

GERR 
O.OOF.-01 
O.O OE -01 
O.OO C-01 
0 .OO S-01 
o.oo r:: -01 
O.OOF.-01 
O. OOE-01 
O. OOE-0 1 
0 . 00 !': -01 
O.OOt:-01 
O.OOE-01 
O.OO r:-01 
0. 001::- 01 
O.OO E- 01 
O.O Or:-0 1 
O.O OF.-0 1 
O.CC E- 01 
O. OUE-01 

TOTl 
5 .615 
5. 726 
4.597 
3.792 
3.187 
2.601 

TOBS 
12.91 E-Ol! 
3.8/ E-01 
5.44E-G1 
8 . 45E-Ol 
1.45 E+OO 
2.9<lE+OO 
5. 81E+OO 
5.74E+OO 
4.52E+OO 
3.6 4F.+OO 
3 .1 2!':+ 00 
2.60E+OO 
1.7 6E+OO 

-3.09E-02 
-3.00E+OO 
-3.09E+OO 
-2.00 E+OO 
-1. 3JE+OO 

GRV 
O.OOE-01 
O.O OE-01 
O.OOE-01 
G. OOE-01 
O.OOE- 01 
O.OOE-0 1 
O.OOE-01 
O.OOE-01 
O.OOE-01 
O. OOE- 01 
O.OOE-01 
O.OO F:-01 
O.O OE -01 
O.OCE-01 
0. 00 8-01 
O.OOE-01 
O.COE- 01 
O.OOF:- 01 
O.OOE - 01 
O. OOE - 01 
O.OOS-01 

o . oor.- 01 -1.o 5t: +oo 
O. OO E-01 - 8 . 33E-Ol 
0 . 00£-01 - 6.25E-01 

I 

X 
'2.000 
3.000 
4.000 
5 . 000 
6.000 
7.000 

TOT1 
l2.97E-o1j 
3.93E-Ol 
5.47E-01 
8.22E-01 
l.39E+OO 
2.aoz;;.;.oo 
5.62C+OO 
5.73!':+00 
4.60E.,.OO 
3.79 C:+ OO 
3 .19E+OO 
2.60!':+00 
1.80£+00 
2.07E-01 

-2.77E+OO 
-3.03E+OO 
- 2 .051::+00 
-1.4 2t:;+00 
-1.04 £+00 
-7.9 82- 01 
-6.33E-01 

MEAN ER t<OR OP G = O.OO E-0 1 , RMS EHR0R OF G~ O.OOE-01 
!lEAN ER.,OR OF TOTl= 1.451':-02 , R~·1~ f.RROR OF TOT1 = l.OZE-01 
!lEAN ER ROR OF TOT2 = 1.4SE-02 , RMS ERROR OF TOT2= 1.07~-01 

TEST 2HDPOT VS AERO SE RVICE (UNOI1TED , P. 235) 3D HAG. 

TO'rl 
1.803 

0.2074 
-2.769 
-3.029 
-2.053 
-1.423 

'rlF.RR 
6.35£- 03 
5 . 90E-03 
2. 77E-03 

-2.311:;-02 
- 6.55 E- 02 
-1. 03E- Ol 
-l. 99E-01 
-9.98E-03 

B.1 1E-02 
l. 51E-01 
6 . 91E-02 
2.86.0-03 
4 . 02:.- 02 
2 . 3llE-01 
2. 3 H:-O l 
5. 1; 0£-02 

-4. e9E-02 
-9. 09E- 0 2 

9 . 3·12-0 3 
J.9 ·1E-C2 

-B.O ZE-03 

X 
8.000 
'.!. 0 00 
10.00 

X 
8.000 
9.000 
10.00 

TOT2 
2.97E-01 
3.53E-01 
5.<71:.-0 1 
8.22!:-01 
1. 39 E+O 0 
2.8"0E+00 
5.62E+OO 
5.13 E+O O 
LfiOE+OO 
3. 79E+OO 
3.19E+OO 
2.60E+OO 
1. 80£+00 
2.072- 01 

-2.77£+00 
-3 .03E+OO 
-2.C5E~OO 

- l..t2£+00 
-!.04E+OO 
-7., 8F.-OJ 
- 6.33 E- 01 

TOTl 
-0.6439 
-0.4722 
-0.3606 

TOT1 
-1 .042 

-0.798< 
-0.6328 

T2ERR 
6.35E-03 
5.90 E- 03 
2. 77E-03 

-2.31E-02 
-6.5 5E- 0 2 
-1.83E-01 
-l.99 E- 01 
-9.90 E-03 

0 .11 E- 0 2 
1.51 E- Ol 
6 . 91E-02 
2 .8 6E-OJ 
4.02 E-0 2 
2 .38E-Ol 
2 . 31E-01 
5 . 5 0S- 02 

- 4.89 E- 02 
-9.09 E- 02 

9.34 t:: -03 
3. 941::- 0 2 

-8.07!::-03 

GQUT TOUT 
O.OOF.-01 6 .3SE-03 
O. OO o-01 5.90E-03 
O.OO t:; -01 2.77 E-O J 
O. OOE- 01 -2.31E-02 
O.O OE- 01 -6.5 5£- 02 
O. OO E-01 -1.83E-01 
O.O OE- 01 -1.99E-01 
O.OO E- 01 -9.98E-03 
O. OO E-01 8.1 1E-0 2 
O.O OE -01 1 . 51!':-01 
O.O OE -01 6.91 E-02 
O.O OE- 01 2.86E-OJ 
O.OO F:- 01 4.0 2E- 02 
0.0 0£- 01 2 .3 SE-01 
O.GCE-01 2.31E-Ol 
0.0 01::-0 1 5.60E-02 
0.00 £- 01 -4. 89E-02 
o.oor.-01 -s.o9r.- o z 
0. 002-01 9 .34 E-03 
O. OOS-01 3. 9 ~E-02 
O.OOE-01 -S .OZE-0 3 

PLOT SYHBOLS: ELEVcl TOPO=: GOUS =- G TOGS =T GRVc* TOT1=+ T.OT2=1 TOUT=~ GOU'fz\ 

CnhV 
~1\G 

-3.50El00 - 2.50 E+ 00 -1.50 1,+00 -S.OO E-01 5.00E-01 1.50E +OO 2.SOE+00 3.50r.+OO 4.50E+ OO 5.50E+Cl 0 
-J.50E+OO -2.5ClE+00 -1.50 S+ OO -S.OOE-01 S.OOE-01 1 . 50E~OO 2 . SOE+00 3.50E+OO 4 . 501':+00 5.50E+00 

KETRF:S 
-1. OOE+O 1 
-9.00 E~oo 
-8.00 1::+ 00 
-7. OOr: +OO 
-6.t'Of:+OO 
-S.OO t:l OO 
-4.00HOO 
-3.00 1: ~00 
-2.00000 
-l.OOE+OO 

O.OOE-01 
l.OOE+OO' 
2.00F.+OO 
).OO I;+O O 
4.00E+OO 
5.00[+00 
6.00 E+OO 
1.001·: •00 
O.OOE+OO 
9.00000 
l.OOE~ill 

11!:1'1lE:; 

+ •••• + •.•. + ••• • + • • •• + •.•• + •••• + •••• + •••• + •• • • + •••• + •••• + ••• - ••••• + •••. + •••• + ••. : .-+. - .· .+ •••• + •••• + 
\ @ I < 
\ @ I 
\ @ I 
\ @ • \ @ IT 
\ @ 
\• @ 

' e ' . 
' @ 
' @ \ @ 

' @ ' \ T @ 

\ T @ 
\ Tf @ 
\ fT @ 
\ IT P 
\ Tl @ 

I T 

Tl 
T t 

Tt 
I 

< 
I T -

I 

< 

< 

' e ' t @ ( 
+ •••••••••••••• + •••• + •.•• + ••••••••• + •• ••••• ••••••• + •••• + •• ••••••• + ••.• + •••••••••• ••• ••••••• •••• + 

\' :;Cflt.l·: • l.onoor - ul 
t:NT1 : K I ' I..U'l 'rt:l : N(l, •l I 

o9" 
., 



-J. c 
i 

-- - -- - --- -~ -- -.._._ -

X IN UE 
rr:sr 210"QT \-; ~.>hl ~R'IICGC~XV.rrn, P, 2:V.l W R'.ll. 

CCTK4010[X/Y:l7.G/1~.6-CM[CH I/0:159/159[LN !/0:126/126 
« DCV:TT Yl [l3LKS :34 2 

I . 

TO EXIT TYPE "0". TO ADJUST PLOT ON SA~!E DCII TYPE "1". TO CHNG DEll ASO AOJ PLOT TYPE "2". TO CHt;G OEV TYL'E " 3 ". 
0 

MODE:= -3. GRV ,\NO VER, TOTl, 'l'OT2 ARE RE-ZEROEO. 

THE COHP UT,\TION WILL P.ECC :!M!':NCE Wl'l' H :-l EW !'I!IG A:W ;) E:NS ,BUT YIITII THE SAMC: 900I ES 1\~:J FIELD POI!n'S 
0 . 00~-01 1.00 E+ OO 1.00 £+00 O.OOE - 01 O.OO E- 01 -69 2 0 0 4 

o.oo~;-01 

BODY l--DC ~ !S IT Y CO'I ':'P.1'.S'l' HII C\ = O. O:J OO GR,; ''oS / CC, SUS= 1 QQ ::;tOO GAUSS/OS. 
REMANENT M~GNE1" 1 ZA~ i 0~!= ! .00E • OO G~U5S W! ·r~ D ~:r~ =t 0.~ DE~, !:~CL~ G.O DCG 
FOLLOI-Il Nr; ARE 1'HE FrELD CO''i'O :.;~:~! TS DUS TO BODY l. 

LST S QP.S C..\'!5 l30:>'i 1 n ,\ S '!1\GtE:'l'I/.,\T ZON 'CO ~: ?O~ t;:Ol'i'S 

MX~ 3.9 8£-05, MY = - 7 .4 3£-05, WL= 7.57£-05 
DE:C= =.L..ll... INC= ~. ANP= l J ;l':: - 0 4 
Pf!OJ E:CTI::'i5""'rn'O X -M<lS~ 60.0). Lk= 62.3 
PROJ EC'l'C D I NTO EARTiiS fi ELD AZ U !U'l'il , ItlC= 43.6 

X TOT1 X TOT1 
-10.00 0.2 ) 47 -4.000 5. 4 39 
- 9.000 0. 3l tl 9 -3.000 5.197 
-8.000 0. 4 58 < -2.000 3. 6 37 
-7.000 0.7148 -1.000 2 . 225 
-6.000 1. 2&2 0.0000 0.2442 
-5.000 2.6U~ 1.000 -2.975 

X 
:!.000 
3.000 
4.000 
5.000 
6.000 
7.000 

LST SQRS 51\YS El OD Y :! li AS M!IG:IETI Z.\TION CO~!PONENTS 
I'IX~ 4.61 £- 0 5 , !'I Y= -L 20E-05 , M'l. ~ 6 .47 E-05 
DEC u ~ I c~ ~. M:P~ !L ? S§ - 95 
PHOJ EC1' t:O lN'!'O :<- .11 :<1~; (i'. Z= GO . 0 ) , 1!\C"' 54.6 
Pf!OJI::C 'fE O l NTO £A !\TH5 ri i:: LD AZ H IUTII, INC ~ 35.1 

X TOTl X TO'rl X 
-10.00 0.9496E-Ol -4.000 0.3744 2.000 
-9.000 0.11 20 - 3.000 0.531i1 3.000 
-& .01)0 0.} 31; 3 -2.000 0.8294 4.000 
-7.ooo O.l!J UO -l.OU ll 1.09 5. 000 
-6.ooo 0. 2121 0.0000 2.923 6.000 
-s.ooo 0.27(;2 1.000 S.SG1 7.000 

LST SQ!ia SIIYS BOI)'! 1 HilS SU!i• J.ca;-Q~ CII USS /OE. 

)( TO-r2 X TO't' l )( 
-10.00 0.2428 -4.000 S.44d 2.000 
-9.0:10 0.3 294 -3.000 5.442 J.ouo 
-8.000 I). 4 (,1)'", -:.oon 4. 073 ~.ouo 
-7.00(.\ 0.726'1 -l.O UQ 2. 7G8 s.ooo 
-6.000 1. 272 o.oooo O.lH.~2 b .tlllO 
-s.ooo 2. (. 59 1.000 -;? • .})) 7.000 

71J• 
" 

- -. 

TO'fl 
-3.141 
-2.055 
-1.3tl0 

-0. 98"9 
-0.7379 
-0.5737 

TOTl 
4.1!48 
2.0(10 

-l.G21 
-2.002 
-1.310 

-0 . 0130 

TO'l'2 
-2. 70') 
-1. I •; 5 
- l.~lil 

-0.(! 65 2 
-0 .. 64 !i 0 
-·o. ~o.:t: 

X 
8.000 
9.000 
10.00 

X 
8.000 
9.000 
10.00 

X 
8.000 
9.000 
1Q.Oll 

TOTl 
-0.4592 
-0.3760 
-0.3137 

TOTl 
-0. 5809 
-0.4211 
-0.3216 

TD'r2 
-0.~041 
-o. 3310 
-o .zn·2 



LS'I' soRS SA¥5 BOU't 2 HI\S SUS• 9.93E-05 G~USS/0£. 

I TO'l'2 X TO'rz X TOT2 X TOT2 , 
0.5701::-01 -4.000 0.2454 - ,1 0.00 2 . 000 4.442 8 . 000 -0.6)'.}7 

-9.000 O.GOI!H;-01 -).000 0 .1609 3.000 1. 963 9 . 000 -0.-1691 
-8 .ooo 0.8 39 21::- 01 -2.000 0.5791 4.000 -1. 566 10.00 - 0.3582 
-7.000 0.10 46 -1.000 1.058 5.000 -2.162 
-6.000 0.1339 0.00 00 2.321 6.000 -1.404 
-s.ooo 0.1772 1.000 4 . 867 7.000 -0 . 9191 

FOE. LOWING 1\~E P~INT EO THE GllAVI'rY AN D ~1!\G:-H:TIC AN0:-11\ L\' FIELDS 

DUE TO Tfi E S U 11(-11\'I'I ON Of T!iE: BODIES 'f i\ OU L.\Tt:: D ;\!!.OVl:': 

I TOTl ~ !'IV'r) X TOT1 (MV'r) X TO'rl (MVT) X TO'r1 ( H'JT) 

-10.00 -4.000 5.813 2.000 1. 707 j6. P !Hi l 8.000 -1. 0 40 
-9.000 0. 4317 -3.000 5.733 3.000 0.2529£ - 01 9.000 - 0. 7991 
-8.000 0 .59 47 -2.000 4.467 4.000 -3.001 10.00 -0.6353 
-7.000 0.8 82 8 -1 .000 3.665 5 . 000 -3. 067 
-6.000 1.47~ 0.0000 3.!67 6.000 -2.047 
-s.ooo 2.940 1.000 2.586 7.000 -1.417 

I TOT2 (SUS ) X TOT2 (SUS) X ' TO'i'2 (SUS) X TOT2 (SUS ) 
-10.00 lll.~ M~ I -4.000 5.693 2 . 000 1. 734 8.000 -1.044 
-9.000 0.3972 -3.000 5.803 3.000 0.1680 9 . 000 - 0 .8001 

-s.ooo 0. 5534 -2.000 4.652 4.000 -2.777 10.00 - 0.63 44 
-7.00C 0. 831 5 -1.000 3.826 5.000 -3.028 
-6.000 1. 40 6 0.0000 3.184 6.000 -2.053 
-5.000 2.836 1.000 2.534 7.000 -1.424 

X G09S GRV GEllR TOI3S TOT! T1ERR IQIZ T2f.RR GOUT 1'0UT 

-1 : ooE+O 1 O.O OE-01 O.OO E-01 O. OO E-01 j2 , ~ l F. -O l j b. 10~: - o1 l 3 . !>9E- 02 U . OOE-01! 9.5 21::- 03 O.OOE-01 3. 69<:-0~ 

-9.00E+OO O.OO E-01 O.OOE-01 0.001::-01 3.8 /E-01 4. 32E- Ol o\. 4 7E-02 3.97t:-01 1 . 0 2E-O~ O.OOE-01 4 .17Z- 02 

-8.00 E~O O O.OOE-0 1 O.OCE-01 O. OOE- 01 5.4~E - 01 5.95E-Ol 5 .04 E- 02 5 .53E-01 9 .0 9<:-03 O.O OE-01 5.04!::-02 

-7 . OOE+OO O.OO E- 01 0.0 0£: -01 O. OOE-01 8.45E-01 8.83E-01 3. 8 1::-02 8.32E-01 -1.3 1::-o~ 0.001::-01 ). t!lt:-02 

-6.00E+OO O.OO E-01 O.OCE-01 O. OOE-01 l.45 E+ OO 1.0!::+00 2.04£-02 1.4 C.E+O O - ~ . 7 Br:-o:; O. OOE- 01 2. 0-li: -0~ 

-5 . 00E+ 00 o.oo r: -01 O. OOE-01 O.OO E-01 2 . 'l8E+OO 2.94E+(;0 -4.L SE-02 2 . 511::+ 00 -1.4 5<::-01 O.OOE-01 - 1 .1 5~: -02 

-4.00 1':+00 O.OO E-01 O.O OE-01 O.OOF:-01 5.81E+O O 5.81E+QO - !l . tlSE-04 5. o')E~OO -1. 2 1!:: -0 l G.OOE-01 -9 . SSE-04 

-3.00E+OO 0.00 1::- 0l O.OOE-01 O.O OE-01 5.7< 00 0 5 . 73E+OO - 2 .i;7£-03 5.S OS·i 0 0 G.73C:- 07 0.0\JE-Ol -2 . 67E-U3 

-2.001::+00 0.00 1::-0 1 O.OOt.-01 O.OO E-01 4 . 52£+ 00 4.47!::+00 -4. 66E-02 4 . GS::~G O 1.37::-01 C.OO E-0 1 -L SBE-02 

-1. OOE+ OO O. OOE-01 O. OOE- 01 O.OO E-01 3.6 4E+O \l 3.G6C:+OO 2 . 2SE- C2 3.:3 3!:: +00 l.8~ i:: -Ol t;.00£-01 2.2ilE-02 

O.O OE-01 o . co :, -01 O. OOE-01 O.OCJE-01 3.12E+OO 3.17E+OO .; . 96E-C2 3. LS E ~ OO 6 . 61::-0~ 0.00£ - 0 1 4. 'J'c> 0 2 

l. OOE+OO O.OO E-Ol 0 . OOr: -01 O.OOE-01 2. ?0r:+O O 2 . 59E+00 -t . 2.; S-02 ~. 'J JE !-0 0 -6.3<JE-02 o.oo:::-0~ - 1.24 1:: -02 

2.'()0 C+00 o . oo :::-o t O.OO E- 01 O. COE- 01 1.75!::•0 0 1.7l E+O O - 5 . 51S-02 1./Ei-00 -2 . 9~ !-: -G2 O. OOE- 01 - 5 . S9C:-02 

3.00000 O. C0 £-0 1 O.O OE- Cl O.O Oi:: -01 -3.09E-02 2. 5 3£-0 2 S . 52F:-02 l.G S:-: -:H J. ')n-o: :J . ouc:- vl 5 .52E-02 

4.00 8+ 00 0. 001::-0l O. OOE-01 O. OOE- 01 -3. 0 0':-;.:JO - 3 .0 0':: +00 - 3 . 7~S-04 - 2 . 78!::+00 2 . 23S-Ol :J .OO E-01 -:1 . 77S-01 

5.00 1::+00 O.:JO E-01 O.OOE-Ot 0. 001:: -01 -3 . G:tt:~0o -3. 07!:: +00 l. 81E-0 ~ -3.0 3:- fCJO 5 . 7!l :: -nc ::l.OO £-Cl 1. 8 1E-0 2 

6.00 Sf00 o.oo ::-o l O.OCC - 01 ::J . oo r. -o1 -2. 00~? 1)!) -2 . o s:·+ co - ~.JJ E-0 2 - ~ . 0 r-,;.: ;- eJ Q -4. ":10 S-02 0 . O lJ'~ -0.! - ~ . . )]E - 0~ 

7.00 F:+ OO c. ocr:-o l O .~ OL:·C l O.O C;:; - :)1 -1.33.: •0(. -1 - ~.:r: .. oc -'L j :::-C:! - :. . . ~ } ·:, 0 0 - 9.2:::- - ~ . U~L-O l. -f.: . }!~-\12 

8. 001::+00 o. oo:::-:Jt O.O OE-'Jl O.!JOE- 01 -l. O'"J!~t-OG -1.04::>-00 l. l 4E-J2 -l . O~E+00 7 . 7lr:- 0 1 \l . 0 0!::- 0 1 J. t~E- 0 2 

9.0 CE:+ OO 0 .vO E-•11 O.O CC: - 01 O. OOE-01 -~.3~ :-:-n l - 7 . 99E-O l 3. ~ .·::: -0 2 - n . or. ;: - cl 3 .77 ~ -0 1 !J. 001::-01 ? . 36E- 02 

l.OOC+Ol 0. OOE- •ll O. OO E- 01 O. OO£ -C1 -6.2 '> E-(Jl -6 . 3S!':-Ol -l.OGF.-02 -6. 34<.-QJ -S . i2E-C3 O.OOE-01 -;-! .C' 6E-02 

!IE,\N ERllOR Of G = O.OOE-01 , Ri·iS I::RROR OF G= O. OOE-01 
HEF.N ER iWR OF TO·rl= 4 .16E-03 R·•·· ERROR OF TO'i'l = 3.94 i:-o2 , ,•,.J 

HEAN ER RO~ OF T01' 22 2.01lE-02 , RM:> ERROR OF ·roT2~ l.OOE-01 

ENTF.R PLOTTER NO, ml - . -· -- -

I 

X IN rE 
n:sr 2't-Ot't1T Y1) M,,o OC1lVte£ct.•<O-\HD, ,., 2.~1 m tW~. 
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THIRD TEST 

,TYP& FOR OS. !WI' 
fOUR cur.o•tt•NT SYMm:'l'RY TF:ST. VERTICAL FIELD. 

-10. 2. o. o. 90. 50000. 
1 0 0 0 0 1 0 0 110 oo.o 
4 5 5 5 5 

-4. -4. -4. -4. 

•• 4 . 4. 4. 
4. 4. 4. 4. 
-4. o. o. -4. -4. 
-1. -1. -4. -4. -1. 
-4. o. o. -4. -4. 

•• 4 • 1. 1. 4. 
o. 4. 4. 0. o. 
-1. -1. -4. -4. -1. 
o. 4. 4. o. o. 
•• 4 • 1. 1. .c. 
1. o. .00001 0. 90. 

RU 2UDPOT . 
fOR BULK OUTPUT ON DSK TYPE •6•. ON TTY TYPE •7• • . 
7 
FOR FORMhTED INPUT.1TY?E •o•. NM1ELIST IN?UT1TYPE •s•. 
0 
FOUR QUADR,\NT SYMMETRY TEST. VERTICAL FIELD. 

4 

DELX AZMUTU FLDOEC FLDINC FLO 

0. 11 ·o 0 
o.o 

-1 0 0 4 0 

lZERO 
-10.00 2.00 o.oo 0.00 . 90.00 50000.00 

BIMAG N0~ 1 NTOP0 1 IELEII 
0.00 11 0 0 

KINDFP NGIN NTIN NGODSNTODS INY IPROC1,2 IWIOENLPLT GCONS TCONS XZUN !\LIN 
1 0 0 0 0 1 0 0 110 11 0.00 o.oo 0 

I X TOPO GRAVTOPO t1AGELEV GIN GOBS TIN TOBS 

1 -10.0000 0.0000 0.0000 
2 -s.oooo 0.0000 0.0000 
3 -G:oooo 0.000 0 0.0000 
4 -4.0000 0.0000 0.0000 
5 -2.0000 0.0 000 0.0000 
6 0.0000 o.c c oo O. iiGuO 
7 2.0000 o.ococ 0.0000 
a 4.0000 O.OOG O 0.0000 
9 6.0 C.OO O.OOJO 0.0000 

10 8.0000 0.0000 0.0000 
11 10.0000 0.0000 0.0000 

NBOOS I NCORNR (I) I I= 1 I NI30DS 
. 4 5 5 5 5 

Yl(l) ,I•l 1NBODS;Y2(I) ;YMAG(I) 
-4.0 -4.0 -4.0 -4.0 
4.0 4.0 4.0 4.0 
4.0 4.0 4.0 4.0 

BODY 1-- COO RDINhTES OF COnNERS 
-4.0 0.00 0.00 . -4.0 
-1.0 -1.0 -4.0 -4.0 

BODY 2-- COORDINATI::S OF COR~BRS 
-4.0 o.oo 0.00 -4.0 
4.0 4.0 1.0 1.0 

BODY 3-- COORDINhTES OF CORNERS 
o.oo 4.0 4.0 0.00 
-1.0 -1.0 -4.0 -4.0 

·BODY 4-- COORDINhTES OF COI<NERS o.oo 4.0 4.0 0.00 
4.0 4.0 1.0 1.0 

l.OOE•OO 0.00£-01 1.00£-05 0.00£-01 
0. 00£-01 

-4.0 
-1.0 

-4.0 
4.0 

o.oo 
-1.0 

0.00 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0.0000 
0.0000 
0.00 00 
0.0000 
0.0000 

4.0 
9.00£+-01 

0.0000 
0.0 00 0 
0.0000 
0.0000 
c.oon 
0.0 00 0 
0.0000 
o.o oco 
o.co o o 
o.oaoo 
0.0000 

• 
{-4.4) 

(-tl.1) 
(-4.-1) 

(-4.-4) 

-1 0 

0.00:10 
0.0000 
0.0000 
0.001)0 
0.0000 
c.c ooo 
o.oco o 
0.00:) 0 
0.0000 
0.0000 
0.0000 

z 
~ 

(4.4) 

2 4 .. 

(-1, 1) 

('i,-1) 

1 3 
,--

(4,-4) 

0 4 

BODY 1--DF:NStTY CON1'\lhS'r RII O u 1.0000 GHAW;/CC, SuS"' 0.00~;-01 GhUS !:: /01-:, 
1\!:M/\tlENT ~~1\C.Nr.Tlf.hTl u : ~ 1.00 F:-05 t: ,\OJSS \~!Til nr.r:t.• 0.0 Dt:G, HlCL 2 90.0 DEG 
FOLI.OIH :~c; AHI:: Till; flF:LO COHI' :)N~:N'l'S DUI; TO IJODY 1. 

X GRAVITY X GRhVI'rY X GR !1VlTY X 
-1o.oo 2.571 -4.000 33.12 2.000 J .!. 68 B .Ot'D 
~a.ooo 5.<:92 -2.000 48.10 ~.000 5.2?2 10.00 
-6.000 12.68 0.0000 33.12 6.000 2. '>71 

X TOTl X 'l'OT1 X TO'fl X 
-1o.oo -0.1 UG -1.000 1. 4 0~ 2.000 ·· U.l GJ2 R.OOO 
-s.ooo -0.1812 -2 ,Q!JQ 2.')15 4.000 -0.11112 10.00 
-6.000 -0.1632 0.0000 1.405 G.OOO -0.1136 

72 -:-· ·· 

0.0000 o.ooa o 
0.0 000 0.0000 
0.0000 0.0000 
O.OvOO o.o a oo 
o.cooo O.IJO OO 
o. cr. oc 0.0000 
0. 000 0 0 . 0000 
0. 0::1':: 0 o . oc o o 
0. 0000 c.oc :; o 
0.0000 0.0000 
0.0000 0.0000 

X 

CRf1VI'l'Y 
1. 4 11 

0.84134 

'l'O'rl 
-0 . 6 Cl u ~; . 0 1 
-o.•~~?.F:-01 



BODY 2 111\5 51\ME: MAG ASD DENS l'!lOP'fS AS PRt::'/tOU$ BODY. 
FOLLl)WING /\RE THE FIELD COMPONENTS OUt: TO BOO'! 2. 

X 
-10 . 00 
-s. ooo 
-6 .000 

X 
-10.00 
-8.000 
-6.000 

GRAVITY 
-2.571 
-5.292 
-12.68 

TOT1 
-0.1136 
-0.1812 
-0.1632 

X 
-4.000 
-2.000 
0.0000 

X 
-4.000 
-2.000 
0.0000 

GRAVITY 
-33 . 12 
-48.10 
-33.12 

TOT1 
1. 405 
2.915 
1.405 

X 
2.000 
4.000 
6.000 

X 
2.0 00 
4.000 
6.000 

BODY 3 HAS SAME MI\G AND DE :.IS PROr·rs AS PREVIOUS BODY. 
FOLLOIH 11G ARE THE FIELD CCtiPO:-IE~TS DUE TO BOor' 3. 

X 
-10.00 
-s.ooo 
-6.000 

X 
-10.00 
-8.000 
-6.000 

GRAVITY 
0.8483 
1.411 
2.571 

TOT1 
-0.4-\52!:: - 01 
-0.6!J72E-01 
-0.1136 

X 
-4.000 
-2.000 
0.0000 

X 
-4.000 
-2 . 000 
o. o<too 

GRAVITY 
5. 292 
12.68 
33.12 

TOT1 
-0.1812 
-0.1632 

1.405 

X 
·2.000 
4.000 
6.000 

X 
2.000 
4.000 
6.000 

'BODY ·1 liAS Sll.l1S MI\G 1\ND DENS PROPTS AS PRE'/IOUS BODY. 
FOLLOIHNG ARE THE FIELO Cm!PONENTS QUE TO BODY 4. 

X 
-10 . 00 
-8.000 
-6.0 00 

X 
-10.00 
-8.000 
-6.000 

GRAVITY 
-0.8484 
-1.411 
-2.571 

TOT1 
-0.4452E-01 
-0.6972E-01 
-0.1136 

X 
-4.000 
-2.000 
0 .0000 

X 
-4.000 
-2.000 
0.0000 

GRAVITY 
-5.292 
-12.68 
-33.12 

TOT1 
-0.1812 
-0.1632 

1.405 

X 
2.000 
4.000 
6.000 

X 
2.000 
4.000 
6.000 

GrtAVI'rY 
-12 .l:i8 
-5.292 
-2.571 

TO'rl 
-0.1632 
-0.1812 
-0.1136 

GRAVITY 
48.10 
33.12 
12.68 

TOT1 
2.915 
1.405 

-0.1632 

GRAVITY 
-48.10 
-33.12 
-12.68 

TOT1 
2.915 
1. 40:; 

-0.1632 

X 
8.000 
10.00 

X 
8.000 
10.00 

X 
8.000 
10.00 

X 
8.000 
10.00 

X 
8.000 
10.00 

X 
8.000 
10.00 

FOL!.OHING ARt: PRINTED T :JE GRAVITY AND ~IAGt-:E'i'IC ANONALY FIELDS 
DUE TO 'rilE SUM:-1/ITION Of TnS !:lODIES Tl,aULATED 1\SOVE 

X GRIWITY X GRAVITY X GR/,./ITY X 

-10.00 -0 . 7957E-(J5 -4.000 -0.6574E-05 2 .0 00 -0.5 245 .::-os e. Ot10 

-a. ooo -0.7138£-05 -2.00C -0.2 ~45E- 0 5 4.0::10 0. 2384t.C-05 10.00 
-6.000 0.4053:::-o s 0.0000 -0. 4,'1681::- 05 6.000 0.8H5E-06 

X TOT1 X TO'r1 X TO'r1 X 

'-10.00 -0.3162 -4.000 2.448 2.000 5.504 8.000 
-8.000 -0.5018 -2.000 5.504 4.000 2.448 10.00 
-6.000 -0.5535 0.0000 5.620 6.000 -C.5535 

X GOBS GRV GERR TOBS TO'rl Tl EH R TOT2 
-l. OOE+01 0.00!::-01 -7.96F:-06 -7.96 !::- 06 O. OOE-0 1 -3.16E-01 -3.1 6E:- 01 -3.16E-01 
-8.00£+00 O.OO E-01 -7.14 E-06 -7.14£-0G O.OOE-01 -5.02£-01 -5 . O:.!E-01 -5.02E-01 
-6.00E+OO O.OOE-01 4.05 E: -06 4.05E:-0 6 O.OOE-01 -5 . ~· J E- 01 -5.5 31::-0 1 -5.53E-01 
-4.00E~ 00 O.OOE-01 -6.'J7 C: - 06 -6.97 1::-06 0.00£-01 2 . ~SP.+OO 2. 45:.+00 2.4SE+OO 
-2.00 E+OO O.OOC:-01 -2.iSE-06 -2.15E-OG O.OU !::- 01 S . "OE+OO S.50 S;·OO S.SOE+O O 

O.OOE-01 0.001::- 01 -4. '17E-O G -4. 7'/E-06 0.001::-01 5.G 2E+ OO 5.r,2E•OO 5.62 E+OO 
2.001::~00 O.OOE-01 -5.2:.s-o6 -5.2~ £-06 O.OO E-0 1 5.SOP.+OO 5.5P.EI-00 5.50E+00 
4.00£+00 O.OO E-01 2. 3 3 r: -06 2.3~E-06 O.OOE-01 2 . 1,5£+00 2.45f. +OO 2 . 45E+00 
6.00f.+OO O. OOC-01 8.34C-0 7 S.34t:-07 O.OOE-01 -5. 53<:·· 01 -5.53E: -O l -5 . 531::-0l 
B.OO E+OO O.OOE-01 7.1 5E-06 7.151:- 06 O.OOE-01 -:\.02£-01 -5.0 21·: - 01 -5.02 E- 01 
l.OOE+O 1 0.001::-01 7. 96£-0 6 7.961::-06 0.00£-01 -3 . 16E-01 -3.168-01 -3.16E-01 

ME/Ill Ell ROn OF G = -Loac-06 , R~IS F.RROn 02 G= 5.68 P.-0 6 
M£.\N EII.HO~ 01' TOT1 ~ 1.71 £+ 00 ,!HIS F:ln~nR Of T0Tl~ 3. 1 0 ~:+0 0 
tll::i\N EHl<Oi< Or' 'l'O'f 2 ~ 1.71E+OO ,Rt-1$ ERHOR Of T0'1'2~ 3.10!::+00 

FOUR QIJTIO~l•N T S'n\METH1 TCST. VERTICAL FTELD. 

Tm; COIIP UT/,T[QN IS Cml"LET<:. TYPC P IODt:: ) +OH- 5,6,7 TO IIIJJU~;T Pllf!r\Mt::Tt::ilS 
BY NI\MI·:r. I S'!' : 7-P!IYS l'HO •, 6-!lODY cr.m1 ~ i'IIYS PHOP, ~-J:VSR::'T!I I NG ; 
~OI>E NEG TO ZERO G!W , VC:H ,TOT1,'l'OT2, <:r.RO '1'0 STO?. 

STOp 

END 01' EXECU'r ION 
cru TIM E: 3 . 65 ELIIPSI::D TIME: 6:29 . 88 
EXIT 

·~ 73 
.. \ 

GRAVI'rY 
-1.<411 

-0.8483 

TOT1 
-0.6972E-01 
-0.4452E-01 

GRAVITY 
5.29l 
2.571 

TOT1 
-0.1812 
-0.1136 

GRAVITY 
-5.292 
-2.571 

TOT1 
-0.1812 
-0.1136 

GRAVITY 
J.715JC: -05 
0.7957 8- 05 

TO'l'1 
-0.5018 
-0.3162 

T2ERR GOUT 
-3. HC- 01 -7 .!JGE-06 
- 5 .02E-01 -7.l~ C-06 

-5.531':-01 4.0 58-06 
2 . .; :. r: ~oo -6. 971-:-0G 
5.50E+OO -2.l )f. -lJ6 
5.6 ~E+00 -4 . i7E-06 
5.50~+00 -5. 25t::-(l6 
2.45E<O O 2. 3RE-OG 

-5. 53t::-0 1 s . 3 -lt~-07 
-5.02!::-0 1 7.1:. r, -06 
-3 .1 61:; -01 7.% 1::-06 

TOUT 
-3.16E-01 
-5.02E-Ol 
-5.53E-Ol 

2.4SE+00 
s . so~:+o o 
S.62E+OO 
5.5 0S+00 
2.4SHOO 

-5.53£-01 
-S . 02E-Ol 
-3.16 E-01 



I 

FOURTH TEST 

' . 
TYP£ FOR05.DI\T 

• FOUR QUAD!l,\NT S Y~I:·IETRY TEST. HORIZONTAL Fit.LD, 
-10. 2. o. 

3 0 0 0 0 
5 4 5 5 5 

-4. 

'· '· -·· -1. 
-4. 

'· o. 
-1. 
o. 
4. 
l. 

,RO 2HDPOT 

-·. -4. 
4. 
4. 
0 • . 
-1. 
o. 
4. 
4. 
-1. 
4. 
4. 
o. 

4. 
4. 
o. 
-4. 
o. 
1. 
4. 
-4. 
4. 
1. 
.00001 

0. 0. 
1 0 0 110 

-4. 
4. 
4. 
-4. 
-4. 
-4. 
1. 
o. 
-4. 
o. 
1. 
o. 

-4. 
-1. 
-4. 
4. 
o. 
-1. 
o. 
4. 
90. 

roR BULK OUTPUT ON DSK TYPE •6•. ON TTY TYPE "7". 
7 

50000. o. 
00.0 o.o 

4 - 1 0 . 

roR FORMATED INPUT,TYPE "0". NhMELIST I~PUT,TYPE "5". 
0 . 

- fOUR QUADRANT SY!'IHETRY TEST. HORIZONTI\L FIELD. 

11 0 0 

0 4 0 

X ZERO DELX AZMUTH FLDDEC 
. -10.00 2.00 0.00 0.00 

FLDINC FLO 
o.oo 50000.00 

RIMhG NUl'IX,NTOPO,IELEV 
o.oo 11 0 0 

UNDi'P NGIN NTIN tiGOSSNTOB5 I~Y IPROCl, 2 I:-IICENLPLT C:CONS TCONS XZUN KLIN 
3 0 0 0 0 1 0 0 110 11 0.00 0.00 0 

I X TOPO G!H\VTOPO MAGE LEV GIN GOBS TIN TOBS 

1 -10.0000 0.0000 
2 -8. (:)0 00 0. 0000 
3 -6.0 000 0.0000 
4 -4.0000 0.0000 
5 -2.0000 0. OIJO<) 
6 0.0000 O.O !JOO 
7 2.0000 0.00 0 0 
8 4.0000 0.0000 
9 6. 0 000 o.oooc 

10 8.0000 0.00 0 0 
11 10.0000 0.0000 

IIBOD5, NCORNR(T) ,I = l,NBODS 
• 5 5 s 5 

Yl(I) ,I= l,NBODS;¥2( 1 ) ;nlAG(I) 
-4.0 -4.0 -4 .o 

4.0 4.0 4.0 
4 . 0 4.0 4.0 

0.0000 
0.0000 
0.0000 
0. 0000 
0. 0000 
0.0000 
o.ooco 
0 .000 0 
0.0000 
0. 0 000 
0.0000 

-4.0 
4.0 
4.0 

BODY 1-- COORDIN.\TF:S OF CORNERS 
-4.0 0.00 0.00 -4.0 
-1.0 -1.0 -4.0 -4.0 

BODY 2-- COORDlNI\TES OF CORN ERS 
-4.0 o.oo 0.00 - 4 .0 

4.0 4.0 1.0 '1. 0 

BODY 3-- COOROINATES OF CORNt.RS o.oo 4.0 4.0 0.00 
-l.o - 1.0 -4.0 -4.0 

BODY 4-- COORDINATES OF CORI'a: RS o.oo 
4.0 

l.oor.~ oo 
O.OOE-01 

4-0 4 . 0 
4 .o 1.0 

O.OO C- 01 1.00E-05 

0.00 
1.0 

O.OOE-01 

-4.0 
-1.0 

-4.0 
4.0 

0.00 
-1.0 

o.oo 

0.0000 
0.0000 
0.0000 
0.00 0 0 
0.0000 
C.O OG O 
0.0000 
0 . 0 00 0 
0 . 0000 
0.0000 
0.0000 

4.0 
9.00£+01 4 

0.00 00 
0. 000 0 
0.0 0 00 
0 .0000 
o.oo co 
0.0 000 
0.00 00 
0.00 0 0 
0.00 0 0 
0.0000 
0.0000 

(-4 .4) 

,1) C-4 
c-~l ,-1) 

-4) (-4. 

-1 0 

0.0000 
0.0000 
0.0000 
0.0000 
o.oeoo 
0. 0 000 
0 .0 000 
0.0 00 0 
o.oc oo 
0.0000 
0.0000 

z 
If' 

(4.4) 

2 4 

(4.1) 
(4,-1) 

1 3 ( 

(4.-..1) 

o. 4 

BODY 1- ·-Dt:NS ITY CO NTflfiST RIIO = 1.0000 \.RM!S/CC, SUS• O.O OC- 01 C:fiU~S/Ot:. 
REIIM\E:NT MfiG~jC"fU,\1"!0 fl3 1 .00C-O '.. Ci\US:> IVITII Dt: Cr.~ 0.0 OI :G, INC:l. 2 90.0 DEG 
FOLLOWING 1\ HE Tilt; Flf.LO CO IPONt:: :-;T:> OUr. TO BOD'{ 1. 

X 
-lo. oo 
-s.oon 
-6.ooo 

• 

TOTl 
0.1263 
0.3l48 
0.9046 
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HINTS FOR EFFECTIVE USE OF THE PROGRAM I 
Program 2HDPOT is a general purpose tool. The following 

suggestions are intended to help the user to discover pmverful or 

novel ways in which he can use the tool. Tt.is section is in no way 

an introduction to geophysics, but hopefully it will suggest, to the 

I 
I 

I 
I 

I 

5-, 
naive reader, an approach to modeling which he can master through his 

6 

8 

9 

10 -

II 

12 

13 

14 

15-

16 

17 

18 

19 

20-

21 

22 

23 

24 

25 -

I own reasoning and study. ,. It is the responsibility of the user to 

! understand and defend his use of the tool in a given situation. 

Modeling residual anomalies 

In the simplest kind of modeling a regional trend is removed 

from the data. Calculations are made for one or more bodies in an 

1 attempt to match the residual anomalies. The physical properties of 

the bodies, usually stated as contrasts between each borly and the 

surrounding country rock, can be specified initially or deterrninerl by 

' least squares, or both. In program 2HDPOT, GCONS and TCONS allow for 

the removal of constant "regionals" from the observed data, and GIN 

and TIN permit the removal of regional trends defined by one or more 

straight line segments or a splined curve. In regional crustal 

modeling, regional gravity trends are accounted for in the model, 

aside from a constant (GCONS), the use of which is described belmv. 

Long magnetic profiles, however, usually have a regional trenrl, often 

an artifact of an inaccurate geomagnetic field model, which is not 

caused by sources in the crust and must be removerl using TIN. 

26 
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~ional crustal modeling ·---- -r----------

I· Th::!.s section deals mainly with gravity modeling, such as that 

3 

6 

8 

9 

I 
5-I 

I 
I 

I 

10-

I I 

12 

13 

described by Talwani, 8._utton, and T.J'orzel (1959), where combined 

gravimetric and seismic refraction data permit modeling of a section 

through the crust and upper mantle. Magnetic data is o~ten use~ 

I 

together with gravity data in crustal modeling (Cady, 1975), but it 

lacks the power of gravity modeling to define crustal structu~e 

because there is no direct relationship between magnetization and 

seismic velocity; because there is no r~quirement comparable to 

isostasy to demand approximately equal amounts of magnetization in 

ev~ry crustal section; and because geomagnetic field models leave 

regional trends which cannot be explained by sources in the crust. 

Free air and Bouguer gravity anomaly profiles are commonly used 

14 
• in crustal modeling. Isostatic anomalies are not generally used 

16 

17 

18 

IQ 

15- 1 

I 
I 

20-

because assumptions about the crust-mantle boundary are incorporated 

in the isostatic correction. 

The free air correction can be looked at as either an ad.iustment 

of observed gravity to the reference spheroid taken as mean sea level, 

or an adjustment of theoretical gra·.rity to the observation point. 

The latter interpretation is preferred because it preserves the exact 

21 
~eometrical relationship between observation points and anomaly-causing 

22 

23 

24 

25 ·-

I 
the free air correction are calculated 

I 
bodies. Theoretical gravity and 

On the assumption that there are no lateral variations in density 
I 

along any equipotential surface. 

lateral variations in density. 

Free air anomalies result from such 

We must include, in a crustal model 

1:7 
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aerived from free air anomalies, all bodies which give rise to -laterar-

density variations along equipotential surfaces, approxirnaterl by 

surfaces of equal distance above or belm.r sea level. Above sea level 

we must include all rocks up to the hip,hest mountains, for a sloping 

topographic surface is a very abrupt lateral density variation. 

s- Below sea level we must include, explicitly, both water anrl rock. 

For modeling of the continental crust and margins we assume no lateral 

1 density variation below the upper mantle and place the bottom of the 
I 

8 ! model at a depth of 50 to 75 km; but if our model were concerned with 

II 

12 

13 

14 

16 

17 

18 

19 

I mantle convection or included oceanic trench areas, the bottom would 

10
- need to be deeper. 

The complete Bouguer correction can be viewed either as the 

1 removal of the gravity effect of mass above sea level to adjust the 

1 observation to sea level; ~r as an initial step in modelinp, intended 

, to remove, once and for all, the effect of all topographic relief if 

15- 1 
. 

j the rocks making up that relief have a density equal to the chosen 

I Bouguer reduction density. The latter interpreta·tion is preferred 

! because it preserves the exact geometrical relationship between 

observation points and anomaly sources, some of which may be above sea 

level. In calculating Bouguer anomalies from a model, it is convenient 

20 -
to use the density contrast between each body and the Boup,uer reduction 

I 
! Bodies with density equal to the Bouguer reduction density 

21 
density. 

I 

1 

22 
have a density contrast of zero· and can be omitted from the calculation. 

23 

24 

25 -

Thus, if the chosen Bouguer reduction density is equal to that of the 

~
ear surface rocks, gravity calculations involving a complicated 

Qpographic surface are elminated. _ 
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I 
For sea-surface gravity stations, a positive Bouguer correction 

J 

is made for the difference between the density of sea water (1.03 gm/cm3) 

I and the Bouguer reduction density, eff.ectively replacing the water 

jwith material of density equal to the Bouguer reduction density. 
3 

i 
iHence, when modeling to fit a Bouguer anomaly profile, sea water is 

5 - I 

6 

8 

9 

10-

11 

12 

13 

14 

jassigned a density contrast of zero, eliminating it from the 

I calculation. 
I 

I Aside from the elimination from the calculation of sea water 
I 

:and bodies having a density equal to the Bouguer reduction density, 

and the use of density contrasts instead of absolute density, modeling 

Bouguer anomalies is the same as modeling free air anomalies. Lateral 

•density contrasts are the only source of anomalies, and the same 

considerations apply when deciding how deep to terminate the model. 

Theoretical gravity calculated from a reference spheroid contains 

1no information about the variation of density with depth irt the earth. 
15- l 

1Hence, calculations ·of the gravity effect of a crustal model will 
16 I 

jdiffer from observed free air or Bouguer gravity anomalies by a 
17 

constant which depends upon the thickness of the section included in 
18 

the model and the average density within the section, (Talwani, Sutton, 
19 

l
and Worzel, 1959, p. 1548). 

20-

For example, at San Francisco, the average 

density of a 50 km thick section 
21 

of the crust and upper mantle is 

23 

24 

25-

3.08 gm/cm3, and the free air a~d Bouguer anomalies are both about 

20 mgal (Cady, 1975, fig. 5-7). The gravity effect of an infinite 

slab of density 3.08 gm/cm3 is 2nGph=(41.93)(3.08)(50)=6457 mgal. 

The difference between this slab effect and the observed free air 

79 
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3 

5 -

6 

8 

9 

10-

11 

12 

13 

14 

15-

16 

17 

18 

20-

21 

22 

23 

24 

25 -

r-~omaly, or 6457-20=6437-m;,~, is a constant whf~h must- be input to 

I program 2HDPOT as GCONS, to be subtracted from the gravity effect 

computed for the model. For calculating Bouguer anomalies; we use 

3 the density contrast of the slab, or 3.08-2.67=0.41 gm/cm , yielding 

a slab effect of (41.93)(0.41)(50)=860 mgal. The slab effect less the 

observed Bouguer anomaly, or 860-20=840 mgal, is the calculated value 

of GCONS for modeling the Bouguer anomaly profile at San Francisco. 

Due to uncertainties in seismically determined sections and 

inferred densities, and to lateral variations in gravity and geologic 

structure which make the slab model inappropriate, GCONS is a roughly 

determined constant that varies between seismic sections. \fuen he 

has arrived at a final model using a given GCONS, the user is advised 

to try several computer runs with different values of GCONS, comparing 

the root mean square errors of each run, to see how critical this 

constant is to his model. The final value of GCONS used in a 50 km 

thick model passing through San Francisco (Cady, 1975) was 808 mgal. 

Dividing a model into its regional and local parts 

It is often convenient to makP- widely spaced calculations along 

a regional profile in order to define regional structure before making 
I 

more detailed calculations to define local structure of a selected j 

portion of the profile. As the last step before commencing the detail 
I 

calculation, the user can make a run which includes the regional bodies 
I 

I 
which will change. The parameter KOUT permits the output of X, TOUT, 

1 

which ~.;ill not change in the detail modeling but excludes the bodies 

,..,.._ 
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~ r;oUT for- later 

I a subsequent detail 

I 

input, using subroutine ELEVER, as TIN and GIN in 

run of the program. 

! 
I In the subsequent run, if !REf; and !RET equal 0, the plot will 

3 

have high resolutions, because its abscissa will only span the range 

of the residual left after the regional modeling. l f !REf; and IRET 
5-

equal 1, the plot abscissa will span the whole range of GOBS and TOBS, 
6 

but will' have lower resolutions. 

8 

, Effective inclination calculated ~ subroutine FITMVT 
9 

In two-dimensional magnetic modeling, the magnetic poles due to 
10-

the y-component of magnetization are so far away that the y-component 
II 

can be ig,nored. In general, the inclination of the magnetization 
12 

vector is given by REMINC=ATAN(MZ/S0RT(MX**2+MY**2)). If, however, 
13 

14 
we ignore the y-component MY, we can define the effective inclination 

in the x-z plane as EFFINC=ATAN(MZ/ ABS 0fX)). Subroutine FITMVT 
15- I 

16 

17 

18 

19 

20-

21 

22 

23 

24 

25-

1 calculates the effective inclination in the three-dimensional case as 
I 
I 
1 a means of assessing the importance of MY. IF EFFINC is significantly 
I 
larger than REMINC, the user should ascertain whether there is 

justification in the data for the large value of MY returned by the 

least squares routine. 

A second diagnostic parameter is the hypothetical inclination 

of the F~rth's magnetic field, assuming that its declination remains 

unchanged, which would be required to produce, by induction alone, 

the calculated effective inclination in the x-z plane. As a limiting 

example, if the Earth's field declination were perpendicular to ' the 

81 
11
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x-axis, it would be impossible to produce, by induction alone, an 

x-component of magnetization. In general, a horizontal component of 
2 

magnetization FX along the azimuth of the Earth's field will have an 

x-component MX=FX*CDEC, where CDEC is the cosine of the anp;le between 

the x-axis and the azimuth of the 
5 -

Earth's field. Hence, from MX and 

MZ, ignoring 1-fY, we calculate the· desired hypothetical inclination 
6 

HYPINC=ATAN(MZ/ABS(FX)), where FX=MX/CDEC. If the geometry is close 

8 
to two-dimensional (meaning that the contribution due to MY is small), 

J and if remanent magnetization is unimportant or parallel to the induced 
! 

magnetization, then HYPING should be close to the inclination of the 
10 - i 

!2 

13 

14 

j Earth's field. 

I 
I 
, Tricky uses of the least squares option 

Suppose that the user knows what the density contrast or 

'

!magnetization is of a body, and he simply wants to determine its 
15-

16 
geometry. Should he forego the least squares option? Not necessarily. 

I The least squares option will always produce the best fit possible 
1 

17 

18 
for a given geometry, making it easy to compare the wavelengths of 

19 
the observed and calculated anomalies and decide whether the depth to 

source is correct. Once the depth has been determined, the size of 
20-

21 

23 

24 

the body can be changed to produce acceptable magnitudes for density 

and magnetization. 

Even if it is known that remanent map,netization is not present, 

it is often useful to request least squares solutions for both 

susceptibility and remanent magnetization. The .latter solution will 
25 -

82 

.. 
1' . !>. (..,(IVt: ll NMl:;NT !'HINTING OFFICE ~ 19 '\q l) • \ 111 7 1 

842 · 171 



!267 

----------------------
~ 

always be better than the former, and can give indications of desired ' 

changes in body geometry. 
I 

I One powerful use of the least squares routine is to divide a 

single body up into many sub-bodies. If, for example, one is trying 

to model a gravity high with a homogeneous gabbro body, and 1east 
5-

squares assigns a negative density contrast to part of the body, that 
6 

!part may be eliminated in subsequent runs. Suppose that the gabbro 
I 
: body were also the source of a magnetic high. In early runs, there 

8 I 
•might ·be a large dispersion between magnetization directions determined 

I 

I for the sub-bodies. Portions of the body with reverse magnetization 
10-

might be eliminated, especially if they also showed negative density 
11 

! contrasts. If the gabbro body is truly homogeneous, then refinements 
12 

1 in its geometry should lead to convergence between the sub-bodies in 
13 

14 
! calculated values of density and intensity and direction of 
I 

I magnetizat i on. 
1~ - , 

16 

17 

18 

19 

?0-

21 

22 

23 

24 

25-

I 

1 Curvature correction 
I 

Program 2HDPOT uses a Cartesian coordinate system and thus is 

intended f or general application on a planar surface or portions of 

a planetary surface small enough that curvature can be ignored. A 

user wishing to make calculati ons where curvature must be considered 

may input body corners and observation points which reflect this 

curvature. If the curvature is small (as in the case of a 2000 km 

long profile on the Earth), he may write subroutines which will 

calculate curvature-corrected x and z coordinates for body corners 
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curvature is large (as in the case of an orbital probe), he may write 

1 subroutines which will convert from a convenient polar coordinate 

system to a Cartesian coordinate system. 

5
- Changing total field directions 

6 
The total field calculations assume that the direction of the 

total field vector is constant along the profil~. These conditions 

8 
1 cannot be met if the profile is very long relative to the dominant 

I wavelength of the planetary field or if the anomaly field is strong 

10 - 1 
compared to the planetary field. In the first case, the total f i eld 

11 
can be reduced to the pole before modeling begins, or the profile can 

12 
I be modeled in segments, assuming constant field direction wichin each 

13 
segment. In the second case, a magnetometer which measures one or 

14 

1 more separate components of the magnetic field would be preferred to 

15-' 
16 

17 

18 

19 

20-

21 

23 

24 

25-

1 a total field magnetometer, and the program could be modified to 

! calculate individual components in place of the total field. 

I 
I 

Miscellaneous suggestions 

By using an unequal spacing of field points along the x-axis, 

the user may emphasize the ef f ect upon the least squares solution of 

selected portions of the profile. 
. 

Linear interpolation is the default interpolation scheme for 

input of GIN, TIN, GOBS, and TOBS, because spline interpolation can 

be unpredictable. If you use spline interpolation, check to make 

ure it does what you ·want to the data. 

84 
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I Note that strike len~th can be different for each body. Hence, 

I a true three-dimensional body can be approximated, althou~h in the 

I 
j magnetic case it must be symmetrical about the x-z plane. 

In most cases, MODE should be negative, so that GRV, TOTl, TOT2, 

and VER are rezeroed before beginning a new computation. Positive 
5 - I 

6 

8 

9 

10-

II 

I values of MODE permit a calculation to be divided into two parts, 

I· with the results of the first part used as a starting point in the 

i second part. For example, if in the first part a model is fit to GOBS, 

i producing a calculated model anomaly field GRV, in the second part a 

! different model can be used to model the residual between GOBS and 

GRV. The user is advised to study the proP,ram listing before trying 

! such advanced maneuvers. 
12 I 

14 

I 

I 
15- , 

I 
I 

16 

17 

18 

19 

20-

21 

22 

23 

24 

25 -

1 -
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The 2~-dimensional approach was inspired by a paper by Shuey and 
10-

Pasquale (1973), and subroutine MAG is a modification of their 
II 

' subroutine MAG2H. 
12 

David L. Campbell provided invaluable assistance with the 
13 

derivation of the 2~-dimensional gravity equations and wrote a 
I~ 

' prototype for subroutine GRAV which solved the sticky problem of 
15-

!Choosing quadrants when evaluating arctangents. 

86 I. ~ •. \. tJ\ EHNMl:.::"«T I'IUi\ fh G lH· Fl("l-:: ~ ~~q 0- ~t 117 1 

842 ·17 1 



6 

8 

9 

10 -

11 

12 

13 

14 

REFERENCES CITED l 
1Aero Service, undated, Magnetic fields and gradients over vertical 
I 
I 

prisms and dipping sheets: Aero Service, Houston, Texas, 318 p. 

two-dimensional gridded data, NTIS, No. PB-203-579. 

interpretation with application to oceanic magnetic anomalies: 

Geophys. Jour. Royal Astronomical Soc., v. 13, p. 313-323. 

, cady, J. W., 1975, Magnetic and gravity anomalies in the Great Valley 

and western Sierra Nevada metamorphic belt, California: Geol. 

Soc. America Special Paper 168, 57 p. 

1Dwight, H. B., 1957, Tables of integrals and other mathematical data: 

New York, The MacMillan Co., 3rd ed., 288 p. 

!Grant, F. s., and West, G. F., 1965, Interpretation theory in applied 
15- 1 

geophysics: New York, McGraw-Hill Book Co., 584 p. 
16 

I 
! International Business Machines, 1968, System/360 Scientific Subroutine 

17 

Package (360A-CM-03X) Version III Programmers Manual: White 
18 

Plains, N. Y., 454 p. 
IQ 

!Kellogg, 0. D., 1929, Foundations of Potential Theory: 
2(;-

I 

New York, Dover 

Publications Inc. (1954), 384 p. 
21 

" Nagy, Dezso, 1966, The gravitational attraction of a right rectangular 
22 

prism: Geophysics, v. 31, p. 362-371. 
23 

Shuey, R. T., and Pasquale, A. S., 1973, End corrections in magnetic 
24 

profile interpretation: Geophysics, v. 38, p. 507-512. 
2 -



.!161 

f ani, Manik, _ 1;65, Computation with the help of a digital computer 

of magnetic anomalies caused by bodies of arbitrary shape: 

Geophysics, v. 30, p. 797-817. 

Talwani, ~~nik, and Heirtzler, J. R., 1964, Computation of magnetic 

anomalies caused by two-dimensional structures of arbitrary 
5-, 

6 I 
shape, in Parks, George, ed., Computers in the mineral industries: 

Stanford, Calif .• , Stanford Univ., p. 464-480. 

s 

s 

,, 

Ill 

> . 

,, 
.) 

24 

I ,. 
· Talwani, Manik, Worzel, J. L., and Landisman; M.., 1959, Rapid gravity 

, ! 
.I 

computations for two-dimensional bodies with application to the 

t" 
I 

·- · Mendocino submarine fracture zone: Jour. Geophys. Research, 
o- , 

v. 64, p. 49-59. 

Talwani, Manik, Sutton, G. H., and Worzel, J. L., 1959, A crustal 

section across the Puerto Rico Trench: Jour. Geophys. Research, 
, -

~. 64, p. 1545-1555. 

Tanner, J . G., .1967, An automated method of gravity interpretation: 

Geophys. ~pur. Royal Astronomical Soc., v. 13, p. 339-347. 

0 
Vacquier» Vic t or, 1962, A machine method for computing the magnitude 

a .' 
and t~~~ection of magnetization of .a uniformly magnetized body 

"" from its shape and a magnetic survey, in Benedum earth magnetism 

symposium, 1962: Pittsburgh, Pa., Univ. Pittsburgh Press, 

p. 123--13 7. 

88 
, I . :'\ . t a>Vt-:UNM I·:. T PUI ' l f l'G O FF'JC J: , I ?<;? l) ~ \ I I t 71 

- 8 4 2- 17 1 



I 
5- j 

I 

I 
I 
I 

.a I 
i 

!0- I 

II 

1' 

13 

I4 I 
I 

I5- l 

I6 

I7 

IS 

I9 

20-

2 I 

22 

23 

24 

25-

-------·----
FIGURE CAPTIONS l 

Figure 1. Density or magnetization distribution p (r. ) within volume 
0 

Vas aeen from field point r. 

Figure 2. Geometry of 2~-D body. Z-axis is positive down, y-axis 

is along strike, and traverse is along x-axis. Note that data 

is input as if z-axis were positive upward. AZMUTH is the 

angle between the x-axis and true north and FLDDEC is the 

declination of the Earth's magnetic field, both positive 

clockwise. FLDINC is the inclination of the Earth's magnetic 

field. 

Figure 3. ' x-z relationship along one side of the polygonal cross 

section. 
-·-

Figure 4. Geometry for converting the arcsine to the arctangent. 

I 

Figure 5. Generalized flow diagram for program 2HDPOT and subroutine 

FIELD. 

Figure 6 . Operational flow chart to assist user preparation of 

formatted input data. 

Figure 7. Three simple examples of formatted input data. For simple 

examples of data input in the inverse mode, see FIRST TEST and 

-SECOND TEST on pages 63 and 68. 
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Figure 5 {cont.) 
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Figure 5 (cont.) 
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--------------------------------.. 
Fip,ure 6.-- FORMATTED DATA INPUT 

TO. ASSIST USER IN 
OPERATIONAL FLOW CHAt~T . krut/PREP AlZAT ION OF FORHATTED INPUT DATA 

Prepare following data units (DU's) as cards or lines in d1.'sk file. 
PART I. SET UP 

Yes (NUHX ) O) 

DU-1; l card header . 

1 card of profile line parame t ers 

points equally 

No (NUNX 4. O) 

Prepare DU- 3; >:-values of field points, 
1 card minimum. 

Is there topographic 

Yes (NTOPO _>0) · 

jPrep.:>:rc DU-~ x,topo pa irs , 2 cards minimum . 

~ . ~ d ... '-. .... separaLe 1.npuL aLa on 
fligh~ l i ne eleva tion? 

. 
No(IELEIJ=O or 1) Yes(IELEV=..:.l or 1) 

l I 

IELEV=--=0: Constant H:C.·lAG used. IEL EV=- 1 : Prepare DU-5; ELEV valuE!s at 
IIELEV=l : HJ~ii~G added to TOPO . ., poiats, 1 card mi nimum. 

IELEV 2: Prepare DU-6; X,ELEV pairs, 
2 cards minimu;n. 

~~epare DU-7: 1 card of miscell aneo us parameters 1 
• 

!If NGIN 0: ?l.-epa r e DU- 8; X, GIN pa irs (regio11al grav . values)J 
2 cards rrdni1t1um . 

IIf NTlN 0: Prepare DU·-9; X, TIN pairs (regional mag. values), 
2 cards minlmum. 

If NGOBS 0: PrC'!J:lrP. DU-10; X, GOBS pairs (observed gr;:w. values)J 
, .. (4~ mi n:i.muP1 . 

If NTOBS 0: J"repa r.c DU-ll: X, TORS pa irs (observed mag . values)J 
2 cards minimum. 

' ~ 

lOt.· 

\. 

field 



Figure 6 (cont.) 

I 

PART II. COMPUTE GEOMETRICAL FACTORS. 

Yes(INY=O) 

Prepare DU-12; NBODS, NCORNR, 
1 card minimum. 

bodies have infinite strike 

0 

I 
Prepare DU-13; 

r 

= 

Yl,Y2,YMAG, 
3 cards minimum. 

Prepare DU-14; XCORNR,ZCORNR pairs, 2 cards 
minimum for each body . 

{! 

PART III. COMPUTE GRAVITY AND MAGNETIC FIELDS. 

Prepare DU-15 (physical properties) for f i rst body, } 
or multiple bodies if properties are the same for i l, 

more than one body. May contain switch for inverse 
solutions for f irst and all subsequent bodies. 1 card. l 
Prepare DU-15 for second or subsequent body with ~ 
physical properties different f rom the first. Etc. 

Prepare DU-15 for third or subsequent body with 
different physical properties. In general, one DU-15 I 
card is required for each body with physical properties ! 
specified as different from tbe preceeding body, while l 

. one DU-15 card with an inverse solution switch causes 
an inverse solution to be performed for all remaining ,. 

bodies. 

From this point, depending on the value o MODE, t e 
user can recompute fields using a new DU-15; recompute 
body geometries using a new D0-12 thr ough DU-15; or 
begin all over with a new DU-1 throush __ D_u_-_1_5 __ ·----------~ 

ios 
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~ 

1 ~ @ ~ 5 6 7 ~ 
Columns ~23456789~123456789~1234567890123456789 1234567890~234567890~234567890~23456789 

DATA UNIT I . I ~ 

_1__ SIMPLEST I DATA INPU 20 GRAV, !FORWARD CILCULATION. 
_2 -10. 2. I I I 11 
7 2 

12 1 
~ -4. 4 • 14 . -4. -4. 

-1. -1. 
r 4. -4 . -1. 

15 11. I I I 4 

_1 _ tSIMPLEST r ATA INPUT 2.50 GRA , -FORWARD fALCULATIOf., 
. 2 10. 2 . I I 11 

-7 - 2 0 0 0 0 1 
1-2 - 1 5 

.... rr-· 4 • 

.... It) 
:l c' I 

r # , ,. ~LANK CARD 
- 14 ~4. i. . r4. ~4. ~4. "' . - 1. 4. 1. 
9 15 I I I 4 < . 
"' % 
z 
3' 1 

tSlMPLEST rATA INPUTr2.5D MAG ~NO GRAV, ~ORWARD CA~CULATION. "' .{. 

2 ~ 

"t 10. . . . o . ooooo. 1 I 11 % 7 i 1 0 0 0 0 1 
i 12 1 5 Cl 

9 13 4. ..; 
::; 
"' .. 
., 

14 ~ 

~4. r4. ~4. t4· 
·< 

r· ~ c 1. 1. 4. .. . 
,1 • "' ~ 

' - 15 00001 I I I 4 I :';> --... ::; . 
I 

oP 
c 
if, 

I - I v 
123456789on234567890~234567B9~1234567a9a1234567B9 ~1234567B90l234567a9 J123456789o 

J ' 
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