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Abstract 

By using a digitiser in conjunction with programs for 
calculating and contouring the gravitational attraction of a 
three dimensional body gravity modelling is readily performed 
for a specific project. 

INTRODUCTION 

The programs were written for use on Interdata 7/16 and Burroughs 
B6700 computers at the University of Tasmania. With minor changes, the 
programs could be transferred to other systems provided the necessary 
tablet digitiser, bulk storage, and plotter are available. 

THE PROGRAMS 

(a) CONTDIG (Appendix 1) 

The hardware required for this program is a tablet digitiser with 
sampling switch and two status sensing switches, a graphics output unit 
with X and Y co-ordinate ranges from -2048 to +2048, a 9-track tape drive, 
and a console device. The program is intended for digitising and display­
ing co-ordinates near Tasmania, but the area may be changed simply by 
changing the plotting scale and origin. If desired the map may be 
divided into four separate panels to allow digiti sing at a larger scale 
or of a larger area. Any rotation of the map relative to the digitising 
tablet is removed when the map scale is determined. The program output 
is used as input for program U2588/20. 

Machine code routines called are: 

PRIVLG used to put the program in privileged state 
to allow I/O without supervisor intervention. 

SYSCOM(I,7HAS 6EB» assign a pseudo-device to allow EBCDIC output 
in 80 character records on magnetic tape. 

PLOTOM(3HTVS) direct plotted output to the C.R.T. display. 

SCREEN (0) clear the C.R.T. screen. 

CALL PLOTOO(7) gather the colour guns together. 

PLOT (IX, IY, IPEN, ICOL) move to IX, IY with the pen up (IPEN=l) 
or down (IPEN=O) and draw a line of 
colour ICOL. (ICOL=O is erase). 

EOF (6) 

ISENSE(249) 

I=KDIGIT(IX, IY) 

write a single tape mark. 

gets the status of the two switches on the 
digitiser. 

returns the digitiser co-ordinates of the 
current cursor position and the status switch 
settings when the digitise switch is operated. 
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Input is similar to the control input for program U2588 (Richardson, 
1981) and is: 

NCO, DENSITY 

TITLE 

Y or N 

XC, YC 

NBODY 

NCONT 

DEPTH 

Y or N 

NCO=O 
NCO=l 
DENSITY 

end of run 
only acceptable value other than 0 
the body densi ty 

a title of 80 or less characters. 

answer Yes or No in reply to a prompt about data 
in that panel. 

the map co-ordinates of a point near the left-hand 
side of the map. 

the map co-ordinates of a point near the right-hand 
side of the map. 

N.B. YC=Y~ 

the number of bodies in the panel. 

for each body the number of contours. 

the depth of each contour (depth negative below datum). 

answer Yes if the contour as displayed is correct. 

(b) U2588/20 (Appendix 2) 

This program calculates the gravitational attraction of three­
dimensional models digitised using CONTDIG. The attractions are calculated 
at points on a rectangular grid and output is in a form suitable for contour­
ing. The co-ordinates of the observation points are determined between lines 
10300 and 11800. The data maximum and minimum are output to the printer. 

On a Burroughs B6700 the processor time for a program run is approx­
imately 2.5 seconds for each line of the input file. In the current 
program version, the total number of vertices for a model (set by the 
DIMENSION of XA, YA) must be less than 2500. 

(e) CONTOUR/20 (Appendix 3) 

This program plots a map of Tasmania and contours of calculated 
gravitational attraction at a scale of 1:1 000 000. As the plotter width 
is only 10.5 inches (267 rom) the final map is formed by joining two plots. 

Input is: 

File 7 

File 4 

the A.M.G. co-ordinates specifying Tasmania. 
A negative value for the X co-ordinate causes the 
plotter pen to be raised, the pen moved to the 
co-ordinate pair and the pen lowered. This allows 
islands and lakes to be drawn. 

the output of U2588/20. 
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Subroutines without listings are: 

SETCORNER(IX, IY, LENGTH) initialise the plotter with the bottom 
left-hand corner of the paper having 
co-ordinates (IX, IY) and allow a paper 
length of LENGTH. 

SETCHA(IHT, IDIRN) 

N.B. all plotter commands are given in 
co-ordinates consistent with (IX, IY) and 
are in units of 0.01 inches. The plotter 
axes are contrary to normal practice and 
have the X-axis across the paper and the 
Y-axis along the paper. 

set the character size and direction for 
labelling contours. If IDIRN=O text is 
written from left to right parallel to the 
X-axis. 

CONTUR(VALUE, AMAP, NX, NY, NX*NY, IX1, IX2, IYl, IY2, X, Y) 
draws a contour at a given level (VALUE) 
through data (AMAP) on a rectangular grid 
using the method of Bengtsson and 
Nordbeck (1967). The grid is NX by NY 
but only the range IXl to IX2 and IYl to 
IY2 is contoured. Arrays X and Yare used 
for workspace. The subroutine makes use 
of calls to XFORM to convert from array 
element units to plotter co-ordinates. 

MOVETO(IX, IY) the pen is moved to co-ordinates IX, IY 
without being raised or lowered. 

PLTEND terminate the plot and move the pen up the 
Y-axis until it is beyond the furthest 
limit previously plotted. 
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APPENDIX 1 

Programme CONTDIG 



CPRDGRAM, CClNTDIG , , 
' C;' TO DIGITISE CDNTOURS FROM A MAP " OF TAS - SCALE 1: 1000000 
,(: MAY USE ' UP TO FOUR PANELS ' W'ITH SCALE; 'TO USE MORE DR LESS 

,:. C . PANELS CHANGE SCALE ' AND. PANEL UPPER LIMIT • . '.,. A.'.n _ ... '.. . • , • , , , . . ~ 

<. .. ,D1MENSION X (800) ,y(SOO ) ,TITLE( 1S) 
!d',,!,;,, ~NT!OGER*2 IXI\:I?OI), IYI (SOO) 
;' . EQUIVALENCE (TITLE(lhX(1» 
"'.. ," DATA, flClK(4HY , I "'.. . . 

C USED FOR OK CHECKS 
"~'~' . . . " ,' C.ALL PRIVLG 

'CALL SYSCDM ( I ,7HAS 6EB*) 
, • " CALL PLOTDM (3HTVS) 
C 'PLOT, ON TV , 

CALL SCREEN (0) 
' CALL PLOTI)I)(7) , 

, , 

SCALE=4000./47S, 
. t: WANT 47SKM TO BE 4000 PLO,TTING STEPS 

, IX=23S.0*SCALE 

· c 
'C 
C 
C 

I Y;=237.S*SCALE 
, ~AL~ PLOT(-IX,-IY,1,7) 

CALL . PLOT(-IX,Iy,I),7) 
. CALL · P,LDT ( I X, I y, 0,7> 

CALL PLDT(IX,~IYrO,7) 
GALL PLOT(-IX,~IY,0,7) 

DRAW BDUNDARY 

NDW DRAW MAP OF TAS IF WANTED 

t=IGITA(XO,YO) , 
, C FQRCECA~IBRATION 

197 WRITE(S, 10,3) , 
10.3, FORMAT (' NCO., DENSITY (12, F6. )' ) . 

READ(S,104) NCO,DENSTY ' 
104 FDRMAT<:I2,F6.0) 

WRITE(6,20() NCO 
200 , FORMAT( 12, 70X) 

IF (NCO .LE. '0) GOTO 876 
.. C END 'OF RUN 

WRITE(6,201) DENSTY 
.201 FDRMAHF8.3 ,,64X) 

WRITE(S,128) 
, 128 FORMAT(' TITLE') ' 

READ(S,129) TITLE 
. +29 FDRMAT(18A4) 

WRITE(6,129) TITLE 
c;: TITLE FOR EACH BODY . 

IBCoNT=l . 

C USED TO. CONTROL PARAMETERS PASSE;D TO MAIN PROGRAM 
DO 9990 111=1,4 

C , LODP TO ALLOW PANELLING - SET FDR 4 ABOVE 
WRITE(S,118) 

, 118 FDRMAT(' ANY DATA?') 
READ (S, 11 '7) YES 

11'7 FORMAHA4) 

. , 
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, 

IF (YES .NE. AOK) GOTO 9990 
t ' DONt HAVE ANY DATA iN THIS PAN~:l 

WRITE(S,50) 
50 'FORMAn' TOUCH ORIGIN,CORNER,TYPE 'I 

~'XO,YO,XC,YC (2F6./2F6.);) 
, i=IGITA{XI),VO) ', .,' 

C ORIGIN , 
I=IGITA(XC,YC) c 

CCORNER WITH SAME YCOORD AS ~9RNER - ALLOWS PANELLING 
XD=XC-XO 
YD=YC-YO 

C DISTANCES ALONG AXES 
DDIGIT=SQRT'<XD*XD+YD*YD) 

C DISTANCE AS 'MEASURED ON DIGITISER 
THETA=ATAN (Y[lIXD) 

C ANGLE BETWEEN DIGITISER GRID AND MAP GRID 
CTHETA=COS t:THET A> 
STHETA=SINt:THETA) 

C NEEDED FOR COORDINATE TRANSFORMATION 
READ(-S,10:2) XOMAP,YOMAP,XCMAP,YCMAP 

102 FORMAT(2F6.0/2F6.0) . , ' 

XMAP=X~MAP-XOMAP 
'YMAP=YCMAP-YOMAP . 
DMAP=SQRT(XMAP*XMAP+YMAP*YMAP) 
XSCALE=DMAP/DDIGIT 

C ASSUME SCALE OF MAp I'S THE SAME ' IN BeiTH DIRECTIONS 
C MAY NOW USE COORDINATE ROTATIONS FOR A GRI!) WITH A ' 
C COMMON ORIGIN 

' C XMAP=XD*COS<THET'AHYD*SINt:THETA) 
I • 

C YMAP=-XD*SIN(THETAH,YD*COSCTHETA) 
WRIT~(S,66) , , 

66 FORMAT<'NO. BODIES (12)') 
READ(S,67) NBODY 

67 FORMAT< 12) 
DO ,68 IBODY=l,NBODY 

C LOOP FOR NUMBER OF ' BODIES, IN EACH PANEL 
CALL CONTRU-IBCONT) 

C IF ALREADY HAVE A BODY WITH THESE CONSTANTS WRITE A SET 
C OF 0 CONTROL PARAMETERS 

I BCONT=l 
37 WRITE(S,2) 

2 FORMAT(,NO; CONTRS<I3), ) 
READ(S,3) NCONT 

3 FORMAT( I3) 
IF (NCONT .LE. 0) GOTO 9990 

C NO CONTOURS IN THis PANEL 
IF (MOD(NCONT,2) .EQ., 0) OOTO 37 

C NEED ODD NUMBER OF , CONTOURS 
WRITE(6,3) NCONT 
H:;ON=l 

10 WRITE(S,ll) ICON , 
11 FORMAT(, DEPTH OF CONTOUR' ,13,' ?') 

' READ(S,12) DEPTH 
12 FORMAT<F8.0) 
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I .' 

'. 

NVE:~T=O 
''30 NVERT=NVERT+1 

. IF t;NVERT .GT. 8t)0) GOTO 10 
C TOO . MANY VERTICES 

K=IGITA( X (NVERT) ,y (NVERT» 
IF '(LAND<I(,64» 33,30,33 

C' TERMINATE BY RAISING LEFT-:HAN.o SWITCH 
3,3 NVERT=NVERT-1 

C MAIN COMPUTATIONAL PROGRAM CLOSES BODY 
rio 337 1=1 ,NVERT , ' 
XD=(XCI)-XO)*XSCALE '. 
YD={Y( I) ':'YO)*XSCALE 
X(I)=(XD*CTHETA+YD*STHETA)+XOMAP 
Y(I)=(YD*CTHE!'A-XD*STHETAHYOMAP 

337 CQNTINUE _ 
C CONVERT FROM OIGITISER COORDS ·TO MAP COORDS 

IIX=(X(1)~430.0)*SCALE 
I IY'=(Y( 1 )-362.5)*StALE 
CALL 'PLOT(IIX;IIX,l,7) 
DO 38 I=2,NVERT . 
IX=(XCI)-430.0).SCALE 

' IY=(Y('I)~362.5)*SCALE 
' IXI(1)=IX 
IYI (1)=IY 
CALL PL~T(IX,Iy,0,2) 

38 CONTINUE 
CALL PLOT(IIX,IIY,Q,2) 
WRITE(S,3S) 

35 FORMAT(' OK?'j 
' READ ('S,119) YES 
' IF (T' ES • NE. AOK) GOTO 83 
CAL'L PLOT(IIXdIYd,6) 
DO 39 ' 1=2', NVERT 
I X= I X I (1) . 
rY=IYI(1) 
CALL PLOT(IX,IY,0,6) 

, 39 CONTINUE 
CALL PLOTCIIX,IIY,0,6) 
WRITE(6,.34) DEPTH,NVERT 

34 FORMATCF8.3,I6,S8X) 
WRITEC6,36) (X(K),YCK),K=l,NVERT) 

36 FORMATC4(F10.2,F8.2» 
ICON=ICON+1 
IF (ICON • LE. NCONT) GOTO 10 
IF (IBODY ' .EQ. NeODY) , IBCONT=-l 

C LAST TIME THROUGH WAIT AND SEE IF HAVE MORE BODIES ,WITH THE 
C SAME CONSTANTS ' 

CALL CONTRU IBCONT) 
68 CONTINUE 

C END OF BODY LOOP 
9990 CONTINUE 

'C END OF PANEL LOOP 
WRITE(6,43) 

43 FORMAT(' ° ° 0 l' ,64X) 
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· C WRITE OUT CONTROL PARAMETE,RS 
,GOTO len' ' 

876 CONTINUE ' 
CALL EOF(6) 
CALL EOF(6) 
STOP 

, 83 CALL PLOT(IIXdIY.l.0) 
' DO 84 I'=2;NVER'r ' 

84 CALL PLOT(IXI(IhIYI<IhO.O) 
CALL PLOT(IIX.II~.O.O) 
GOTO 10 

C ERASE UNWANTED CONTOUR 
END 
SUBROUTINE CON'rRL(I) 
IF (l .EQ. -1) RETU,RN 

C DONT WRITE 
WRITE(6.100) 

'c 
C 
C 
C 

' C 
C 
C 
C 
C 
C 

100 FORMAT(' I) 0 0 0' .64X) 
RETURN 
END 
FUNCTION , IGITA(X.Y) 

DIGITIZE X.Y ' COORDS WHEN FOOT SWITCH PRESSED. 
UNITS ARE CMS. WITH AN ARBITRARY ORIGIN 
CALIBRATION FACILITIES ARE INCLUDED 
ALLOWS SENSING OF THE TWO STATUS SWITCHES: 
, LEFT HAND SWITCH VALUES 64 . 

BOTH LEFT AND RIGHT HAND SWITCHES - CHECK FOR BOTH 32 AND 64 
TO INVOKE A CALIBRATION BEFORE THE NEXT POINT IS DIGITISED ' 
SET ONLY ! THE RI.GHT HAND SWITCH(32) UP. 
CALIBRATION CONSISTS OF DIGITISING THE COORDINATES OF A POINT 

" IN THE FRONT LEFT HAND CORNER .AND THE BACK RIGHT-HAND BACK CORNER 
DATA : IFIR/-l I. XFACT/I).O/. YFACTlo. 01 
IF CIFIR) 1.2.2 

2 . J='ISENSE(249) 
IF. (LAND(J.32) .NE. I) .,AND. LAND(J.64 ) .EQ. 0) GOTO 1 
GOTO 100 

C 'FORCED CALIBRATION 
1 WRITEC5.5) 

' 5 FORMAT('CALIBRATION') 
I=KDIGIT(IXO.IYO) 
I=KDIGIT(IX1,IY1) 
SLENGF=70.0 

C 70.0 CM. CALIBRATION BASE 
XFACT=ABS(SLENGF IFLOAT( IXl-IXO» 
YFACT=ABS(SLENGF IFLOAT (lYl-IYO» 

C DOES NT MATTER WHAT THE ORDER IS 
IFIR=I) 

- ' ., 

WRITE(5.9) , 
9 FORMAT(' SET CAL SWITCH') 

PAUSE 
GOTO 2 

100 IGITA=KDIGIT(IX1.IY1) 
X=FLOAT(IX1)*XFACT 
Y=FLOATCIY1)*YFACT 

23-.11/4 

- I , 



'~' 

RETURN 
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APPENDIX 2 

Programme U2588/20 



, . 

;flLE : U2588120 02/(0179)" 
\ 

200 
30'Q 
400 
50 0 
~O O 

00 
800 
?OO 

1000 
1100 
i .foe 
1300 

H8S' 
1000 
17 GO 
1800 
1900 
ZOOO 
2100 
2200 
2300 
2400 
258 6 
2000 
2700 · 
28UO . 
2900 

31 D 
3200 

un 
3501) 
3600 
37 OP 
3BO o 
3900 
4000 
101 6e 
420 0 
4300 
4 .. 0.0 
4500' 
460 0 
4700 , 

I 4801) . 
49 ee ' 
5000 . 
5100 
5200 · 
53 0 

5500 
5600 
5:7 ae 
58 00 

~~gg 
010 0 
[,'200 
& 300 
g400 
50 «1 

56 00 
0-100 
;800 

~ g8R 
710 0 

] 7~0 0 

1 
r-99 
74'00 
75.00 
r:6 00 . 
f 70 0 ' 

:,. ,', 

ISE T " 

~~d 9CTORMOOE ' . .' rILE 7(K INB=P~l ~'UJETYP~=-li) 

. • BLOC KSI ZE= 4 2Q.,F ILE K I NO= oA TA , AREAS = 300, AREAS ZE =4' 50 ) . 
C U2588 &O LIO 3-D GRAVITATIONAL AfTRACTION . ' SIMPLE VERS I ON 
e TRANSlAfEIl FftBIl TilE AL6"L W'E:~SI 6fj 6 . 5 .I.R. 6EBPII'(SleS · IH vI S IIlM. 

C VIDE TALwANI,EwING,1959: . .' 
C ,(R APIg' CQMPt:ll .6 TIQti Qr ,q;'.vITIg~lr ·b " TT R A.CTIQN OF T""REg ' QIHE~IE- IQ"JAl 

' C dOOIE.S or ARBI TRARY SHAPE> , • 
C IN GEOPH YSI CS, VeOl. 'kXV , NO .1 ( FEaRUAR Y 1960). e I At W A' NI • M. , l' 64 • . . 
C COMPUTA TlON WITH TH E HEl.? OF A DIGITAL COMP UTER Of MAGNtpC 
C ANOMA! I E s CA!lsED By BlUES Of AR~ITRAR Y SHAPE > 
C IN GEOPH YSI CS. VOL . IO()(, NO. 5 ( 0 TOBER 1905 ). . 
C PROGRAMME WRlTiEN BY 'H". A .• SA'uNDERS ,D. S .1.R. APPLIED MAT HEM ATIC S 
e BPJISt8thSEPTEfiBER 19&6. ••• ANa ALT ER§ 8 F aR TilE l:fNI\' ER SIT¥ f3F 
C TASMANI~ S0 700 BY · R. G. PICHAROSON (1 918 a TH ALGOL AND FORTRAN1. 
C G RA V I TV . 0 Nt Y " 

LOGICAL N::..WPRS,NtWCP,RE PLA.C,NJCN SI ,FIRS) ,NF",NR 

) • RPlACE,NCONS;r,CT,110,OY1!,NCP.CPC 
REAL UIi#UV,XX,YY,ZZ,Xl,X2,Yl'Y2 , PI, 

• PIBV2,K,Nt:tt1BER,lfl,H2,113,A;B,£ . 

• OENS( Iv),. XAt 2500),. l.TA( £:500) ,tAl 30) ,QI,QZ,Q3 
I NTEGER A 1{ 7 )' B1(7), PPC{577 l.nn E { 80 J. NV{ 15) 
REA l JlZ(576),w.V,..73<S761, t171 , 

COMMON Iii' SPi", P,P~i'2,DXI,Dfl,."I, l,F',SQ 
SCALE {5~"1.E5 
SCAd Elld=' 82.67064 
SCA lE(0)-10D934.3 . 
SCALE (1)=1.E2 . 
S6HE( 2)00"36'. H9973 
S CAL E {3} =9 1. 4399 
SCALE (7 ')=1 853 1 8~2 
n:6 . 6 (3E W 8 C . ,-

* * .*****~ '/Ir"* •• *.* ' ''*~*.~******* ** 

\ 

, 

c •• * •• '**. *.***~ *********.*******.**.** •• ***** ••• *** ************.* •• ~* •• 
. ~ ~~! II n~ f P~CS~: RFe R tl'ER'n e,teL ' BE RlT"" E ' 

1-, NANOM- . f CS. ; '. 
G-** *'W tr .. ~*. ** ** 1: ** * ........ _ ..... * It**,*, ** * to **11'. **'JlI' *** **_ *******'**_ ***.* **** *.i*.* 
C··*.*****··**··~*.***··***·** *** * * · · ** •• **+·*·***·**~+******.***** ***** 
C 
C 

A1( 1) 6 
A1(2 )=0 
A1(3)=6 
A l( 4)-6 
H(5l={ 
U(f.l-
A1 ( .7>- 3 
~ 1( 1)=0 

lCiD-8 
81< 3 ):'0 

' 811'3 )~0 
81(4 )=0 
B 1( 5)=.3 

?}-A2!1 
... - ...... . 

, ... .. ;. 
c., .. 

( 

. ,' ',' ,(,... L 

r 

, 
': ' 

, .... , . 
. ,- ;:~ ...... ' .~.:.~ ~-,t:;~~.::~j~.:::: .. r 

':~-f~:'/;;~;;:;" ..... '. ..~i··~<· :'\ . <;': 



. .~ \ 

l.: I 

~6.o() 
7900 . 6rgo 
8 0 
8200 

9188 " ' 

" 

, 

~ Ie fl "·I,Z. . 
NUI1BER=-51. 2957795* 36 0()'.1'l 80 . " 
NtWPRB =·h~~E • N wCP-.T • 

'6500 J' NUCI:jST=. TRUE. 
r IRST- TRUE". 8600 

9000 
9100 
9200 
\9300 
9 4 0 0 
9500 
9600 
9766 
9800 

f 9900 
0000 
0 10{) 
0200 
0 300 
0 40 0 
0500 
0600 

8K8S 
090,0 " 
1000 
1100 
1200 
1300 
1400 

H88 
1700 
16Q9 
1900 
2000 
2:100 
2200 

US8 
2500 
~" 00 

3000 

H8& 
3380 
3" 0 
3500 
3600 
J.7 on 

4.30.00 p.go 
If:; 6 
Hi 00 

HE8 4 a; , 
~ 9'00 
SOOQ 

57'00 
,'" . 

999 CjN TI NtJE . 
COLD R PEAT t:AB£L 

f .(.~BT. HEwep> 6a'8 14 
C READ COMPUTING P.OINTS 

IjHl =4 

U 1=UV1+1 . 
A H=A 1 <U Hl> 
BII-Bl (tl lll) 

XNOR TH=125 . 0 

, 

C GO FROM 125 KM N TO 585 KM N 
00 11 t - b~4 
XE'AST= 19i;0 

C GO EROM H 93 _M E to 655 KM E 
,(}O = , 2 
rf=IHt . 

.., I(1I )-0.0 
" 

10 T NU~ 
XNDRTH=XNOR TH+ 20.0 

11 CgN T1~¥E ' 
PPC (s )=-1 
1=576 c. 

7 t. of. NUCNST) GrTD 16 
C READ ' CON STA NTS ' 

R fA !l~~;, 167l NeB 
107 F ORMA.i<I2.> 

If ' (NCO -bE. O) 'GOTn 787 
C WRITE OO t RES lTS BnnR' sTOP 

00 15 N1=1 ,NCO ' 
R£AD(S",llOl DENS(Ml' 

110 FORMAf(F8.3) , 
RO 0(5. 101) T lTl ( 

101 r~RI1AT(60~1) 

C T Lr. F U H y 
1 CONTINUE 

~ E;$lIj ~E.O CONH'I>IT~ 
16 CONn NUt: 

, 114 T(3) 
I =NC" 1 
NQ-Iln( In) 
IF (2*NO . EQ .~ I) .GOTO 17 
HRlTE (6d1 5L ' 

,115 I"BRMAT(" ' 31'1f1tlLtJ ,BE eBB 14di'lBER 
STOP , ~ 

17 EON6 INUF' 

23-1.2/2 
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15800 
15900 ' 
1600 0 
,6Hl8 
16200 
. 6300·~ 
.64 00-
. 650{y 
6600 

!6700 
. &8{)0 
.69 ae 
,70.00 
,7100 

:Hg8 ',, ' 
7,40 0 

116 

, 118 

, 
\. 

20 

22 

ZA { 1 )=-A"UV 
NlH I> =1'1 . 
IF (1'1 . ;E\I. I 1) GOla 2Z 
HO=CT+. 1 , . 
CT-i:HH ' 

.7500 

.76 00 
,77ee C ~NO 

YA< CTl=YA( HO} 
CONTINUE 
flE AS . saSRas FeR €SN T 8I:JR5 

.780 0 

.790 0 
0000 

.8100 
82M ' . 
.8300 
,8400 
.8see 
8600 

.8700 

.B800 

.8 900 
9000 

,9 100 
.920 0 
930 0 
9400 
9500 . 

~3 CON T INUE -
J=l 
00 25 I 1, NO 
H 3=!ZA (J+ H 
H 1= ZA (;] l-H 3 
H2=H3-Z4(J+2) 
H3=Hl+H2 · 
IF (111 alE. ,£1-1 ) GaTa _ 2~ 
H1=-Hl 
tt2= -H 2 
H3--=" 3 

24 CON TINuE 

C ENO 
25 

Q 1t I) -H3*( H2t HI -2.'1 ' 
QZ (l ):-H,J'*H3*H3/(Hl*H2) 
Q3( 1)=H3*(HI/H2~2) 
d dlf 
I l OO P 
CONTINUE 

960th C 
970 0 C· 
9800 ") C 
9900 ' 
'0000 
8166 I 

820Q , 
'0300 

'0700 
0800 
8'88 
1000 
1100_ 
120G 

UBS 
15-1l0 
1600 
H89 
1800 
1900 
2000 
2100 
ZZOO 
230 0 
2400 ' 
£568 
2600 
2700 
260Q 
2900 
3000 
1J.00 
3200 
3386 
340 0· 

~~8S 
~700 

f'l at S 1= NC NSf • Nt. (J 
N f=,.NQT. PR5 T _Na- I NOT a~e} .c 

NE WCP=NCPT ' . NE. 0 
REP~AC=RPb-A-CE . NE. ~ 

c 
C C AlCIJLAl.,E 'ANOMALlES ' 

; L.PSl:-ntl_t1UA 1 ,E 6 
E PSlN V= UV* 1. E-6 
xx=o 
Y'Y- a . 

, nn=go ' Hl=i ,NP 
. x X= x x - x( Ml ) , 

Y Y= YY- .YOU ) 
Z Z= ZI tf Ht ) 
C;f = 0 
00 63 1=1, NC 
iA< IJ.=ZAOHLZ 

t. )1=N V(I) 
IF (11 . ~Q. l' GOTO 62 

XA'(J ,)=XA'{J HxX 
¥ A( ,J)'-?,YA (J) + yv, 

-'- 61 , C UN llNuF.. 
62 CON TINUE 

C 0; Nil I 'A 0 Of" . 
63 CON T.INUE 

X X= x (1'11 l 
( 'f i ( fil} 
Z Z= HHH. 

56=94' I 1. NC 
M=NV(! ) 

'( 23~2/3 
'-', .~ 

',': 

." 

'-':" "." 

, , 

( . 
, . 

.... ~ . 
. . ;' 

. :', 

) , , 

v, 

, 
~ . '., 

' . 

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

. .- .-.. ~;: .. :\ ~ 
.~. ' 

,-:" . 

,.: ..... 



23800' . 
2HOO . 
'/0 0 00 
! ,II 1 00 
~It 200 ' 
2"4300 ' 
~44 00 
245'0 0 
Z 4 i 'oO 
24700 
24SOO 
?4 99 
~5000 
251.00 
25200 
25300 
)54 00 

I 25500 
25600 
l5100 
25800 
2~9 Sg 2 0 
26100 
~~ ll~ O 
263{)0 
~6 40 0 
~ts566 

_6~ 
26 00 
nooo 
27100 
H200 
~r3ee 
2740 0 
27500 
27600 
27 70 0 
usoa 

28200 
I 26 300 

28400 
28500 
HliOQ 

2900(> 

~Hg8 
293 00 
~9" Q {) . 
29500 
29600 
~~100 

30100 
50110Q 
30300 
! 04 00 
10566 
30600 
! ,0700 
30S-00 
S0900 
31000 
31100 
!J.200 
31366 
31400 

Ht8g 
B700 

.-..... ". 

, I 

\ ) 

IF {M . NE. U GOTO 64 
Ul<I. )=0 .. 
Z3(I)=0 
6ll'fti 15 

, C Goro OLD NEWl LABEL 

C 

64 1~~1i~¥1 

·S Q= X 1" Xl + Y1 "y 1 
'--' R Xl=SQRHS Q) 

IL=O , 
00 73 J=MO . 'CT 
Xl! XI\(J I t) 
12=YA(J+1) 
~Q=x~"~,+a"Y2 X2= Ot ) 
R 2= SQ·RHSQ+ Z2) 
~4J - 1 O/RZ 

BX1 =Xl -X2 
Yl=Yl-Y2' 

, Rtf 5IRT-EB )(1l:0Xl' O Y1' ~ 'f11 

lPP=Z2+~U . 
COSG = (ox!> X.2+ flYl.*Y21 /( ~12*RX2 ) 
COS!)fOYHXl *OyuY' )/( R1Z*RXP 
BA= ABS(P) .GT. EPSLNH . 
8A =B I 12 (P) 
IF ' ( ... 6 T. 8 A) 6 aT B ? 2 

S uM= OPS.1+'" NGL E ( CO S G ) .. A NGl:'EE {-C 0 sa ) 
UZ1=UZ1+SUM"FSIGN<p1 In e 811 TI,nIE . 

72, CON TI NUE 
, H=~~ 

., RX1 =RX2 
Rl:-JZ 
R 1!=R 21 

n CON 'TIHuE 
eENflJLflflP 

, , 

NO v) Guru 75 
Z 3( n =O' 3*Z 1 

75- C ONT] Nil;:' 
COLO ' N E.W I LABEL 

'74 CON TINUE 

e E NB ~.~ '(!Nb~~p NANOH) Uz'~=-I NTEGl(UZ> 
If (.NOT. NOERIV) 01= -I NTEGL CZ3> 
DO '0 NI-1 'NC O 
A=K*O ENS { NU '-
G'- -nZl*:Ul.E:3 
G ZZ=- {) 3" A* 1. E 15 

C END N1 lOOP , 

1'8 i~Nl!~L FIRSJ) ' GOTO 79 
GH"' t )=~ . . G c HI =GZZ 
GOT'O 80 

{ 

- -: -- - -,- .... _,.,...--:. ....... _.,..-._ .,~.--,- - -'I __ • _ _ ' _ __ .• ......,... .• _. ___ ~ __ 

..; 

. , 
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" ,---
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... ' 

its 00 
11900 
12000 
IfiU:6 

. '.; .: 

12200 i 
1 300 

12500 

! ~~ 88 . 
12800 
1211 00 
13008 13ro 
H~8g 
13~- 88 n 
5360 0 
IHea 
33800 
13900 
5/iOOO 
141.00 
)4200 . 
14300 
144 00 
345 ee 
14&00 
14700 
S 4 /3 00 
14900 . 
15000 
1'5100 
152[>0 
S5366 
35400 
15500 
35600. 

i~~&& 
1590() 
56000 
So 1 ae 
16200 
16300 . 
1640el 
36500 
3f,f,DO 

S7 000 
37100 
II 200 

H,Sg 
37500 
37600 
Hrea 
H80C> 
37900 
56000 
38100 
3B200 
~8300 ' 
38400 
;as ea· 
3,8600 . 
~8700 ~ 

88-00 
38900/ 
39000 
39100 
392.00 
39~99 
39400 
39500 
396r!l8 
39tO. 

..•....• ! ' • .: . ~ " . .. " .. 

..... ;.: . ..;:., . 

.79 CONTINUE 
I r (.NOT. NR) , GOTO ~O 
GC< .Ml1=GCCH1>+G . 
61ZetHl) . • szzeCH1)ISZZ 
CONTINUE -

' 141 L'UO 

C GO TO 
C NOW 

! FJ7 

rIRST-=~ WPRB .oll". NFIICP .O R. (r IRS r.AltO. REPLAC) 
8e~0 9_9 R£ EAr LA BEL . 
Wi'll TE CUMULATIVE VALUES 
CONTI NUt: 
GCMAX-=-99999.9 
GCM IN=9999,"9-. 9 
fi HeM X-a ~9~' 9. , 
GZZCttN=99999~ 9 
00 i7 ~l=li~P -

GZZCMN=AM1N1<G C Ml .GZZCMN) , 
C rIND AN 'O ~TORC: MIN AND MAX VALUES TO P,RINT OUT LATER "1 CONTINtJ~ ,. 

. .' G..Z·ZCI1 IN =' • Fl 03. I" .G Z Z M A X= .". 1 0.3) 
C NEt: OED rOR CONTOURING . . 

IT LNA •• Bli-l S81e 89 . 
C NO ANOMAL Y 

11=1 
DO 88\ l-I~ 24 
IIRIT£(4)131) -,I 

1 31 E ORM' rc 0) 
JUP=II+23 -

, , 

IIRITE(4.132) (GC(J).J=II~JUP) 
132 F 8RI4~T<9F8 .ll 

LI=Il+24 
88 C'QNTINUE 

C "kIll EN 001 ANOMALY 
89 IpNll~~~IV) GOlD 90 

II: 1 -
DO 91 1=1.24 
W R IT E ( 4 Sf 13 1) I 

11=11+24 
91 CONTI NU~ 
90 CONTTNflt 

/ 

CLOSE{4.0ISP=CR~NCH} 
STOP '. . 
E ,.8 ' 

C END MA IN PROGRAM 
C 

REAL I.~ 

., 

I 

COMMON IINTS RL I Ql(?).Q2(7),Q3(7J.ND 
I-a 
K =1 
J=l ' 

10 CONTINO>:' 
lI=Q 1<Kl .. A( J) 
t- '.1 

K=lU, 1 
Ir (K-N O .LT. ' l) GO TO 10 
INf EG L-I7b. 
RE T URN 
F NO 

IF (II · .GE.l.) GOTO 10 
W-ARSIN(W) 

, GOTO 2{) 

- I 

.-', .. 

\ 

, 

23-.6.2/5 J . 
. \ \ -----'''-----~-''----'-~'''----'---'-



~~" , ," , , -

'iR 
.......... \ . - -, 

J . 
( ,.' 

398'00_ " 10 W=PIBY2 
39900 - 20 CON TINU E: ' 

( 

~J!>OO-O ' Be( X,",*DX1+ yA.D IYl) • l T." 0 . 0 .. 

tg~~g - A.~G LE=W- , • 
REl UR N ' , \ 

,,!:!y y - " 

~~~~ n~ ~~SU 9~ J~~H~~ c~g~ ) n1v 1 . D T , (, ~ '''' ! ~~R& 
40700 ~ =C~;~~OS . L~ , .. h) - I 

~~~OO i f' ( 00 GOTO 1 0 I 
~ I 

, ' 

H~~~ 10 
RETUR N 
A NG l EE= ~RS IN'< It> 

i;i3oo 
41ion 

PMu
" " ~ 

~fA I F' 11 "'0 r n", f' s-r raj( Al 
4 150g If' (A . EQ. , O. ) GOTO 10 , 

'H~~~ r!~~~A,: GT. 0 -. 0 ) GO TO 20 " -, 
~ 

I 41800 R~ TURN -
I 41'J 00 10 f'SIGN=O. ' .. 

;: 2100 20 ~::: ! )!~" 
~g ~~ ~ 1 1 ( 

, 

"" :>?ii ii 
, 

4,2300 EN D -
) 

, 

-, 

" ( 

,-, , , 

J 

I 

/ .. 

" -
I 

-
, 

I , 

i 

I 1 

I , 
0 

, , 
) 

I 

-
.' , , 

, 

, 

- ,I -
\ , 

, 

--
, 

2~-i2/6 I 

, , , . 
-, .. , 

, , , " < ,J 
; 

, , \ 
" , I 

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

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

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

-- .. . : . '" <-, ,,- " 
',-. 

" - -.. -:-. " .-. , . ..... , .... .... 



APPENDIX 3 

Programme CONTOUR/20 



'. ',-'. ">.-' ; ... .:- ". :':o'; ... ,~,:' 
~ .. " ,- . 

" , " 

.' ..... ' 
': ,', ,.'. '. ~ ,>:~:" 

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

:. .', '''''. . '~. 

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

'OURI20 (04/23/80) . 3:2. 

le~ . 
200 

700 
800 
~6e 

1000 

UOO 
00 

1300 
140 0 
1500 
1600 
1799 
1800 
1900 
2000 
210'0 
220n 
2300 
2400 
2599 
2600 
2700 
2102 
2704 
2800 

2900 
3000 
316 8 
3200 
3300 

H88 
3501 
3600 
3601 
379a 

40 0 
4100 
420 0 

noo 
4400 
"599 

. 4600 . 
4700 
4800 ; 

~g88 
5100 
5200 
539a 
5400 
5500 
5600 
5700. 
5800 
5900 
6000 
& 1 99 
&200 
6300 
'li400 ' 
6500 
6600 
,,700 
6800 
&999 ' 
7000 
1100 
7200 
73QO 

$ser , , 
$SET LlNEINfO 
S 

;. 

UN, LUOE W(US G, L0043 )FORTRAN/PLOT'PAKw 
sOP T= 1 
'SET 'fEeTBRtl8flE 
C A PROGR,AM TO .:ONTOUR D'ATA ON TWO SIDE BY, SIDE -SHEETS FOR TAS GRAVITY 
C 1lAH. Sp UP FOR 20 KM. DATA 9RIO . 

DIR NSION ARAP(24,2L).X(5 6),Y(576) 

~&~bO~A~~H~n~ '~::;XE i~l~T' XA. Sf". YAASE 
C FOR PASSING VHUES TO X1"O~11 ' 

READt 7> I1APX 
R LA 8 (7) ,., P '( 
00 10 1=1,24 
READ(4,100) LINE 

100 F OkRA It 13" 
READ(4,200) (AMAP<J,LINE),J=1,24) 

200 [ORIH I< 9E8'. 1 ) 
10 CONTI Nur 

C READ , DATA , PHD ARAY WITH X VALUE IN LEFT HAND SUB?CRIPT 
aO 11 1-1.2, . 
00 11 J=I,24 . 
AMAPJI=-AMAP(J'I> 
AMAP(J. I )=AMA PJ 

C CORRECT FOR UPSIDE DOWN ANOHALY VALUES 
IE (AMOOO MAp 11.)0 0) EO, 0 0) A~ APe I. T)- .MAp 'hO. 0) 

11 CONTINUE 
C OfFSET VALUES ON CONTOURS SLIGHTLY 

SALL 5ET6ak(9.-1a.e066) · 
C INIT. PLOTTING ROUTINES 

CALL SETCHA(4,0} 
C EASI-Wt,SI CtlARS 

ABOT·=-5~O.0 . ) 
C ~EHEIIBER to INVEIlT BECA"SE OF "PSI DE DtlWN DAr' 

ATOP=-10 . 0 
C REMEMBER TO 1NVERT BECAUSE OF UPSIDE DOWN DATA 

A IIlT -19,0 9 
C LOwEST LEVEL,HIGHEST .LEVEL.INTERVAL (! N THIS CASE UNITS ARE HIlLIGALS' 

. VALUE=ABOT ~ 
C STARt ING VACU:. 

NUI1CON,=( (ATOP -A BOT> IAI NT )+1.0 
C N""IlE:~ BE ~QNr n "ll LEVELS . 

C SQUARE ~RID . 
fX2f5=2~5.0*XfACT 

XfACT=XfACT*20.0 . 
YfACT=YfA: T*2 o. 0 

: ) !:T ·~ aN 29 KH GRI9 

C MOVE DONN ··AND 10 (Etl e .t ONE ONII 
:<I1BAS[=195 .0 

C MAP xBASE=195 [1'1 E 
YHBASE=125 .0 

C MAP YBASE=125 KM N 
ae 29 I-1; Nl:lttGOH 
CAL L C 0 NIU R tV A L UE, A MA P , 2" , 2 4 , 5 7 6, 1 • H , 1> 24 • X, Y ) 
WRITE (6. ° 1) VALUE ' 

101 ,FORMAj(' [[yEL (LHSI',F"tI.3) 
CLEfT HANO SIDE Of MAP '. 

20 VAltIE=yALII[ + A' INT 
C ,lRAWN fIRST HALF . 

CALL TASMAP(HAPX,MAPY, XHBASE,YMBASE) 
C ~ R"A W MI. P QF TI; S , 

• CALL BOROER(!X235,IY475,IX260) 
C 'DRAW BORIiER . ilIT·H REfERENC:: POINTS · 

CAll fENOP 
CALC 110vETO(Q,1990) 



7.400 
7S00 
7600 
7100 
7800 
79,00 
BOOO 
8100 
8 ZQO 
8300 
8400 
8566 ', 
8600 
8700 
6800 
8900 
9000 
9100 
920() 
93'68 
9400' 
~SOO 

600 
9700 
9800 
9900 
0000 ' 
8106 
0200 
0300 
0400 
osoo 
0' 00 
0700 
0800 
8986 
10,OQ 
11 00 
1200 
1300 
HOO 
IS 00' 
1600 
1780 
1.800 
~g8g , 
21.00 
2200 
2300 
2400 
f500 
2600 
2700 
2800 
~900 

000 
3100 
3200 
Bee 
3400 
3SOO 
3600 
3700 
3800 
3900 
4000 ' 
Zlll6 

200 
4300 
4400 

, , 

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

,'.';' .<: •• ; :'. 

. : ' .•. ;' , 

.,',.. . ... 

" 

c I1CVEO~03AHi-=~~NJM~~2 USt PREVIOUS VERTICAL POSN. 
ClI I CO"TUI1 (V AL 'uE· AIIAp. 2~' 24.5 76'12 ·Z4 '1'24 'J('V) 

36 'fAL~E VA51:fEtA lIiT 
C SECOND aHr RA WN ' 

! ~2S:(2S.0 *xr ACT>120.0 

, C ORAl! BORDER WITH MARKER ON LftS ' 
e-ALL PEf4t1P 
CALL MOVETO(O.1990) 

, ~~5\; PLTENO " , , 
' END , , ' , 

~ M~~g~T}~~ ~~~~5 HU A ~? YrAe T. XBA SE. YBASE 
A=(A*XFACr .-XBASE ' 
8- (8- 'tFA6n '( BASE 

.SOBRCe! !Nc BOROERtIK23S.1 'PS.! x2b () 
CALl PENUP 
ClLL MOVETQ(O. IY47S) . 
CALL PENOWN 
CALL MOV£TO(IX23S.IY,47S) 
eALL .. e'lEf8( )(235.1'(475116) 
CALL HOV~ O(!X235.IY47S) , 
C~Ll MOVP0<I X260'p47S) 

CALL MOVHon X23S.0) 
C ,~LL MOvEro(o.o} 
eALL M8VET8(1).I'(H5' 

C ORAWN BORDER 
RE6URN 

, REAL HAPX(2).MAPY(2) , 
, FACT=100.0/(10.0*2~5400) 

e WArn 1 e", - 16 ' 1("' " , 
CALL PENUP , 
! X=(~APX(1 >-XBASE>*FACf 
IY=( APT(l '-YBASEho;C. 
CALL MOVETO(!X,JYl 
,.' I PENOWN . 
00 10 1=2.2301 ., 
!Y=(MAPY(!)-YBASE>.~ACT 
IF (It .... P)((Il .6E. a.e> sar8 26 

G OTO 1 ' . ' 
2-0 I X=(I1APX(I )-XBASEhFACT 

e ALL Hever fl( IX>! 'f) 
10 CONTINUE 

RETURN 
t: NO 

, 23-A3/2 

. ... 

? 

" .. ' 


