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Abstract 

The gravitational and magnetic anomalies of three dimensional 
bodies specified by structure contours may be readily calculated 
allowing comprehensive quantitative interpretation of most 
geological structures. 

INTRODUCTION 

When quantitatively interpreting gravity and magnetic surveys 
modelling is frequently performed by assuming structures are two­
dimensional and correcting for end effects, or by approximating the 
structure with a series of three-dimensional bodies with simple geometry, 
for which individual anomalies can be easily calculated. These methods 
become very tedious and may be inaccurate. An alternative method 
formulated by Talwani and Ewing (1960) and Talwani (1965) calculates the 
anomaly caused by irregular horizontal polygonal laminae and allows 
bodies to be of any complexity. Commonly the model may consist only of 
structure contours, and provided the model can be visualised and 
digitised, the anomaly may be calculated. 

The three programs presented here (Appendices 3, 4 and 5) implement 
the Talwani method with several restrictions: 

(i) All bodies must lie below the observation points; 

(ii) There may be a problem if a computation point is 
above a body vertex; 

(iii) If the uppermost contour is not far enough below 
the lowest computing point, or if the contour 
vertices are very close together (depending on 
the horizontal and vertical units), spurious 
anomalies may result. 

The programs were originally written in ALGOL for an Elliott 503 
by the New Zealand Department of Scientific and Industrial Research. 

DATA INPUT AND OUTPUT 

The three programs share common input and output formats but, only 
U1776 actually makes use of the magnetic data. 

Input data (Appendix 1) is read from File 5 and is: 

TITLE a maximum of 81 characters. The first character is 
ignored. 

UHl, UVl, AZ format (212, F4.1) 
the horizontal units, vertical units, and azimuth 
in degrees. 
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The unit code is 

o metres 
1 feet 
2 yards 
3 fathoms 
4 kilometres 
5 statute miles 
6 nautical miles 

PPC(I) , A, B, C format (14, 3F8.3) 
more than 1 and less than 101 computing points 
specified by point number with x, Y and Z 
coordinates. 
a negative integer for the computing point 
number terminates this input phase. 
heights are positive above the datum. 

NCO format (12) 
the number of sets of constants following. NCO ~ 10. 
this allows the anomalies from one body and several 
sets of constants to be calculated. 
the final set of constants is used for any 
cumulative results. 
the program run is terminated by NCO < O. 

DENS, SUSC, FNl, DNl, IN, FR, DR, IR 
format (F6.3, EIO.3, F8.1, 2F5.1, EIO.3, 2F5.1) 
DENS = density in t/m3 

SUSC susceptibility in e.m.u. 
FNI = total normal field in gammas 
DNI 
IN = 
FR 
DR = 
IR 

declination of 
inclination of 
total remanent 
declination of 
inclination of 

normal field in degrees 
normal field in degrees 
magnetisation in 8.m.u. 
remanent magnetisation in degrees 
remanent magnetisation in degrees 

NC format (13) 

A, M 

B, C 

an odd positive integer equal to the number of body cross­
sections (contours) following. 

3 " NC " 15. 

format (F8.2, 14) 
the vertical coordinate of the cross section (negative 
below the datum) and the number of vertices of the cross­
section. 
the cross-sections should be given in order either upward 
or downward. 

format (2F8.3) 
M sets of cross-section vertices with northing then easting. 
the vertices must be given in clockwise order looking down. 
the total number of vertices for the whole body should be 
less than 450. 
the program adds one vertex to close the body back to the 
first point. 
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NPROB, NCPT, RPLACE, NCONST 
format (412) 
four parameters to control subsequent program flow. 
NPROB.NE.O next body is to replace all previous bodies 
NCPT.NE.O a new set of computing points is to be read 

after this computation in which case a new 
body is also assumed and replaces all 
previous bodies. A new TITLE and UHI, UVI, 
AZ are also read. 

RPLACE.NE.O 
RPLACE .EQ.O 

NCONST.NE.O 

= the next body replaces the last body read. 
the next body is to be added to the previous 
body in which case the last set of constants 
will be used for the accumulation. 
new constants are to be read in. 
to stop the program NCONST = I 
and NCO.LE.O. 

Output data (Appendix 2) on File 6 is: 

TITLE 

UHl, UVl, AZ 

Computing points Point number, X, Y, Z. 

The constants to be used for a particular calculation - magnetic 
constants are output only from U1776. 

The volume, centre of mass, and mass of the body. If there is 
more than one body a cumulative mass and centre of mass 
are also output. 

The anomaly at each computing point with a value corresponding 
to each set of constants, in the order input, and the 
cumulative total (if any) last. 
The anomaly types are: 

G gravity effect of the body (mgals) 
GI the indirect gravitational effect 
N the northerly deflection of the vertical 
E the easterly deflection of the vertical 

(seconds) 
GZZ the second vertical gravity derivative 
V vertical component of the magnetic field 

anomaly 
H horizontal component of the magnetic field 

anomaly 
F total magnetic force anomaly 
D declination anomaly 

Program U2588 outputs G, GI, N, E, GZZ and program.U2588jSIMPLE 
outputs only G and GZZ. 

A number of the output formats are dynamically set in the following 

manner: 

WRITE (6,106) PPC(I), IFITEM, BH, A, B, IF2TEM, BV, C 
106 FORMAT (IX, 16, 2F*.*, F*.*) 

this has the effect of: 
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WRITE (6,106) PPC(I), A, B, C 
106 FORMAT (lX, 16, 2FIFITEM.BH, FIF2TEM.BV) 

RUN TIMES 

The program run times vary significantly with the model complexity. 
For the test data (Appendix 1) on a Burroughs B6700, computer times are 

Program 

Ul776 
U2588 
U2588/SIMPLE 

Processor time 

52.5 seconds 
51.0 seconds 
29.2 seconds 

The main benefit of U2588 over U1776 is a reduction in storage 
requirements particularly for large data sets. 

REFERENCES 

TALWANI, M.; EWING, M. 1960. Rapid computation of gravitational 
attraction of three-dimensional bodies of arbitrary shape. 
Geophysics 25:203-225. 

TALWANI, M. 1965. Computation with the help of a digital computer of 
magnetic anomalies caused by bodies of arbitrary shape. Geophysics 
30: 797-817. 

[13 APril 1981] 
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APPENDIX 1: Sample of input 



Ul77 b I OHA (0411)6 / 81) ¥4CJ. 
100 CYLI NDER 14 JAN 74 
200 4 4 I). 0 
300 1 0 . 0 10.0 #\.0 
40 0 2 0 . 0 9 . 0 n. o 
500 , 0.0 B. O ".0 
6 00 4 0 . 0 7.0 ". 1) 
70 0 5 0.0 G.O P:8 801) 6 0 . 0 5 .0 C1 

'· 900 7 0 . 0 - 4. 0 (1.0 
1~00 8 0.0 J . o 0 . 0 
11 00 9 0 . 0 2 . 0 " . 0 1200 10 0 . 0 1.0 11.0 
13 00 1 1 0 .(' 0.0 ".0 
140 0 1 2 0 . 0 -1. 0 n. O 
15 00 13 0 . 0 -2. 0 " . 0 
16 01) 1 4 0 . 0 -3.0 11.0 
1700 15 0 . 0 -4. 0 11 .0 
1 800 16 O. r) -5. 00 1 ".0 
19 00 1 7 0 . 0 -6. 0 ".:) 
20:)0 1 8 0.0 -7.0 n. o 
210 0 19 0 . 0 -s . c ~.o 
2200 20 0.0 -9. 0 1' . 0 
2300 21 0.0 - 1 1) .0 ~ . o 
2400 22 -l O.r' 0 . 0 n. o 
2500 23 - 9 . 0 0.0 0. 0 
26 00 24 - d . 0 0.0 ".0 
2700 25 -7. 0 0 .0 (1.0 
2800 26 - 6. 0 0 .0 11.0 
2900 27 -5. 00 1 0 . 0 1".0 
3000 28 -4. 0 0 .0 n. o 
310C 29 - 3.0 0.0 0.0 
3201) 30 - 2. (' 0 . 0 (\ . 0 
3300 31 -1. 0 0 . 0 11 . 0 
3400 32 0 . 0 0.0 ~.O 
35UO 33 1.e 0 ' 8 11 . 0 
3600 34 2.(, O. 0 . 0 
37 00 35 3 . 0 0.0 0 . 0 
38 Of) 36 4.0 0 . 0 1'1 . 0 
390 0 37 5 . 00 1 0 . 0 n. o 
4000 B 6 .0 0 . 0 n.O 
4100 39 7. e 0 . 0 11.0 
42 00 40 8 . 0 0.0 n.o 
4300 

" 1 
9 .0 0 .0 0 . 0 

44 or) 42 1 0 .0 0 . 0 11.0 
4500 -1 0C 
4600 3 

0 . 0 0 . 0 11.0 

4700 0. 5 5. 0~ -3 39801) . 0 13 ·8 35 . 0 O. OE - O 0 . 0 O. '.J 
4800 1. 0 5.0<.-3 39800.0 t3 . 35 . 0 O. oE -O C. O 0 . 0 
4900 1.5 5.0(-3 39800 . 0 13.0 35 . 0 0 . 0 E-o 0 . 0 0.0 
5 000 3 
5 10 0 -5. 0 28 
5200 4.9 -1.0 
5300 .. . 58 - ~ . O 
5400 4. 0 - 3. 0 
5500 3.0 -4.Q 
5600 2. 0 -4.56 
5700 1. 0 -4. 9 
5800 0 . 0 -5. 0 
5900 - 1. 0 -4.9 
600 0 -2 . 0 -4.58 
6100 - 3.0 - 4.1) 
6200 - 4 . 0 - 3 . 0 
6300 -,..58 - 2 . 0 
6 4 00 - 4.9 -1.0 
65 00 • 5 . 0 ;) . 0 
6600 "4.9 t.~ 
6 700 - •• 58 z-o 
6800 - 4 . 0 3.0 
69 00 - 3 . 0 1, . 0 
7000 - 2.0 4.513 
710 0 -1.0 4.9 
72 00 0 . 0 5. 0 
7300 1. 0 4.9 
7400 z. () 4.51l 
7500 3 . 0 4. 0 
7600 4. 0 3.0 
7700 •• ;8 2 . 0 

20-A1/1 
";..'" .' , .. ", " .", . " . ,,," 

" 
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.. ' . 
~ .. 

. , ,c· • .. ; ...• . , ' .'. :" . 
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7800 4 . 9 
7900 5 . 0 
8000 -7.5 
8100 4 . 9 
8200 4.58 
8300 4 . 0 
8 40 0 3 .0 
8 5 00 2 . 0 
8600 1. 0 
8 70 0 o. a 
8800 - 1. 0 
8900 - 2 . a 
9000 - 3. 0 
9 1 00 -4. 0 
9200 - 4 . 58 
9300 - 4.9 
940 0 -5.0 
9500 - 4 . 9 
96 00 - 4 .5 a 
9700 -4. 0 
98 00 - 3 . 0 
990C - 2. 0 

10000 - 1 . 0 
10100 0 . 0 
10200 1. 0 
10300 2 . 0 
1040 0 3.0 
10500 4.0 
10600 4 . 58 
10700 4 . 9 
10800 S.O 
10900 -1 0 . 0 
llOOO 4. 9 
111 00 4 . 58 
11200 4 . 0 
113 00 3 .0 
114 0('1 2.1) 
1150 0 1.0 
11000 o. a 
1170 0 - 1. 0 
11800 -2.0 
11900 - 3 . 0 
1200 0 -4 . 0 
12100 -4.58 
12200 -4.9 
12300 -5. 0 
12400 - 4 . 9 

U~gg - 4 . 58 
-4.0 

12700 - 3 . 0 
12800 - 2 . 0 
1290 0 -1 . 0 
13000 0.0 
131 00 1 . 0 
13200 2 . 0 

lU8S 3 . 0 
4 . 0 

13500 4.58 
13600 4.9 
13700 5 . 0 
13800 (I 0 0 1 
13900 1 
14000 1.5 
14100 , 
14200 - 5 . 0 
1430 0 4 . 9 
1440 0 4 .5 8 
14500 4 . 0 
14600 3. n 
14 7 00 2. () 
14800 1 . 0 
149 00 0 . 0 
1500 0 - 1.0 
15100 - 2 . 0 
15200 -3.1) 
1530 0 -4.0 

-::""15401) - 4 . 58 
_ J.5.5 00 - 4. 9 

15000 -5.0 
~ t570{) -4 . 9 
"....: 

.-
- -- .. 

' .. 

1. 0 
1) . 0 

26 
- 1 . 0 
- 2 . 0 
- 3 . 0 
-4. 0 

-4. 58 
- 4. 9 
- 5 . ~ 
- 4 . 

-/ .. 58 
-4. 0 
- 3 . (1 
- 2 . 0 
-1.0 

0 . 0 
1.0 
2 . 0 
3. 1) 
4. 0 

4.56 
4 . 9 
'5 . 0 
4 . 9 

4.58 
4 . 1) 
3 . 0 
2 . [\ 
1.0 
O. !) 

28 
-1.0 
- 2 . 0 
-3.0 
- 4 . 0 

-4.58 
-4.9 
- 5 . 0 
- 4.9 

-4. 58 
-4.0 
-3.0 
- 2 . 0 
-1. 0 

0 . 0 
1 . 0 
2 . 0 
3. 0 
4. 0 

4 . 58 
4 . 9 
5. 0 
4 . 9 

4.58 
' •• 0 
3 . 0 
2 . 0 
1.0 
1) . 0 

5 . 0~ - 3 

2e 
-1. 0 
- 2 . 0 
- ~ . O 
-4.Q 

-4. 58 
- 4 . 9 
- 5 . 0 
- 4 . 9 

-4. 58 
-4. 0 
- 1 . 0 
- ? . 0 
-1. 0 

0 . 0 
1 . 0 

39800 . 0 13 . C 35. 0 

20.:::"'1/.2 
---
-. -

--

-.. 

• 
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15800 - 4 .58 2.0 ~q 
15900 - 4. 0 3. 0 
16000 - 3. 0 4 . 0 
10100 -2 . 0 4. 58 
16200 - 1. -{) 4. 9 

_ Hi 300 0 . 0 5 . ~ 
16 4 00 1. 0 4 . 
16500 2 . 0 4 . 58 
16600 3 . 0 4 . 0 
16 7 00 4 . 0 3 . 0 
16800 4 . 58 2 . 0 

----t"f)9-0-o-- - -4 . 9 - ·-1-.0- . - ---- - ~ -- .. - - -
1-7000 · 5 . 0 0 . 0 
17 1 00 - 7 . 5 2e 
17200 4 . 9 -1 . 0 
17 3 00 4 . 58 - 2 . 1) 
174 00 4 . 0 - 3 . 0 
17500 3. 0 - 4 . 0 
17 6 00 2 . 0 - 4 . 5~ 
1 7700 1. 0 - 4 . 9 
17800 0 .0 - 5 . Q 
17900 - 1. 0 - 4. 9 
18000 - 2 . 0 -4. 58 
18 1 0n - 3 . 0 - 4 . !) 
18200 - 4 . 0 - 3 . 0 
18 3 00 -4 . 58 - 2 . 0 
18 4 00 - 4 . 9 - 1 . 1) 
18500 - 5 . 0 0 . 0 
18&00 - 4 . 9 1 . 0 
10 7 01) -4 . 58 2 ' 8 18800 - 4 . 0 3. 
1 8900 - 3 . 0 4. 0 
19000 -2 . 0 4 . 58 
19 1 00 - 1. 0 4. 9 
19200 0 . 0 5 . 0 
19 3 01) 1. 1'1 4. 9 
19 4 00 2 . 1) 4 . 58 
19500 3. a 4 . 0 
19600 4 . 0 3 . 0 
19 7 00 4 . 58 ~ . O 
19800 4 . 9 1 . 0 
19900 5 . 0 0 . 0 
20000 -10 . 0 28 
20 1 00 4 . 9 - 1 . 0 
20 2 00 4 . 58 - 2 . 0 
20300 4 . 0 - 3 . 0 
20 4 00 3 . 0 -4.g 
20 5 00 2 . 0 -4 . 5 
20600 1 . 0 - 4 . 9 
20 7 00 0 . 0 - 5 . 1} 
20800 - 1 . (l - 4 . 9 
20 9 00 - 2 . 0 - 4 . 58 
2 1 000 -3 . 0 - 4 . 1) 
2 il OO - 4 . 0 - 3 . 0 
2 1 200 -4 . 53 - 2 . 0 
21301'1 - 4 . 9 -1.0 
2 14 00 -5 . 0 Q.o 
2 1500 - 4 . 9 1 . 0 
2 1600 -4 . 56 2 . 0 

. 2 17 00 - 4 . 1} 3 . 1) 
2 1600 - 3 . 0 4. 0 
2 1 900 -2 . 0 4 . 5!! 
22000 - 1. 0 4 . 9 
22 ~ 00 0 •. 0 5. 0 
22 0 0 1. 0 4. 9 
22 3 00 2 . 0 4 . 58 
22 400 3 . 1'1 4 . 0 
22500 4 . 0 3 . 0 
22600 4 . 51J 2 . 0 
22 7 00 4 . 9 1. 0 
22800 5.1) 1) . 0 
229 on (\ 0 I) 1 
23000 - 1 

20-A1/3 

: ... .~ ", " .. 
"' ", -

. ... ' 
.: .. ~ . ';.' .. :'~ 

":. "f · 
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APPENDIX 2: Sample of output 



--
---.--

O.S.I.R. GEOPHYS ICS DIVISION ---- -- --.- THREE-DIMENSIONAL GRAVI T Y AND MAGNO ICS EFFECTS 
CYLINDER 14 JAN H 

IfURTLONTAT lJNI TS: 4 VE RT ICAl UNITS: 4 AZI HUTH: O. DEGRE ES 

---c'(J.MJW~ I N G PO IN TS: 
NO X Y Z 

1 O. 0-00 10.COO 0.000 
Z 0.000 9.000 0"00'0 
:5 0.000 B.ooe 0.000 
4 0. '000 7.000 0.000 ---- - 5 O. 000 6.000 a .I(01) 
6 0.000 5.00 1 0.000 
7 0.000 4. 00 a 0.000 
6 0.000 !.OO() a .MO 
9 0. ,000 2.00C 0.<000 

10 0.000 1.000 0.000 
11 0.000 0.000 0.000 
12 1) .0ilO -1.000 0. '000 

---- 13 0.000 -2.000 0.000 
14 O. OilO -~.OOO 0.000 

- 15 0.000 - 4 .00 a 0.000 
16 0.000 -5.001 0.000 
17 0. ,000 -E.OOO 0.000 

-- 18 -- 0.000 -7.000 0.-000 
\'IJ 19 0.000 -8.000 0.000 1' __ 20 0.000 -9.00 0 0.000 
»> 21 0.000 -10.000 0.000 

'" 22 -10.000 0.000 0.000 
~--- -2.l -9. 000 0.00 0 0.000 

24 -8.0{)0 0.000 0.000 
25 -7.000 O. 00 a 0.000 

---- -- 26 -6.000 0.000 0.000 
27 -5.1)01 O. CO 0 0.000 
28 -4.000 O. 00 0 0.000 

--- - 29 -3.000 0.000 o .0llO 
30 -2.000 (l.COO 0. '000 __ :_3 1 _ , -1.000 0.000 0.000 
32 0.000 O.OO() 0.000 
33 1.000 0.000 0.000 
H --- - 2. O~O 0.000 0.000 
35 3.000 C.OOO 0.000 
36 " • 000 O.COO 0.000 

---3"T--- '5-.- 0 01 0.000 0.000 
38 6.000 0.000 0.000 

,_~.9.,." ______ ~: gg-g 0.00 a 0.000 
40 O. 00 a 0.000 
41 9. 000 0.000 0. ,000 
102 ---10.000 O.OO{J 0.000 



CONSTANTS: 

DEN SITY 
C.500 ---r;-olro-

.. I\) 

o 
I -->- -. 
I\) 

"­--1\:>---

1.500 

SUSCEi>T IBIl ITY 
• 5000E-02 
• 500 Of- 02 
• 500 Of- 02 

NORMAL F rELD 
f (GAMM~S) OEClN 

39800. 13. 
39800. 13. 
39800. 13. 

INClN 
35. 
35. 
35 • 

o. o. 
o • 

REMANENT MAGN£TISATION 
F (EMU) OECLN INCLN 

o. D • 
o. o . 
o. o. 



- - --- -
_ ll.il.IlY' z NV X Y X Y X Y X Y X Y 

-5.000 Z8 4.90 a -1.000 4.580 -2.000 4.000 -3.000 3.00 a '4.000 2.000 -4.580 ----_. 1.MO -4. 90 C 0.000 -5.00 a -1.000 -4.900 - 2. 000 -4.580 -3.000 -4.000 
-4.00 0 -1. 000 -4.580 -2. 000 - 4.900 -1.000 - 5. 00 0 0.000 -4.900 1.0'00 

--~ -- >---- -4.58 a z.ooe -4.000 1.000 -3.000 4.000 - 2. ·00 C 4.580 -1.000 4.9 00 
0.000 5.00 0 1. 000 4.900 2.000 4.580 3. 00 a 4.000 4.000 3.000 
4. 58 a 2.00 C 4.900 1.000 5.000 0.0'0 '0 

.-_ --"" 7. • 5.0 a 28 4.90 a -1. 00 0 4.580 -2. 000 4.000 -3. a C 0 3. 00 a -4.000 2.000 -4.580 
1. 00 0 - 4. 90 C 0.000 -5.000 -1.000 -4.900 -2. '000 -4.580 -3.000 -4.000 

- 4. 00 0 -l.OOC - 4.58 a -z. 000 -4.900 -1.000 - 5.00 a 0.000 -4.900 1.000 
- 4.580 2.000 -4.000 J.ooo -3.000 4.000 - 2.00 0 4.580 -1.000 4.900 

0.000 5.00e 1.000 4.900 2.000 4.580 1.00 0 4.000 4.000 3. OM 
4.580 2.000 4.900 1. 000 s.OOO o. 000 

- -til. 000 28 4.900 -1. 000 4.5S0 -2.000 4.000 -3.000 3.000 -4.000 z.OOO -4.560 
1. 00 0 - 4. 900 0.000 -5.000 -1.000 -4.900 -2.000 - 4.580 -3.000 -4.000 

-4.000 -3.00e -".S80 -2.000 -".900 -1.000 - 5.00 0 0.000 -4.900 1.0CO 
-4.580 2.000 -4.000 3. 000 -3.000 4.000 -z·. 00 a 4.580 -1.000 1t.geo 
o. 00 a 5. 000 1.000 4.900 2.000 4.580 3.00 a 4.000 4.000 3.01()0 
4.580 2.00e 4.900 1.000 5.000 0.000 

VOLUME = -.3 /l92E + 18 c.c. x = 0.0'00 y = -0.000 z = -7.500 
OENS1P 11 ASS 

0.50 -.19"6£.te 

~ 1.000 -.3892E.le 
t----
~ 1.500 -.5S38E+1 8 
"'-.--
UJ 



---- -
t!+ 

_ C_ottPTG PT G Gl N E GZZ V H F 0 

1 -5.22 - 5.1 9 -0. '1. 10.0 -16. 21. 8. -4.8 --_. 
-10.410 -lC.le -0. -1. 20.1 -16. 21. 8. -4.8 

-1 S. 66 -15.56 -0. -4. 30.1 -16. 21 • 8. -It.8 

2 -6.31 -6.27 -0. -1. 9.2 -24. 25. 7. -5.6 

-12.62 -12.55 -0. -3. 18.5 -24. 25. 7. -5.6 

-18.9J -18.82 -0. -4. U .7 -24. 25. 7. -5.6 

. 3 -7.62 -7.59 -0. -2. 5.5 -35 • 31. 5. -6.4 

-15.25 -15.17 -0. -3. 11.1 -35. 31. 5. -6.4 

-22.87 -22.76 -0. -5. 16.6 -35. 31. 5. -6.4 

4 -9.17 - 9.13 -0. -2. -3.1 -50. 3T. 2. -7.2 

-18.34 -1 e.2 6 -0. -3. -6.2 -50. 3T. 2. -7.2 

~ 
-27.50 -27.39 -0. -5. -9.3 -SO. 3T. 2. -7.2 

I 
~ - 5 -10.91 -1 C. 87 -0. - 2. -18.6 -69. 45. -2. -7.6 

-21.81 -21.74 -0. -3. -37 .1 -69. 45. -2. -7.6 ~.-

-32.H -32.61 -0. - 5. -55.7 -69. 45. -2. -7.6 

6 -12.7T -12.73 -0. - 2. -40.3 -69. 54. - 6. -7.6 ---- -

-25.54 -25.45 -0. -3. -80.5 -89. 54. -6. -7.6 
-"'. 

-38.31 -38.18 -0. - 5. -120.8 -69. 54. - 6. -7.& 

---- -
7 -14.60 -U.55 -0. -1. -64.2 -108. 64. -9. -&.9 

---- -29.2G -29.11 -0. -3. -128.4 -108. 64. - 9. -6.9 

--- .--- -43.S!) -43.6& -0. -4. -192.7 -108. 64. - 9. -6.9 

--8- - -16.23 -16.18 -0. -1. -65.0 -124. 74. -10. -5.6 

- 3 2.45 -32.36 -0. -2. -17().1 -124. 74. -10. -5.6 -- - ----
-48.68 - 4 8.53 -0. - 3. -255.1 -124. 74. -10. -5.6 

- .--

----------". ~ 



-_ ......... .-.-

. COHPTG PT G 61 N E Gll V Ii F 0 

9 -17.50 -17.45 -0. -1. -99.7 -134. 83. -8. -3.9 

-34.99 - 34.89 -0. -2. -199.4 -134. 83. - 8. -3.9 
-----_.-- -"52.49 - 5 2.34 -0. -2. - 299.1 -134 • 83. -8. -3.9 

10 -18.30 -18.25 -0. - O. -107.9 -137. 90. - 4. -2.0 

-36.60 -36.50 - ·0. -1. - 215.6 -137. 90. -4. -2.0 

-54.90 -54.15 -0. -1. - 32 3.8 -137. 90. -4. -2.0 

11 -18. Sf! -1 e.s 3 -0. -0. -110.5 -134. 96. 2. 0.0 

-37.15 -37.05 -0. -0. - 221 .1 -134. 96. 2. 0.0 

-55.73 -5:.58 -0. -0. -331 .6 -134. 96. 2. 0.0 

12 -18.30 -le.25 -0. O. - 101 .9 -125. 99. 9. 1.9 
-------

-36.60 -H.50 -0. 1. - 215.8 -125. 99. 9. 1.9 

-", -- -54.90 -54.75 -0. 1. - 323.8 -125. 99. 9. 1.9 
0 i--- -- 13 -17.50 -11.45 -0. 1. -99.7 -111. 99. 18. 3.5 
'" -....... -34.99 -34.89 -0. 2. -199.4 - -111. 99. 18. 3.5 -""--- -

-52.49 -52.34 -0. 2. - 29 9.1 -111. 99. 18. 3.5 
- -.--

14 -16.21 -H.1 e -0. 1. -85.0 -91. 97. 27. 4.7 
----- -

-32.45 -32.36 -0. 2. -170.1 -91. 97. 27. 4.1 

-48.68 -4f.53 -0. 3. -255.1 -91. 97. 27. 4.7 

- --- -
15 -14.60 -14.55 -0. 1. -64.2 -7 O. 91. 35. 5.4 

- ------- -29.20 -29.11 -{) . 3. -128.4 -70. 91. 35. 5.4 

- - -- - -- -43.80 -4 ~.6" -0. 4. -192.1 - 70. 91_ 35. 5.4 

- --16 -12.77 -12.73 ~O. 2. -.4 0 .3 -48. 83 -. 41. 5.5 

-25.54 -25.45 -0. 3. -60.5 -48. 83. 41. 5.5 

- 38.31 -lE.la -0. 5. -120.8 -46. 83. It 1. 5.5 
----- .. --

- ---- 1 -.---.. --



---.C-UJI t'.L!j ._ t' T G GI N E GZZ V H r 0 

17 -10. 91 -10.87 -0. 2. -18.6 -29. 73. 44. 5.1 

-21.IH -21.74 -0. 3. -37 .1 -29. 73. ~4. 5.1 

-32.74 -32.61 -0. 5. -55.7 -29. 73. 44. 5.1 

18 - 9.17 - 9.13 -0. 2. -3.1 - 11 •• 63. 43. 4.4 

-18 •. SIo -18.26 -0. 3. -6.2 -14. 63. 43. 4.4 

-27.50 -27.39 -0. 5. -9.3 -14. 63. It 3. 4.4 

19 -7.62 - 7.59 -0. 2. 5.5 -4. 53. 41. 3.6 

-15.25 -1~.17 -0. 3. 11.1 -4. 53. " 1. 3.6 

-22.67 -22.7& -0. 5. 16.6 -4. 53. 41. 3.6 

20 -6.31 -6.27 -0. 1. 9.2 3. 44. 37 • 2.8 

-12.&2 -12. ':i ':i -0. 3. 18.5 3. 44. 37. 2.8 

I\) 
-18.91 -If.82 -0. 4. 27.7 3. 44. 37. 2.8 

C 
~-- - '2r -5.22 - ~.1 9 -0. 1. 10.0 6. 36. 33. 2.2 
I\) 

~ -10.44 -10 .• 38 - .0. 1. 20.1 6. 36. H. 2.2 

-15.6& -1~.56 -0. 4. 30.1 6. 36. 33. 2.2 

22 -5.22 - ~.1 9 1. O. 10.0 42. 11. H. 0.5 

-10.44 -1 C.38 3. O. 20.1 42. 11. 33. 0.5 

-15.6& -15.56 4. o. 30.1 42. 11 • 33. 0.5 

. ---~ -
23 -6.31 - E.2 7 1. O. 9.2 46. 21. 44. 0.4 

-12.62 -12.55 3. O. 16.5 46. 21. 44. 0.4 

-18.93 -18.62 4. O. 27 '.7 46. 21. 44. 0.4 

2.1t-- -7.62 -7.59 2. O. 5.5 49. 34. 56. 0.3 

-15.25 -1~.17 3. O. 11 .1 49 • 34. 56. 0.3 
. _--- --

-22.87 -22.76 5. O. 16.6 49. 34. 56. 0.3 
- --- -

~ ~ . 



_.cJl~G PT G 61 N E GZZ V H f 0 

25 -9.17 - 9.1 3 2. -0. -3.1 47. 51 • 69. 0.0 

-18.34 -H.26 3. -0. -6.2 47. 51. 69. 0.0 

-27.50 -27.39 5. - o. -9.3 47. 51 • 69. 0.0 

- --
26 -10.91 -10.87 2. -0. -18.6 38. 71. tlO. -0.2 

-21.83 -21.74 3. -0. -37 .1 38. 71. 80. -0.2 

-32.n - 52.61 5. -0. -55.7 36. 71. dO. -0.2 

27 -12.77 - -12.73 2. o. '-40.3 21. 91. ill • -0.5 

-25.54 - 2 5.45 3. o. -80.5 21. 91. 87. -0.5 

-36.31 -H.18 5. O. - 120.8 21. 91. 87. -0.5 
---- --.-----.~ 

28 -14.60 -14.55 1. o. -64.2 -5. 108. 85. -0.7 

-29.20 -29.11 3. o. -128.4 -5. 1{)6. 85. -0.7 

"'- -I, 3.80 -43.66 4. o. - 192.7 -5. 106. 85. -0.7 
C> 

~ -Z-9 -16.23 -16.18 1. -0. -85.0 -38. 116. 75. -0.6 

"- -32.45 -32.36 2. -0. - 170.1 -38. 118. 75 .• -0.8 
"'" -48.6S -48.53 3. -0. -255.1 -36. 118. 75. -0.6 
-----

30 -17.50 -17.45 1. o. -99.7 -72. 116. 56. -0.7 .---

-34.99 - 34.69 2. o. -199.4 -72. 118. 56. -0.7 
---_. __ . -

-52.49 -52.34 2. o. -299.1 -72. 116. 56. -o.r 
------ -

31 -18. 30 -18.25 o. -0. -107.9 -105. 111 • 31 • "0.4 
----.-- -- -3 6. o~ -36.50 1-. -0. - 215 .8 -105. 111 • 31. -0.4 

-------- - - -54.90 -54.75 1. -0. - 32 3.8 -105. 111. 31. -0.4 

-~a--- - --18.58 -18.53 -0 • . -0. -11 0 .-5 - - 134. 90. 2. 0.0 

-37.15 -37.05 -0. -0. -221.1 -134. 96. 2. 0.0 

-55.73 -5:.58 -0. - O. -331.6 -134 • 96. 2. 0.0 
-.--~-... --

~ 
- --- -



... I • 

_J':.lJ1U:' Hi. P T G Gl N E GlZ V H F 0 

J3 -18.30 -lE.25 -0. -0. -107.9 -157. 74 • -29. 0.5 

- 36.60 -36.50 -1. -0. - 215. a -157. 74. - ,29. 0.5 
--_ ... -54.90 -54.75 -1. -0. - 323. B -157. 74. -29. 0.5 

--_.-
14 -17.50 -17.45 -1. -0. -99.7 -172. 48. -59. 1.0 

-34.99 - 34.6. -2. - O. -199.4 -172. 48. -59. 1.0 

-52.49 -52.34 -2. -0. -299.1 -17 2. 48. -59. 1.0 

35 -16 .23 -16.18 -1. O. -85.0 -178. 19. -86. 1.6 

-32.45 -32.36 -2. O. -170.1 -176. 19. -86. 1.6 

-48.68 -48.53 -3. O. - 255.1 -176. 19. -86. 1.6 
---_ .. 

36 -14.60 -14.55 -1. - O. -G4.2 -173. -9. -106. 2.1 

-29.20 -29.11 - 3. -0. -128.4 -173. -9. -lOG. 2. 1 
~ .. -43. BI} -43.66 -4. -0. -192.7 -17 3. -9. -106. 2.1 I\) 
0 

~--' 37 -12.77 -12.73 -2. -0. 
I\) 

-40 .3 -157. -33. -117. 2.5 

"- -25.54 -25.45 -3. - o. -80.5 -157. - 33. -117. 2.5 tD--... 

-38.31 -3 e.1 e -5. -0. -120.8 -157. - 33. -117. 2.5 
.--------

38 -10.91 -10.87 -2. O. -18.6 -135. -50. -11 9. 2.7 

-21.83 -21.74 -3. O. -37 .1 -135. -50. -119. 2.7 
----. 

-32.H - 3£.61 -5. O. -55.7 -135. - 50. -119. 2.7 

--_ .. _.- ~ 

39 - 9.17 - 9.13 -2. O. -3.1 -111. -59. -112. 2.7 
--- -,- -18.34 -if.2 E -3. o. -6.2 -111. -59. -H2. 2.7 

-27.50 -27.39 -5 .• o. -9.3 -111. -59. -112. 2.7 

--- ·40 - -7. G2 -7.59 -2. O. 5.5 -88. -62. -101. 2.6 

-15.25 -15.17 -3. O. 11.1 -88. -62. -101. 2.G ----_._. 

-22.87 -22.7E -5. o. 1 G.6 -86. - 62. -101. 2.6 

-
---------. ~ ~ -_._-

/' 



---C-Ll HP T.G PT 
41 

------ . _--- _._--

----. -

lG--- -
o 
I 11" ---
I\} 

"'" 

42 

-\/iI- - ---- --

-- ---- -----

G GI N 

-G.31 - e. 27 -1. 

-12.G2 -12.55 -3. 

-1 B. 93 -1e.82 -4 • 

-5.22 ·5.19 -1. 

-10.44 -IC.3S -3. 

-15. Go -1:.56 -4. 

£ G ZZ V H_ F 0 
O. 9.2 -G8. -59. -67. 2.4 
O. 18.5 -66. -59. -S7. 2.4 
O. 27.7 -68. -59. -S7. 2.4 

O. 10. -0 -52. -55. -74. 2.1 
O. 20.1 -52. - 55. -74. 2.1 
o. 30.1 -52. -55. -74. 2.1 



CONsrANTS: 
~- ,- , --. 

DENSITY SUSCEPTIBILITY 
_______ .1-, _5.00 .500 OE- G2 

----1\)---

? --->---­
f\J 
'-- ........ _---
o 

NORMAL F rEL 0 
F (GAMMAS) DECLN 

39~OO. 13. 
INCLN 
35. 

REMANENT MAGNETISATION 
F <EHU) DECLN INCLN o. o. o. 



--B..OD-Y.J __ 
Z 

-5. '000 

- --"'--1.500 

-- -to.OOO 

N V X 
28 4.900 

1.00 a 
- 4. 00 0 
- 4.580 

O. 000 
4.580 

23 4.900 
1. 00 0 

- 4. 00 a 
- 4.58 a 

O. 00 0 
4.56 a 

26 4.900 
1.00 a 

- 4.00 0 
-4.580 

0.000 
4.560 

'v OL UM E = - .18 9 2E + 13 C. C • 

OENSITY MASS 
i\J---h -5-{)O -.5836E+ 18 
o 
:k 
I\) 

'----­~ 

y x y 
'1.000 4.580 -2. a a 0 
-4.90C O.COO -5. 00 a 
-3.00C -4.580 -2. 000 
2. OOC -4.000 3.000 
5. 000 1. 000 4.900 
2. ooe 4.900 1. 00 a 

-1. ooe 4.560 -2. 000 
-4.90e 0.000 -5. 000 
-3. 00 C -4.580 -2. 000 
2.00e -4.000 3.000 
5. 000 1.000 4.900 
2. 000 4.900 1.000 

-1.00C 4.58 a -2. a a a 
-4.900 0.000 -5. COO 
-3.000 -4.580 -2. 000 

2. 00 G -4.000 3. 00 0 
5.00e 1.000 4.900 
2. 00 a 4.900 1.000 

-x = O. 000 

Ct;MULATIVE: 11 AS S 
-.1168E+19 

x y )( y l( y 
4.000 -3.000 3.no a -4.000 2.000 -4.580 -1.000 -4.90n - 2. 00 0 - 4.580 -3.000 -4.0 -00 - 4.900 -1.000 - 5 .00 a 0.000 -4.900 1.0'00 -3.000 4.000 - 2. no 0 4.580 -1.000 4.9'C0 2.000 4.580 3 .{)O 0 4.000 4.000 3.000 5.000 0.000 
4.000 -3. 00 a 3. 00 0 -4.000 2.000 -4.580 -1.000 -4.900 - 2 .00 a - 4.580 -3.000 -4.000 -4.900 -1.000 - 5.000 0.000 -4.900 1.000 -3.000 4.00{) - 2. 00 0 4.560 -l.OM 4.9M 2.000 4.58 a 3. 00 a 4.000 4.000 3.000 5.000 0.000 
4.000 -3.000 3.00 a -4.000 2.000 -4.580 -1.000 -4.900 - 2. 00 a - ".5 go -3.000 -4.000 - 4. 900 -1.000 - 5. 00 0 0.0 a -4.900 1.000 -3.000 4.000 -2. 00 0 4.580 -1.000 4.900 2.000 4.580 3. CO 0 4.000 4.000 3.0()0 5.000 0.000 

Y = - 0.00 a z = -7.500 

X Y Z 
0.000 -0.000 -1.500 



----
~M_eJG PT G Gl N £ GZZ V H_ r 0 

1 -15. && -15.5& -0. -4. 30.1 - 1&. 21 • 8. -4.8 
-31.32 -31.13 -0. -8. 60.3 -31. 42. 17 • -9.5 

2 -18.93 -18.82 -0. -4. 27 .7 -24. 25. 7. -5.6 
- 37.8& -37.65 -0. - 9. 55.5 -46. 51 • 14. -11.2 

3 -22.87 -22.76 -0. -5. 1&.6 -35. 31 • 5. -G.4 
-45.14 -45.52 -0. -9. 33.3 -70. 61. 10. -12.9 

4 -27.50 -27.H -0. - 5. -9.3 -50. 37. 2. -7.2 
-55.01 -54.77 -0. -10. -18.7 -100. 75. 4. -14.4 

5 -32.14 -32.61 -0. -5. -55.7 -69. 45. -2. --7. G 
- -65.48 -65.23 -0. -U). -111.3 -137. 90. -4. -15.3 

-6 - -38 • .H -H.lS -0. -5. -120.8 - 89. 54. -G. -7.6 
-76. &2 -7E.35 -0. - 9. - 241 .5 -17 8. 109. -12. -15.1 

7 -43.80 -43.6& -0. -4. -192.7 -108. 64. -9. -6.9 
-1'\)----- -87.60 -87.32 -0. -8. - 385.3 -217. 128. -16. -13.7 
0 
I 

-joo----- 8 -48.66 -48.53 -0. -3. -255.1 -124. 74. -10. -5. Ii N 
"- -97.36 -97.07 -0. -7. -510.3 -248. 148. -20. -11.2 
_"!:""!L __ 
N 

9 -52.49 -52.34 -0. -2. -299.1 -134. 83. - 8. -3.9 
-104.98 - 104.6 d -0. -5. - 59 6.1 -2&7. 16& • elf; • -7.7 

-_.- - 10 -54.90 -54.15 -0. -1. - 32 3.8 -137. 90. -4. -2.0 
-109.61 -109.50 -0. - 2. -&47.5 -274. 161. -8 • -3.9 

.. _--- -._. 

11 -55.71 -S~.58 -0. - O. - 331 .6 -134. 96. 2. -O. 0 
------ - -111.46 -111.15 -0. -0. -663.2 -268. 191. 4. 0.0 

--- -- 1-Z - -54.90 -54.75 -0. 1. - 323.8 -125. 99. 9. 1.9 
-109.81 -109.50 -0. 2. -647.5 -250. 197. 20. 3.7 

--... --- - .• 

13 -52.49 -52.34 -0. 2. -299.1 -111. 99. 18. 3.5 
--- -- ---104.98 -104. Ii 8 -0. 5. -598.1 -221. 196. 37. 7.0 

---- I-I, -48_ oS -48.53 -0. 3. - 25 5 .1 -91. 97. 27 • 4.7 
-97.36 -97.07 -0. 7. -510.3 -183. 193. 54. 9.4 

----_. !l.J 
--- -- ~ 

l. 



-C_OHPTG PT G Gl N E GlZ V H F 0 

15 -43.80 - 43.66 -0. 4. - 192.7 -7 O. 91. 35. 5.4 
-87.60 -87.32 -0. 8. - 38 5 • 3 -139. 1 B2 • 70. 10.8 

16 - 3 8.31 -3 e.l e -0. 5. -120.8 -48. 83. 41. 5.5 
-76.62 -7E.35 -0. 9. - 241 .5 - 9S. 166. 82. 11.1 

17 -32.74 - 3 2 .6 1 -0. 5. -55.7 - 29. 13. 44. 5.1 
-65.48 -6 ~. 2 3 -0. 10. -111.3 -51. 146. 87. 10.3 

-16 -27.50 -27.59 -0. 5. -9.3 -14. 63. 43. 4.4 
-55.01 -54.77 -0. 10. -18.7 -26. 125. 8 7. B.B 

19 -22.87 -22.76 -0. 5. 16.6 -4. 53. 41. 3.6 
-45.14 -45.52 -0. 9. 33.3 -7. 105. 82. 7.2 

-----2-0- -16.93 -le.B2 -0. 4. 27.7 3. 44. 37 • 2.8 
- 37.66 -37.65 -0. 9. 55.5 5. 68. 75. 5.6 

------
21 -15.&6 -15.56 -0. 4. 30.1 6. 36. 33. 2.2 

--1\)"--- -31.32 -31.13 -0. 8. 5 0.3 12. 72. 66. 4.3 
0 
I 
~-2-2- -15.66 -15.56 4. O. 30.1 42. 11. B. 0.5 f\) -31.32 -31.13 6. O. 60.3 84 • 22. 67. 1.0 ....... _ ..... ---

VI 

23 -18.93 -le.82 4. O. 27.7 46. 21 • 44. 0.4 
-37.06 -37.65 9. O. 55.5 93. 41. 87. 0. 8 

-- 24 -22.87 -22.76 5. O. 16.6 49. 34. 56. 0.3 
-45.74 -45.52 9. O. 33.3 97. 68. 111. 0.5 

-- --.- -
25 -27.50 -27.39 5. -0. -9.3 47. 51. 69. 0.0 

--~- ._-- -55.01 -54.77 10. -0. -18.:r 94. 10Z. 137. 0.1 

--- - 26 -- -32.74 -32.61 5. -0. -55.7 36. 71. 00. -0.2 
-65.48 -65.23 10. -0. -111.3 76. 14Z. 160. -C.4 

-----_. 
27 - 38.31 -3e.18 5. o. -120.6 21. 91. 87. -0.5 

-76.62 -7E.35 9. O. -241.5 42. 183. 174. -1.0 

28 -43.81) -43.66 4. O. -192.7 -5. 108. 85. -0.7 
-Sl.60 -87.32 8. O. - 38 5 .3 -11. 216. 111. -1.4 

---- --

----- ~ 



~-

-'DMJ G_ PT G 1>1 N E GZZ V H f .0_ 

29 -48.68 -H.53 3. -0. -255.1 -36. 118. 75. -0.8 
-97.3& -91.01 1. -0. - 51 0 .3 -75. 235. 150. -1.5 

30 -52.49 -52.34 2. O. -299.1 -72. 116. 56. -0.7 
-104.96 -104.&e 5. o. - 59 8.1 -144. 237. 112. -1.3 

31 -54.9() -54.75 1. -0. - 323 .8 -105. 111 • 31. -0.4 
-109.81 -109.51 2. -0. - &4 7.5 -210. 222. &2. -0.6 

32 -55. n -55.58 -0. -0. - 331 .6 -134. 96. 2. 0.0 
-111.4& -111.15 -0. -0. -663.2 -266. 191. 4. 0.0 

33 -54.90 -54.75 -1. -0. - 323.8 -157. 14 • -29. 0.5 
-109.a1 -109.50 -2. · ,0. -647 .5 -314. 149. -57. 1.0 

---- --- 34 -52.49 -52.34 --z • -'0. -299.1 -112. 48. -59. 1.0 
-104. 9~ -104.68 -5. -0. - 596.1 -344. 97. -11 7. 2.1 

35 -46.68 -48.53 -3. O. - 255.1 -178. 19 • -86. 1.6 
J\) -97.3& - 91.01 -7. O. -510.3 -355. 39. -171. 3.2 
0 
I 
~-- 36 -43.80 -43.66 -4. -0. -192.7 -17 3. -9. -106. 2.1 
I\) 

-67.60 -87.32 -8. -0. - 38 5.3 -345. -18 • -212. 4.3 ........ .... 
.j>. 

37 - 3 8.31 -H.le -5. -0. -120.6 -157. -33. -117. 2.5 ---.. ~- -76.62 -lE.35 -9. - o. - 241 .5 -315. -67. -215. 5.1 

---- ~8 -32.H -32.61 -5. O. -55.7 -135. -50. -119. 2.7 
-65.411 -6!:.23 -10. O. -111.3 -271. -101 • -237 • 5.5 

39 -27.50 -21.39 -5. O. -9.3 -111. -59. -112. 2.7 
---- -55.01 -54.7-1 -10. o. -18.7 -221. -119. -224. 5.5 

-----40- -22.87 -22.76 -5. o. 16.6 -86. -62. -101. 2.6 
-45.H -45.52 -9. O. 33.3 -175. -123. -201. 5.2 

-----
41 -18.93 -le.82 -4. O. 27.7 -66. -59.- -81. 2.4 

-37.8& -37.65 -9. O. -55-.5 -135. -118. -175. 4.7 

It 2- u --15.66 -15.56 -4. O. H.1 -52. -55. -74. 2.1 
-31.32 -31.13 -8. O. 60.3 -103. -109. -149. 4.2 

----~---" 

----.--- ._- i 
~ 



APPENDIX 3: Programme FORTRAN/U1776 



KFILE: fO RTRAN / U1776 ( 04/06/81) 

10 0 
20 0 
300 
40 0 
500 
600 
70 0 
800 
900 

100(1 
1100 
1200 
UO O 
1400 
1500 
1600 
1700 
1800 
1900 
200 0 
2100 
2200 
2300 
2 40 0 
250 0 
2600 
2700 
2 80 0 
29 00 
3000 
3100 
3200 

~?8~ 
350 fJ 
3600 
3701) 
3800 
3900 
4000 
It1 00 
420 0 
4300 
4400 
450 0 
460 0 
470 0 
4800 
490 0 
5 000 
5100 
5201) 
5300 
5400 
550 0 
5&00 
5700 
5800 
5900 
6 00 0 
6100 
6200 
6300 
6 40 0 
6500 
6600 
670 0 
6800 
6900 
700 0 
7100 
720 0 
7300 
740 0 
7500 
7600 
77 01) 

.··.-t· 

$ SE l $ 
liSe: LI NE! Nf D 
liRESET FREE 
fIL E 5 (KINO=P RIN TER) 
fILE 5 CT I TlE="Ul77 6 / 0ATA" , K J ND=PA CK , fIL E TYP E =7) 
C Ul776 SOLID 3-D ATTRACTTON 
C TRANSLATE..D FROM ~HE ALG'"'L VnSI DN O. S-I . R . GEO PHYSICS DIV I S I ON . 
C GPQ30 OLI O. 
C TALWA NI METHOD f R CALCULA TI NG piE GRA VITY AND MAG NET IC EFFECT S 
C OF ~ BO DY OF ARBI TRAR Y "HAP E APPfD(IMA TEO 8 Y POLYGONAL CEHHO URS 
C VIDE TALWAN! , EH I NG ,1 959 : 
C <RA PIO COMPUTATION Of G'IAVITI ONAL "'TFIACTIDN Jf THREE-DIMENSIONAL 
C aDDlES Of A~BITRARY SH~pr-> 
C I N GEOPH Y ~ IC5, VOL. xx v' NO.1 (fE 8R UARY 1960). 
C TALwANI, M., 1964: 
C COMPUTA TI ON WITH TH E Ht:lP CF A OIG ITAL COMPUTE R OF MAGNET I C 
C ANOMALIES C~USED B y 8JuTrS OF lRBI TRA R Y SHAP E> 
C I N GEOPHYHCS. YOLo xxx, NO . 5 (OCT08ER 19& 5 ). 
C PROGRAMME WRITTE N BY M.~. SAtJ NorRS ,D. s . !.R. APP LI r.:O MAT HEM ATI CS 
c 0 IvI 5IO N,SEPT~M8 ER 1966 ••• AND ALTEREO r JR THE UNIV r RSITY nF 
C TASM~NIA 86 701) BY R.G. "ICHARO SOr-l (1 978 SOTH ALHL AND FORTRA'l) . 

LOGICAL N:WPR8,NEHC P ,RtPLAC,NJCNST.fIRST,NF,NR 
INTEGER I,8UfCN T,JStJf,J,M1, Nl , llH l> UVl,NP,NC,NO. 

• 'lCO ,FM,M.AH, BH,AV,QV,NPROB,NCPT, 
• RPLACE,NCONST,CT,YP1,MO,DYII,NCP,CPC,QA.QS,QC 

REA L UH,UV,XX,YY,ZZ,Xl,X2,Yl,Y2 ,P!, 
• PISY2,Az, K,NUM 8ER,HI,H2,H3, MC,XC,yC,ZC,A, e ,C, Cl , SN, CS 

REA L SCALE(7),Y(10 n ),8BUf,CaUF ( S),X(100),Y(1 00 },Z(10 0 ),OX C, 
• 0 Y C , 0 Z(;, G C , G IC , NC U 'F C !J , G Z Z C , . 
• J )<1{ 10},JYl< 10 ),Jll( 10),X N ,Y N,ZN, HN,rN, 
• DN,OENS(10},XA(450),YA(450),ZA(15),Q1,Q2,Q3 

INTEGER ~1<7 }, BIC7' ,PPC(1 0 1 },rITLE(So ), NV( 1S} 
REA L SUSC, WK, XN1,YN1 ,ZN1'H N1'FNl, ON1 .XR'YR.ZR.IN,FR,OR ,IR 
REAL XA~(200),Y~A(2nO}'ZAA(200"XL,yL'ZL,ML,CP, 

. SUMX ,SU~Y. SUMV, VI 

C
c ~AA,YA.A,ZAA.U,UX, .. ,13 ARt: DIMENSHlNEO TO LARGES T 

NUMBER OF CONTOURS 

. - .. , 

R EAt · U( 100 ) , U x ( I OQ ) 'U Y< 100 ) ' U Z ( 10 i) ) 'U 1( 100 ) ,U2 ( 1 i) 0 ) ,U 3 ( 100 ) , 
• U 4( 100), US ( 1 0 0 ), UG ( 100 ) , Z3 ( 10 ()) , U A, UJ( 1, U Y1 , U 21 • 5 1, S 2, S 3 , S4 , 
• S 5, 56,01,0 3 , r E R M, S U 10\, Z 1, Z2 , R Xl. RX 2 , R 12, R 1, R 2, R 1 I .• R 2 I, 
• EPSLNH, EPSLNV, S Q. Cf.O X 1 , OY 1 , E:N ,GI, ENSQ, RT,P, ZPP ,fAC TOR , 
. [RT.C OSG , COS8 , 8fTA, f,AHMA . OPSI , DX ' ~ Y, DZ,G,GI 'N' E , GZ Z 
LOGICAL BA ,81 G, BB,Sf: 
REA L J X, P? , Q, H, J Y , J 7, N CUT EM, I'l T E G L 
COMMON IINTGR LI Ql( ~),Q2(7)' Q3 (7)' N D 
COM MON /wKSP.lPP, Q,\oj ,s s ,P,PI8Y2,On ,QY1,p I,C F, SQ 
COMMQN IfeTOP 1 JX. JY, JZ 
COM MON IOLTA/N1, XN (l(1),YN( lO},ZN(l O), 88UF ( 5 ), 

• D N ( 10 ), oj N ( 10 ) , f N (1 0." A Z 
COMMO N IPLNTI H 1, DX r (l OO l,DY C(100 l.0ZC(1 0() }, 

• G Ie (100 l, '1 C U ( 100)' E rU ( 1 () 0) , GC ( 1 OO) , GZ Z C ( 100 ) 
SCA LE(5)=1.ES 
SCAl E(4}=1 82 .87984 
seA LE (6 )=160934.3 
SCALECl}=1.E2 
SCA LE(Z}=30.479 973 
SC ALE(3)=91.4399 
SC ALE(7):1 8531 8 . 2 
K=6 .6 73::-S 
A 1<1>=6 
AH2 }=6 
Al( 3l=6 
,1.1(4)=6 
A1(5 )= 3 
A 1C 6)=3 
A1 0}= :! 
3 1< 1)=0 
8 1(2)=0 
8 1(3)=0 
B 1< 3) =0 
8 t( 4) =0 
8 1(5)=3 
8 1<6}=3 
d1<7 )=3 
PI=3 .14 15926536 
PIB Y2=PII2. 
NUMBER= - 57 . 2957795 .. ~GO O ./ 980. 

.. . ; 
".::.; 

',:' . 



7600 
7901) 
8000 
610 0 
8200 
8300 
8400 
8500 
8600 
8700 
8800 
8900 
9000 
9100 
9200 
930 0 
9400 
950 0 
9600 
970 0 
9800 
990 0 

10000 
10 100 
10200 
10300 
1040 0 
10500 
10600 

1070 0 
0800 

10900 
11000 
111 00 
11200 
11300 
11400 
11580 
116 0 
tHO D 
11800 
11900 
12000 
12100 
12200 
12300 

I 1240'0 
12500 
12600 
12700 
12800 
12900 
13000 

I 
131 8° 132 0 
13300 
13400 
13500 
136 00 
1370 (1 
13800 
13900 
14000 
t4100 
14200 
14300 
1440G 
145 00 
146 00 
14 7 00 
14800 
14900 
15000 
15100 
15200 
15300 
15400 
15500 
15600 
1570n 

, .. ~ .. - - -

.. ": .~ 

iIIE WPRB=.TRUE. 
NEWCP= . TRUE . 
NUCNST=. TRUE. 
FIR S T =. T RU E • 

999 CON TI NUe: 
C OLD REPEAT LABE L 

IF ( . NOT . NEWCP) GOTO 14 
C READ COMPUTING PO INTS 

WRITE(6dOO) 

... ~ 

1 00 • ~ 2~~~JU 'Hfv i~ y SA~ n R MAg~e~n~I HF Hn~ ~ ON" 13OX . "TH REE - DIM~". 
READ ( S.lOI) rITLE 
WRITE(6 . 10 1) TITLE 

101 F OR MA T<lX. 80 A 1) 
READ(5.102) UHl.UVl.AZ 

102 F OR MAT(212.F4.1' 
ARITE(6.1 03 ) UHl.UV1.AZ 

1 03 FORMAT(/" HORIZ ON TAl UNlf ~ :".I 3.6X ."V ERTICA L UNlrs:".I3. 
.6x."AzI"Iur rl :".F 5 . ') ." DEG~tES") 

A =A Z * O. () 17 45329 3 
C A=RADIAN(iI.Z) 

S N=SIN(~) 
C5=(OS(0 
Ulil=UH1+1 
UV1=UVld 
AH=Al'<UHl) 
BH=Bl (UYl> 
AV=AlCUVl> 
8 V=Bl (UVU 
UH=scn~(UH1> 
u V= sC Au. (U V 1) 
WRlTE(6.t0 4 ) 

1 04 FORMAT(/" CO~PUTiNG POINTS:"/SX."NO".7X."X".9X."y".9X."Z"} 
I =\) 
NP=O 

10 CO NTINUe: 
1=1+1 
NP= NP+l 
REA 0 ( 5. 1 05) P PC (! ) • A. B • C 

1 05 F(lRMAHI4dF8.3) 
If (PPC( 1> .L T. 0) GeTD 11 
Ifl TEM=-'H+BH+ 4 
I F2TEM=~V+BV+4 
WRITE(6,lOG) PPC(I).IFlT EM . BH . A. 8 . I F2TEM. Bv,t 

1 1)6 FORMA H lX. 16. 2F*.".~ ..... ) 
A=A+l.E-6 
x<I )=A*UH 
ycr )=8*::IH 
Z< l}= - C*UV 
GOT 0 10 

11 I=f-l 
NP=NP-l 

C i::'lO READ CO"lPUTING POINTS 
14 CONT INU~ 

IF ( . NOr. NUeNST) GnrO 16 
C qE~O CON STANTs 

RICAD(5,to1 ) NCO 
1 07 FORMAf(!2) 

IF (NC O .LE . 0 ) 5TO " 
IIRITEC6>108) 

1 08 FOR M~. f( 1 HI ) 
C NEw PAGE 

)jRITE(6,J09) 
109 FOR MA Tell" C ONS TANT~:"/39X , "N QR HAL FIELD~. 18x." R£ MA~~ENT .. , 

• "MA6NETIS4 TI ON "/6 X."DENSITY SuSCEPTIBILITY F (GA~MA S )". 
." DECL'l I NCLN".9X."F ( EM J)".5X."DECLN INCLN") 

DO 15 Nl=1. NC.O 
RE AD(S.tl 0 ) DENS(Nl ).SUSC.FNl. I)Nl~ IN.FR.OR. IR 

110 F OR~A T<F6. 3. £ 10 .3.F °.1. 2FS. 1. EI 0 . 3, 2FS.1l 
WRI TE{6, 111) DENS ( Nl ).SUS C .FN1. 0rH. IN.FR.DR. I" 

111 FOR MAT(lx.Fl1.3. £ 14.4.>14.0. 2F9 .0. EI7. 5 .2F9.0) 
HK=IN+O.017453293 

C WK=RADIAN(IN) 
ZN1=fNl"SIN(WK) 
HN 1=FNl·COS(WK) 
WK=(ONI-AZ)*O.01745l293 

C WK = RADIAN(ON1-AZ) 
X Nl =HN 1*CO S (W K) 
YN1=HNl"SIN(WK) 
FR=FR"1.E5 

20-A3!2 
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15800 
15900 
10000 
16100 
16200 
16_30(1 
16400 
16500 
16600 
16700 
16800 
169-00 
17000 
17100 
17200 
17300 
17400 
17500 
17600 
17700 
17800 
17900 
18000 
16100 
18200 
18308 1640 
18500 
18600 
18700 
lil801) 
18900 
19000 
19100 
19200 
19300 
194011 
19500 
19600 
19700 
19800 
19900 
20000 
20 100 
2020t) 
20300 
20400 
20501) 
20600 
20700 
20800 
20900 
21000 

I 21100 
21200 
21300 
21400 
21500 
21600 
217 01) 
21800 
21900 
Hqgg 
22200 
22300 
22400 
22500 
22600 
2_2700 
22600 
22901) 
23000 
23100 
23200 

~H88 
23500 
23600 
23700 

WK=! R*O.01745 3293 
C WK=RAD IAN<IR) 

ZR=FR*S IN( WIO 
X R= F1hCU-SCWK ) 
W.K=(DR·-H)*0.~117453'93 

C WK=RAOI~N(QR~AZ) 
YR=XR*S INC Wle;) 
XR= XR*COS{ WK) 
JX1(N1)=XN1*SUSC+XR 
J Y1 (N1J=YN hS USC+YR 
J Z l( N 1 ) = ZN 1" SUS C + Z R 
XN( I'll )=XNl 
yN(N1l=YN1 
ZNCNl ):ZN1 
HN(N1)=HNl 
F N(N1)=I'"Nl 
ON( Nl>=DNl 

15 C ONU NUE 
C "NO READ CO !4STAIHS 

16 CONTINUE 
C NEW BOOy 

wRI T£(6.112) 
112 FORMATOH1) 

C SKIP TO TOP OF FORM 
WRITE(6.113) 

1 13 FOR MAl (. BOD Y :" 16 X ... Z •• 5 X. "N V •• 6 X • 5 ( " X" • a x • "Y" • III X » 
REA 0< _, 114) N C 

114 FORMArcI3) 
I =N C - 1 
NO=INrcI/2 ) 
IF (2*ND .EI;). n GOTO 17 
WRITE{6.115l 

115 FORMATC" SHOULD BE "00 NUMBER OF LAyERS") 
S TO P 

17 CONTI NUE 
C T=O 
IF2TEM='V+BV+2 
F'1=Afi+Bfl+2 
DO 23 I=1,NC 
RtAO(S,116) A.M 

116 FORM ArcF8.2.I4> 
ZA -(I):-hUV 
NV(I )=M 
WRI1E<6.117) IF2TEM,BV.A.H 

117 FORMAT{lH .r • .•• IS) 
IF (M . <::Q . 1) GOTO 72 
OYlI=O 
MO=CT+l 
CT=CT+M 
8UfCNT=O 
00 20 , J = MO • C T 
REA ()'(~, 118) B.C 

118 FORMAT(2F8.3) 
8UFCN'='3uFCNT+l 
8BUF (SUFCNT>= B 
CBUF(BUFCNT)=C 
x~( J)=B*UH 
YA(J)=C*UH 
OYlI=OYU+l 

:-'. 

IF (HOD(OYlI.5) .Nt:. 0) GOTfl 19 
;t Il I T E (6. 11 9) (F M. Bli .8 B U F ( I BU F) • FM. 8 H, CB U F ( r BUF ) , I BU F = 1 .5) 

119 F(lRMA T(lH+ ,11 X. 10 (2X.F*.*}/) 
Bure N T:O 

19 CON Tl NUt: 
2;) CON TI NUE 

IF (BUFCNT .NE. 0) IIRITt<Gd20) (FM,BH.98Uf<IBUF}.F~.BH. 
• CBUFcI8UF).IBUF=1·"UFCNf} 

120 FORMAH1H+ .ll X.l0(2V'F*.*)/) 
CT=CT+l 
XACCTl=XACMO) 
YACCT)=YA(MO) 

22 CONTINUE 
C END READ COORDS FOR CONTOURS 

23 CONTI NUE 
J=l 
DO 25 I=l.NO 
H3=ZA(J+U 
H 1 = ZA (J ) - H 3 
Ii 2=H3-Z'CJ+ 2) 
rl3=Hl+H~ 

20-A.3/3 



· " " 

23800 
2390 0 
24000 
24 100 
24200 
24300 
24400 
24500 
24600 
24700 
24800 
24900 
25000 
25 100 
25200 
25300 
25 40 0 

f 25500 
25600 
2570 0 
25800 
25900 
26000 
2&100 
2620 0 
26300 
20400 
2&500 
26600 
2670 0 
26800 
2&900 
27000 
27100 
H~g8 
21·4 0 (1 
27.50C 
27600 
21 700 
27800 
27900 
2800 0 
28100 
28200 
28300 
28401) 
28500 
28600 
28700 
2680 0 
289011 
29000 
29100 
29200 
2 930 0 
29400 
29500 
29600 
2970 0 
29800 
29901' 
'0000 
30 1 1)(\ 
30200 
30 30 0 
38 400 
3 500 
30& 00 
30700 
30 80 0 
30900 
3 100 0 

~H8g 
3 1300 
31400 
31500 
31600 
317 0 0 

":".: ". 

IF Oil .LE . 0) GU T[) 24 
Hl=-Hl 
H 2= -H 2 
H 3=-H 3 

24 CON TI NU~ 
Ql(I )=H3*(H 2/HI-2) 
Q2( I) =- ff3'" H3 " H3/(HI ~H2) 
Q3< )=H3*( H1/~2-2) 
J =J+ 2 

C END I LOOP 
25 CONTI NU,: 

C WHAT TO DO )lITH NEXT BOny 
REA 0(5.121) NPROB . NrPT .!l PlAC E.IiCl N Sl 

HI FORMAT(412) 
NfwPR!l =NPROB . NE . 0 
NE WCP=Ncpr . NE . 0 
RFPLAC='lPbAC E . NE . (I 
NUCNST=NC NST . NE • ., 
NF=.NOT. FIRST 
NR=.NOT. REPLAC 

C CALCULATE C. OF G. 
C T= (I 
DO 28 I=l.NC 
SUM X=(I.') 
SUMY = O.-:> 
SUMV=O.O 
M=NV (Il 
1 F (M . EQ. 1) GOT!) ?7 
MO=C T+l 
CT=CT+M 
00 26 J=MO .CT 
Xl=XA(J) 
X2= XA (J+ll 
Yl=YA(J) 
Y2=YA (J+ll 
CP= Xl"Y2-X2"Y1 
SUM-V= SUlH"CP 
SUM X= S U~X+ C P* (X 1+ X21 
s uM Y= SU!'l Y+ CP* <y l+Y 2) 

26 CON TI N tJr:: 
CT=CP l 

27 CON T1"N UE 
VCi)=SU 'W 
xAA <1 )= SUM X 
Y~A CI )=SU~ Y 
ZAA <I )= ZA( 1 )* SU MV 

C i: NO I l 00 P 
28 CON TINU" 

V 1= II'qEGl( V) 
ZL= -I NTS::GL (ZAA) IVl 
A=3 .·V1 
XL=I N.lEGL( XAA)I ~ 
YL=INTE GLfYAA )/A 
Vl=Vll2. 
XLl = XlIUH 
YlL=YLlUH 
Z II = ZL/UV 
WRITEC6. 122) V1,F~.~H.Xl L .fH.AH.YLL .IF2T EM .BV.ZlL 

122 F OR MATCI141X."-". if''('"-" . 16X." -"I" VOL UME = ". £ 10 . 4." C. C.". 
.1 6 X,"X = "'"F * .* ·,SX,"Y = ""F*."',5X,·Z = ",t*.*/} 

IF (. ~OT . Nn G n TO ?9 
WR llE(6'123) 

123 fOR MAT(57X."-".9X."-".9X.'"- "") 
\oIQITE (o>1 24 ) 

1 24 FORMA T<1H .2 9 x. "CUM l1 lATIVE : ~ASS· .10X. "X". 9)."Y". 9X ."Z") 
29 CON TI NU<: 

jjRlTE (6.125) 
125 • ORHAT<lH+ .4X."D£NST TY".4l(."MA SS") 

DI) 31 N1=1.IiCO ' 
:-1 L=OENS(N1 )*V 1 
.. IlI1[(6 )12 6 ) OENS(N 1>. ML 

126 FORMAT<1H .Fl O. 3.EP.4, 
If (.NOr. Nf) GOrQ -':0 
O=MC +Hl 
A =( MC*XC +ML*X U 10 
'3 = ( MC .. YC +M L * Y L ) 10 
C=(MC·ZC+Ml*ZL)/O 
AAH=A /U 'i 
88H =B I"U'i 
CC V=C/UV 

20-A3/4 



31800 
31900 
32000 
32100 
3220'0 

H,g8 
32500 
32600 
32700 
32800 
32900 
33000 
33100 
33200 
33300 
33400 
33500 
33600 
33700 
33800 
33900 
34000 
34100 
34200 
34 300 
34400 
34500 
34600 
34700 
34800 
3490(1 
35000 
35100 
35200 
35300 
35400 
35500 
35600 
35700 
35800 
35900 
36000 
36100 

.. , 

. 36200 
36300 
36400 
36500 
36600 
36700 
36800 
36900 
37000 
37100 
37200 
37300 
37400 
37500 
37600 
37700 
37800 
3790(1 
38000 
38100 
38200 
38300 
384 go . 
385 0 
38600 
38700 
'38800 
38900 
39000 
39100 
3920Co 
39300 
39400 
39500 
39600 
39700 

~" .' . ..... ." , 

" .-

127 
30 

WRIT[(6,1271 O'FM,B~,AAH'FM,BH.8BH,IF2TE~.8V.CCV 
FORMAT<1H" ,37 X,E10. 4,4X,F* .*,~x ,F* ,",2 X. F ..... ) 
CONTINUE L 

128 
C E NO 

31 

WRITE<6,128) 
F 011l'I-A1 ( n 
N 1 LOOP 
CON Tl NU;: 

J 

IF (.Nor. FI RST) GO TO 32 
HC=ML 
)( C= XL 
YC=YL 

Hr6t 
33 

32 CON TINU~ 
IF {.NOT. NR) GOla "13 
MC=D 
XC=A 
YC=8 

33 
C END 

ZC=C 
CONTINUE 
OF C.G. 

E 
C CALCULATE A'IOMALlICS 

1=3 
If 1 FI RS Tl 1= 2 
N C P = I N TC 5& I C1 + r .. '1 C [) ) ) 
CPC=NCP 
\::PSLNH=IjH* 1.t-6 
EPS LNV=UV~ 1.E-6 
XX= 0 
YY=o 
Z Z= 0 
DO 80 M1=1,NP 
XX=XX-X( HI) 
YY=YY-Y(MIJ 
Z Z=ZZ-Z( H1> 
CT= 0 
DO 63 I=loNC 
lA<I)=Z~(! )+zz 
I-1=N V <I ) 
IF -( M • E Q. 1> GO TO ~ 2 
110=CT+l 
CT=110+M 
00 61 J=MO .CT 
X A (J ) = XA (J ) + X X 
YACJ)=YHJ)+YY 

61 CONTINUE 
62 CONTI NU:::: 

C END I LOOP 
63 CONTINuE 

XX=X{IH) 
YY=Y<Ml> 
ZZ=Z(Ml) 
CT=Q 
DO 74 I=l.NC 
M=NV( I> 
If (H .)lE . 1) GOTO <4 
U (! )= 0 
UX(I)=O 
Uyn )=0 
UI< n=o 
Ul( I)=O 
U20 )=0 
U3(I)=O 
U4(!)=0 
U5C I>=O 
U6( D=O 
13(1)=0 
GOTO 75 

C GOlD OLD NEW! LAB EL 
64 CON TI N UE 

Zl=ZA<J) 
Z2=Z1*Z1 
aC=ABS(Zl) .GT. EPSLNV 
1'10=(.1+1 
CT=CT+11 
x1=XACI10) 
Yl= yA (MO) 
SI,/ =XhX1+Yl"Y1 

20-A3/5 
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· ...• 

39800 
3990 0 
40000 
40100 
40200 
40300 
40400 
40500 
48 6g0 
4 7 0 
4 0 BO O 
40900 
41000 
41100 
4120 0 
41300 
41400 

, 41500 
, 41600 

4170 0 
41800 
4190 (, 
42000 
42100 
4220 0 
42300 
4240 0 
4250f) 
42600 
42700 
42800 
4290 0 
43000 
43100 
4320 0 
43-30 0 
434 Of) 
43500 
4360 0 
4-.nO O 
43800 
4390n 
4400 0 
4410 0 
442 0 0 
44301) 
4440 0 
4 450 0 
4460 0 
4470 n 
4 4B 00 
44900 
4500 0 
4510 0 
4520 0 
4530 n 
454 0 0 
455 00 
45&00 
45 7 0() 
45BO O 
45900 
46000 
4&100 
46200 
4&30 0 
4 &4 on 
46500 
4&600 
4f>70 0 
HBOI) 
46900 
4700 0 
4710 0 
47200 
47 30 0 
47400 
47500 
47&00 
477 on 

. .. -

R Xl =SQRHS Q) 
A 1 = S Q R H SQ + Z 2 ) 
RlI=1 .0/Rl 
UA=O 
UX1 =O 
U Yl =0 
UZ1=0 
S 1= 0 
S 2=0 
S 3= 0 
$ 4= 0 
S 5= 0 
S 6=0 
01= a 
03=0 
DO 73 J=HO.CT 
X2= XA (J+ 1> 
Y2=YA (J+1> 
SQ=X2*X2+Y2*YZ 
A X2=SQRHS Q) 
R2=SQR H SQ + Z2 ) 
R2I=1 . 0 / R2 
DX1=X1 -X2 
OY1= YI-Y2 

'0-

R 12 =SQRT<::> Xl *OX 1+0 Y 1 · OY 1) 
P=( Xl*YZ-X2 * Y 1) I R 12 
S 0= P* P 
ZPP=Z2+SQ 
COS G= (0 l( 1* X 2 + oY 1 *y 2") I ( R 1 2* R l( 2 ) 
CIJSB = (OX!. Xl+On*Y1 )/(R 12*RlCl ) 
BA=ABS ( PJ .GT. fPSlNH 

C 84 =BIG{P-) 
IF UBSCOY1) .GT. EPSLNH ) GorD 66 

C IF (BIG{OYl» GOTO "-6 
IF (.NOT. BA) GI:' TIJ ~5 
T ER M= '( X?-o.R 2 1- Xl*RlI}/ Z PP 
oS 4= 5 4 4- TiC R~h Y1 
S 5= S5+T ':RM 
UY1=UYf+ALOG«X 2+R2) /{X1+ Rl» 

f>5 CONTINUe: 
GOrO 46 

C GOTO OLD POLAR LABEL 
66 CONTINUE 

t. N= 0 Xl/O Y1 
G l=XI-Yl.E N 
ENS Q=£N"EN + 1.0 
RT = S QRHEN SQ) 
IRT=1. 0IRT 
8B=BA . 0R. Be 
TERH=EN"Gl+IRT 
IF (. NO T. BB) GOTO '20 
$ UM=(RT"Y2 +R2+T ERH ) I( RT+yt+ Rl+rERM ) 
GO TO 321 

320 SlJM=YlIY2 
321 CON TI N~E 

~e(~~s(~~I)A;e~~s~~~LNH) GOrO 67 
C IF (.Nor-. SIG(Dxll) GOTO 67 

T ERM = G1" I RT 
IF (.NOT. BB) GOTD 322 
5UM =(RT*X2+R2*EN -T EPM }/( QT*X1 +Rl* E N-T ERM) 
GO T O 323 

322 SUM=Xl/X2 
32 3 CON TINUO: 

UY1=UY1+ehI RT*A L ~G (SUM) 
61 CON TI NUE 

IF (. NO T. SA) GClT O ~ 8 
F ACT 0 R = 1 . 0 / (£ N S 0* Z P O) 
T ER M= EN * Z2 
SUM= ( Gl"Y2 -TERM } ·R2 T-( Gl"Yl-r O: flM). R I 1 
S l=51-FACTORwSUM 
TERM=Gl"G1+Z2 
CF=Gl*Er-I 
SUM=(TERM+CF * Y2 ) *R2T -(TERM +CF*Yl} *R1I 
52 = S2 +FA.C TOR* SUM 
SUI1=([NSQ* Y2+CF )*R2T-( ENSQ*Yl+Cf>*R 11 
S 3=S3-F 4CTOR*SUM 
S UH = ( G 1" X2 + Z2 ) * R21 - ( G 1 • Xl + Z2 } " R 11 
S4 = S4-EN*FACTOR *SUM 
SUM ={ ENSQ*X2 - Gl )*R2T- ( E N3QwX1 - GU* RII 
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47800 
47900 
48080 
461 0 
48Z00 
46300 
48400 
48500 
46&00 
481 80 
488 0 
48"900 
49000 
49100 
49200 

I 49300 
49400 
49500 
49&0" 
49700 
49800 
49900 
50000 
50100 
50200 
50300 
50400 
50500 
5060 0 
50700 
50800 
50900 
51000 
51100 
51200 
51300 
51400 
51500 
51600 
51700 
51800 
51900 
52000 
52100 
52200 
52300 
52400 
52500 
52& 00 
52700 
52800 
52900 
53000 
53100 
53200 
53300 
53400 
53500 
53600 
53700 
53800 
53900 
54000 
5410n 
54200 
54300 
54400 
54500 
5.460 0 
54700 
54800 
54900 
55000 
55100 
55200 
55300 
55400 
55500 
55&00 
55700 

'-.... 
', '-. ,"" .... . -." , . 

S5=S5.FACT OR*SUM 
GOTO 70 

. .. 

68 CONTINUE 
TERH=(R2I-RII)/ENSQ 
S!'=51+TERM*EN 
S Z= 5Z. T,RM 
S4=S4-TERM*EN 
IF (.NOT. BC) GOrO 1;9 
S 3= S 3 - ( Y 2* R 2 I - yt'" R 1 T ) IZ P? 
S 5 =S5 +( XZ. RZI - X b R l! ) I ZPP 

69 C ONT 1 NUE 
70 CONTINUE; 
48 CONTI NUt. 

C OLD POLAR LABEL 
IF (.NOT. BA) GOTO .,z 
CF=Zl/5QRT(ZPP} 
8ETA=ANGLE(Xl,Y1,RX1.8A) 
GAMMA =ANGL E (X 2, Y2.R '(Z. BS) 
OPS! =6A"IM. -BE TA 

, . 

S UH=OP5 1 +A NGl H (COS G) -A NGl EE( Co SS) 
U Z1=U Z1+SUM"F SIGN (p 1 
PP=FRTCRX1 ) 
Q=FRT<RX2) 
IF (.NOT. BC) GOTO 71 
CF=~BS(P/Z 1) 
D 1= 01 +{ 4 RC (GA MM A. Q, '12 ) - A~ C ( BETA. P P • R 1 )- DPS I ) *FS IG N ( P ) 

71 CONTINUE 
I F (B A) PP = - P P 
IF (BS) Q=-Q 
UA=UA+P"A~QG«R1+PP)/(R2tQ}) 
TERM=RX2*wOSG*R2I 
C,=RX1*COSS*R 11 
G 1=(C,-TERM)*PIZPP 
56=56+G1 
SUM=CFI(R1*R1)-TERM/(R2*R2) 
D3=U3+(2.0*G1.P*SUM'/ZPP 

C I F (. NO T. B A) GOT 0 HER E 
7Z CONTI NuE 

X 1= X2 
Y 1= YZ 
RX1=RX2 
R1=R2 
RlI=R21 

73 CON TI NUE 
C EIllO J LOOP 

Cr=CT+1 
u<I)=AB$(Z1)*D1+UA 
U)( !) =UXl 
UY(I)"UYl 
U Zf I ) = UZ 1 
\J 1 ( I ) =$ 1 
U2ct )=52 
U3(!)=S3*Z1 
U4{I)=5'. 
US( I)"S5*Z 1 
U&(1)=S5 
Z3(J)=03*Z1 

75 CONTINUE 
COLD NEw1 LABEL 

74 CONTINUE 
C END 0 F I LOOP 

uA:INTEGl(u) 
UX1=INTEGL (UX) 
U Y1 = I NTEGL (un 
UZ1=-INTEGL(UZ) 
51=1 NTEGLC U 1) 
S2=INTEGl<UZ) 
5 3= - I N TE GL ( U 3 ) 
'54= INTE'iUU4) 
S 5= -I N TE GL (US) 
55= i NTEGLC UG) 
03=-INEGL<Z3) 
SUM=(Sl+S4 +S&) 
IF CCPC .NE. NCP) G nro 7& 
WRI TE (6.129) 

129 FORMAT< 1H1) 
WRITE(6d30) 

130 FIJRMATC' COMPTG PT,.SX.':;',7X. J Gl'.9X.'N'.7X. 
• • E' • 7 J(, • GZ Z' • 13 x,, V ' • 9 X • • H 1 • 9 x, ' r • • 7X .' O· I ) 

CPc =o 
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...... 
. " . .': 

',;. • ../ c_ " .'. ,.' 

55800 
55900 
50000 
56100 
56200 
56300 
50400 
56500 
56&00 
5&780 
5&8 0 
56900 
57000 
57100 
57200 
57300 
57400 
57500 
57& on 
57700 
57800 
57900 
58000 
58100 
56200 
58300 
58400 
58500 
58600 
58700 
58800 
58900 
59000 
59100 
59 20 0 
59300 
59400 
5950 0 
59&00 
59700 
59800 
59900 
6000n 
60100 
60200 
60300 
60400 
60500 
60600 
60700 
60800 
6090(1 

, 61000 
6 11 00 
61200 
&1300 
614 00 
& 15 00 
61600 
6 1700 
61800 
61900 
62000 
62100 
62200 
62300 
62400 
62500 
62& 00 
62 70 (1 
.62800 
62900 
63000 
63100 
63200 
63300 
63400 
63500 
63600 
0;3700 

76 CONTINuE 
CPC=CPC+l 

I WRITE(&'.!]!) PPC01P 
131 FORHAT(lH .I7} 

o 0 ~7 8 N 1 =1 , NC 0 
JX=JX1("ll) 
J y-=.J V 1(N:l) 
J Z= JZ 1('/1) 
DX-=DP (.51,S2,S3} 
DV=DP(52,S4,55) 
OZ=D P (53,55, S&) 
A='Ko.DENS(N I} 
G=-UZ1*A*1.E3 
GI=G-(U~*~*3.149E - 6) 
G ZZ=-D3'"A*1.E 15 
A =NUHBERd 
N=UX 1*A 
E=U Yl*A 
A=N*C5-"*SN 
E=N* 5N+t*C ~ 
N=A 
CI\LL DELTA (DX, DY,Oll ' 
WRITE(&.132) G.GI,N,E,GZl,{BBJF(IBUF),IBUF=1,4) 

112 FnRHAHIH+,l1X,2F9.?,2F8.0,Fln.l.6X03F10.0'F9.1} 
IF ( . NDT. NF .O R. N1 .NE. NCO) GHO 77 
CALL DEL H (DXC( 111) +nx, DYC( HI )+0 Y. 0 ZC( HI} +0 Z} 
GCTEM=GC(M1 )+G 
GICTEM= GIC 011 )+Gl 
NCUTEI1='lCU<Hl>+ N 
ECU TEH=ECU (Hl)+r 
G ZZ TEH=GZZC 011 >+GZZ 
WRITE(6·133) GCTEM.~ICTE",NCUTEM,ECUTEM,GZZTEM,(8BUF(IBUF},!BUF=1 

.4 ) 
133 FDRMAT(12X'2F9.2,2F~.0'FI0.1,6X,3Fl().O,F9.1) 

77 CON Tl NU"= 
WR ITE16,134) 

134 FORMA HI) 
C E 7ND Nl LOOP 

S CDNTINU£: 
IF (.NOT. FIRST) GOTO 79 
CALL PLANT(OX,OY,OZ.G,GI,N.E,GZZl 
GDTO 80 

79 CONTINU:: 
IF (Nln CALL PLANTCOXC(Hl>+DX. 

.0 YC (1'1 1 )+DY • 0 ~ C{ 1'<1) + nz, GC ( M 1 ) +G. 
• G I C (1'11)+ GI , NC U ( M 1) + N,~ C U(M 1 ) +E, GZ Z C (M 1) + GZZ) 

80 CON TINUE 
C END "'1 LOOP 
C END ANOMALIES 

FIRS T=NEWP RB .OR. NFHCP . OR . (FIRST .AND. REplAC) 
GO TO 999 

CGO TO 

C END 
C 

OLD REPEAT LABEL 
END 
MAl N PROGRAM 

E 
c 
E 

C 

INSERTED RA~IAN IN LINE FOR SPEFO 
REAL FuNCTION RAOIAN(A) 
RAOIAN=~*O .01745329' 
RETURN 
END 
REAl FUNCTION INTEG ' (A) 
DIMENSION A(2) 
INTEGER K, J 
REA L !, 'A 
COMMON IINTGRL/ Ql(7},Q2(7),Q3(7).NC 
1=0 
K =1 
J=l 

to CON TI NUE 
II=Q1(K)"A(j) 
J=J+ 1 
W=W,.Q2 ( K)*A{J ) 
J=J+l 
1=1 +W+Q3<K )*A (J) 

'K =K + 1 
IF (K-NO .LT. 1) GOTO 10 
I NTEGL=I/6. 
RETURN 
("ID 

"~-'-.'~'.~~ 



...... 

63800 
63900 
64000 
6li100 
6~20(l 
64300 
&4400 
64500 
64600 
64700 
6480~ 
64900 
65000 
65100 
65200 
65300 

• 65400 
65500 
Eo S 601) 
65700 
65800 
65900 
66000 
6&100 
60200 
66300 
66400 
6650(\ 
66600 
66 700 
66800 
66900 
67000 
67100 
67200 
67300 
67400 
67500 
6760(\ 
6 770 0 
67800 
67900 

~gf88 
68201) 
Gil 300 
63400 
68500 
68600 
68700 
6asoo 
68900 
6900(1 
6910G 
69151) 
Eo 9200 
69300 
694 CO 
69500 
69600 
69 70 0 
6980() 
6 99 O~ 
70000 
70100 
70200 
7030 0 
704 on 
70500 
70600 
7070 0 
70S0n 
70900 
71000 
71100 
7120 0 
71300 
71400 
71 500 
71600 
, ......... _- _. 

: .. 
~ , . : .. 

.: ... : 

C I NSf.RTEO BIG IN L INf FO" SPEED 
E [g~IlIE~B~~G(XA) 
C COHMON IBIGC OM I EPSlNH 
C BIG=ABSexA) .GT. f.P<;UIH 
C RETURN 
C 

c 

c 

c 

E NO 
REAL FU1CrION ANGL E rXA.yA.R. B) 
LOGICAL B.BS 
COM H 0 N I WK S PIP P • Q • W • S 8 • P • P I BY 2 • 0 Xl . en. PI. C F • S Q 
W=ABS(Pl/P' 
If · tW . GE. 1.) GOTO 10 
W=ARsrN(W) 
GO TO 2C· 

10 W =P I B Y2 
20 CON n NUt: 

8= (XA*DX1+YA *OYl) .IT. O.C 
B8=8 
I F(88 I '1=;> I-w 
A NGl E =W 
RE TURN 
<: '10 
REA L ru~crION ANGL(F(CCOS) 
COMMON /WKSP/P P. Q.W.QB.P.?I8Y2.0Xl.OY1.PI.CF . SQ 
lOG IC n 83 
W =C F*CC OS 
IF cASSOil .L T. 1.) GOTO 1 0 
A NG lEE =F S I G N { W ) *1" I B Y 2 
RETU RN 

10 ANGlEE= .~RSIN(W) 
RETURN 
(NO 
REAl FUNCTION FRHR) 
COMMON IWKSP /PP. Q.W.B8.P.PIBY2.0X1 . 0YloPI.cr.SQ 
LOG I CAL 89 
W=R*R-SQ 
F RT =0 
IF 01 . 'iT . 0) FRT=SQRT(W) 
RETURN 
ENO 
REAL FUNCTION ARC(ETA.l.RRI 
REAL ET4 .L .RR 
COHMON IWKSP/PP.Q . W.B8.P . PIBY2.0Xl.VY1.Pi.CF.SQ 
LOG IOL B8 
If (l .lE . 0 .) GOT" 1C 
W=PIBY2-ATAN(CF*RR /U 
IF (ETA .L T. PI8Y2) 11=-'" 
A RC=W 
RET URN 

10 )/=0 
A RC =W 
RETURN 
E NO 
R~AL FU~CTION OPCA·B.C) 
Rt.Al Jx.Jy. Jz 
COMMON IFCTDP/JX.JY.JZ 
oP= JX*A+JY* 8+ JZ*C 
RE TURN 
ENO _ 
SUBROUTIN~ OELTA(Ox.DY.OZ> 
REAL Xl. YT. ZT .H.HAti.FAN.OA/'I 
COMMON IOlTA/N1.XN(10).YNC10}.ZN(10).8~UF(5). 

• 0 N ( 10 ). HN( 10 ), F N ( 10) • A Z 
X r=OX+X~(N 1) 
YT= Oy+ y~( N 1) 
Z T= OZ+Z"I(N 1) 
H=S QR H Xl" XT+ YT*YT) 
H=RMOD (){T. YT) 
H ~N =H -H~(N 1) 
F AN =SQRf(!1"H+ ZT"zr )-FN( Nl) 
FAN=RMOO(H.ZT)-FN(N1) 
DAN=60 . 0*(S7.295779~*ARSIN(YT/H)- ON (N1)+AZ) 
BaUr ( 1)=Dz 
8BUF (2) =HA N 
88UF ( ~)=FA N 
BB UF{ 4 >=OA N 
RETURN 
(NO 

C PLACED IN LINE FOR SPEED 



71700 
71800 
71900 
72001) 
72100 
7220Q 
72300 
72400 
72500 
72600 
72700 
72800 
72900 
73000 
73100 
7320(1 
73300 
73400 
73500 

I 73600 
73700 
73800 
73900 
74000 
74100 
74200 
74300 
74400 

CREAL FU'lCTION RMOO('1A,YA) 
C RMOD = SQ~TCXA.XA+YA*YA ) 
C RE TURN 
C E NO 

, - .- ; 

SUBROUTINE PLANTCA.R,C.O.PP.Q, RR . S I 
REAL A.~CU.B.C.O.PP.Q.RR.S 
COMMON IPLNT/M1.DXC flOOJ.DYC<!OO), OZC(100), 

• G Ie Cl 00). NC U ( 100) • UU ( 100) • GC (101) • G ZZC ( 100) 
OXC{Ml)=A 
G IC (M 1) =pp 
DyC (Ml)=B 
NCUCMll=Q 
02C(M1)=C 
ECUCM1)=RR 
GC( M1)=O 
G nC C M1>=$ 
RET UR N 
END 
REAL tU~CTION FSIGNfA) 
IF (A . /C\). 0.) GOTD 10 
If CA .GT. 0.) (;OTO 20 
t 51 GN=-l. 
RETURN 

10 F 51 GN=o 
RETURN 

20 ~H3~N1 . 
£ND 
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".C •• 
.- ,'.-.' 
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~fILE: U2588 (04/0&/8U 

100 
200 
300 
400 
500 

~8t 
800 
900 

1000 
1100 
1200 
1380 
14 0 
1500 
HOD 
1700 
1800 
1900 
2000 
2100 
2200 
2300 
2400 
2500 
2& 00 
270 0 
28g0 
29 0 
3 000 
3100 
320(1 
3300 
3400 
3500 
3600 
3700 
3800 
3900 
4000 
4100 
4200 
4300 
4400 
4500 
4& 00 
470 0 
48 00 
4900 
500 ('1 
5100 
520 0 
5300 
5400 
5500 
5600 
5700 
5801) 
5900 
600 0 
,,10 () 
b20 0 
630 n 
6400 
6500 
6600 
670 1.1 
680(' 
6900 
7000 
7100 
720 fl 
730('1 
7400 
7500 
7& 00 
17 00 

SSE T $ 
$SET LINEINfO 
$RE So T fR EE 
flLE i)(KINO=PRINTER) 
fILE 5CT ITLE="U 1776/(lATA",KIND=pA CJ(. FIL EHPE=7> 
C U25 88 SOLIO 3-1) GRAVlTA TI ONAl ATTRACT! ON 
E '{RANSLATEOGt~g~ ~~tr~:Gf'lL VE~S ION 0.5. I.R. GEOPHYSICS OIVISION. 

C TALWANI METHOD FOR CALCIJUITING THE GR ,4 ~ITY AN3 MAGNHIC EFFfCTS 
C DF A BOOY OF ARBITRARY ~HAPE APPROXIMATFO By POLyGONAL rON TOuRS 
C VIDE TALW l NI,EwING.1959: 
C <RAPIO COHPUTA HON OF GIlAVITlONAL ATT R HTION OF THREE -O TMENSIONAL 
C BODIES OF A'l8ITRARY S'iAP(> 
C IN GEOPHYSICS, VOL. XXV, NO.1 (FEB RUARY 196 0 ). 
C TALWANI . !o! .. 1964: 
C COMPJTATION W!TH TH E 'i E LP OF A DI GITAL COMPUTER OF MAGN ETIC 
C ANOMALIES C,AU5tO BY BOOT ES (1F ARBITRA~Y SHAPE> 
C IN GEOPHynCS, VOL. xxx. ~('. 5(OCTOBER 1965). 
C PROGRAMME w'lITTEN BY '1.~. SAUNOERS,O.Sd.R. APPLIFO MATH~MATICS 
C DIVISION , SEPTEMBER 190& ••• AND ALTERED FOR THt UNIVERSITY OF 
C PSMflNIA B6700 By R.G. "ICHA~D-S{1N <197 8 BOTH ALGOL AND FORTRAN) . 
C GRAVITY ONLY 

LOGIC~L NEWPRB,NEWCP,R[PLAC.NtlCNST,FIRST,NF.NR 
I NT f Gf R 1, B U F C NT, I B IIF , J, M 1 , N 1. J HI, U V 1 • N p, N C • N I). 

• NCO.FM.M,AH, BH.AV,~V,NP~OB·NCPT· 
• RPLACE·NCONST.CT,Mf'I.OY1I.NCp,CPC 

REAL UH, UV' XX,YY,ZZ.X1, X2, Yl.YZdI. 
• PIBY2,AZ,K,NUMBER,H1.H2''i3.MC.XC,YC.ZC.A,B,C,O.SN.CS 

REA L SC AL £ (7 ). V(1 0 "). BB 'J F <5 ). C BUF (5) , X{ 100) • Y( 100) • Z< 100) • 
• GC,GIC.NCU,ECU,GZU, 
• OENS(10),XA( 450},yAt450l.ZA-(15bQl,Q2.Q3 

INTEGER A 1(7 ),B1(7 ),PPC(1 0 1 ).TlTLE( 80).NV( 15) 
REAL XAA(ZOO),YAA(zno).ZAA(200l.Xl.YL.ZL.ML,CP. 

• S UM X, SUM y, 5 UH V, V 1 

C
c (AA.HA.ZAA.U,UX, •• ,73 ARE 0IM EI/SIONED TO LARGEST 

NUMBER OF r;ONTOURS 
REAL UnOO), UX( 100 ) .un 1::1;) ,UZ< 10, ), 

• Z 3< 100), W, ,U Xl, un • II Z 1 , 
.01. D3,TERM,SUM, ZhJ?,RX1,RX2,R12. ,~ 1.R2,Rll,R2I. 
• E P S L N H, EPS LN V ,S Q, C r- ,0 X 1 , ')Y 1 • EN • G1 • ENS Q, R T • P • Z P P , 
• IRT,COSG, COSB .BErA. GAMMA,OPSI. lNTEGL, G. GI. N,E. GZZ 

lOGICAL BA,aB.BC 
R"AL pp,g, W,NCUTEM 
COMMON II~TGRLI Ql(7),Q2(7).Q3(7). NO 
COMMON lio/~SP/PP.Q,W.BB,P.PIBY2'O)(l 'DYl,PI.eF. SQ 
COMMON IPLNTI M1, 

• G I C ( 1 00 ), N Cue 10 (\), E r U ( 10;) • G C ( 1 0 0 ) , GZ ze ( 100 ) 
SCM.£(5)=1 . E5 
SC4LE(4)=182.97984 
SCALE(&)=160934.3 
SCALE <1 )=1.£2 
SCALECZ)=30 .47 9973 
SCALE (3)=91.4 399 
SC'HE(7}=185316. 2 
K =6.673<: - 8 
A l( 1) =6 
Al«)=& 
A l( 3) =6 
A1(4 )= 6 
Al<S)=3 
41< 6)=3 
.1.1(7)=3 
8 t( 1) =0 
B1<2}=g 
9 1(3)= 
B1< 3) =0 
0 1(4)=0 
B1(5)=3 
81(& )=3 
B 1(7)=3 
P 1= 3.1415926536 
PIBY2=PII2. 
NUMBER= -57. 29577 9 5 * ~6Q O ./9 80 . 
NEWPRB=. TR uE. 
NEIIC P =. TRUE. 
NUCNST=.TRUE. 
FlRST=.TRUE . 
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7800 
790 0 
8000 
8100 
8201) 
6300 
6400 
8500 
8600 
8700 
8800 
8900 
900 0 
9100 
9200 
930 0 
940(1 
9500 
96 00 
9700 
9800 
9900 

10000 
10100 
1020 0 
10300 
1 0 40 0 
10500 
106 00 
10100 
10800 
1 0 90 0 
11000 
111 00 
1120 0 
11300 
11400 
11500 
11600 
11700 
11800 
11900 
12000 
12100 
12200 
12308 1240 
12500 
12600 
12700 
12800 
12900 
1300 0 
13100 
13200 
13 3 8" 134 0 
13500 
1360 0 
13700 
1380 (\ 
13900 
14000 
14100 
14200 
14300 

U~83 
1460 0 
1470 0 
14800 
14900 
15000 
15100 
15200 
15300 
15400 
1550 0 
15600 
15700 

. . ' . 
~ . .~:. 

999 CONTINuE 
C OLD RHEA T LA BE L 

IF ( . NOT . NEwCP) GOTO 14 
C READ COMPUTiNG PO INT S 

IIRI TH6dO 0) 
1 00- F ORMAT U /37X," D . S .I. R. G ~O PHYSrC S DI VI S I ON "!3 0X ,"TH REE -DI IF", 

."NSIONAL GRAvITY AWl MAG "nICS EFFECTS") 
ilEA 0( ~,1Q1> lITLE _ 
IIRI TE (6,101) TfrLE 

1 0 1 FORMAT<lX,80A1) 
READ(S,102) UHl,UV1,AZ 

1 02 FGRMAT<212,F4ol) 
rlRITE<6,103) UH1,UV1.AZ 

1 03 FORfoIAT(/" HORIZONTAL UNIrS:".n, 6X ."V ERTlCA L UN ITS:".I3, 
. 6X,"AZl MUTH:",F5. 0 ," DEG .~E ES ") 

A=AZ*0 . I)174532 93 
C A=RADIA'l(AZ> 

SN=SIN(O 
C '5= COS (~ ) 
UHl =UHh1 
IJ V.1=UV1+1 
AH=Al (UHll 
BH=81(UHl> 
A V= II 1 (UV II 
BV=BlCUn) 
UH=SCALE(IJHl) 
UV=SCAlE<lJVl) 
WRITE{60104) 

104 F(lRMAT(!" COM PUTI NG POINTS :"/5 ;1. ," NO ",7X,·X",9X,"Y·, 9X ,"Z") 
1=0 
NP=Q 

10 CONTI NUE 
1=1+1 
NP=NP+1 
REA 0 ( 5.t 05) P PC Cl ) • ~ , 9 , C 

1 05 FORMAT<I4dF8.3) 
IF (P PC (1) . l 1. 0 ) r, 0 TO · 11 
I FIT E 1'1= 1\ H+ 8 '1+ 4 
1 F2 TEM=AV+ B V+ 4 
WRITE(6,10 6) PPC(!) dF1 TC/o"BHd , B, IF2TOt,BV.C 

106 FOR MAHIX, 16' 2F ... *,F • •• ) 
A=A+1 . E-6 
X(l)=A*IJH 
Y< I )=8*UH 
Z(!)=-C*UV 
GO T 0 1 0 

11 1=1-1 
NP=NP-l 

C ::: t.j0 REA 0 CO HPU TI N G Pc. I N T S 
14 CONTINU:: 

IF (.NOT . "IU CNS T> G"rO 16 
C i!~AI) CONSTA'ITS 

RE A0('5,107) NCO 
107 FOflMATCI2) 

IF (NCO . LE . 0 ) STOP 
WRITE.<6dOo ) 

1 011 F ORMAT<1Hl) 
C NEw PftGE 

WRITE (6, 10 9) 
109 FO RMATUI" CONST IIN T":"/6)( ," DE'lSIT Y") 

00 15 N1=1,NCO 
RE: AO(Sd1 0 ) DENS ( 'l l) 

110 FORMATCF6.3) 
WRITE (od11) DENSOn) 

111 FORMAT<1X.Fll.3) 
15 CON TINU~ 

C ('10 RE AO CO~ST ANTS 
16 CONTINue. 

C NEw BOOY 
WRIT[(6d12) 

112 FORMA T<lHl) 
C S~IP TO TOP OF F ORM 

~RITE(6.113) 
113 FORMAT<" BODY:"/6X,"Z",5X,"NV",6X,5(-X",8X."Y".10X» 

RfA DC 5, 114} NC 
114 FOR MAT<I3) 

I=NC-l 
NO = INT< I/ 2 ) 
IF (2*NO . EQ. 1) GO TO 17 
WR IT E (6011 5 ) 
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". '.j. 

. . . ' ;. ~''-.' ;; :,; . 

15 8 00 
15900 
16000 
16100 
16200 
16300 
1640 (1 
16508 1660 
16700 
1680 /) 
16900 
1700 0 
17100 
1720 0 
17300 
17400 
1750 0 
1760 0 
1770 0 
17801) 
17900 
18000 
16100 
18 20 e 
18 30 0 
18 40 0 
18500 
18 600 
18700 
1880 0 
18 900 
19 00 0 
19100 
1 9 20 0 
19300 
1940 0 
19500 
1960 0 
1970() 
198 0 0 
19900 
2000 0 
20188 ~ 02 
20 300 
~ 04 0 0 
20500 
2 060 0 
2070 0 
2080 0 

. 2090 0 
l 210 00 

2 110 0 
2120 0 
? 130 0 
2140 0 
2150 0 
2 160 0 
217 00 
2 180 0 
2 190 0 
2 2000 
2 21 00 
22200 
2230 0 
22 40 0 
22500 
2 2600 
2 2 70 0 
2280 0 
2290 0 
2300 0 
23 10 1) 
2 320 0 
23300 
23 4 00 
2 350 0 
23 60 0 
2 37 0 0 

': . ,. 
.-.. ' 

. "" .. ' . ; ..... -" . ·f· 

115 FOR MATe" SH OULD BE r oo NUM B ER OF LA YERS ") 
5 TOP 

17 CONTlNUS 
C T= O 
IF2TEH=.H·SV+ 2 
F M=AH+B'i+ 2 
00 23 I=I.NC 
REA D(~.116) A. M 

116 FORMAr<F8.2.J4) 
ZA<I>=- AwUV 
NVC!>=M 
WRIr-E(6.1l7l IF 2 TEM .BV.A. M 

117 F ORMAT<IH .F * .*. IS ) 
I F (M . SQ. 1> GOT" '2 
DY1I= /) 
MO = CT+l 
CT =CT+M 
BUFCNT=O 
00 20 J=MJ ,Cr 
RE AO'(S-118 l 8 , C 

118 F ORMAT(lF8 .3) 
BUFCNT='3uFCNT+l 
BB UF ( 8 UFCN n = B 
C SU F ( SU FCN T ) = C 
XA(J)=B"UH 
YH J) =C"UH 
O Yl!=OYlI+l 
I F (MOO(OYlI. S l . NE . 0 ) GO TO 1 9 
WRIT[(6,119) (F M, BH . B8u F cI BuFl . F"I,BH,CaUFC I BUF),I BUF=1, 5 ) 

119 F O Rr~1\ T(1H. -11 ) ,1 0 ( 2 ~'F " , " }/) 
B UF C NT=~ 

19 CON Tl NU '.: 
20 CON TINUE 

IF (BUFC'~T . NE . 0 ) WR I TE ( 6 d 20 ) c F H. SH, BBU F(lB UF>,F M, B ft, 
• LBuF (I BuF), I BUF= 1, quFC NT) 

1 20 FO RMATC1H.dlXd O<2lC 'F * . * 1/) 
CT=CT+1 
XA{ C Tl= (A O t O ) 
YA<CI1=YA(MO} 

22 CON T NuE 
C E NO RE A 0 COaRDS F OR CD N" OURS 

23 CONTlNU -:. 
J=l 
00 2S I=1, No 
rl3= ZA cJ+ 1) 
ft l=ZAfJ )-rl3 
H2=H3- Z~ (J+2) 
H 3=ft1+H 2 
I F Pil .LE . O } GDTD 2 4 
H 1 = -H 1 
H2=-H 2 
'i 3= -H 3 

24 CO NTINU~ 
Q l( n=H3*C HZl ft l-2 ) 
Q2 (} )=- '~3*H3 .. H3 /C H l .H 2) 
Q 3( 1 1 =H 3 *( H 1/ H 2 - 2 ) 
J=J +2 

C dlO I L OOP 
25 CON TI NUE 

C WHAT TO 0(1 ~lT H NE XT fl On y 
RfAO (5.t21) N P RflB , NCP T, Rf'LAC E .,~ C j~ S T 

1 21 FOR HAT<4I2 ) 
"IE WPRB='4PROB . NE . 0 
i'jEWC P=N·:PT . NE . 0 
REPLA C =~ PbAC E . NE . n 
NUC NST= NC NST . NE . n 
NF=.N OT. FI RS T 
NR=.NOT. Rf PL AC 

C C 'LeULA TE C. OF G. 
CT= O 
00 2 8 I=l. NC 
S UMX = I' . !) 
S UH Y = 0 . 0 
S UMV= O. O 
'I =N V C J) 
IF CM . EQ . 1) GOr D '?7 
MO= C T + 1 
CT= CT+H 
00 26 J = M() , Cr 
Xl= XAeJ) 
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~3800 
2390 0 
24000 
24100 
2420 0 
zH OO 
24400 
24500 
24600 
24700 
248 0 0 
2490 
25 000 
25100 
25200 
25 300 
25 40 0 
2550 0 
25600 
2570 0 
25800 
2590(; 
26000 
Z6 l0 a 
26200 
26300 
2640 ~ 
26 500 
26600 
26 70 0 
26800 
2690 0 
27000 
27100 
27 20 0 
27300 
27 4 01) 
27500 
276 Of) 
277 00 
27800 
27900 
28000 
28 1 00 
28200 
28300 
28 40 0 
285 0 0 
28600 
28700 
28800 
28 90 0 
2 900 0 
29 100 
29201) 
29300 
29 40 0 
29 50 0 
29&00 
29700 
29800 
29900 
3000(' 
3010 0 
~020" 
3030 0 
3 04 00 
30501) 
30&0() 
30700 
30 !laO 
30 90 0 
31 00 0 
311 00 
3 1200 
31308 3140 
3150 0 
31600 
31 700 

.i, . 
" .' .. 

X2=XA(J+1l 
Y1=YACJ) 
Y2=YA (J+l) 
CP=X1*Y?'-X2*Y1 
SlJMV= SUMV+CP 
SUMX=SUMX+Cpw(X!+X2) 
SUMY~SUMY.CP*(Yl+Y21 

26 CONTI NU:: 
CT =CT+1 

27 CONTINUE 
vO )=5UIoIV 
XAA CI -):5 U~ X 
OH I )=SUM Y 
ZAA (1 )=ZA( I ) *SUMV 

C END I L OOP 
2'1 CON TINU :: 

'11=! NTEGU V) 
ZL= - INEGL (ZA A) IVI 
A=3.*V1 
XL=I NTEGU XAA )/ A 
yL= I NTEGL( yAA)1 A 
Vt= V1I2. 
XLL = XL/UH 
YLL=yl/UH 
ZL L = ZlIUV 
wRI TE{6,122) V1,FM,~H,XLL,FM,Brt,YLL,IF2T EM ,BV'ZLL 

1~ 2 FORMAT( 1141l(,"-",1 6X, "-">t &x,"-"I" VOLUI1 E = ", E 10 .4." C.C.", 
.16X,"X = ",F * .*, 5X ,"y = ·,F*.*,Sx,"Z = ",F*. * I> 

IF <.NOT. Nf) GOrD :>9 
WRI T(6.123) 

1 2 3 FOR MAT ( '57X , ~ - " , 9X , " -" , 9 X , " -" ) 
WRI TE(6.1 24 ) 

1 24 FORM AT <1H , 29 X,"CUMIILATIV[: MASS· .10X," x·, 9X ,fty~, 9X,"Z") 
29 CON TlNU~ 

~RrTf.(6,125) 
125 FOR MAH1H.'4 X' '' OE.NSTTY~'4X'''MASS·) 

00 31 N 1 =1 , NC 0 
ML =OE NSUI1 )*v 1 
WR ITE<6,12& ) DENS(Nt),ML 

1 26 FORM AHIH ,Fl 0.3,EP.4) 
IF <.NOT. NF) GOTLl 30 
D=MC +ML 
A=( MC*XCHiL*XL> I D 
8=(M C* YC+ML*Y L l/D 
C={MC* ZC+Ml*ZU/D 
AAH =A IU fi 
B8H =B I Uf1 
CCV=C IU'I 
WRITE(6,127) D , FM,Bf1,AA~'FH,BH , BBH,!F2rEM, 8 V,CCV 

1 27 FORMAT<lH.,37X,E10.4,4X.F*.*,2X,F*.*,2X,F .. . *) 
30 CON Tl NU:: 

WRI TE(6.12 8 ) 
1 28 FORMAT(/) 

C <:ND Nt LO OP 
31 CON TI NU;:: 

IF (.NOT. FIRST) GOTD 32 
IiC=ML 
XC = XL 
yC = YL 
ZC=Z L 
GO TO 33 

32 CUNT I NUE 
IF (.NOT. NR ) GOTO ~ 3 
MC= 0 
XC =A 
YC=B 
Z c=c 

33 CON TINUE 
C t:NO OF C. G. 
C 
C 
C CALCULATE ANOMALI ES 

1=3 
I F <FIRST) 1= 2 
~CP =I NT (5&/(1+ I*NCU» 
C'PC=NCP 
EPSL N H=UH" 1.E - 6 
E P S LNV=!J 'I " 1. E-6 
XX= 0 
Y Y= 0 

20-A4/4 
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118 go 
H9 I) 
~2000 

~H88 
~H8g 
32501) 
32600 
32700 
3~~8() 3. il 
~.30-00 
33100 

I B200 
33 3 00 
B400 
33500 
B600 
B700 
B800 
33900 
34000 
34100 
34200 
34300 
34400 
34500 
34600 
34700 
34801) 
34900 
35000 
35100 
35200 
35300 
l5400 
.)5500 
35600 
35700 
35800 
35900 
36000 
36100 
36200 
36300 
36400 
36500 
36600 
~6700 
y6 8 Oil 
36900 
37000 
37100 
37200 
37301) 
37400 
37500 
37 (, 01) 
37700 
37801) 
37900 
38001) 
38 10 0 
38200 
38301) 
38400 
38500 
38600 
38700 
,8800 
3890!) 
39000 
39100 
39200 
39300 
39400 
39500 
39(01) 
39700 

. " . 

Z Z=o 
DO 80 Hl=l,NP 
X~= XX-X{M1) 
YY=YY-Y(Hl) 
Z1= Zl--l{Hl ) 
C T= 0 
DO 63 l=l.NC . 
ZAn )=Z~(! )+ Z Z 
i't=NV(I} 

" . ... ..:....: . 

IF (M .EQ. 1) GOr3 ('.2 
HO=CTf1 
(;-'T=1Hi +M 
o 0 6 1 J = MO , C T 
XA( J) =X~(J) +X X 
yA(J}=y~(J)+yy 

61 CONTINUe:: 
62 CONTINUE 

C END 1 lOGP 
63 CONTINUO: 

XX= X(!H) 
:( y=Y( In) 
Z Z= Z ( H 1 ) 
CT= 0 
00 74 I=l,NC 
i'1=NvcI ) 
If eM .NE:. 1> GCllO 64 
U( I)=C 
UX(I)=O 
UYCI )=0 
U ZO) =0 
Z3tI>=O 
GOT 0 75 

C GOrD OLD NEwI LABEL 

C 

C 

64 CON TI NUF. 
Zl=ZA<Il 
Z2= Z1*Z1 
BC=ABS(ll) .GT. EPSlNV 
MO=CT+1 
CT=CT+H 
Xl=XA(M:Jl 
0= YACHO) 
SQ=XhXl.Y1*Y1 
RX 1=SQRT(SQ) 
Rl =SQRT<SQ+Z 2 ) 
RlI=1.0/R1 
uA:O 
UX1=O 
:JY1=O 
U 21 =0 

8!:g 
00 73 J=110,CT 
x2=XA (J+lJ 
Y2=yA (J+1) 
SQ=X2.XZ+YZ*Y2 
RX2=SQRHSQ) 
R~=SQPT<SQfZ2 ) 
R2 I=1.O/R2 
Ox1=XI-X2 
DY1 =Y1-Y2 
R12 =SQRT<OX1* OX1+DY1*OY1} 
p = ( Xl * Y2 -x 2* Y 1) I R 12 
S Q= P* P 
zpp= Z2+SQ 
C r) S G = ( 0 Xl. X 2" 0 Y 1* Y 2 11 ( R 1 2* R X 2 ) 
COS B = (0 X 1* Xl" 0 Y 1 *y 1) 1 ( R 12* R X 1) 
8A=~BS(P) .GT. fPSLt.lH 
8A =BIG(P} 
IF (A8S(DYl) .GT. EPSLt..H } GOr n 66 
IF (BIG(OY1» GCTQ 66 
IF (.NOT. SA> GOTI) F,5 
UY1=UYl+AL OG( <X2+R2'/( XPR1}} 

65 CONTINUE 
GOT 0 48 

C G(lTO OLD POLAR LABEL 
66 CONTI NU£ 

EN= OXI/DYl 
Gl=Xl-Yl;'[N 
ENSQ =EN*EN+l.O 
R T = S Q R T< EN S Q ) 



",' 
;;.~ , 

, ,,:'~: .' 

39800 
39900 
40000 
tg~gg 
'O~OO 
40 4 00 
40500 
40600 
40 7 00 
.0800 
40900 
41000 
41100 
41200 

I 413 00 
41400 
41500 
Q600 
.17 O{l 
41800 
H900 
HOOO 
42100 
42200 
42300 
42400 
42500 
42600 
42700 
4280 0 
42900 
43000 
43100 
43200 
43300 
43400 
43500 
43600 
43700 
43800 
43900 
4~ 000 
4410t) 
44200 
4430 0 
4440 0 
445 00 
44600 
44700 
44800 
44900 

, 450 on 
45101) 
45200 
4530 0 
4:'400 
45500 
456( 1) 
45700 
4580 0 
459 CO 
46000 
4bl0 l) 
4620 0 
46300 
4640 n 
46500 
46600 

i~~gg 
46 9 0(1 
47000 
47100 
47200 
47300 
47400 

H~88 
4770 0 

• ".' < ~ •. 

:;.. :".:~ :~:- .~ . 
;0. • " 

... ; 

IRT=1.0/RT 
8B=BA .JR. BC 

,. 
.., .. "~ ... " . 

;,' 

T ER M = EN" Gl " I fl T 
IF ( . NOT . BS) GOTO ~20 
SUM=(PT*Y2+R2+T £RM)/(RT*Yl. Rl +TER~ } 
GOTO 321 

320 SUM= Y 1 / Y2 
321 CONTINUO;: 

UX1=UXI - IRT·ALO G{ S U~) 

C 
If CASS(OX 1> .LE. EPSbNH) GOTa 67 
IF ( . NOr . BIG (0 XlJ) G T a 6? 
TERM=G l .,zR T 
IF ( . NOT . BB) Goro ~22 

J. 

S UI1= (RT* x2+ R2*E N-T E PM) I (~T " Xl +R 1*: III - TE R 11) 
GOTO 323 

322 SUM= XI/X2 
323 CONTINUE 

~Yl=UY1+EN·IRT*ALDG (SUM) 
67 ~ONTINU"= 

IF ( . "'OT. SA> GDTO "'8 
GOT 0 70 

68 CON TI NuE 
69 CONTI NUE 
7Q CONTlNU~ 
48 CONTINU~ ~ 

C OLD POLAR LA8EL 
IF ( . NOT . !lA) GnlCl "2 
C f = Z 11 S ~ RT (l P P ) 
B £: T A = ~ NGU: ( x 1 , Y 1, R X , .8 A ) 
GAM 11 A = AN GL E ( X 2, Y2, R )( 2, B B) 
OPSI=GAMM~ - BETA 
SUM = DPS I +A ~GL EE (C OS G) -A NGL EE (C'O 58 ) 
UZ1=UZ1+SUM*F SIGN(P) 
PP=FRH'lX1 ) 
Q=FRT (RX2) 
IF ( . NOT. BC) GOT) 71 
CF=~BS(PIZ1) 
D1=D1+('RCcGAMMA,Q'~2)-A~C(B E T ~ , PP ,R1)-O~S I)*F S I GN CP) 

71 CON TI NU::: 
IF (B~) po= _pp 
IF (BB) Q=-Q 
UA=UA+P-ALDG{(Rl+PP)/(R2+Q» 
r ER M=RX2" C OSG"R2! 
CF =RX l*COSB*RlI 
G 1= (eF-TER M)* P/ZPP 
S liM = C F I ( R 1 .. R 1 ) - T£ R M I ( ~ 2 *~ 2 ) 
03= 03 +{2 . 0 *G1 +P*SUM)I Z PP 

elF (.NOr. BA) GOTD fi£ 1lf 
72 CONTINUe: 

x 1= X2 
Y1=Y2 
RX1=RX2 
R 1= R2 
R1I=RZI 

73 CON TI NUt. 
C E NO J LOOP 

CT=CT+l 
un )=ABS(Z1 ) *D 1+uA 
UX(1)=Uq 
un n =UYl 
u Z ( I ) =U Z 1 
Z 3( 1) =03*Z 1 

75 CON TINuE 
COLD NEW I LA8EL 

74 CONTINU:: 
C E NO 0 r I UJOP 

VA = r NTEGL( u) 
Ul(l=INT~GL lUX) 
UY1=INTt.GL (UY) 
U Z 1 =- I N T£G L ( U Z ) 
03=-INT£GL (Z3) 
IF (CPC . NE . NCP) GnTO 76 
WRITE(6.129) 

129 FORMA H1H1 ) 
wRI T£(6.13 0 ) 

131J FORI'IATC' :llMPTG PT', 8 l(,'G',7l(.'GI',9X,'N',7x, 
• 'E' , 7 X, • G Z Z' ) 

CPC=O ' 
76 CON Tl Nul: 

C pc=c PCq 
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,7800 
17900 
~6000 
,6100 
48200 
~8300 
.6400 
48500 
.8&00 
~al8° .88 0 
m'gg '" 
49100 
• 9"200 
49300 
4940 0 
49500 
\9&00 
.9700 
.9800 
.9900 
~9950 
iOOOO 
50 10 0 
50200 
j0300 
50400 
i0500 
50&00 
50700 
50800 
5090 0 
51000 
5110(1 
51200 
51300 
51400 
51500 
51600 
j 17 Ot') 
51801) 
51900 
52000 
52100 
52200 
52300 
52401) 
52500 
52600 
52700 
52800 

I :; 2900 
53000 
53 1 00 

~H8S 
53401) 
53501) 
53600 
5370(1 
53800 
53900 
54000 
54 10 0 
54201) 
54300 
54400 
54500 
54600 
54700 
54800 
54900 
55000 
551 00 

~?!88 
55400 
55500 
55601) 

WRITE C6.131} PPC(M1) 
131 FORMA TCIH .In 

00 78 N1=1.NCO 
A =/1." OENS{N 1) 
G=-UZ1*A*1,E3 
GI=G - CUA!'_~"3.149E - 6) 
G ZZ = - 03* A* 1. E 15 
,~=NUM8E'l·A 
N=UXlt·A 
E=U Y1.1':A . 
A=N*CS-€*SN 

- E :N·..-s-t! +f.lt>e-5 -' 
N=A 
WRITE.C5d32} G.GI.N.E.Gzz 

132 FORMA T<1H+, 11 X, 2F9.;>. 2F8. 0. F10.1) 
IF C.NOT. NF .OR. Nl .NE. NCO ) GilTO 77 
GCTEM=GC (M 1 l+G 
G ICTEH=GIC CHI )+G1 
NCUTEM='lCU (HI )+ N 
EC'U TE M=F'CU {l1l )+f 
G ZzH M=GZZC (M 1) +Gzz 
wRITE c6.133) GCTEM.~ICTE~'NCUTEM .ECUTEM. GZZ TEM 

133 FORMAT<12X.2F9.2.2F~.O.FlO ol) 
77 CON TI NU': 

~RITE<6.134) 
134 FORHA HI) 

C t:NO N1 Loep 
78 cnN TI NU€ 

IF c.NOr. FIRST> GOTO 79 
CALL PL4NT(G.GI.N. [ .GZZ} 
GOT 0 80 

79 CONTI NUS 
IF CNR) CHL PLANT(r;C(Mll+G. 
.GIC(Hl)+GI,NCU( Ml)+~,ECU(Ml)+E.GZZC(M1)+GZZ} 

~o CONTI NuE 
C END 1041 LOOP 
C t:NO ~NOMALI'O:S 

FIRST=N["PRB . OR . N"'\;CP . OR . (FI RST .A ND . REPLAc) 
GOTO 999 

CGOTO OLD Rrp~AT LAB E L 
E NO 

C ~NO MAIN PR3GRAM 
C 
C 
C 
C 
C 
C 

c 

! NSERTEO PADI~N I~ LINE FOR SPEED 
REAL FUl'lCT10N RADI~"(A) 
RAoIAN=~*O . 01745329~ 
RETURN 
['1D 
REAL FUNCTION INTESl CA) 
OIHfNSII1N A ( 2) 
INTEGfR 1(. J 
RE,\L ,\4 
COMMON IINTGRLI Ql(7).Q2(7),Q~(71.NO 
1=0 \ 
K=1 

10 dO~TlNU€ 
W=QIUO*A( J) 
J=J+ 1 
W=W+Q2(K ) *,1. (J) 
J =J + 1 
1=1 +W+Q3({ )*,1. (J) 
K=K +1 
IF (I(-N0 .LT. 1) GaTO 1 0 
r NrEGL=I/6. 
RETURN 
END 

C I NSE'RTED BIG IN L IN f Hjll SPEED 
C FUNCTlO~ i3IG (XA) 
C LOGICAL BIG 
C COMMON I BIGCGMI EPSlNH 
C B1G=ABS (XU . GT. EP<:LNH 
C RETURN 
C E NO 

REAL FU'lCT ION ANGlErXA.YA,R,B) 
LOGIO.L a.ss 
C 0 HMO N I W~ S PIP P • Q • \oj • B S • P, P I BY 2 . 0 Xl . 0 Y 1. PI. C F .5 Q 
W=ABS (P1/R 
IF' (101 . GE. 1.) GOTD 1 0 
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35700 
55800 
55900 
56000 
36100 
56200 
36300 
56400 
36500 
%600 
567GO 
56800 
36900 
57000 
37100 
37200 
37300 

f 57400 
57500 
37&00 
37700 

;H8g 
58000 
38100 
562 8° 363 0 
5840 0 
38500 
58&00 
58700 
58600 
58900 
59000 
39100 
59200 
59300 
39400 
59500 
59&00 
59700 
59800 
59900 
&0000 
&010') 

I &0200 
&0300 
&0400 
&05(;0 
&0& 00 

~8~8g 
&0900 
61000 
&1100 

~H88 
&1400 
61500 
51600 
I) 1701' 
61600 
[, 19 00 
6200(1 
&2 100 
62200 
62300 
&2400 

c 

........ 

W=ARSINOO 
G or 0 20 

. ... '" . - . -.. - . ·f· 

10 W=P Is Y2 
20 CONTI NUIO: 

8=(XA*DX1+YA*OY1> . L T. 0 . 0 

f~a8) W=PI-w 
ANGLE=W 
RETURN 
END 
REAL FUNcr ION ANGLE<" (CeD S) 
COMMON/1fKSP/PP, Qdl, RB, hPI S V2 , Oxt, On,p I,CF ,SQ 
LOG I C AL BS 
W=CF*CCOS 
IF (ASSOn .LT. 1.) GOro 1 0 
A NG LEE=FS! GN'( \I) *PI B Y2 
RETURN 

10 ANGLEE=4RSIN( w) 
RETURN 
END 
REAL FU'ICTION FRT(R1 
COMMON IWKSP/PP,Q,W,BB,P,PIBY2,OX1,DY1,P ! ,CF,SQ 
LOG I CAL SF! 
W=R .. R-SQ 
F RT =0 
If" (w .GT. 0> FRT=SI:JRT Oj) 
RETURN 
E ND 
REAL FU"ICrrON ARC(ETA,L,H) 
REA L fTA,L ,R R 
COMMON IWKSP/PP, Q,W,RB,P,PIBY 2,DX1,OYl,PI,CF, SQ 
LOG IOL BA 
IF ( l .LE. fl .) GOTf' 1 0 
W=PIBY2-ATAN(CF*RR/Ll 
IF (ETA .L T. PI6Y2) w~-w 
ARC=W 
RE TURN 

10 11=0 
A RC= W 
~~6URN 

C PLACE!) IN LINE FOR SPE(n 
CREAL FUNCT ION RHOD( XA, VA) 
C "MOO = SQRT( XA" XA +YA* YA) 
E ~~bURN 

SUBROUTIN:: PLA NT(O,<>P , Q,~R,S) 
REAL NC!J,O,PP,Q,RR ,~ 
COllMaN IPLNT/Ml, 

. GIC( ICO),t·ICU< l OO ), Ef' U(lO O),G C(100 ) ,GZZC( lO O) 
G Ie (M D=PP 
NCU(Ml)~Q 
ECU (M 1) ~RR 
GC(M1 )=0 
G 7ZC (M1>=5 
RE'ruRN 
E NO 
R~AL FU '~CT IO N F SIGN(A ) 
I r (A • I'.: Q. 0.) GOTD 10 
IF (A .GT. 0.) GOTO 20 
FSIGN=-l. 
RET URN 

10 FSIGN=O 
RE TURN 

20 FSIGN=l. 
!inU RN 
t. NO 

20-A4/8 
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KFIlE: U258d/SIMPLE (04/0&/81) 1 

~gg 
300 
400 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1300 
1480 
15 0 
1&00 
1700 
1800 
1900 
2000 
2100 
2200 
2300 
2400 
2500 
2601) 
2700 
2800 
2900 
3000 
3100 
3200 
3300 
3400 
350 0 
3&00 
3700 
3800 
3900 
4000 
4100 
4200 
4301} 
4400 
4500 
4600 
4700 
4800 
4900 
5000 
5100 
5200 
5300 
5400 
5500 
')&00 
5700 
5800 
5900 
&000 
&100 
&200 
6300 
640(1 
&500 
6600 
&700 
&800 
6900 
7000 
7100 
7200 
7300 
7400 
7500 
7600 
7700 

IS<:'T S . 
SSET UNEINFO 
SRESET FREE 
FILE &(KI NO=PRINT £RJ 
Fl LE 5 (TI TL E= -U 177 6/[1ATA", K I NO= PACK, FIL ( lYP E =7) 
C U2588 SOLID 3-D GRAVITATIONAL ATTRACTI ON - SIMPLE VERSIGN 
C rHANSLArED FRQ .M THE ,ALG"L vE.iSION 0 . 5 . I.R. GEOPfiYS!CS DIVISION . 
C GPo30 SOLID. 
C T AUlA NI Hn 1'/00 FOR- CAlClJtA TING HIE GRA V ITYA NO MAGN E rIC EFFECT S ' 
C OF ~ BODy 'OF ARBlTR_RT <;HAPE APPROXIMATED BY POLyGONAL CON TOUR S 
C VIO~ T~l;;ANI,EWING.t959: 
C <~APID COMPUTATION OF GPAVITIONAL ATTRACTION OF THREE-OIMENSIONAL 
C 300It.S OF AqSITRARY Sf1AoE> 
C I N GEOPHYSICS, VOL. XXV, NO.1 CFE3RUARY 196') . 
C T ALII A Nt. M., 196,+: 
C COMPUT4 TION W! TH THE" ftE'.P OF A DIGITAL COMPUtER OF MAGN'nC 

E t~O~~5~A~sr~~;EeoE~ ~~~:E~O~F 5 ~6na~~ y 1~~~~.> 
C PROGRAHloIE ;;~ITTEN BY M.A. SAUNDERS,D.S .I.R. A?PLIEO HATI'~MATICS 
C OIVISIO~ , S[i'T~HBER 19&6 ••• AND ALTEREO FOR THE UNIVERSITY OF 
C TASMANIA 86 700 8Y R.G. I?ICHA'lOSON (1978 BOTH ALGOL AND FORTRAN). 
C GRAVITY ONLY 

c 

LfJG rCAl NE wPRB,NEwco, REPLAC,NJCNST ,rIRST,NF ,Nil 
INTEGER I,8UFCNT,IBUF,J,Ml,Nl'UH1, UV1,NP,NC,NO. 

• NCO,FM,M,Aft,BH'AV'~V'NPROB,NCPT, 
• RPLAC[,NCONST , CT,Mn,DYII,NCP,CPC 
~~Al LH,UV,XX,YY,ZZ,Xl,X2,Yl,Y2,PI, 

• PIBY2,~,NUMBER,Hl,H2,H3,A,B,C 
REAL SCALE(7},BBUFr5},CBUF'(S}'X(1 0 0),Y<lOO}.Z<100). 

• GC (100),G ZZC ClOO)' 
• OENS(10).XA( 450),yA(450}'ZA{l5)'Gl,Q2,Q3 

INTEGER AlU ). Bl{7),PPC(101),rITLE(80),NV{ 15) 
REAL UZCIOO). I/,V1,Z 3<100 ),UZb 

• ;) 3, TERM' SU 1'1, Z l' Z2, R 'I( h P X 2, R 12, R 1, R 2,R 11 , R2 I, 
.~PSLNH,~PSlNV,SQ,CF,OXl,DYl,Gl'P,ZPP. 
.COSG,COSB,BETA,GAMMA,DPSI'INTEGL,G,GZZ 

LOG ICn B~ ,89 ,NOERI V, N~NOM 
COMMON lIN TG RLI Q1C' }d'2C7 l.Q3(7), NO 
COMMON IWKSP/I/,P,PIRY2,OX1,DY1,Pt,CF,SQ 
seA LE. ( 5 )=1 . E5 
SCALE r 4):1 ~2. 67984 
SC"LE (6 )=1 &09 34.3 
S r:AL [( 1 ) =1 • E 2 
S r:AL E (2) =3 0.479973 
S CA L E (3 )= 9 1.439 0 

SC"lE(7} =1 85318.2 
K=& . & 731:-8 

C*;, ,..* * * ** .. *.* to ........ * ttfo .. * * ......... * ... _ *._ * *** .. **** ..... ** **_ It ** .. * •• .,. **** *.* 
C·*.~'.****.*.***.*w* ••• ~~.***** •• **.**** ••• *.**w "' ~******.~.**** ••• * •• * 
C SEf OPTIONS HERr 
c ND~Rlv= .FAL SE . F OR V(RTTCAL OERITAvE 
C NA~D~= .FALSE . F OR SIMPLr 'NO~AlY 

NOERIV= .FALS £. 
NANOM= . F"L sE . 

c*·~~.***·.**.*.~**.~**.***~**.* •• *.**.* •• *** ••• * ••• *. ** •• ** •• _ •• ** ... ** 
c··** .. ***;·*********·****~·***·~**~*~**.**********.~.* .**********.** **. 
C 
C 

H< 1)=6 
A 1 ( 2) =~ 
1>.1(3)=6 
1>.1 (4)=& 
A1(5)=3 
Al ( 6 )=3 
U (7) =3 
131(1)=0 
B1(2 )= O 
81< 3) =0 
81(3 )=0 
91< 4):0 
81.(5 )=3 
81<(; )=3 
81(7)=3 
PI=3.1415926536 
PIBY2=Pt/2. 
~UMBER=·57 . 2957795*~600 ./ 980. 
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", . 

7800 
7900 
6000 
8100 
820(1 
8380 
64 0 
6500 
6600 
8700 
8800 
8900 
9000 
9100 
9200 
9300 
9400 
9500 
96 00 
9700 
9800 
9900 

10000 
10101) 
1020r, 
10300 
1 0 400 
105 on 
10600 
107 00 
10800 
1090'1 
11000 
11100 
11200 
11300 
11400 
115 go 
116 0 
117 00 
11800 
11900 
12000 
12100 
12200 

I 12300 
12400 
125 0 I) 
12600 
12700 
12600 
12900 
13000 
1310 0 
13200 
13300 
13400 
13500 
13600 
13700 
13800 
13900 
14000 
1410n 
14200 
14300 
1440g 
1450 
14600 
1470C 
14800 
14900 
nooo 
15100 
1520 0 
15300 
15400 
15501) 
t5601) 
15700 

,.'. ~ .. ,.. 

NE WPR8=.TR~E. 
NEwCP= .T RU~. 
N UC N S T =. TR UE • 
fJRSI=·TRUE. 

999 CONT NUE 

C Oli) HP~~Jo\:~B~t:wcP) GOTO 14 
C READ COMPUTING POINTS 

WRI TE{6.100) 
l Ot) FORMAT<II37)(,"D.S.I.R. GEOPI-iYSICS OIVISION"138X'"THREE-OIMF~, 

."NSIONAL GRAVITY") 
READ <S,1 01) -rIfLE 
wRITE(6. 10l) TITLE 

101 F ORMAT(l)(. 80A 1) 
REAO (S,102) UHl.UV1 

102 FORMAT<:?IZ) 
WRITE(6d03) UH1,UVI 

t03 FORMAT(!" HOPIZONTAl UNITS:",I3,6X."VERT1CAL UN1rs:",I3) 
UH1=UH1>1 
UVl=UVl+l 
AH=A l(UHl) 
BH=61 (Ul-il) 
AV=A l( UVl> 
9 v=Bl <UVl) 
UH= SC AlEWHl ) 
U V= SC AL~ (lJ V 1) 
WRITE(6d04) 

1 04 FORMAT(!" COMPUTING P01NrS:" / 5X'-NO· ,7X,"X",9X,wY". 9X ,"Z") 
I~O 

10 CON TINU;;: 
1=1 + 1 
REA 0 ( 5.t OS) P PC ( 1>, ~, B • C 

1 1)5 FORHA T<I4.3F S.3) 

fF (PPC(!) .LT. 0) r.OTO 11 
F1T£M=~H'BH' 4 

IF 2 TE 14= A V+ B V' 4 
WRITE(6.1(16) PPC(I),IFlrEM.BI-i.A,B.IF2TEM,BV,C 

1 (\'> FORMAHIXd6,2F ... ~,F ... *) 
4=A+l .(-1) 
x<I ):~.UH 
HI )=B*UH 
Z <I) =-C"UV 
G Or 0 10 

11 1=1 -1 
NP= t 

C i: "10 READ tD'IPUTING POI N TS 
14 COt-iTINUC 

IF" (.NOr. NUC'IST) GflTO 16 
C ~EAD CONSTA"ITS . 

REA 0 (5.t01) NCO 
107 FORMA T< 12) 

IF 04CO . I"E . 0> STOP 
WRITE (6.1(18 ) 

l Oa FORMA T< IH1 ) 
C .~ Ell P AG E 

wllI TE (6010 9) 
1 0 9 FrJRMATC!1" CDNSTANTS:"/6X,"OENSITY") 

00 15 N1=1.NCO ' 
il EA 0 ( 5, 11 0) D EN ~ ( N 1 ) 

110 FORMAHF6.3) 
WPITE(6.111) ~ENS(Nl) 

111 FORMAT<1X,fll.3) 
15 CONTI NuE 

c t:Nil READ tG"I5TA'HS 
16 CONT INUE 

C 
C 
C NEW BODY 

wRtrE(6'112) 
112 FOR MA 1< IH1 ) 

C SKIP TO TOP OF F ORM 
IIRI TE (60113) 

113 FORMAH" BOOY:·/bX~"Z".5'('"NV",oX.5·("X", e X'"Y"'10X» 
RfAO(S,114) NC 

114 FORMATCI3) 

~ii~INf(l12 ) 
If (2"ND • EQ. I) GO TO 17 
IIRITE(6dI5) 

115 FORMAT(" SHOULD BE "00 NUMBER OF LAYERS~) 

20-A5/2 
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. ',-. 

15800 
1590C 
16000 
16100 
1620t' 
16l0a 
164 00 
16500 
16600 
1&700 
16800 
16900 
17000 
17 100 
17200 

I 17300 
17400 

I 11500 
17600 
17700 
17800 
17900 
18000 
18100 
18200 
18300 
18400 
18500 
18 GOO 
18700 

18600 
8900 

19000 
19100 
19200 
1938° 194 0 
19500 
19600 
19700 
19800 
19900 
2 0 00 0 
20100 28 20 1) 
2 300· 

~8~88 
I 20&0 0 

20700 
2080 0 
20900 
21000 

~HgS 
2130 0 
21400 
21500 
2160 0 
21700 
21801) 
21900 
22000 
22100 

~~~88 
2240 0 
22500 
22& 00 
22700 
228()C 
22900 
HO·OO 
2.3 LOO 
2J200 
23300 
234 OJ) 
235-00- . 
23&00 
23700 

5 TO P 
17 CONTINU::: 

CT=O 
If2TEM=AV+BV+ 2 
fM=~. H+Bfj+2 
00 23 1=1.NC 
REAO(:.116) A.M 

116 FORMAT<""8.2.I4l 
ZA<I )=-A*UY 
NY( 1) =M 
WRITE(6'117) 1F 2T'CM . Il V.A,M 

117 FORMAT<lH .F ... .... 15) 
If (101 . (Q. 1) Goro ?2 
DytI = C 
MO=C T+1 
CT =CT+M 
BUFCNT=() 
00 20 J=M3.CT 
RE AO .(S.t1 B) g. c 

113 FORMA T< 2F6. 3) 
g UF eN T = 'lUF eN T + 1 
BBUF(BUfCt.lT)=B 
CBU F(BUFC NT l=C 
XA(J )=B·UH 
Y At J) =C .. UH 
OYlI=Oyt 1+ 1 
If Oo! OO(0Y1!.5) . NE . 0 ) GO TO 19 
WRITE{5. 119) CFM,B'1.E1BUFCIBUf).nt, BH.CBUfCIBUF).!BUF=1,5) 

119 FORMATCIH+-lIx.tOC2X'F* . *)!l 
auFCNT=':l 

~b §g~n~~~ 
IF (BUFeN T . NE . 0 ) IIIl1T[(6.120) (fM,8H,B BLl F(18UFl,F M.BH. 

• CBUF<I8UFldBUF=1,"UFCNf) 
1 20 FOR MAT (l H+ d 1 X. 10 ( 2 x. "" * ... ) / ) 

C T=C T+1 
X ~(CT) =xA( MO) 
YACCT>=YACMO> 

22 CONTINUE 
C ~ NO READ COORD S FOR CJ NTOURS 

23 CON TINU E 
J=l 
DO 25 1=1, NO 
A3= ZA (J+1) 
HI = Z I\{ J ) - H 3 
H2=ii3 -ZHJ+2) 
H3=H 1+H 2 
IF CH1 .U:. 0) Go r D 24 
H1= -H 1 
H 2=- H 2 
H 3= -H 3 

24 C(lN TlNUE 
Ql(I )=H3"(H2/~1-2) 
Q2( I) =-'13- H 3*H3/01 l"H 2 > 
Q3C Il =H3"( Hl/H2 -2) 
J=J+2 

C END I LOOP 
25 CO NTI NUS 

c 
C 
C wH AT TO 0(1 WITH NEXT BO"' Y 

REA D(S.121) NPR08.NrpT.RPLACE.NCJ~ST 

C 

121 fORMA T< 412} 
NEWPRB=~PR08 .NE. 0 
NEWCP=NCPT . NE . 0 
REp L A C=RPL AC E • N£. n 
r-/ UC NST=IIjCONST . NE . n 
Nf=.NOT. FIRST 
NR= .N OT. REPL ~C 

C CALCy~~TE A~OMALIES 
IF · (f!RSn ·· 1=2 
NCP;;tNT< 56/<1 +I *N C01) 
CPC=NCP 
EPSLNIl=UH .. t'f "6 
EPS lNV=IJV.1. -6 
Xh O 
Y y=O 
ZZ= O 

~ . . ... '4q 



25800 
23900 
24000 
2,,100 
~4200 
_4300 
24400 
24500 
246 00 
24780 
248 0 
24900 
25000 
25100 
25200 
25300 
25400 
25500 
25&00 
2570!) 
25800 
25900 
2600 0 
26100 
2620 0 
2&300 
26401) 
2&500 
26600 
26700 
26800 
26900 
27000 
27100 
27200 
27300 
27400 
27500 
27600 
27700 
27800 
27900 
2800C 
28100 
28200 
28300 
213400 
28500 
28600 
28700 
28800 
28900 
29000 
29100 
29200 
293 8° 294 0 
29500 
29600 
29700 
29800 
29900 
30000 
30100 
30200 
30300 
30400 
30500 
30600 
HI700 
30800 
30900 
H-OOO 
3.1100 
31200 
3UOO 
31400 
31500 
31600 
31700 

.- " 

00 80 M1=1,NP 
XX=XX -X( Ml ) 
Y Y= yy - Y< 111 ) 
Z Z= Z Z- l( 111 ) 
CT=O 
00 63 I=1,NC 
lH 1 )=Z ~(I >+ZZ 
M=NI/(I) 
IF (1'1 .EQ. 1) GOlu 52 
1oI0=CT+1 
Cl=110+M 
DO 61 J =MIJ , C T 
X4(J )=X 4(J)+XX 
Y4CJl=Y4(J >+YY 

~~ Eg~H~~~ 

" .. ~-' 

C i:NO I LOOP 
63 CONTINUE 

XX=X ( Ml) 
yy=y ( M1> 
Z Z= Z( 1111 
CT= 0 
06 74 I=ld~C 
M=NV<I ) 
IF (11 ."IE. 1) GOTO F.4 
OZ(1)=0 
Z3< 1)=0 
GO Ta 75 

C G OTD OLO NEWI LABEL 
64 CON TI NUr.: 

Zl=ZA(!) 
Z 2= 11" Zl 
HO=CT+1 
CT=CT+11 
X 1= XA O!'}) 
Yl= YHMO) 
S Q= U" Xl +Y 1 + Y 1 
RX 1=SQRHSQ) 
Rl=SQRT<SQ+Z2) 
R 1I=1.()fRl 
U Z1 =0 
03= 0 
00 73 J=110 ,C T 
;( 2= XA>(J+ H 
Y 2= YA {J >1) 
';Q=X2"X~+Y2*Y2 
RX2 =SQRT<SO) 
R2=SQ 'H(SQ~Z2) 
R 2 1= 1.0 IR2 
OX1=Xl-X2 
OYl=Y l-Y2 
R12=SQRT (~Xl·OX1+0Yl*OY1) 
p =( X h Y 2- X 2 .. Y 1) I R 1 2 
SQ=p·p 
Zpp= Z2+50 
COSG=(BX1*X2+BY1*Y21/(R12*PX2) 
COSS =( Xl-Xl+ Yl"Y1)/(R1~"'RX1> 
BA=AB!(P) . GT. [PS L~H 

C 9A =BI GtO) 
IF { . NOT . SA) GOTO"2 
IF (NANOI1) GO TO 6 1 
CF=Zl/SQRT{ZPP) 
SETA=ANGLEl Xl ,Yl,RX 1 ,BA) 
GAMI1A=ANGLE<x2, Y2, Rl(2 , BS ) 
OPSI=GA'lMA-BETA 
SUI1=OPS I+A NGL EE (C OS1; ) -A NGL EE(1:0SB) 
U Z1 = U Z 1 + SU II It F SIGN (P ) 

81 CONTINUE 
IF ·(NDE'lIV) GOTO 72 

C NOr OERl PV<:: 
T ERI1 = RX2*C 0 SG *R 21 
C F=R Xl+COS S*R 1 I 
G 1= {C F~ fER 10* IV zp·p 
SUM=CfICR1<tRl )·TERM/(R2*il 2) 
D3=03+C2 . 0*G1+P*SUM)/ZPP 

C I F (.NOr . SA) GOTO HERE 
72 CON TINUS 

X 1= X2 
Y1=Y2 
RX 1=RX2 

~ ' 



31800 
31900 
32000 

H~88 
32300 
32400 
32500 
32600 
32700 

H~8g 
3300(1 
33100 
33200 
3330 0 
33400 
3350(1 
33600 
33700 
33800 
33900 
34000 
34100 
H200 
3 I, 380 
344 0 
34500 
34600 
34700 
34800 
34900 
35000 
35100 
35150 
35200 
35300 
3540G 
35500 
35600 
35700 
35800 
35900 
36000 
3&100 
36200 
36300 
36400 
36500 · 
36600 
36700 
36800 
36900 
31000 
37100 
37200 
37 300 
37400 
37500 
37600 
37700 
37 800 
37900 
38000 
381 80 
362 0 
38300 
384-00 
38500 
38600 
38700 
36800 
38900 
39000 
39 1 00 
39200 
393'00 
39400 
39500 
39600 

'" 

.. " ,-::. ' .. ~.", 

. .,. ....... ;. .' .' ... ...... 

73 
C END 

75 
COLD 

74 
C E NO 

129 

130 

Rl =R2 
RlI=R21 
CONTINUE ' 
J LOOP 
C T= C T + 1 
UZC I >=UZl 
IF (NOE'UV) GOTD 75 
Z3<I )=03*Z1 
CONTI NUE 
NEll J lA<3EL 
CONTINUE 
of LOOP 
IF (.NOT. N4NOM) UZ1=-INTEGL(UZ) 
IF (.NOT. NDERIV) O'=-INTEGL{Z3) 
IF (CPC .N E. NCP) GnTO 7r; 
lOll TE<6.1 29 ) , 
FORM A T< Hi! ) 
WRI TE{6, 130) 
FORMATe' ~OHPTG PT'. 6 X.' G ',7X,'GZZ') 
CPC =O 

76 CJ)NTINUE 

IH 

132 

1 33 
17 

134 
C END 

7'1 

CPC=CPC+1 
WRI TE(6, 131) PPC(H1) 
rORHATelH ,!7) 
00 78 Nl=I.NCO 
A =I\",OENS(N 1) 
G=-UZ1.~·1.E 3 
GZZ= -03*A*1. E15 
WR ITE(6.132) G,GZZ 
F 0 I? MAT< 1 H+ , 11 X, F 9 • 2 • FlO. 1 ) 
IF (.NOT. NF . OR. Nt . NE. NCO) GJTO 77 
GCTEH=GC(M 1)+G 
GlZ TEt-!=GZZC(H1>+ GZl 
WRI TE(6.133' GCTEM,GZlTEM 
FORMAT (12X.F 9.2.FI O.1) 
CONTINUf. 
WRiTE(6'134 ) 
FORt~AT(f) 
NI lOOP 
C ON TI NU~ 
IF (.NOT. FIRST> GOTO 79 
GC'(H1)=G 
G ZZC (H1)= G ZZ 
GOTO 81> 

79 CONTI NUE 

80 
C END 
C END 

CGJ TO 

C E NO 
C 

IF (. NOT . NR) GOr D QO 
GC( 1'41 )=GC( MI) +G 
G zze (M1 )=G lZe (M I)+G7Z 
CONTINUE 
M 1 LOOP 
ANOMALIES 
FIRST=NF:WPRB . OR. NI'"WCP . OR. <FIRST .AND. REPUC) 
GOTO 999 
OLD REP':AT LABEL 
END 
MAIN PROGRAM 

REAL FU~CTION INTEGt(A) 
DI>ltNSION A ( 2) 
INTEGER K. J 
REAL I,ll 
COMMON IHITG R LI Q1( 7 ).Q2(7),Q3(71.NC 
1=0 
K =1 
J=l 

10 CON TINUE 
W=Q1<K )"A{ J) 
J=J+l 
W=W+Q2(IO·A(J) 
J =J +1 
I=I+W+QHK ~.A (J) 
K=K +1 
IF {K -N O • LT. 1) GO TO· 10 
I NTE GL= 11&. 
RETURN 

~~RL Fu~CrrON ANGLErxA.yA, R,8) 
LOGIOL il 
COMMON /WKSP/W,P,PIRY2.DX1.OYl.PI,CF,SQ 
W=ABSCP) / R 
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.: . . .. ,4%. 
.. ~ 



39700 
39800 

,gg88 
40101) 
4020 0 
4Q300 
40400 
40500 
40600 
4070 0 
40800 
40900 

I 4100 e 
41100 
41200 
41300 
4140 0 
4150r) 
41600 
41701) 
4180 0 
4 1901) 
42000 
42100 
" 220 0 
423c n 
424 00 
425 Of) 

": .' 
. >-

,; . . 

If 01 .r;E. 1.) GO TO 10 
W=ARSINOn 
GOTO 20 

10 I/=PIBy2 
20 CONTI NUr:: 

'. "' 
. •... 

B=(XA-DX1·YA"OY1> .IT. 0. 0 
If(B) W=PI-w 
ANGL[=W 
ilETURN 
E NO 

.. ' . 
~ ... -. 

REAL fU"CTIO N ANGIEretCOS) 
COMMON/ilKS P 11/ ,p ,P! B Y2, D Xl, OYl. P I. C r ,SQ 
W=Cf-CCIJS 
IF (ASSeW) .L T. 1.) GOTO 1 0 
A NGL Ef=fSI GN'( W )+PI B Y2 
RETURN 

1 Q A NG LEE = ~ RS IN 01 ) 
RETURN 
END 
REAL fUNCTION f SlGNfA) 
I f <A • 'C Q. 0.) GO TO 1 0 

IF (A .GT. 0.0) G O ~ O 20 
FSIGN=-l. 
RETURN 

10 FSIGN=O. 
RETURN 

20 FSIGN=l. 
RiOTURN 
E ND 

20-A5/6 


