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WRITE (6924) ((VAIsgysI=1sNNs2)sJ=1sML)
WRITE (6233

WRITE (6534) ((W{IsJ)5I=1sNN22)sJ=1sMM)
RETURN

FORMAT (1H 91593E1443)

FORMAT (1H 947Xs2FE14.6)

FORMAT (1H19+%#BETA DEFLECTION SENSITIVITY#*)
FORMAT (1HUsI292E16.6)

FORMAT (1HUS*ITERATION IS DIVERGING*)
FORMAT (1HuUs*NO CONVERGENCE#*)

FORMAT (5E1649)

FORMAT (1H1s#VALUES QOF U1 3)

FORMAT (1H1s*VALUES QOF V1)

FORMAT (1H1+s%*VALUES QOF'wt )

FORMAT (1HUs1UFE13.3)

END
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SUBRCUTINE FREEND (NsNN=MonidomM el sMMesVERN)

9 4 60 5 8 008 600 08 C 08 e 0EC 68 8B 8 86000 L6 EO 05000t g0 er o000 ne®e®o0ss 00

PURPQOSE -
TO DETERMINE DEFORMATICNS FOR THE POINTS LYING OJTSIDE THE
BOUNDARY AT FREE END OF THE TJUBEs GIVEN THE DEFORMATIONS AT THE
POINTS LYING INSIDE THE BOUNDARY. ‘

....G'...I."O..‘.‘......I....l.....Q........I.............'....'.

Y Y OY OV O OO O DY O OY

COMMON /MATRIX/ A11(2319)5A12(1519)5A12(3519)9A14(3519)9sA15(5519)
1A2C0(3519)5A21(1519)5A22(2519)9A23(1919)2A16(1919)sA25(3519) 2A46(1>
219)39A21(3916)5A32(1919)2A33(5919)2A34(3919)sA35(1919)sA44(1919)A4
35(3919)35A54(2319)3A55(1919)9A56(1219)9A36(5+19)sA65(5919)3A66(1219
4)sA67(1919)9A76(3919)3A77(1519)383(19)sB4(10)sA80(3+19)

. COMMON /DEFORM/ U(19931)sVv(19931)s%w(19932)sUI(19931)sVI(19531) sl
119+22)sX(19)sY(19) '

COMMON /WORK/ D{(3319)sE(5519)sF(15193)

)

EMAX=0,0
ESUM=0,0
CALL BNDPRD (AgEsv.s X1 svsNNsMMaMK)
CALL BNDPRD (AB67sWsYslsUslNNsMMsMJ)
CALL ADDVEC (XsYsNNs2es2e)
CALL BNDPRD (A&SswWaYsBs2sNNsMMaM)
CALL ADDVEC (XsYoNNslesls)
CALL BNDPRD (ABUsWsYs3s1sNNsMMsMK)
CALL ADDVEC (XsYsNNsleslel
CALL BNDPRD (A8uoeswsesYs3s]1sNNsMMsML I
CALL ADDVEC (YsXsNNsles—1s)
CALL SOLVE (A8UsXsNN»3sD)
DO 1 J=1sNN .
ESUM=ESUM+Y (J) %*%2
IF (ABS(Y(J))eLEeEMAX) GO TO 1
EMAX=ABSI(Y(J))
RMAX=Y (J)
WI(JsML)=X(J)

1 CONTINUE
CALL BNDPRD (A77swWsXslsushNsMMeMU)
CALL BNDPRD (A76sWsY 33351 sNNsMMeMK)
CALL ADDVEC (XsYsNNslesls)
CALL BNDPRD (A76sWIsYs391sNNsMMsML)
CALL ADDVEC (XsYsNNsles=1e)
CALL BNDPRD (A77sWsYs1sCQsNNsMMeMM)
CALL ADDVEC (YsXsNNs=les1ls)
CALL SOLVE (A779XsNNs1sF)
DO 2 J=1sNN
ESUM=ESUM+Y (J) %*x2
IF (ABS(Y(J))eLE.EMAX) GO TO 2
EMAX=ABS(Y(J))
RMAX=Y ()
WI(JsMM)=X{J)

2 CONTINUE
CALL BNDPRD (A553sVeXs]1sUsNNsMLIMK)
CALL BNDPRD (AB4sUsYs2s1sNNsMLM)
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CALL BNDPRD (A3B6swWsT el sCsNNsMMeM)
CALL ADDVEC iXeYsNNsles—1e)

CALL ADDVEC {XoB&4sNNslesle)

CALL BNDPRD (A585eVeYslsUsNNIML ML)
CALL ADDVEC [(YsXsNNos=1leslse)

CALL SOLVE (A55e¢XsNNsl1:F)

DO 3 J=1sNN

ESUM=ESUM+Y (J) %*%2

IF (ABS(Y(J))eLELEMAX) GO TO 3
EMAX=ARS(Y(J})

RMAX=Y (J)

VIGJsML)=X(J)

CONTINUE

CALL BNDPRD {A463sUsXs1sUCsNNsMLIMK)
CALL BNDPRD (A45sVsYs3s1sNNsML M)
CALL ADDVEC (XsYsNNs=le>—1s)

CALL BNDPRD (Aag4sUsYs1sLesNNesMLsML)
CALL ADDVEC (YsXsNNs=1les1le)

CALL SOLVE (A44sXsNNslsF)

DO 4 J=1sNN

ESUVM=ESUM+Y (J)*%2

IF (ABS(Y(U))eLE.EMAX) GO TO 4
EMAX=ABS(Y(J))

RMAX=Y (J)

UI(JsMLY=X(J)

CONTINUE

NORMSLISED SUM OF DEVIATICN OF THE NEw VALUES FROM THE ©OLD VALUES
IS COMPUTED.

AMAX=0,0

SUM=0,0

PO 5 I=1sNN

DX=040

IF (UT(IoML)eNEoULC) DX=(UI(IsML)=U(TsML))/ZUI(T ML)
SUM=SUM+DX*DX

IF (ABS(DX)«GToAMAX) AMAX=ABS(DX)

DX=040

IF {(VI{IsML)eNEeUaU) DX=(VI(IsML)I=VIIsML))I/VI(IsML)
SUM=5UM+DX*LCX

IF (ABS(DX)eGT«AMAX) AMAX=ABS(DX)

DX=0.0 g

IF (WICToML)eNEaULO) DX=(WI(ToML)=W(TIsML))/WICTIsML)
SUM=SUM+DX*DX

IF (ABS(DX)eGTaAMAX) AMAX=ABS(DX)

DX=0.0 4

IF (WI(TsMM)eNEeLaU) DX=(WI(T sMM)=W(TsMM))/WI(] sMM)
SUM=SUM+DX#*DX

IF (ABS(DX)eGToAMAX) AMAX=ARS(DX)

CONTINUE

KZ=4%NN

ERR=SORT(ESUM/FLOATI(KZ))

VERN=SQRT(SUM/FLOAT(KZ))

OM=001

DO 6 I=1sNN

UCTsML)=U(T ML) +0OM#(UT (T aMLY=U(TsML))




6

VIIeM

L
WET oMLY =WlToML)I+OM*(WT (T oML Y=W{T sML
WITsMM)=W(]IsMM)+OM

VT oML)+0M*¥ (VI (T eMbL)=V{IoM

CONTINUE
{(697) AMAXSsVERNSERRSRMAX

WRITE
RETURN

FORMAT
END

(1HU o3

)
ML)
i)

F(WICToMMY=WIT s

AT FREE END*4[C14.6/)

86



AOY OISOV OO

O Y Y Y

aNaNe!

NN N

(G R

87

n

1 g 5 i . S {557 v s f ~
ROUTINE EIGEN (AsBsANENaROsEL siNeMsAHsFP»C)

(
i

u..l....-lluo..l.toacl..tooo.ococot.t'3|go..--n.?an..t..gl‘.i.;.nl.

PURPOSE
TO OBTAIN THE BIGGEST EIGENVALUE OF THE ITERATION MATRIX USING
POWER METHOD.

..u'..0..0'..-'Oin.elﬁalol.OOO.I.IC‘QC.C..O.‘.I..'..‘...QO.'I..."

COMMON /MATRIX/ Al11(3419) s A12(1+19)9A13(23910)9A14(3+19) sA15(5519)
1A20(23+19)9A21(1+510Q)sA2 2(2910)9A22(1519)sA16(1919)9425(2019) sA461(1
219)5A31(3519)5A32(1: 1O)sA;3~5 19)9A34(3919)sA35(1219)sAL4(1219) A4
25(2910) s A Gl(E’TG)9AFB(]’1°)9A5F(1919)9A?A(:s] 9)sA65(53519)sA56(1919
4)9Aw7(1’]9)’A76()917)9A7/\1’11),Bj\l,)sba(lQ)aABL(3519

COMIMON /DEFORM/ U(19521)sV{19931)s%(19532)sUI(19531)sVI(19s31)swll
119922)9X(12)5Y(19)

COMMON /WORK/ D{(2319)sF(5s19):sF(1419)

COMMON /REL/ REL(3U)SEIG(30)

DETERMINE THE GRID SIZE AND DIMENSIONLESS PARAMETERS GF BCURUON
TUBE

PIl=4e*ATAN(1%W)
H=PI/FLQAT(N)
AK=BLH*¥PI/(18U*FLOAT(M))
A=2 %A/ AH

R=2«%B/AH

PO=2«*RO/AH

NN=N+1

DETERMINE THE ELEMENTS OF THE BLOCK MATRICES AND TRE BLOCK VECTORS

CALL MATRIX (As2sROsHsAKsPsCoNsNNsANEW)
MJ=M=

MK=M=1

ML=M+1

MM=M+2

BEIG=-1.0

DO 1 I=1sM

REL(I)=1.0

EIG(I)=1~REL(I)+BEIG

CONTINUE

FEED THE INITIAL VALUES GOF THE VECTOR T0O START ITERATIONS

DO I=1sNN
DO J=1sML
UlTsJ)=Ul0
V(I+J)=0,0
W(IeJ)=140
CONTINUE

WlIleML)=0eU
W(IeMM)=0eu
CONTINUE

W

N




START

NI=v
INT=1
CONTI
NI=NI
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
LO 5

ITERATION

00

NUE

+- 1
BNDPRD
BENDPRD
ADDVEC
BNDPRD
ADDVEC
SNDPRD
ADDVEC
BNDPRE
ADDVEC
BNDPRD
ADDVEC
BNDPRD
ADDVEC
SOLVE
J=1sNN

(A12sUsXs1svsNNoMLs2)
(A123¢VeYs3s1sNNsMLs2)
{(XsYsNNs=1es=1s)
(A15sWoeYsEe2sNNeMMel)
(XsYsNNsles—1e)
(A16sWeYelsUsNNIMMel)
(XsYsNNslas—1s)
(A14sWeaYe2e1eNNoMMa2)
(XsYshNNosles—1e)
{A16sVveYeslsUsNNsMMe3)
(XsYsNNsles—1e)
(A11+UsY9s3s1sNNeMLe1)
(X sYaNNsREL(1)9EIG(1))
(A11sXsNNs3sD)

UI(Js1)=X(J)

CONTI
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
DO 6

NUE
BNDPRD
BNDPRD
ADDVEC
BNDPRD
ADDVEC
BNDPRD
ADDVEC
BNDPRD
ADDVEC
BNDPRD
ADDVEC
ENDPRD
ADDVEC
ENDPRD
ADDVEC
BNDPRD
ADDVEC
SOLVE
J=1sNN

(A12sUeXsT1sUsNNsNML91)
(A12sUsYs1sUsNNIML3)
(XsYsNNs—les-1s)
(A12sVeYs3s]esNNoMLe1)
(XsYsNNsleslse!
(A13sVeYs3s1sNNsML*3)
(XeYosNNsles—1e)
(AYT4sWaY o301 s NNsMMs1 )
(XsYsNNsles=1e) '
(A159WaYe5s2sNNsMMs2)
(XoYsNNsles—1s) .
(Al14sweY9s391sNNsMVe3)
(XsYsNNsles—1s)
(A16sWsYslsUaNNsMMs4)
(XsYsNNslas—1s)
(A11sUsY9s2a1sNNsML2)
(XsYsNNsREL(2)9EIG(2))
(A11sXsNN93sD)

UT{Js2)=X(J)

CONTI
DO 7

11=1-

NUE
I=3+M
2

I1Jd=1~1
IK=I+1
IL=1+2

CALL
CALL

CALL
CALL
CALL
CALL
CALL

BNDPRD
BNDPRD
ADDVEC
BENDPRD
ADDVEC
BNDPRD
ADDVEC

(A12sUsXs13sUsNNsMLsTJ)
(A129sUsYslsUsNNoMLsIK) -
(XsYsNNos=1les—1e)
(A12sVeYs3s1sNNsMLsTJ)
(XsYsNNslesle)
(A12sVeYs3sTsNNeMLeIK)
{X9YosNNsles—14)




-~

CALL
ALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
po 7
Ul (Js
CONTI
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

~CALL
CALL
DC 8
VI(Js
CONTI
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CAaLL
CALL
CALL
DO 9
VIiJs
CONTI

EATEsweY 9l shiNaMMsIT)
EXeYsNNsles—10)

{A14 9w sY 332 s NNoMMe] J)
(X oY shNMsleas—16)

NDPRD (A15svwWsesYe5a2 e NNsMMseI)
ADDVEC (XeYsNNsles—1le)

BNDPRD (AlssvisY 9391 sNNsMMeIK)
ADDVEC (XsYsNNsles—1e)

BENDPRD {Al16swwsYeslsusNNIsMMeIL)
ADDVEC {XsYsNNoles—1e)

ENDPRD (A11sUsY9s3s1sNNsMLeI)
ADDVEC (XsYsNNsREL(I)EIG(I))
SOLVE (A11sXsNNs3sD)

J=1sNN

I1)=X(J)

NUE

ENDPRD (A2CsUsX3s3sTsNNsMLs2)
BNDPRD (A21sVeYslsusNNaMLe2)
ADDVEC (XsYsNNs—-leo—1ls)
BNDPRD {(A23sWsYslsuUshNNsMMel)
ADDVEC (XsYsNNsleslae)

BNDDPRD (A25sWesY93e]1 «eNNsMMe2)
ADDVEC (XsYsNNosles—1s)

BNDPRD (A23swWsYs1sUaNNsMMe3)
ADDVEC (XsYsNNosles—1e)

BNDPRD (A22sVsYs2s]1sNNsMLs1)
ADDVEC (XsYsNNsREL(1)sEIG(1))
SOLVE (A22¢XsNNs3sD) ‘
J=1sNN

1)y=X(J)

NUE

BNDPRD (A2UsUsX9391sNNosMLs1)

m>om m=Aa
N O MO

BNDPRD (A2UsUsY 9351 sNNsML93)

ADDVEC (XsYsNNsles—1e)

ENDPRD (A219VoeYslsoUsNNoMLs1) .
ADDVEC (XsYshNNslas=1o)

BNDPRD (A21sVsYs1sUsNNsML93)

ADDVEC (XsYsNNsles—1s)

BNDPRD (A259WsYs291sNNsMMe1l)

ADDVEC (XsYsNNslesle)

BNDPRD (A259swsY9s3s19NNsMMe3)

ADDVEC (XsYsNNsles—1s)

BNDPRD (A22sWsYs1sUsNNsMMe4)

ADDVEC (XsYsNNsles—1s)

RNDPRD (A22sVsYs3s1sNNeML92)

ADDVEC (XsYsNNsREL(219EIG(2))
SOLVE (A229XsNN9»3sD)

J=1sNN

2)=X(J)

NUE

DO 10 I=3sM
I1J=1-2
IK=I-1
IL=I+1

IM=1+2

CALL

BNDPRD (A2UsUsX93sTsNNsML2IK)

89.
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12

CALL
CALL
CAaLL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

BNDPRD
ADDVEC
BNDPRD
ADDVEC
BNDPRD
ADDVEC
BNDPRD
ACDVEC
BNDPRD
ADDVEC
BNDPRD
ADDVEC
BNDPRD
ADDVEC
BNDPRD
ADDVEC
SOLVE

(A2 oslUsYos3 a1 sNNeMLsIL)
(XoYoliNales—1s)
(A21sVsYsloUsNNeMLsIK)
(XeYeNNsles—1s)
(A21sVeYolsUspNeMLsIL)
(X9sYsNNsles—1e)
(AZ223swWseY sl eUshNNoMMeI J)
(X’Y9NN91D’I-)
(A259WsY 931 sNNsMMIK)
(XsYsNMslasla)
(A2EsWeY 9391 o NNsMMeIL)
(XsYosNNsles—1a)
(A23sWseYslsUsiNsMMsIM)
(XsYsNNsles—1s)
(A22sVseYs3s1lsNNeMLsI
(XsYsNNsREL(I)sEIGI(I

(A229sXsNN93sD)

)
))

DO 10 J=1sNN
VI(JsI)=X(J)
CONTINUE

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

BNDPRD
BNDPRD
ADDVEC
BNDPRD
ADDVEC
BNDPRD
ABDVEC
BNDPRD
ADDVEC
SOLVE

(A315UsX93s1sNNsMLs1)
(A229VsYslsuUsNNsML92)
(XoYeNNs=1e21le)
(A34sWeYs2s1sNNeMMe2)
(XsYosNNsles—1e)
(A359wWeYsloUsNNsMMe=R])
(XsYsNNsleos—=1s)
(A26sWeYs5e29NNsMMel)
(XsYsNNsREL{1)9EIG(1))
(A369XsNNs5sE)

DO 11 J=1sNN
WI(Jes1)=X(J)
CONTINUE

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

BNDPRD
BNDPRD
ADDVEC
BNDPRD
ADDVEC
BNDPRD
ADDVEC
BNDPRD
ADDVEC
ENDPRD
ADDVEC
BNDPRD
ADDVEC
SOLVE

(A31sUsX939]1sNNsMLs2)
(A223VeYs19UsNNeMLs1}
(XsYosNNs—1ss—16)
(A32sVsYoslsUshNNsMLs3)
(XsYsNNslasrle)
(A249WsYs3s]1sNNsMMa1)
{(XsYsNNelas=1s)
(A349visYs33]1sNNsMMs3)
(XsYsNNosles—1e)
(A259sWeYs19UsNNoMMes)
(XsYsNNsles—1s)
(A339WsY 95929 NNsMMe2)
(XsYsNNsREL(2)9EIG(2))
(A3239XsNN9s5sE)

DO 12 J=13NN
WI(Js2)=X(J)
CONTINUE

DO 13 1=3sM

I1=1-

2

Tdg=1-1
IK=I+1
IL=1+2

CALL

BNDPRD

(A3]1sUsXsZs]1 s NNeMLI)

20 -
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CALL BNDPRD (A32sVsYs]1sUsNNsMLs1J)
CALL ADDVEC (XsYshNNs=les—1s)

CALL BNDPRD (A232sVsYslsushNsMLsIK)
CALL ADDVEC (XsYshNslesle)

CALL BNDPRD (A359wsYolsUshNsMMeIl)
CALL ADDVEC (XsYshNNsles—1e)

CALL BNDPRD (A34snsYs23s1sNNosNMMeIJ)
CALL ADDVEC (XsYsNNsles—1s)

CALL BNDPRD (A2LsWsYe391sNNsMMsIK)
CALL ADDVEC (XoYsNNsles—1s)

CALL BNDPRD (A35sWsY sl sUsNNsMMsIL)
CALL ADDVEC (XsYsNNsles—1s)

CALL BNDPRD (A33swWsYs592sNNsMMsI)
CALL ADDVEC (XsYsNNsREL(I)SEIG(I))
CALL SOLVE (A333XsNNs5sE)

DO 12 J=1sNN

WICJsI)=X{)

CONTINUE

ELEMENT WITH THE BIGGEST ABSOLUTE VALUE IS SEARCHED ARD THE NEW
VECTOR IS COMPUTED BY DIVIDING THE INTERMEZDIATE VECTGR BY THIS
VALUE .

RMAX=0.0

DC 17 I=1sNN

DO 16 J=1sM

IF (ABS(UI(IsJ))eLESRMAX) GO TO 14
RMAX=ABS(UI(IsUJ))

AMAX=UT{(IsJ)

CONT.INUE

IF (ABS(WI(IsJ))eLE.RMAX) GO TO 15
RMAX=ABS(WI(IsJ))

AMAX=WI(IsJ)

CONTINUE

IF (ABS(VI(IsJ))eLE«RMAX) GO TO 16-
RMAX=ABS(VI(IsJ))

AMAX=VI(IsJ)

CCONTINUE

CONTINUE

DO 19 I=1sNN

DO 18 J=1+M i
UlTsJ)=UI(IsJ)/AMAX
VIIsJ)=VI(IsJ)/AMAX
W{ToeJ)=WI(IsJ)/AMAX

CONTINUE

CONTINUE

IF (NI.EQel) AMA=0.0

DX=ABS{ (AMAX=-AMA)/AMAX)

WRITE (6923) NIsAMAX

AMA=AMAX

IF (NI.GE«INT) GO TO 21

END OF ONE ITERATIONe

GO TO 4




N NN N DY
(6,308 ) I O\ ]

92

AMA=ANA-BEIG
WRITE (652435 AMA
GO TC 22

WRITE (6+25)

IN CASE QOF NO CONVERGENCE CET THE PUNCHED QUTPUT CF THE VALUES
OF THE ELEMNTS OF THE VECTCR s OBTAINED AFTER THE LAST ITERATION.

PUNCH 269 ((U(TIsJisI=1sNN)sJ=1sML)
PUNCH 269 ((V{IsJ)sI=1sNN)sJ=1sML)
PUNCH 269 ((w(TIsJ)sI=1sNN)sJ=19MM)
CONTINUE

RETURN

FORMAT (1H +1535E2149)

FORMAT (2HUs%THE EIGENVALUE OF THE ITERATION MATRIX =%sEl4.7)
FORMAT (1HUs*NO CCNVERGENCE*)

FCRMAT (5E1648)

END ;
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SUBRROUTINE MATRIX (AsRsROsHsAKsPsCoNsMNsANEW)

® @ 0 @8 ¢ 8 6o e T T OE OO S EE SO OO P EY ST CO S 8 ® e e g e ®C PSS OGO C s 80 te & e o000

PURPOSE ’
TO DETERMINE THE ELEMENTS OF BLOCK MATRICES AND BLCCK VECTORS
STORED IN A GIVEN MANNERS

© © @ 0 ® 2 C 0@ ¢ O © 60 C B S ST ¢ O CC O E O P OGS L O Q6 OO 000 %o e 9O e 0 0 e 0 00 0e® s ®0 0000

COMMON /MATRIX/ A11(3519)2A12(1919)9A13(3519)9A14(3519)9A15(5919)
1A20(3519)5A21(1+19)9A22(2519)5A23(19519)9A16(1519)9A25(3919)9A46(1>s
219)9A31(3519)3A22(151G) &33(5319)9A34(Q’19)9A35(1919)’A44(1’19)9A4
35(3919 )9A=4(1$10)’A5“(1939)’A 6(1919)9A36(5+19)2A65(5919)9A66(1219
4)sA67(1910)9A76(2919)sA77(1519) B,(]9)qu 120):A80(3519)

ALPHA=C.0

DO 5 I=1sNN

CALL COE (ALPHASANEW AsBsROsHsAKsAT1sA2 A3 AL sB1sB2:C13C290D1sD2sD3 s
104 9E1 sF19F29F33F43F59F63G19G29C3sC49H] sH29HB3 sHG sHE s HEIHT79sHE89H9 s Q1 »
202303904 9sP1sP2sP35Q12Q2+Q39Q4sR1sR29R3)
Ali1(ls1)=A2-A3

Al1(2s])==2e%¥A1=-2%A24+A4

All1(3s1)=A2+A3

Al2(1s1)=A1

Al3(1s1)==-B1

Al3(2s1)=8B2

Al3(3s1)=B1

Al4{1s1)==F2

AlL4(2s1)=F3%16.

Al14(3«1)=F2

Al5(1e1)==F1-F4+F5
A15(281)=2e%F1+2*F24+F4*164-8a%F5
ALE(3s1)==30*F3-30,%F4+F6 :

AlS5(4 9] )==2e*F1=2e%F2+F4%]16e+8e%F5
Al5(541)=F1-F4=-F5

Al6(1s1)==F3

A20(1s1)==-B1

AZ20(2+1)==B2

A20(3s1)=B1

A21(1s1)=D1

A22(1s1)=D2-D3

A22(291)==2+%D1=-2s%D2+D4

A22(3s1)=DZ2+D3

A23(1+1)=G1-G4

AZ25(1+1)=C2-G3

A25(2s1)==2e%G1~2e *GZ+G@¥8o

A25(3+1)=G2+G3

A31(1s1)=-C1

A31(2+1)=C2

A31(3+1)=C1

A32(1s1)==E1

A33(1sI)=H2-H5-HT7+HB8

A23( 291 )=—Le ¥ H2=2 o ¥H3+2 e ¥HG+2 e ¥HE+HT7* 16 e~80e %H8
AR3(3 9] ) =8 ¥HI+Ea¥H2+4L e ¥HZ =30 #HE =30 o *HT7+H9
A23(4 9] )=—L4e*¥H2=2 ¢ ¥H23 =2 e ¥H4 -2 e ¥HE+HT %16 e +8 e ¥H8
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A33(5s])=H2+H5-HT7-H8
AZ4(1s1)=H3-Ha
A34(251)==be*H1-2 4 ¥H3+H6% 160
A34 (325 1) =H3+H4
A35(1s1)=H1-H6

A4LE(291)=R3

AL5(3s1)=R2

A46(1s1)=-R1

AS4(1s1)==02

A54{2-1)=03

A54(3s1)=02

A55(1s1)=01

A56(1s1)=04

A65(1s1)==P2+P3
A65(251)=16e%P2-8e%P3
A65(391)==30,%P1l=3U%P2
A65{Ls1)=16e%P2+8+%P3
A65(5s1)==-P2-P3
A66(1s1)=16e%P1
A6T(1s1)==Pl

A76(1s1)=Q2-Q3
AT6(231)==2e%¥Q1=2.%02+8e%Q4
A76(3+1)=Q2+Q3
ATT(1s11)=Q1-Q4&
RB3(I)=P#(1e—ANEW*%2)/(2.%C)
BA(I):B?(I)*A*B/(Z.*SQRT((A*A+8*B)/2.))

ELEMENTS AT THE BOUNDARIES ARE DETERMINED

AN O

IF (IeNEe2) GO TO 1
A15(391)=A15(391)+A15(1s1)
A33(3s1)=A33(3s1)+A33(1s1)
A65(2s1)=A65(391)+A65(1s1)
1 IF (lI.NEeN) GO TO 2
A15(291)=A15(2s1)+A15(5+1)
A32(2s1)=A33(3s1)+A33(5s1)
A65(2s1)1=A65(3s1)1+A65(591)
2 IF (1«NE«1) GO*TO"3
Al11(2s1)=1e
A11(3s1)
A12(1s1
A13(2s1
Al313%1
Al4(2s1
Al4(3s1
A15(3s1
Al5(4s1
A15(551)=0
A16(1+11=0.0
A20(391)=A2U(391)=-A2C{1s1)
A22(251)=A22(3:1)+A22(151)
A25(3s1)=A25(3s1)+A25(1s1)
A31(3s1)=A31(3+1)=-A31(1s1)
A33(4s1)=A33(4sI1)+A33(2s1)

nwou o ononononn

— et et e et
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A23(591)=A33(1e1)1+A33(5s1)
A2L6{2sT)=A34(2sT)+A%4(1s1)
AGL(T19])=1aU
A4E(291)=0av
A45(3s1)=0.U
ALE(1s1)=0al
A54(351)=A54(3s1)=A54(1s1)
A6B (4T )=A65 49I)+A6:(2 I)
A65(5s1)=A65(1s1)+A65(541)

AT6(291)=AT76(23s1)+AT76(1s1)
IF (T.NEoNN) GO TO 4
All1(1s7)1=0evV

A11(2s1)=1sU

Al2(1.1)= O U

Al13(1s1
A13(2s1
Al4(1s1]
A14 (2]
A15(1s1
A15(2s1
A15(391)=
Alé ;’;)'—‘O.U
A20(191;-A2u(1s1)—AZb(391)
A22(191)=A22(3s1)+A22(1s])
A25(1¢1)=A25(2s1)+A25(1s1)
£31(171)=A31(1s7)—-A31(3s1)
A33(191)=A33{({1s1)+A33(5s1)
AR3(291)=A323(4s1)+A33(2s1)
A34(1s1)=A34(2s]1)+A34(1s1)
A44(lsI)=1aU

A45(191)=0evy

nn
C‘OOCC
CC

o u

— e e e e e

C

AB4(1sT1)=A54(1s1)=A54(3s1)
A65(191)=A65(1sI1)+A65(591)
AB5(2s1)=A65(49T1)+A65(2s1)
ATE6(1s1)=AT6(3s1)+AT6(191)

CONTINUE

A36(19s1)=A33(1s1)

A3E6E(29s1)=A32(2s1)

A36(3s1)=A33(3s1)+A35(1s1)

A36(4s1)=A23(451)

A36(551)=A33(5s1)
ABU(1s1)=AT76(1s1)#A6T(191)/A77(1s1)
ABU(291)=AT76(2s1)%A6T7(19s1)/A77(1s1)=A66(1s1)
ABU(391)=AT6(3s1)%A6T(191)/A77(1s1)
ALPHA=ALPHA+H

CONTINUE

RETURN

END




96

SUBROUTINE CO (ALPHASANE W s AsEsRCOsHIAKsATIsAD A3 9AL4 98] 95231 :C29D1
102902304 sE13F1oF29F23sF4sFSsFA1G12CG29G3e04eHT1 eH2sH3 s HL s HS s HESHT 9 HB
2H99Ol902903’u49P1s~L’w3~”lsu/9u%-u+9Rl,R2.KB)

.........C‘.C..I..l....l....'."....‘......I..'.o.......l..'..‘....

PURPOSE
TO FIND ALL THE COEFFICIENTS INVOLVED IN THE PARTIAL DIFFEREN-
TIAL EQUATIONS AND BOUNDARY CCNDITIONS.

.........................’..’...0....'Q‘l........l...'.'..‘.......

EVALUATION OF METRIC COEFFICIENT AND CURVATURE AS DIMENSIONLESS
QUANTITIES.

CY Y IOV EY CR Y O) Y Y Y

SI=SIN(ALPHA)

CO=COS(ALPHA)

DI=A#3%2-B%%2

GB=RO+A*CO
GA=SQRT((A%ST)*%2+(B*xCO)%x%2)
GRB=GB#**2

GAA=GA**2

CBN=B*CO/ (GA%*GB)
CBG=A*SI/(GA*GB)

CAN=(A%B)/ (GA*%3)

EVALUATION OF ALL CO-EFFIICIENTS INVOLVED IN THE GIVEN EQUATIONS
AND BOUNDARY CONDITIONS.

O 0 Y 0N

Al=(1e0-ANEW)/ (24U*GERB)/ (AK*AK)

A2=1eU/GAA/ (H*H)

A3=(CBG/GA+DI*SI*CO/ (GAA%%2) )/ (=2¢%H)

A== CBG*#2+ANEW/GA* (A%CO/ (GA*GB)-CBGC*DI*CO*S1/GAA))

Bl1=(1eO0+ANEW)/ (2eCL%GA¥GR) / (L4 e*HF*AK)

B2==CBG*(ANECW=240)/ (4 +%GB*AK)

Cl=-(CAN+ANEWXCBN)/GA/ (2e*%*H)

C2=CBG* (CBN+ANEW*CAN)

D1=1.0/ (GBB¥*AK*AK)

D2=(1e—-ANEW) /(24 UXGAAXH*H)

D3=={1e0-ANEW) /(2 C%xGA)*((BG+DI*SI*CO/ (GA*%¥3))/(2¢%*H)

Daz(1.0—ANEﬁ)/z.g*(A*CC/(CAA*CB)—CRG**2~CHG*DI*SI*CO/(GA**B))

E1=—(CBN+ANEW*CAN) /7 (GB#2 ¢ ¥AK)

F1=CAN/(2,0% (GA%*%#23) %24 U¥H*%13)

F2=CAN/ (3. 0%GA*GBB*2 4 ¥H*AK*AK)

F2=(2e/3e*CAN*¥CBG/CBE)/(12e¢*AK*AK)

Fo=—CAN/2e/GAA%¥ (CBG+34U%DI%SI*CO/ (GA%%¥3))/(12e%H¥H)

F5=—((CAN+ANEW*CBN)/GA+CAN/3./GA*(DI*(CO%*Z—él**Z)/(GAA**Z)—CBG*(I

1.U+ANEW)*DI*SI*CO/(GA**3)+CBG%*2—4.U*(DI%SI%CO)**2/(GAA**3)+ANEW*A,

2%CO/ (GAA%GB) ) )/ (12e%H)

F6=—(CBG*(CBN+ANEW*CAN)-QEG*CAN—ANEh*B*SI/(GAA*GB)—DI*SI*CO/GA*(B

1#A%*¥B/ (GA**5) +ANEWXCBN/GAA))

G1=CBN/3e0/(GB#%¥3)/(2e*AK*%3)

G2=CBN/3eU/ (CGEB%*GAA)/ (24 #HXH*AK)

G3=—CBN/ (2. v%GAﬁGB)*(CBG*uI*SI*CO/(CA** 1)/ (4 e ¥HFAK)

Go=—{( (CBN+ANEWSCAN) /GB+(1«0-ANEW ) *CEN/ (34 ¥GAAKG d)*(CBG*DI*SI*CO/GA

1-A%#CO/GB) )/ (12e%AK)

Hl=1.0/3, u/(GuQK*L)/(AK**4)
N T W R m— - L
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H3=2e U/ (2 UXGAAXGRB) / (H¥H*AK*AK)

Hu==2e0/(2e%GEB)*# (DI*SI*#CO/(GAA¥%2 ) —CEG/GA) /(2 e #*HXAKH*AK )
u:-—w./(Cfé-3)/3.*(6.*D1~bl *CO/(GA%%3) 424 U*CBG) /(2o #H*%3)
He==(CRBG* (3¢ —ANEW) #DI*SIH*C 0/ (3 *¥GBR*CA¥%3 ) =2 ¢ ¥CBGH¥2% (2, 0+2 e ¥ANEW )
1/ (2%GBB)~-(2, —ANEW)¥A*¥CO/ (3 4 ¥CGAAXGB*¥343) ) /{12« ¥AK*AK)
k?:—(CBG*}2/GAA+Ar\On(1 +ANEW) / (GAA*%24#GR ) -CBG#DI*SI%*CO%¥{Te+ANEW) /
1(GA**¥5 )44 4 UXDI# (CO*%2-SI%%2 )/ (GAA%¥%X3) =10 %(DI*SI*CO)%%*2/ (GAAX*4) )/

20364 %H*H)

HR=— (=2 #CBGH¥D*DI*SI*CO/ (GAA*%¥2 ) +(CBC*#3/GA+2 e ¥*CRGHDI#SI %% 2% (] s +AN
1EW)/ {GA*#28 ) —CBG*DI#*CO*%2% (3 4+5 e *ANEW) / {CA¥%¥5 ) +CRGH*¥A¥CO* (1 e +ANEW )/ (
PGA#*%#3 %GB ) +CUG* (DIH*SI*CO) % 2% (9a+5 e ¥ANEW) / {GAR*¥ 7 )+ (=4 o #DI*ST*CO/GA*
2HB=] R HDIHAZASTHCCH (COX¥D=SI*¥%2 )/ (GAXH¥T)+28H(DI*SI*CO)#*%3/ (GA#*%9)
4) /GA-CRG*ANEW/ (GA¥%#23) )/ (364 U%H)

HO=CAN*¥#*2+CBN%*¥%*2+2 ¢ *ANEW*CAN*CEN

01=1+/(GR*AK*2,)

02=ANEW/ (GA%*2e#H)

03=-CBG

O4==(CBN+ANEW*CAN)

Pl=1e/(CBE*]12e*AK*AK)

P2=ANEW/ (GAA*H¥H*12,.)

P3==(CBG/GA+ANEWH*DI*SI*CO/ (GAA%*%2) )/ (12 e%H)

R1=1.0/(GB*¥AK*2,)

R2=1e0/(GA*2 ¢%H)

R3=C3G

Ql=1le/ (GR¥**3#2 ¢*AK*%3)

Q2=(2e—ANEW) / (GAAXGR*H*H*AK*2, )

Q23=—(CBG*H (2« *ANEW=1 e )+ (2 —ANEWIXDI*SI*CO/ (GA%%3) )/ (GA#GB¥L ¢ ¥H¥*AK)

Qb==2e% (] e —ANEW)*{CBG*DI*SI*CO/ (GA¥%3)=A*CO/ (GAA*GE ) ~CBG*%2 )/ (GB*A
1K*12e)

RETURN

END
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SUQROUTINE RNDPRD (XsYsZsisl aNskKsJ)
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SUBROUTINE BNDPRD

PURPOSE
TO MULTIPLY A BANDED MATRIX WITH A SPECIFIED COLUMN OF ANCTHER
GIVEN MATRIX.

USAGE
CALL BNDPRD(XsYsoZsiMialLsNesKsJ)

DESCRIPTION OF PARAMETERS

X - THE GIVEN BANDED MATRIX STORED AS STATED IN REMARKS.

Y - THE OTHER GIVEN MATRIX wHOSE ONE SPECIFIED COLUMN IS T0O
BE MULTIPLIED wITHE THE BANDED MATRIX X

Z - THE RESAULTANT VECTOR.

L - THE NUMBER OF NON-ZERO DIAGONALS ABOVE OR BELOw OF THE

DIAGONAL OF Xo

M - THE NUMBER OF TOTAL NON-ZERO DIAGONALS OF Xs M=2%L+1
N - NUMBER OF ROWS OF MATRIX X OR Y OR VECTOR Z.

K -~ NUMER OF COLUMNS OF MATRIX Y.

J - THE SPECIFIED COLUMN OF MATRIX Y,

REMARKS :
A GIVEN MATRIX A IS STORED AS X IN A MANNER AS GIVEN BELOw

AlTsJ) IS STORED IN LCCATION X(L+1+J-Is1) AND A(IsJ) IS ZERC
IF ABS(I-J) IS GREATER THAN Le

METHOD
COLUMN J OF MATRIX Y IS MULTIPLIED WITH BANDED MATRIX X AND THE
RESULT 1S STORED AS VECTOR Z.

® @ ® 8 0 0@ OO0 0SSO OO 0O 0C IO P 0PI P 0L e PO SO0 0 g0 * e e P OO Qo0 e O O e 0O

DIMENSION X{(1)s Y(1)s Z(1)

DO 1 I=1sN

Z(I1)=0.0

DO 1 KJ=1sM
LM=T+KJ-L=-1

IF (LMQLTOIQDRQLMQGTQN) GC T0O 1
LL=(I=-1)*M+KJ
LK={J=1)%*N+LM
Z(1)=Z(1)y+X(LL)*Y (LK)
CONTINUE

RETURN

END
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SUBROQUTINE ADLDVEC (XsYsN+AsB)

® 0 9 © & 6 5O e T E S OO 0 N0 6O e e 8Ost e T E PN C OO B eee® 0B g e s 000800 e e ® e ® e o8O

SUBROUTINE ADDVEC

PURPOSE
To FIND THE SuM OF TwOo VECTORS OBTAINED BY MULTIPLYING TwO GIVEN
VECTORS WITH TwOo GIVEN CONSTANS RESPECTIVELY. SUCH THAT %
X=A*X+B*Y

USAGE
CALL ADDVEC(XsYeNsAsB)

DESCRIPTION COF PARAMETERS
X ~ THE FIRST GIVEN VECTOR WHICH IS5 DESTROYED AND THEE
RESAULTANT VECTOR IS STORED IN THE LOCATION.

W - THE SECOND GIVEN VECTOR.
N - LENGTH OF THE VECTOR X OR Y.
A ~ THE FIRST CONSTANT.
B - THE SECOND CONSTANT.
METHOD

THE VECTOR X IS MULTIPLIED wITH CONSTANT As AND VECTOR Y 15
MULTIPLIED WITH CONTANT Bs THE RESAULTANTS ARE ADDED AND STORED
AS VECTOR X

® 8 ® 6 8 000 OO E OO E N OO N0 PSR TE O YO e e S 0O g e YN e e e " e YOO e s

DIMENSION X(1)s Y(1)

DC 1 I=1>sN
XED)=A*X(1)+B*Y(I)
CCNTINUE

RETURN

END
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UTINE SCLVE (AsXsNsLsD)
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SUBROUTINE SOLVE

PURPOSE
TO SOLVE A SET OF SIMULTANEOUS LINEAR EQUATIONS AX=Bs wHERE A
1S A BANDED MATRIX OF L DIAGONALSs WITHOUT GETTING A DESTROYEDe

USAGE
CALL SOLVE(AsXsNsLsD)

DESCRIPTION CF PARAMETERS
A -THE GIVEN BANDED MATRIX OF L DIAGONALSs STORED AS STATED
BELOW IN REMARKS. '

X -THE VECTOR OF ORIGINAL CONSTANTSs DESTROYED IN THE
PROCESS AND REPLACED BY SOLUTION VECTOR.

N -THE LENGTH OF VECTOR Xe.

L -TOTAL NUMBER OF NCN-ZERO DIAGONALS OF THE MATRIX A .

D -WORK MATRIX-OF SIZE L BY Ne

NAME OF SUBROUTINES USED
DIAG3s BNDSOL

REMARKS
THE MATRIX A IS STORED AS A MATRIX GF DIMENSION L BY N» SUCH
THAT ANY ELEMENT A(I»J) OF ORIGINAL MATRIX IS STORED AS A(MsI)os
WHERE M=J-I+1+(L=1)/2

METHOD
AFTER STORING MATRIX A IN wORK MATRIX D » THE GENERAL METHODS
OF SOLVING A SET OF SIMULTANEOUS EQUATIONS wITH BANDED MATRIX
ARE APPLIEDe.

© 0600 3 0000 0600060600606 0 08 ¢00e0608¢C0°62 0003000605060 900000000e000s000een

DIMENSION A(Ls1)s D(Ls1)s X(1)

DO 1 I=1sL
DO 1 J=1sN
D(IsJ)=A(1sJ)
CONTINUE
IF (LeNE&1) GO TO 3
DO 2 I=1sN
XET1:BITI3 /D1 1)
CONTINUE
GO TO 5
IF (LeNEe3) GO TO 4
CALL DIAG3 (DsXsN)
GO TO 5
M=L/2
CALL BNDSOL (DsXsLsMsN)
RETURN T
END
McMASTER UNIVERSITY LIBRARY
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