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SUMMARY

A description is given of a.Computer program used for

oalculating the gravity anomaly due to a. three—dimensional body

of arbitrary shape. :The,body:is defined by a number of polygons-.

.representing depth . contours of the body. By a system of

interpolation between the oontoure the gravity anomaly caused by

the three—dimensional body can be calculated:to a high degree

of preoision.

All data are input on cards to a Cyber 76 computer and

the output is a printed list ef.grsvity values at stations along

a profile or grid.
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1. INTROroCTION 

It!uoh work has beerl dorie on the .computationof the gr.avity 

effects oftw~imensional bodies and computer programs for this 

. purp0l";18 are available, for example Haigh, Pollard.,& Will~ams (1972) • . 

It is not alwa,yElPoBsible to adapt such programs to simulate eeologicul 

struCtures enoounteredin' the field, . owing to . finite strike length' 

or oomplex shape. Programs :for si~ple thre.e-dimensional bodies Buch 

as spheres and · o.Y1illderB~e available ' .. (Cull, ,1971) ' but m.ost exi~tine ' . 

methods for caloulating thegravi ty af.feot of other three-dimensional 

bodies involve the use' of graticules or meohanical integrators 

(Bar~ov, 1953) • 

. The program desoribed' ii'lthie Reoord is based ori a paper 

by Ta.Iwani.& Ewing.( f960)1n which formulae are givonfor calc\1~atine 
.. ', : ." . ., . ".... ", :' . ' 

the gravity t;:'ffect of a three-dimens ional body of arbi tra,ry shape. 

The method basicaliy involveE:i dividing thebod,yup into a iarge ' 

. number of thin laminae, determining the gra.vi ty effect for each, and 

addin6 them. llor;zontal lamin~ are used as they Call be repres6Hted 

'". b~' contours of depth of the body •. 
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2. I.T,CIL',2 IF31.1 OF CCITUTATIOli

The brief statement which follows in this section and

in Appendix 1 is derived mainly from Talwani 3: Ewing (Op cit.).

The three-dimensional body is first represented by contours

at various depths, each contour ten being replaced by a horizontal

irregular n-sided polygonal lamina. By making the number of sides

n sufficiently large, the polygons can be made to approximate the

contour lines as closely as desired. The gravity anomaly caused

by each lamina is determined analytically by the subroutine GRACI

and is stored as a function of the depth of the lamina (i.e. the

contour elevation). By interpolation using numerical quadrature

the subroutine NUCPAD fits a continuous curve relating the heights

of the laminae with their gravity anomalies. The total area under

this curve gives the gravity anomaly caused by the entire body.

The co-ordinate system is given in Appendix 1. The contour

at depth z is replaced by a polygonal lamina of infitesimal thicknessdz

At point P the gravity anomaly due to the lamina is related to the

solid angle it subtends and is given by the expression.

A g^V CI.Z^ • - - - (I)

where V is the anomaly caused by the lamina, per unit

thickness. V can be expressed as two line integrals, both along

the boundary of the polygon.

V = Lf (rz+e)^•^• (2.)

where^k . universal constant of gravitation
m volume density of the lamina

Z, 'Ova r . the cylindrical co-ordinates used to define the
boundary of the polygon.

This expression can be simplified into components in the cartesian

co-ordinate system 9'r:own in Appendix 1.
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The total anomaly Asiztused by the entire body can be evaluated

by integrating (1) between z top and z bottom, the vertical limits of

the body.

Z411

v d.
Z

To solve the integral the program stores V as a function

of 2 1 the depO of the contour, and by numerical quadrature fits

a parabola through sets of three points. To an extent the closer the

contours are spaoed, the More accurate the determination of the anomaly.

The program assumes a constant density but could easily

be modified to incorporate density variation with depth.

Aocurac 

The aocuraoy of the method depends on how closely the

irregular polygons fit the individual contours and on the precision

of the numerical quadrature. The polygons can be made to fit the

contours as olbsely as desired merely by inoreasing the number of

sides but there is a corresponding increase in computer time.

Obviously close fit to contours is only important when a portion of

the contour boundary lies close to . a point at which . the computation

is being made. The aocuraoy of the numerical quadrature is mainly

governed by the contour interval. The assumption is made that V

varies smoothly between contours and as long as the surface of the

body varies smoothly between contours there is no advantage in

interpolating depths between contours.

The most common source of error is caused by the area

enclosed by a polygon differing signifioantly from that enclosed

by tie contour. If points are marked at intervals along a contour,

and joinecL with straight lines, then the area enclosed by the polygon

will in general be appreciably less than that enclosed by the contour.

Care should therefore be taken to ensure that the area of the polygon,

is as close as possible to that of the contour.



3. DATA IrPUT

All input data are on punched cards. Contours are drawn

or the body and fitted with polygons, the corners of which are specified

by X and Y co—ordinates. All distances are in metres.

First data card

This card contains a list of rumbers specifying parameters

of the body and traverse details.

rCOrT is the number of contours defining the body, but can also include

the top and/or bottom of the body. If the top and/or bottom of

the body is not defined the program assumes the first and last

contours define the extremities of the body, i.e., it has a

flat top and/or bottom. In the general case when the top and/or

bottom is not flat the depths are given on the third data Qard,

and the top and/or bottom are defined as Contours for the purpose

of this data card.

NC01T Must be an odd number less than 40.

DENS is the density contrast of the body in glom 3 .

FX^is the X co—ordinate of the beginning of the first profile.

FY is the corresponding Y co—ordinate.

DPX is the X increment for successive points on the profile.

DFY is the corresponding Y increment.

NPTS is the number of stations on the profile.

runn is the number of profiles.
DIST is the distance between profiles.

FIRST Di:TA CARD; NCOrT, DENS, FR, FY, DM, DPY, rPTS^DIST

1 FORYAT:^12, F8.4 1 4110.2, 2110, F10.2

Second data card

This gives a list of the number of co—ordinates in each

eontour, in order, from the top down. In the case of the top or

bottom of the body the number may be 1. This represents a point and

occurs for bodies with tope or bottoms which are not flat.
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SECOND DATA CARD: !MIST (1), NLIST (2) 1 NIIST (3),^
2 FORMAT: 12 1 12 1 12 1 ....^

Third data card

This card gives a list of the depths to the contours, from

the top down. This includes the top and/or bottom 'of the body regardless

of whether either of them are represented by a single point: 13"depths

fit on a card. Extra cards may be used if there are more than 13 contours.

THIRD DATA CARD: DEPTH (1).DEPTH (2), DEPTH (3) ^
3 FORVATt . F6.1 F6.1 1 F6.1 1^

Further data cards

There are two sets of data for each contour: The first set

gives a.list of X co-ordinates of the Polygon, the second gives a

list of corresponding Y oo-Ordinates in the same order. Vo data cards

are required in the case of point contours. ,, There may be up to 40

points for eaoh contour, 13 kitting on a oard.

DATA CARDS: XLIST (1,1), XLIST (1,2), XLIST (1,3)^
=ST (1,1), YLIST (1 1 2), YLIST (1,3)^
XLIST (2,1) 1 XLIST (2,2) 1 XLIST (2,3)^
YLIST (2 1 1) 1 YLIST (2 1 2), YLIST (2,3)^

FORNAT: F6.1, F6.1 1 F6.1,^
for both XLIST and YLIST

Further models

Data for new models may be inserted directly after the data

for the previous model. A blank card should be the last card in the

data deck to signify no further models.

Deck structure 

See plate 4.

Data sheet format 

See plate 3.

Program listing

See Appendix 2.

Program flow chart 

See plate 1.



4. PROGRAV T".5.11. :TI/TG

The gravity profile over a sphere was computed in the renewing

exfuNple. The sphere had ths following pF%rameterr7; depth to centrE,
500 in radius 300 m, density contrapt 0.5 dem'. The exct ri.szwity

values are easily determined for this case, and the result (Pluto 2)

show that close fit is obtained by using only 3 contours with an

sided polygon defining them.

The top and bottom of the sphere were also defined.

The time taken on the Cyber 76 for the above model, which

involved 11 observation points, was 1.9 seconds.

5. DICUSSION

The program GRLUD is capable of computing the gravity

profile over three—dimensional bodies of complex shape. The accuracy

depends on the number of contours employed and the number of sides

defining the contour. However, increase in these parameters also

increases computer time.

The program could be used for computing terrain corrections

on a flat earth, and can be modified so that density variations

with depth can be accommodated.

It was not considered warranted to include a PLOT facility

in the program because of the extra computing time that would be

involved.
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APPENDIX I. DERIVATION OF FORMULAE

Y-axis

PI. point of computation

2: depth to lamina of thickness dz representing contour

Z top: depth of top of body

Z bottom: depth of bottom of body

A.B.CDEF: polygonal lamina

P .: projection of P on Plane A.B.C.D.E.F

r radius vector in piano A.B.CD.E.E

:

Gravity effect of lamina V 7k p - • 'id* -
• vr^z ,

where k 7. universal constant of gravitation

_^p = volume . density of the !amino •

z,*and r are cylindrical coordinates.

r- pi

Second integral for segment BC r.
■/ Pia+ 2'

Total contribution from all sides is

Va k P^1^IA. + , -11/ 1 - °rosin ,LC-2-1-e-.-1- + arcsin -Z-CS)11)1 -[
. VPia+ V^. II-1117:1- T.— ?1

RECORD 14? 1975/4^ 629 -222A

Z cos $i 
fpja.. 

Z2
arcsin



APPENDIX 2

PhOGRAm GRAV3C ( INP111.-juTwol. TAP k.60• I 4Pol. TAPE61•OuTPUT)

C^THIS PROGRAm CONPUTES THE VO.TICAL COmPONINT OF THE GRAVITATIONAL^•BEAF81G•90.(1^ •
IF) DPY•N E.O. 01BEARNG•ATAN( CPX/ LPY).11:10.033.141 5927C^EFFECT OF A 3•D BODY ALONG A 5th! Lb OF PAhALLEL PROFILES.
XU•SQRTI DI ST••^OPx.•2.

C

•^

7711 bODY IS DESCRIBED BY POLYGONS PRESENTING DEPTH CONTOURS.^ DERR. DPX• (MPTS- 1 T• CPY.XD
MY), DPY•filP TS- 1 I. LPX•Xli

C^ALL DISTANCES ARE IN NETRES. LEN5I TY IS IN 015/CC.^ C^ThiS Loop. Novas To THE vicsi
CO 3901 N.I.NLIFIES

C^CONTOURS ARE LISTED FROM THE TOP D)PN•^ I F(N•18.1 ) GO TO 2004
PX.PX-XUNCPY
PY•PY•XIIPDPX

DIM INSIUNI DEPTH( 40 )• IALGAi4o).KLIST(40.a0).YLIST(40.4o),IList(4o)^C^TFILSt- LOOPS PUT XLIST ANC YEAST RELATIVE TO THE NEW ORIGIN.
1 FORNAT( IE. F8. 4, 4E10.2.2110.. F10.2)^ .00 7650 1.1...00Yr

FON4AT(4012)^ NI T•NL I bit I )
3 F014I60113F6.1)^ 1 F0111. 117. I) 00 TO 7653
4 FONNAT<•1401)EL NLMbE4•137151-4 ^  3(/)• ICONTIVIMBER OF^CO 7700 101.617

'CONTOURS) •• 131. DENS( LENS' Tr OR DENSITY CONTRAST) ••i13.4.0(S/CD•3^.^5I11.1()•XL I SIC I.x f•rxxx
IN START OF FIRST•PROFILi HAS COORDINATES PX •• F9.1•'4E714E5. py^ YLIST(1.10.YLIST(1,H)•cyyy
3 F9.^ET)ES*/• FOR SOCCESsIvt. POINTS ALONG A PROFILE X PiehIASES^7700 CONTINUE
4BY LPX. ••F6.1*METRES. AND r INCRIASES BY WY. ”(6.1*.IITMES• , * NP^7650 CONTINUE
5TS(NLFIBER OF POINTS ON EACH PROFILE) •91113• em.INE5(NiumBah op PROF' . 0000 PRINT R.N. PE. PY• REAM°
ELLS TO RE COMPUTED) .•12/• DIST ( DISTANCE BETIO/WI ADJACENT PROFILES, PRINT 9
7) ••F6.1•METRE5•313»COO 3900 J.I.VPTS

5 FONMATC • CONTOUR NTFIBER• 130 AT DEPTII•F7.1•NETRES IS A POINT./ I^ IF(J•EQ.1) GO TO 1234
6 FONIAT(•.CONTOUR NUMbER•13. AT DEP0H•F7.) *METRES 15 REPRESENTED B^C^THESE Ts() LOOPS CAUSE AT INCREMENT OF ONE STATION ALONG THE PROFILE.

1Y•13. POINTS AT COORDINATES. 314•XLIST^YL I ST•40(3.• 85X. F.6. 1. 5X•^CO 1001 11.I.7JCONT
2F6. I )^ Nt..15.NL I ST(II)

8 P0N4AT(•1910x•Ph1)FILE NUMBER.' 3.• STARTING AT COORDINATES•kil• I. ).•^IF ()ILI S.15. I )00 TO 1001
IITH BEARING OF 6}5.1. LEGREES FROm Y-AXIS)^ CC) 1002 IX•1•YLIS

9 FORqAT(•0•• 1 SX.•X COORIA.11X.•Y COORDs.11X.•CIRA111 TY ANOMALY IN NGA^4.15T(11.1%).XLISI(II•19)-CPX
IL SN )^ Y1.151(11.1X).YLI57(11.1X)-DPY_ 

10 FORMAT( I SX. F8.1, 10X. F6.1, 17X. F9. 3)^ 1002 CONTINUE
JOT•0^ 1001 CONTINUE

1000 CONTINUE^ C^THIS LOOP USES SUBROUTINE GRA01 TO CAL. CUL A TIE DEL GA (N ). THE
JOT-JOT.1^ GRAVITATIONAL EFFECT OF EACH CONTOUR.

DELGA IS SET TO 0 IF THE CONTOUR IS A SINCILE POINT.
READ 1,NCONT. DENS, PX•PY. CPR. TRY. NP  IS. 41,14L5, GIST^ 1234 CO 5000 NC.1.NCONT

C^FIRST DATA CARD 0111E5 IRE FOLLOWING....^ NL15TN•NLIST(NC)^ •
NCONT^ THE MEMBER OF CONTOURS REPRESENTING THE BODY. THIS^ F(41.(51N• EQ• I) GO TO 4444

INCLUDES ANY CONTOURS WHICH HAIM DEGENERATED TO A^ Z. DIPTH(NC)
SINGE E POINT. "ICON? MUST BE AN ODD NUMBER GREATER^ CALL GRAD! (.& I ST. C. )(LIST. Y1.1 ST. 10110. NC. DP%)
THAN 1 AND LESS THAN O.^ DELGA(NC)•TOTED

'1^DENS^ THE DENSITY Oh DENSITY CONTRAST OE THE BODY.^ GO TO .5000
PX•PY^ THE x ANDY STARTING COORDINATES OF THE FIRST^4444 DELGA(NC)•0.0

PROFIL E.^ 5000 CONTINUE'. 
UPS. LPY• ••THE Cl AND Y INCREMENTS FOR SUCCESSIVE POINTS 04 A^C^THE himAINDER OF THE PROGhAPI USES SUBROUTINE NUQUAD TO $04 THE

PROFILE.^ GRAVI TA7IONAL ^EFFECT OF THE CONTOURS AND PRINTS THE RESIL, T •
VP'S^ CALL NUQUAD•NCONT• DEPTH. 'ALGA. TO TAL 0)THE )7UmbER OF POINTS ON EACH PROFILE.

C .^NL E.S^ 111k. NIMBER OF PROFILES REQUIRED.^ GRAV.0.00667.DENS•TOTALG
DI ST^ THE DISTANCE BETWEEN ADJAOINT PROFILES.^ XX•Px• (J. 1 I•CPX

YY•PY•(J.))•cpy

C^TEST TO SEE IF. THERE ARE ANY FURTHER MODEL^ PRINT 10•XX.YI.GRAVS. .
I F(NCONT. EQ• 0 ) GO TO 9999^ 3900 CONTINUE

...PRINT 4, JOT. VCON T. DENS. PX. PT . DPX, CPY• NPTS.NL (#1.5. 01St.^ 3901 CONTINUE
9999 GO TO1000

READS. (NLIST(NL WIL• I.NCONT)
C^SECOND DATA CAhD GIVES A LIST OF THE NU1BER Or SIDES OP ITACE1 POLYGON^ENE

READ 3,) DEPT/I(YD). ND. I. 4CONT) .

C^NIS STATEMENT hEADS IN A• LIST OF THE. DEPTHS TO THE CONTOURS.
14Q.UDING ANY WHICH HAUL DEGENERATED TO A SINGLE POINT

DO 2003 1•1•NCONT
NU14•NLIST(I)^.
'I FiNI.M• 19.1) PRINT 5. I• DEPTH(' )
I F(NIN• EQ• I ) GO TO 2003^•

XIAD 3. (XL I ST(1. IX). IX.I.NUM
FlEAD 3.(11.I21)1.13).11Y.I.NUM)

C^THESE STATEMENTS READ IN SETS OF COORDINATES FOR THE APICES
OF EACH POLYGON.

• 40 COORDINATE PAIR MUST BE PRESENT FOR 516%1 POINT CONTOURS.

I F(Ntlm•NE.1) PRINT 6.1. DEPTH( I ).NL I ST(I I. 03.15TC I. I10•ELIST(I• IX).
11X•1.404)

2003 CONTINUE
NOTE•0
NCONTLI•NCONT-1^ •

C^THIS LOOP TESTS WHETHER Cif NOT ANY OE THE CONTOURS ARE AT THE SAME
DEPTH. If 50, SUBROUTINE EFRORI PRINTS AN ERROR MESSAGE AND
THE MODO: IS ABANDONED.

• 100 99 1■1•NCONTLI
IF( DEPTH( I )• EQ. DEPT71(101 ))CALL ERRORI ( i•DEPTH.NOTE)

99 CONTINUE
IF(NOTE.E2•999) 03 10 1000^

. .•

- CO 3904,1•1•NCONT
NUM*1)11.157(1) •
(11)41.14. EQ. I ) GO TO 3904

THIS LOOP PUTS XLIST AND 11.151 RELATIVE TO AN ORIGIN AT THE FIRST
• POINT ON THE FIRST PROFILE..

CO 2444 PIM- . N
XL 157(1.14)11)■XLI5T((•101).PX
11.IST(1.101).yL symooq).py

II944 CONTINUE
3904 CONTINUE

•

PROGRAM LISTING^ ;1./

Record Na /975/4^ G 29 - 224 A
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SUbhnUTINE NUI.UAD(VCONI. D)SITH, [ALGA. TO TAL G)
C THI S SUBROUTINE DU Es A Ntm khi CAL CHIADRATURE FOh SINNING VALUES OF

!ALGA Al WE I thENT DEPTHS.
C^NCOfl IS THE NtPbEJ OF CONTOURS
C NCONT, DEPTH • LaL GA ABE INPUT DATA• • 10 TAL G I S avrpur•

LJI.1 ENSION DIP TN( 40). DEL GA( uu )
TO (ALG.0.()
IA.NCONT-
W 6000 1.1, IA..
t I. DEP THI I )

I. I )
-.DEPTH( 1.2)

GI. CAL CAC I)
08. DEL GA(1. 1 )
G.).DELGAII.B)
I FI Gl. E2•0. • AND. Gk. EL.O.^03.0.
I F (^Eld.0..AND. Ga. E.B• O. ) 61.0.
E1.19A.G1*(ZI-Z3)/(.7.1-(2)•(3“.B. ,.3-E• 7.i)
)098.06.(Z1-63)•.3/(Z2-Z 3),( ,.2-Z I)
E69C.64*(21-I3)/(I 22)•( 3612-21-B. 1.3)
1.69- C LUNA. E6913. ILE9C)/6.
TOTAL G. TO TAL G. 1.09

6000 CONTINUE
hETUM
END

SUBROUTINE ERR0R1(1, DEP TH. MOTE)^ •
C^041 SUBROuTINE PRINTS AN ERROR NESSAGE IF ANY ADJACENT CONTOURS AREC 

AT THE SANE DEPTH. AND SITS 9072.999 TO STOP EXECUTION OF
THE MODEL

DINENSION DEPTH(40)^ •
1 FOiciAT( IX, 6(/)•^ILLEGAL DATA ENTRY. CONT.-whs.: 3. AND. la. ARE ROT
1H Al - DEPTH. F8. I )
J.1.1^-
PRINT^DEPTH( I)
90 TE.999
RETURN
END

SUkihOUT !NE GRA01 (NI. I ST.L. XL I ST. YI. I ST.^NC. MX)
C^THIS SUBROUTINE COMPUTES THE GRAVITY EFFECT OF ONE POLYGONAL LAMINA
C NL I ST IS THE NIMBLE, OF COORDINATES
C XL ST ARE THE X COORDS. 11.15T ARE THE Y COORDS.
C Z IS THE. DEPTH TO THE LAIINA
C TOTE0 15 THE RESULT

DIMENSION NL I ST( 60)• XL I ST( 40. 40 )• YL I ST(40. 40)
TO TE0.0. 0
XI.XL I STOIC, I)
YI.Y1. I STcNC, 1)
I F(X I . EQ.0.•AND.Y1.EQ.O. ) XI.- DPX/10000.
El. SORT( XI••2•71••2)

C THIS LOOP TAKES SUCCESSIVE PAIRS OF COOHDS AROUND POLYGON AND
MAKES NEB X1.71 EQUAL TD OLD X8.72 LTC.

NL I SIN.IJL I STOIC)
NLN.NL I STV• I
DO 6000 - I VP. EL, YEN

C IF 1 VP EXCEEDS FEL I ST. THEN SET I VP. 1
I F) I VP- !IL I Pi ) 3000. 3000. 8999

8999 XI PI.XL I ST(NC. I )
YIPI.YL I ST(NC. I)
I F(XIP1. •AND.Y1P1 • EQ.O. ) XIP1.- Tx/ loop°.
00 TO 3001

3000 XIPI.XLIST(NC,IVP)
YIPI.YLIST(NC.IVP)
I F(X1P)• EQ• O. • AND.YIPI. 113.0. I W1.-01)1110000.

3001 hIPI.SORT(X1P16•26Y1P16•11)
RI IPI. SORT( (XI-X1P1 )6•86(71- YIPI )••11)
CONFhl.(XI-X1P1)/1111P1
COMPRI:6(71-71Pa )/1111PI
PI.COMFF(2•Xl-COMFRI.yi
01.COMFRI*XIIRI•COPIFR2•71/RI
FI.COMFRI.X IPI /RIPI• CON FREsY IPIIRIPI
PPZ•SORT(PI••8•E••8)
I F(PI ) 3500. 3600. 3600

3500 (II.- El'
FI.- Fl

3600 FAA. (1(1•XIPI•YloYIPI )/RI /RIPI
IF( IGIA• GT. 1.0 ) IDA.1.0
E12136Z•421/PPZ
LOC.Z.FI/PPL
IF(Y1*X1PI-X1•71P1) 3706.3800.3800

3700 AREGA.-ACOS( EWA)
•^00 TO 3877

3800 AREQA.ACOS( 02A)
3877 AREOB.ASIN( LOB)

ARDIC.A5IN(132C)
EON. AR WA- AR EDINAREOC
T0TE0.TOTE.W6

C GET NEW FIORNALIZ ID COORDINATES FROM OLD
XI.XIPI^•
YI.YIPI
RI-RIP).

6000 CONTINUE
ETUI61

END

PROGRAM LISTING

Record Na 1975/4
^

29-225A
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FORmAT I 21I 211111T 2112^ 1 2 no

PuOCHED
I 8 8 8 I

NUST

F6 I

- I 60.0

I 6 0.0

- 2 2 0.0

- 2 20.0

- I 6 0.0

- I^0.0

CONTOLA No./.

-- YL I ST(z)

-s-x^LIS T()^_CONTOUR No.3 .

y L.isT (3)

^' 41-'"" X Li ST (P)^C Oorroo MO.

y LIST ( lo)

F6-1F6.1

2 25.0

0.0

3 1 o.0
0.0

2 5.0

0.0

MI • MN^0111111^ell AIM MOS Mil IIIIII NMI IMO INN 1111111^MI UN MI

u^ DA TA^SHEET FOR 21,14EllE EXAMPLE

1-z
o

ITEM `i'^DENS^PX Pr-^oPx^opv^ern

FORMAT I 2^re ..^plo.6^Pio 2^...rip%^Flo 2^ 110

viumemeo S 005000^-1 000.00^aoo^2 o 0.00^000

   

T

0 1

0.0 0

    

FORmar .6.1^r6.1 F6.1^FIA.1

Pusr.bie Zoo. ̂3 o 0.0 5oo.ol^ioo.oI

root MAr F6.1 F6.I r6.1

PustmeD
-2 2 5.o^- 1 60.^0^I 6°-c

0.0^I 6 0.0^2 2 5.0^I 6 O.
- 3 1 0^-2.20.0 ̂0.^Z 2 o.o

o.^2 2 o.^31 0.0^2 20.0
- 2 2 5.0^- S60.0^0.0^160. ̂2

0.0^I 6o.^2 2 5 o^1 60.0
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( END

SUBROUTINES GRAD! AND NUCIUAD

PLATE 4
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DATA
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FIN
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