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1981/21. FORTRAN programs for the vertical continuation of gravity data 

R.G. Richardson 

Abstract 

The equivalent source technique provides a means of vertically 
continuing gravity observations that are irregularly distributed in 
space without the normal requirements of gridding, with accompanying 
filtering and distortion, and reduction of observations to a uniform 
plane. 

A suite of programs is presented which represents an advance 
in the efficient implementation of the original algorithm. 

INTRODUCTION 

Gravity observations on an irregular grid at a variety of elevations 
may be synthesised by a source of discrete point masses (the equivalent 
source) on a plane at an arbitrary depth below the lowest observation 
height. Once the equivalent source is determined, the field can be re­
calculated on a regular grid at any height above the plane of sources, 
allowing rapid determination of regional and residual anomalies. 

The equivalent source technique was originally formulated by Dampney 
(1966; 1969) and applied by him to the Derby-Winnaleah area of north-east 
Tasmania, but it has since been enhanced and optimised for use with 
Department of Mines surveys (Leaman and Richardson, 1981). The following 
discussion of the technique is adapted from Dampney (1969). 

The gravitational field g~ (x,y,z) observed at N observation points can 
be synthesised using N point masses at a suitable depth, and the equation 
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h is the horizontal plane containing the point masses 
~ at (ak , Sk' h) 

is the observed gravity field at (Xi' Yi' zi). 

This can be written in matrix form as 

g Am 

which represents N simultaneous equations in N unknowns and is thus solvable. 

The equation is solved by reducing R to a value of Ncr 2 by varying 
the ~ in 

where 
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N 

cr 

= 
T 

(g-Am) (g-Am) 

denotes the transpose operation 
is the number of data points 
is the mean variance of the observed data. 
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The A values may be stored on disk or tape, stored in memory or re­
computed each time as required. As implemented, the method avoids numerical 
round-off problems. The computation time is proportional to N2 and thus for 
large N the data may need to be subdivided and the method applied to 
calculate the equivalent masses for each sub-area. These masses are then 
used as the first approximation to the point masses required to synthesise 
the complete data set. 

PROGRAM DESCRIPTIONS 

The normal program sequence is: 

(i) INITIAL/MASS 

Calculate a first approximation to the point masses and 
gene~a~e the file of aik values. If the data set is 
suff1c1ently small the a'k values may best be stored 
in memory or if the data s~t is very large the aik values 
may have to be re-calculated at each usage. 

(ii) GRAVTWO/A 

Takes the observed gravity, initial approximations to the 
point masses, and the aik values and adjusts the point 
masses until R < N0 2 . 

(iii) GRAVTWO/B 

Calculates the gravity field at a series of points on a 
rectangular grid at any height above the plane of the 
equivalent source. 

(a) INITIAL/MASS 

This program (Appendix 1) sets up duplicate files (G2FA, G2FB) of 
the point masses, a control file (G2FC) used by program GRAVTWO/A to 
indicate the most up-to-date values for the point masses, and the aik 
values. The array dimensions should be adjusted to suit the number 
of data points. 

Data input from File 5 is: 

Line 3800 N 

Line 4100 H 

number of data points 

the height of the source plane (negative below 
the datum). 

Normally 2.5~X < (Zi-H) < 6~X 

where 6x is the average observation separation. 

The optimum value of H may be determined by 
plotting the rate of convergence of equal length 
runs of GRAVTWO/A for different values of H and 
choosing the H value corresponding to fastest 
convergence (e.g. Leaman and Richardson, 1981, 
fig. 14). 

EPS (=No2) the error value at which the approximation is 
sufficiently good. 
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CON sets the minimum acceptable rate of convergence 
at each iteration. If convergence is too slow and 
the number of iterations is greater than LOOPS 
then A = C*A. 

Try CON = 0.1. 

LOOPS is used to decide when to increase A. 

Try LOOPS = 2. 

C the factor by which A will be increased if 
convergence is not sufficiently fast. 

Try C = 1.5. 

LIMA the upper value allowed for A. 

Try LIMA = 2.8. 

The above variables are passed to GRAVTWO/A and GRAVTWO/B via 
fi les G2FA and G2FB. 

Data input from File 2 is: 

Line 6800 X.,Y.,Z.,G; 
~ 1 1 ..... 

the N sets of observation coordinates and 
gravity values are read and the height is 
converted to the same units as X and Y at 
line 7100. 

The program calculates the average height of the observations and 
the maximum and minimum X and Y coordinates. using this information, the 
average number of point masses, within a distance of three times the 
average height of observations above the source plane from each observation 
point, is calculated. The initial approximations to the point masses are 
then calculated using: 

N aik values 

Aik(K) 

G. * (H-Z, ) 2 
]. ]. 

are 

= 

N avge 

calculated for each value of I using 

Z,-H 
]. 

«xi -"k) 2 + (Yi-Yk) 2 + (Z,-H)2) % 
]. 

and then written to File 1. 

(b) GRAVTWO/A 

This program (Appendix 2) uses the files G2FA and G2FB which were 
created by INITIAL/MASS. The terminology used within the program is that 
of Dampney (1969) and solves the equation 

g Am 

using an over-relaxed method of steepest descent. 

Data input from File 8 is: 

Line 4000 G, the N observed gravity values. 
]. 
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The aik values are copied from tape to disk for higher access speeds 
(Line 4700 to Line 5500) and the most recently written file of mass 
values is read from disk (Line 2700 to Line 3800). Computation terminates 
when the sum of the squares of the difference between the observed gravity 
value and calculated gravity value is less than EPS or when the processor 
time exceeds some specified value. Every 200 processor seconds (approx­
imately) the current point mass values are written to disk and the 
control file (G2FC) updated accordingly. 

If the rate of convergence is too slow as defined by CON and LOOPS, 
the value of A is increased by a factor C (Line 9700) until LIMA is 
reached. If the solution becomes non-convergent, the A value is halved 
and the point masses recalculated to ensure convergence. 

The arrays (Line 2100) should be dimensioned to suit the data. If 
the,data set is suf~iciently small, the a ik values may be stored in memory, 
or 1f the data set 1S very large the a'k values may need to be calculated 
each time they are referenced. The latter would require storage of the 
coordinates of the observation points. 

(c) GRAVTWO/B 

This program (Appendix 3) uses the mass values calculated by 
GRAVTWO/A and the X and Y coordinates of the observation points to 
calculate the anomaly on a rectangular grid at an arbitrary height above 
the equivalent source plane. 

Data input from File 7 is: 

Line 1800 Zl the height of the desired continuation plane 
(negative below the datum) 

GSPACE the X and Y spacing of the grid in the same 
units as the observation point coordinates 
(separate X and Y values could be specified 
with slight modifications to the program). 

Data input from File 5 is: 

Line 4300 Xi' Yi the N sets of observation coordinates. 

The grid limits are set in Lines 2800 to 3200. 

Data output to File 8 is: 

Line 4600 GSPACE 
as for input 

Zl 

Line 6900 I a row counter for the gravity values. 

Line 7100 G 'd a row of calculated data from Xmin to Xmax. gr1 

The program 

G 'd gn 

calculates 
N 
E 

the gravity anomaly 
~ (Zl-H) 
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CONCLUSIONS 

The equivalent source technique provides a reliable method for 
removing many of the problems associated with gravity surveys in areas of 
irregular topography. Computation time is long, WIDth the number of 
iterations depending on the distribution of observation points and on the 
anomaly wavelengths present. For a set of 1013 gravity observations from 
eastern Tasmania, the processor times on a Burroughs B6700 were 

Program 

INITIAL/MASS 

GRAVTWO/A 

GRAVTWO/B 

Time (seconds) 

330 

42 000 

250 

Although these times are long the costs, when compared to the cost 
of drilling, are small. 
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APPENDIX 1 

Programme. INITIAL/MASS 



NITH L/ MASS ( ')4/ 0')/7 9 ) 

lC !\ 
20 0 
30 0 
4 01) 
so n 
& 0 0 
7 0,j 
a 00 
9 00 

10cn 
11 0 0 
1 20 " 
13 00 
14 00 
15 00 
160 0 
17 0 1 
180 0 
19 Oil 
200 n 
2 1 0C 
220(\ 
2 3 O :~ 
24 00 
25 00 
26 Of) 
270 0 
28 00 
2900 
300 0 
3 1 0f) 
320 0 
33 00 
34 0 0 
35 Oil 
3& 00 
37 U(l 
38 0 0 
39 0" 
40 00 
4 1 00 
42 0 1 
430 0 
~ 4 01' 
450 0 
"00 0 
4 7 00 
480 0 
4 9 00 
500 0 
5 1 01) 
5200 
53 00 
3 4 00 
55 1j1\ 
5600 
5 7 00 
580 (' 
5900 
bO Cf· 
&1 (1) 
&20 0 
0 3 on 
&40 () 
65 on 
660n 
6 7 0') 
08 or, 
&9 00 
70 0" 
71 00 
7 2 0 " 
73 0n 
7400 
75 0r. 
760 0 
77 0'-' 

$ S": T $ 
$R"SE T c-REE 
J;Oi'T= +l 
t.St: r v:::C TOR,.. OOE 
C PROGRA M I NITIAL6 MASS 
C 3ASEO ON C. 'l . G. "MPNE V 19& 6 AND 1909 
C CAL~U LA TE S T~ I NITIAL "A SSES Fa" GRA Vn OO AND S E TS UP THE 
C NEC~SSA R Y FTL~s FOR THS RUNS 'JF GR ~ VT. O / A 
C AlS] srrs UP TH E: FILeS '1F A I ,~ COCFF ICI EN rS 
C f r L E1 = A I 1\ C 1t.F FI C I E. NT S "N PET H c: 
C fILE2 =S ri.TIClN DArA 
C FILE3 =M ASS JU TP UT 
C fILE7 =~ ASS JU T?UT 
C FILE4 =GR AVTWu RECO V. " V r ON r ROL F ILe: ( G2 Fe ) 
C fILE5 =C (lN TR1L fIL E 
C F TLE& =P RI I' T":R 
FIL r 6 ( ~ I NO ='R I N T ~R ) 
fI L f :; <T IT L ~ =": 0 N T ROll" A < S ~ S" , KIN i) = PAC K , F I LE T VP E = 7) 
FIL e ".(rITL t ="G2 FC,",KI N') =?ACK ,fIL£ TYP f> O,UNIT S =WO R'lS , 

• M A XR~CS IZ E =14' M I N R <"CS1Z ::: =14, a L OCKS lzE=14' 
• FILEI\I "O= DA TA,AREA ~=2d NT~ O DE = EaC!J lC, E X TMO OE= E:8CO I C , 
• ARE A nZ::.=l,PR OT C1 TON =PiWTECTt:O , Sf. CURI TYT YP~= CL ~SS ~ ) 

f1L ~ 3<TTTLE="G2FA",KINO=PACK,FIL t: TYP E = O ' UNiTS=~CROS, 
• MAXRE CS I ZC"=14,'1IN Rr CSI Z,,=14, 8LOCKSIZE =4 ZQ , 
• fI LE II I '11): DATA, 4REA <:=20Q,I NTMJOE= E 8CO I C, [ Xr //'OD t: =EBCD IC, 
• AP E A S IZE= 45 C , SECUR TTYTYPE =CL ~SSA ) 

FIL E 7CTI TL E=" G2 F8 ", KIN) =PAC K,F I LETVP E= O,UNI TS=W OROS , 
• MAXR ECSIZ E =14'MI NR~CSIZ~=14, RLOCKS IZ E =4 20 , 
• fIL E KI~D= D ATA,AREA~=2D O 'I N T MaDE = EB CDIC, EXTMCD E = E8CO I C , 
• ~R E A 5 IZ~=45 0 , SECURTTVTVP£=CLA ~SA } 

F I L E 2 <T I T L [ =" ( G M G L 0 C 26 ) ... C C P /5 0 R T ", KIN') = PA C ~ , F1 L E TV P E = 7 } 
FIL E 1 <T IT LE="GMGL 00300 AT ~ 1",K 1 :-1 O:? i: TAP t ,fIL £1 VP E=7, S AvE FAC TOR= "9 9 , 

1 SE CUR! TVT VP E=CLASS & ) 
OI~Ef\jS IJN M(11 00 ), G fll 00 ),XCll OO )'V<11 00 ),lCl100},AIK(ll OO ) 

C ,)1 '1EN SI ON M ETC . wITH OTtl,ENSION ~ ( ,~ ), E TC. 
RE AL M, LIMA 
EQ UIV AL::NCE (AI K(t), M(1»,( G<1), "I (1» 
READ ( 5.t DO) N 

1 00 F 'lRM A T(!4) 
C THE. NUMB ER OF OA Tt. POINTS 

ilEA O( 5 , ~OO ) H, L PS, C nN, LOOPS , C. '- I 'ill 
200 F ORHII H 3f1 r;> d,I3,2Fl O. 3 > 

C oj I S TH E OE"TH OF TH E PLANI:: OF P Q I ,~ T M As s Es US EO FOR 
C CllNTINUATION (N EGA TIV E IF BEL OW THE ELEVATIDN 'l ATU M) 
~ E PS IS Hi E SRR OR VAlUE AT WI1ICH rl1 ~ ~~PROXIMA T10f\j Is 
~ S U ~r ICIlNTLV GOOD 
C C 'I I S TH E '1EQ UI REO C ~N vE~GE\jCE BE FORE TNCR EAS I NG A 
C L OG i>S I S TH ~ NU MilER OF TE RATI ONS BEFO RE CONVER ~EN CE 
C C.AN 3€ SptD UP.Ir NEe;:s OAR v 
C C IS TH F CO~ V~ RGENCE FArTOR 
C LIMA ( RE AL> I S THE MAXI"UM VALUE ALL OWE C FOR A 

L OCK( 5 ) 
r =D 
A =1. 2 
wRl TEC4,20 1) I 

20 1 F OR MA 1< I2l 
CL C ~E (4. 01 S P= CR UN CH ) 

C U'iE D TO I ND IC ATE THE FILE Ca :nAI NI~G THE MAS SES 
WR IT E. (3, 202 ) N, H, E P < , C e N, L (j 0 PS , C, LIM A, A 
W R I T E (7. 2') 2 1 N, H, E p o, CON . L 0 Q P S , C, _ I M A, A 

202 F nR "lA T( IS, 3[ 1 € .12/I "' dU 3.1 2 ) 
J(M~ x= -1. 0 6 
XMI 'I =1. :: 1& 
V"lA X= XMH 
V'll N= XflI N 
S UM=O. O 
DO 10 1:1, N 
?' CAO ( 2-1 (/2 " XI, VI, Z7 , ~ C 1> 

1 02 F GR ~AT (1 0 X,2F9.4'F d . 2 , 28X ' F 8 . 2 ) 
C Cl1 iJ JS [ FO RMA T TO SUI T 0 AT ~ 

ZZ=ZU O. OO 1 
C CO", VER T Tf' KMS . 

ZCl)=ZZ 
SUH =SU M>ZZ 
XMA X=AMAX1 (X MAX , XI ) 
XM IN = ,AMT N1 ( XM I N .. T ) 
HU X = Hi \ Xl ( V II A X , YI ) 
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7800 
79 0 (j 
, 00 0 
~ 1 0f\ 
5 2 0 C' 
b 30 0 
(j 4 0 0 
3500 
d6 08 
::3 7 U~ 
8800 
d 9 on 
9000 
9 1 00 
9200 
9 3 01) 
9 4 00 
9500 
96 0(\ 
970 0 
9800 
990 1) 

1 000 0 
1 0 1 0(' 
lnOO 
10300 
1 \) 4 0 1) 
1050 0 
106 or) 
1 0 7 0n 
108 0 0 
109 0:) 
110 0 ,~ 
11100 
112 0<' 
113 00 
114 0 0 
115 01) 
116 00 
117 0 " 
11 8 00 
1190 0 
120 on 
12100 
12200 
12300 
124 O~ 
125 00 

YMi N=AMrNl (Y "lIN .YI) 
X(!)=Xi 
Y(J) = Y 

10 CONTINU,: 
ZAVGE=SUM/ FL L AT(N) 
~ REA = (XMA X - XM IN )* (Y ~A x- nI N ) 

C ASSU '1f: RE.CT~NGULAR DATA D I5T~IBUTl u N FOR CAL CULATION OF EQUIVHEN T 
C 11 ASS<:.s . 

F N= (6 . 0 * 3. 14159 2* ( l ! VG E -rl) / A RIC A ) . F L OA H N) 
C US £: 3 RAD II AS GOOD APPP.OXI I1ATlO N TO ,~~S~ ES 

00 15 1=1. N 
'1 (l ) = G ( r ) .. ( ( H - Z <I ) ) ... 2 ) I F N 

15 CON TINU~ 
i/RI TE(3.20 3) ( M(J).T=l, N) 
rl R I T E. ( 7. 20 3) ( M ( 1 ) • T = 1 , N) 

ZaJ ,-ORNAH4i1 8 .12) 
U ' CK( 2) 
CL0Sl(3.0ISP=CRUNCH) 
CLOSE.<7.0ISP=CRUN C}i) 
rl RITEC6. ,, ~, 0 ) 

.00 FORMATe' INITIAl MA<: S: S COHPL CrE O') 
C '40 . TO CO~IP(H::: A I K 

OPEN (1,1AX RECSIZE = N ' MINR EC S IZS=N.aLCC~ S IZE =N.HYUS£ =V A LU E ( O UT). 
• UN ITS = VAL uE ( wO PO S ) . E Xl M 0) ,) E = V AL U;: ( t: e (. 0 Ie), IN T '1 0 0 c: =v A L:J to ( L B r DIe) 

00 20 I=1. N 
Xi=X(!) 
Y! = Y< I) 
ZI=Z<!l-H 
ZI2=Z!·"'2 
DO 3 0 K=1,N 
xK=xl-X(K) 
YK=Yl-Y(K} 
\i = X K,. .. 2 ~ Y~ .. ,. 2 • Z ! 2 
AIK(K)=ZI/(W*SQPT(w) 

3) CONT I NUE: 
C~ LL PUTOLJT(AIK,N) 

2 () CON TI NU:: 
eLOS'" (1) 
rl RI Tt (6,4 ') 1) 

4 0 1 FORMAT(t UK S COMPUTE ') 
5 TC: P 
Z 'lJD 

C N wo~gBB2 ~J~~fT ~~l O ~~f~ ~ N } 
DP1£NSION A(N) 
w RI TE (1) ~ 
RET UR N 
£ NO 
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APPENDIX 2 

Programme, GRAVTWO/A 



GR AVTWC/A <1 0115 / 7 9 ) 

10/ . 
/ (5' 

l en 
20 0 
3 0 0 
4 0 0 
5 01'1 
60 0 
7 0 0 
80 ;) 
90 0 

1 0 or; 
l l v \) 
120 0 
13 t~ ~ 
1 40 0 
15 0 0 
1600 
17 .0 0 
1 8 t il'\ 
190 0 
20;] " 
2 1 00 
2 2 (JI) 
2 30 0 
2 4 00 
25 0 ('\ 
26 00 
270 0 
2 8 0 0 
29 00 
300 0 
01 0 0 
320 0 
33 or. 
34 0(' 
350 0 
36 00 
37 0 1) 
3 8 0 0 
39 on 
40 0 0 
4 1 00 
42 00 
43 0''\ 
4 4 0 0 
450 0 
4(, 0 0 
47 00 
4 80 <) 
49 0 0 
5 0 00 
5 1 0D 
5 2 00 
5 3 0 <1 
5 4 0 0 
5 50 0 
') 6 0 r. 
5 70 0 
:'> 8 00 
5901) 
bO O" 
6 1 0 ) 
b2 0 ~ 
6 3/) ''\ 
6 4 0 , 
6 5 ri ll 
(, 1> 0 I) 
b 7 on 
680 0 
6 9 00 
7 OO ~ 
7 1 0 0 
720 1) 
., 30) 
7 4 0 0 
75 0 0 
76 0 0 
77 on 

5S C" H 
$R:Sc T FRf E 
$ OP T=+l 
$ SE: T VEC T OR MO 'J [ 
C P PRO GR~M GR\VT WO / A 
C d AS:=: D ON TiE ' RO GRAM GR AVTH O P AR rA OF C . N. G . DAMPN E Y 
C C ALC'JL ATES THE E QU I V A L~NT ~OLl R CE S ~Et.D£ G TO APPR Ox I MH E THE 
C G~ AVI I I O N4 L FI ELD OBSER VED Ar A N ~ ~ 9 ~R Qf IR RE GUL AR LY DI ST RI BUTE D 
C ) ~T A ... 0 1 NTS . 
C THIS P R O GRA~ ~ usr BE RU"l AFT ;':R I NITI Ac / ~ AS S >lHI CH SET ::' uP CON TIl OL 
C A NO SA Vf FlL £ S 
<: .JPu N 5 A TI S F ~cr OR Y APP RO xIMATI ON pi E n UGR AM r E1 '1I NA T:: S 
FI Lf. 5 ( TI TLE="G2 FC". KI ND =PHK.FI LE TYP t: = n 
C J S'::O TO H !DICA TE TH E iI TLE Of FlL E4 
FIL- ,, ( KI ND = i'A CK ) 
C FIL E4 I S BU~P F I ~ E - TITL E SE T DYNA MI C ALLY 
FIL E 6 ( KI N = PRIN Tt. !1 ) 
FIL '. J ( T I TL E =" ~. IK "' K I N) =P ACK . FI L ET YPi: =) . ARE ASIZ E =2 . ARE AS =999 ) 
F!t.. E 2 ( T I TL E =" G MG LeO 300 A" A 1" • KI N 0 = PiT AP E. F I L E T1 P E = 7) 
FIL f d (T I T LE ="( G MG L 0 026 J ~CCP / S OR T" . K I N D= P ACK . F LE Ty PE= 7) 

01 f1 ENS 11 N F ( 1 10 0 ) . 0" ( 11 0 0 1 • G ( 11 OJ ) • A I K ( 11 <J 0 ) • 
• G2 FA( 2). G2F 8 ( 2 ) 

RE AL ~PS . CO N . C . Ll M A . A . U2 . U l. S J M 1. S UM 2 . SU M 3 .FI. LA MBD ~ . H . 
• M( 11 c'O) 

I NTEG ER I 9 
DA TA G2F A/" G2 FA . "/. G2f 8 /" G2F8 . "/ 
READ ( S.1 00 } IC 

1 00 F ORI'!A TC 12) 
L OCK ( S) 
IF <I C . Ea . 0 ) O P t: ~ f 4.rITL E = G 2FA . F I LETY P E=t) 

C t} A l' A I N G 2F ~ 
IF (I e . EQ . 1 ) OP::Nf4,fIrL E= li2 F S. FI LETY P E=7) 

C O HA I N G2F3 
R::A D( 4.1 01 l N. H, t PS . CON. L DO FS, C ' L I MA . A 

1 0 1 F OR MA HI5 . 3E 1 8 .12 / 1<;.3:: U . 1 2) 
READ (4.1 Q2 l ('1 ( lld =l- N) 

1 02 FORM A TC 4E.1 iJ . 12 ) 
L (lC K ( 4 ) 
0 0 '5 1 =1. 1, 
RE A 0 ( 8. 10 3 l G ( I ) 

1 03 FORM AH 6 4X. F d . 2 l 
C CHD'lS[ F ORM H F OR P RO J E rr 

5 C!)N TI NUi:: 
LOCK{ f ) 
lTI ME= l ~OOO 

C i{ UN r N IN C R S M:: NT 5 0 F 20 1\ 5 r C S 
QP £r; ( 3 . 'iAX RECS I z E= N. MI NR€CS I z E= N. BLO CKS I ZE=N . [J N rr s =v ALUE ( o/ I1RD S 

• EXTHCD E=V ALU E( [SCO ' C). MYUS[= V. LU E ( O U T)' I N T~ COE = V A L UE ( EeCOIC » 
C 6Er ATT R I 8 UTES OF FlU: TO HOL D COIC F F IC IE NTS 

ll() 13 l=l. N 
CAL L I NQ I NCAI K. N. 2 ) 
CA LL OU TI3I N( A I K. N, 3' 

13 CON TI NU': 
CL0 5E ( 2 ) 

C -::OP Y qK TO r :: MP GRARY OT 5K F I L E 
I 8 =() 
U2 = 1. [ +66 

1 C'J NTI NU: 
2 OLD S l LA BEL 

c 
I B= I B.1 
Ul= O. (' 

C CA LCUL ATE F( n 
FINO (3=ll 

C f I NO FI RS T ~t:CORll OF AI'" ~IL i: 
0[1 11 I=l. N 
CALL ! N3 I N(AIK . N. 3 ) 
SUM l= " . ') 
;) 0 10 K= l. N 
5 1J11 1 = $ U'H. M ( K ) .. AI K ( K ) 

l v CON T I NU: 
F 1= GO )· SUHl 
U1= U1>[ I" 2 
F(! )=F 

11 CON TI NUe:: 
~ RITE ( &. 20 0 ) U 1 

2 00 F ORMA Te D " -1 2) 
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tl 300 
04 0" 
d 5 0 0 
% 0 0 
87 CO 
0800 
:l 900 
;loo n 
9 1 00 
9 20 0 
9 3 0 0 
9 4 00 
94 0 ') 
941 0 
9 41 5 
9 4 20 
y42 5 
950 0 
9& 00 
9 7 G0 
98 00 
99 0(\ 

1 0 00 0 
1 0 1 00 
I U2 0n 
1 0 30 0 
1 0 4 C I) 
1 0 5 0(1 
10 6 on 
1070 0 
1 vB 01) 
l 0 9 0n 
1100 0 
111 0 0 
1 1 20 0 
tl3 0fl 
114 01) 
1150 :) 
110 0 0 
117 01) 
11 8 0 0 
119 0 r) 
1 2000 
12 1 0" 
1 2201) 
123 0 0 
124 00 
125 0 fl 
1200 r) 
127 0 !) 
128 00 
129\1 11 
1 30 00 
13 1 0D 
132 0 0 
13 3 Of) 
1 34 00 
13501) 
13600 
1 3 7 0" 
13 80 (1 
1390 0 
lit OO fl 
1 4 1 0(' 
1420 0 
143 01) 
144 0 0 
145 \3(\ 
146 01) 
147 0() 
1 48 on 
149 00 
1 500 0 
15 1 00 
152 011 
1 5 3 0'1 
lS4 0") 
1 55 00 
150 01) 
15 7 00 

IF' ( Ul .L ~ . U2 ) G)fl" 22 
C CON VERG e NT 

A=A.0 .5 
.J'J 20 1:1, N 
'HI )= M(!l+ A*LArlI10A·dlU <l) 

20 COrlrItW: 
18 = 0 
I>I RI T[(6, 20 1) 

l OI P JR HATC' NO T CON VERGE NT " 
GOT C 1 

C F I N !54 ~ D ~ I TH tlON - CON Vi: PG:: N T CAS t: 
22 C O~ TI NU:: 

If! 
/ (0 

IF (TIM ~ ( 2 ) . G£ . IfT ME . JR . Ul.LT. £PS ) CALL SA Vt: ( N,H , E P5,(" ON, 
• LJ " PS ,C,LI MA , " ,~ , 1 TI ME) 

C SA ~ E FIL E T0 ~N4B Ll rlES TAqT 
IF (UI .LT. E PS . OR. ITI ,~ E . GT. 12 0000) GO r O 3 

C ERRO R RfO UC:::u TO CRlrER T Oi~ 0, TIM ~ I S LONG ER TH AN 2 0110 C?LJ SECI"1N OS 
,",P,IT[ ( 6 . 20 2 ) 

20Z FO ~ M ATC' CO ~VE RGt:'H '> 
iF CI S . Gr . LD0PS . ~NO . (( U2 -J1)/ UZ ) . LT . CON ) A=C*A 
U2=U 1 
lF (A .LT. 1. 0 ) A=1. 0 
IF ( A . ST . LIM) A=l1MA 

C f OR C EA T Q 'lE M A I N IN RANG:: 
C 
C 

c 

C Al;CULA TE OUl) J( 1\ ) 
FI N 0 ( 3= t ) 
DO 15 I=l. N 
CA LL IN8IN(AIK,N,3) 
SUM 1= 0 . ,) 
0 0 14 K= l d l 
SUM1 = SUrl l- 2 . 0 *f ( K) ·JIK(K) 

14 CON Tl NU": 
DU ( I )= SI)Hl 

15 CON TI NU: 

c ow CAL C U LA T t: LA H 8 D A 
5 UM2= 0 . ) 
S UI1 3= C. ') 
FINO ( 3=1) 
0 0 3 1 I=I, N 
SUM 1= O. ,) 
CALL IN3 I ~ ( AIK,N,3) 
DO 30 K=l dl 
SUM1= SUr.fl- 0U ( K) *AIK ( K) 

30 C ON T PIU'= 
SUM 2= S U ~ 2+ SUM 1*" 2 
SUM3 = SUM3+ SUM1*F(I) 

3 1 C 'I N TI N U~ 
L ~, H80 A= S U~ 3 / ~UM2 
') () 32 1=1. N 
~ (I ) = " cr ) - A *L AM 80 A • 'lU ( I ) 

32 CON TI NU=: 
GO T 0 I 

3 CON TI NUe:: 
IF (Ul .LT. t PS ) WR T T::( 6 ,2 0 3) 

203 fORMATe' CONVERG ED AD:::QU AT ELYt) 
IIRI TE. (6. ZD 4) 

204 F ORMA Te' C IVILI SE. D r NO ') 
S TO P 
[NO 
SU8ROU TIN~ SA VE ( N,H. E PS , CO N, LJ J P S . C,LI MA , A,M . ITHIE ) 

C "S:::D TO D UM;> J UT MOST RC"C EN T APP P' JX I /i ~, TI ONS TO MAS SES 
REA L U 'iA. M 
'JI M f. N 5 I ;J N M ( 2 h G 2 F H 2 ) , G ,~ F ~ ( 2 ) 
»ATA G2F M"G 2 FA. "I, G2F8 /" G2FB . "I 
OPE N( 5 ,FILETYPE = 7 ) 
R EA Q ( <;, 10'» I C 

l OO FORMA Te 12) 
L OO (S) 
I 1= fl 
IF or . to . ,1 ) II=l 
IF (II . EQ . 0 ) GP EN (4 ' TITL E = G2FA ,F I LETyp t.=7> 

C t.l p~ N r; 2 FA FOR \oj RI TE 
iF (11. ;::0 .1) OPEtI (4,TIrL f =G2FB ,FIU:.TYP E=7) 

C J PE N GUS Flf( wR ITE 
WRI TE (4,Z:) (J ) "I , H ' E ?~ , C O N ' L OOPS , C . L IMA , A 

200 F ORM ATe!:;, 3(18 .t 21I~dE1d d 2) 
\/RITE (4, 20 l> ( Mel ), T=I, N) 

2G l F ORM AT( ', E l a .I V 

21-A2/2 



APPENDIX 3 

Programme. GRAVTWO/B 



RA YTW O/ B ( '1 3/14/ 80 ) 

1 0') 
20 0 
3.0" 
4 0 0 
5 or 
o (j ' 
7 0 \1 
80 (\ 
90 0 

1/) () O 
11 0 0 
12 0 0 
13 0 0 
140 C) 
15 00 
15 0 0 
17 00 
18 00 
19 0 -) 
2 0 (.r) 
2 1 00 
22 00 
2 3 00 
24 0 0 
25 00 
2& 0 0 
2 7 0r• 
2 8 0 0 
29 Of) 
300 0 
31 0 0 
32 0" 
3300 
34 or. 
35 0" 
3 0 00 
37 00 
38 0 0 
39 0 \l 
400') 
41 00 
4 2 00 
430 0 
44 Or) 
45 00 
4& 0 0 
47 0t) 
4 6 0 0 
49 Q ') 
5 QO O 
5 l en 
5 20 0 
5 3 00 
540 0 
55 0 0 
'5 0 0" 
'5 7 "r saor) 
5 9 0 i, 
boon 
o l on 
6 2 011 
& 30 0 
6 4 0 !\ 
6 5 u0 
66 0 0 
6 7 00 
080'" 
6 9 0 r) 
7 0()'1 
71 0 0 
720 0 
73 Grl 
7 400 
75 an 
7 &00 
77 00 

$ Sf; T~ 
$R>:. So T FRE E 
$ OPT=+1 
$S::: T YC:C TORMOJ £ 
C P RO GR ~M GRAVT WO I B 
C aA5EO ON ( . "I . G. D AMPNE Y 19 6 6. FI GURE 1 5 
FIL S 3(KIND = PAC K.F ILfTYP'"=7) 
FIL E 4(TITLc=" G2FC ". KIND=PACK.fIL ETYP £ = 7 ) 
FIL t 5 (TITL t=e( ~MGL002 6)'"CC P /S ORT".~I ~D =PACK.FILETY P£ =7) 
FIL ( 6 (K INn = ~RI N T l R) 
FIL E 7 <T ITLE="G2a/C ONT RO l ". K I ND =PACK .FIL[TYP[=l> 
fIL E a (KIND=~ACK.FIL[ Typr= J ' U ~ IT S =W O R D S.M A XREC SIZ E=14 . H I NRE CSIZ~ =1 4. 

• 8L 0 C ~ S I E = 42 0 • F 1 L E II'J N {j = J A T A • SE C 11 R I 1 YT Y P E= C LAS S A. A R £ A S = 3 0 0 , 
• ~R E A~IlE=45 0 ) 
DI MENS I 0 N X (1100 ).Y(11 00). M(11 00 ). G( SOO ). G2 FA( Z ), G2FB ( 2 ) 
REA l M 
DA TA G2FA/"G2FA. "1.52F S /" G2 f B. "I 
RE A!H7 .1 00) Z1. GS PA~ £ 

C rl El G H T (' F C ~ LC UL A T1 ON • G PI D SPA C I N G 
1 00 f OR MA1(2FI O.l) 

L OC K (7) 
RE A D ( ~ .1 01 l I 

tell F OR MA T<12) 
L OO( 4) 
IF <I . :: Q. O} OPE.N ( ~'TITL E =G 2F A ) 
IF <l . ':Q. 1) O P~ N( ?rI TLE =G 2FB ) 

C SET TITLE ACC J ROl NG TJ !.AST flU: WR ITT EN 
I,ll ri =~ 8 3 . 
OIAX = 60~ . 

C X RAN GE 
y~I N= 3 6S . 
YIi A X= 391 . 

_ Y R~NGE 
x = « x M ~ X - X MI N) I G S pA C £ ) + 1 • 

N;!=« YMAX-Y MIN)/(. S PAC E )+1. 0 
il<. A D( 3.1 \12) N.H 

1 02 f OilMAT<r5. U d .1 2 ) 
R '.: 1. 0 ( 3 ) 

C S KI o DNE ~ EC QRD UN I NPUT FIL ~ 
P00 (3.t Q3) (M( n.r=1, Nl 

1 03 FO RMAT<4E1 3 ol2) 
LC'C K(3) 
R EA D( 5.1 (4) (XC 1).y (l). I=l. N) 

1 04 F ORXAT<1 0X . 2F9 . 4) 
L OC II ( S ) 
W R ITl(8.20~ ) GS PA C~ .Z1 

200 f ORMATC'Uf> . COtH. G"r D'.,e .Z.' HE!G t'P.F&. Z" KM&'> 
S MA x= -l. t=: + 25 
8 MIN =l. : +Z 5 
A 1= Zl-H 
A2 =Al .. .. 2 
A4 =Y M! N 
00 10 I=1 . NY 
~3=XMrN 
00 20 J=1, NX 
GG =O. ') 
00 30 K=I, N 
IX=X(K )-A3 
YY =Y< K)- A4 
ZZ = xx .... z +YY * * 2+ A2 
G G=GG+ ( ;HK ) r A l)/(ZZ" S ~ R T<ZZ» 

31) CON TI NU" 
8 '1I N= AM! N1 ( 8 M IN ,G G) 
BMA X=AMAX1 <BHAX. GG ) 
G(J)=GG 
A 3= A 3 +G~P~ c:: 

20 CON TI NU. 
C JU TP UT IN Cd0 S EN FOIl MAT 

.. RITE ( 8 • 20 1) I 
2 01 FOR "1AT(13 ) 

ARI T« 8 . 20 2) ( G( J). J=I . NO 
202 i" DR MAT( QFa .1> 

A 4= A4 + GSP~ CE 
1:; CON T I NU::: 

CLOSE( 8 . UI SP=CRUNCrl) 
wRl TE(6 . 20 3) BMI N. BMAX 

~03 FOR MAT< ' ~IN I S '.F ~ .l/' 'i AX IS '.F 8 d) 

21-A3/1 



18 00 
790 0 

S TO P 
E NO 

21-A3/2 

/Cf/ 
/ /6 



15800 
15901i 
1 600 0 
16 1 0f) 
1 5 200 
1 6300 
1 6 4 01) 
1 (5 01) 
1 6 &00 
1 6 7 00 
16800 
1&9 0 ') 
17 0 on 
1 71 00 
17 2 0n 
17 3 00 
17 4 0 (1 
1 750 0 
1760 1) 

L OCK (4) 
il f' E N ( 5 , r I L E TY PE =7 ) 
WR IT E ( S.lOO ) II 
L OCK (S) 
IrI ME =IT l~E +12 000 
RE TURN 
::: NO 
S UBROU TI NE I NB I N( A. N. IF I LE ) 

C N WORD U N F O~M ~ TTED PE. AD 
O I M~ "' S IO N AU" 
R [A l' (I rr L:: ) A 
RETURN 
OlD 
S UB R 0 U T! N~ 0 U Til I N ( A • • N. IF r L £ ) 

C ~ "O~O U N F C ~ M_ TT E D WM !T F 
o I ME: N~rrl N A u n 
"R I TE<IFI LE> A 
Rf.TUR N 
.: NO 
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