




















































































































































































































































































SUBROUTINE FIT 

COMMON / BLOCKl / PHIC50,3) ,PHIBARC:50•.3> ,PHI·HATC50,3> , _" 

2 PHIUSEDC50,3) ,PHITRUEC50,3) ,RUC50,3> ,DlC50,3) 

3, DUDXC 50, 3> , SC 50, 3) ' 

CO:MMON / BLOCK2 / RL,JJ,DT,DX,.TIME,TIMEF,NTS 

COMMON/ BLOCKS/ UCOEFC3,3,50>,PCOEFl5;50),SCOEFC3,3,50) 

DIMENSION AC 9, 9) , BC 9) , XC 9), WORKMC 9, 9), C(.9), YC 9> 

JJl=JJ-1 

DO 10 J=2,JJ1 

DELTAT=-DT 

DO 20 N= 1,3 

DELTAX=-DX 
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DO 30 1=1,3 

DO 40 L=l,3 

DO 50 K= 1,3 

DXP=DTP-=0. 

IFC L. EQ. 1. AND. DELTAX. EQ. C0.)) DXP= L 0 

IFCK. EQ. 1.AND. DELTAT.EQ. C0.)) ' DTP= 1.& 

IFCDXP.EQ.Ct.0)) GOTO 52 

DXP=DELTAX**CL-1> 

52 CONTINUE 

IFCDTP.EQ.Cl.0)) GOTO 54 

DTP=DELTAT**CK-1> 

, 54 CONTINUE 

KL=3*C L-1) +K 

IN=3*C N-1> +I 

AC IN, KL> :;DXP*DTP 

50 CONTINUE 

40 CONTINUE 
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30 

.i ! 

20 

KB=3*CN-1>+1 

BC KB> =RU< J-2+1 ~ N> 

CC KB> =SC J-2+ I, N> 

DELTAX=DELTAX+DX 

.CONTINUE 

DELTAT=DELTAT+DT 

CONTINUE 

. . · ' . : ~ . 

CALL MVCA,9,9,B,X,.DET, IDET, WORKM> · 

CALL MVCA,9,9,C,Y,DET,IDET,WORKI'D 

DO 60 N=l,3 

DO 70 1=1,3 

IN=3*C N-0 +I 

UCOEFCI,N,J>=XCIN> 

SCOEFCI,N,J>=YCIN> 
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70 CONTINUE 

60 CONTINUE 

10 CONTINUE 

RETURN 

END 
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SUBROUTINE PPATH 

COMMON / BLOCKl / PHIC50,3), PHIBARC50,3) ,PHIHAT<59~3>, ., 

2 PHIUSEDC50,3>,PHITRUEC50,3>,RUC50,3),D1C50,3),D2C5013> 

3,DUDXC50,3>,SC50,3) 

COMMON / BLOCK2 / RL,JJ ,DT,DX:, TIME, THIEF ,NTS 
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COMMON/ BLOCK3 / UCOEFC3,3,50>,PCOEFC5950),SCOEFC3,3,50) 

DIMENSION EC 11) , DEDAC 11, 5), DEDXC 1l,5), DHDXC U, 5), RC 5) , AC4,4):, B<-4> • 

2WORKMC4,4>,XC4>,XX<5> 

DIMENSION RLAMBDAC3,3>,ALPHAC5>,DADXC5,5l 

RR= 1 • 0/C 6. 0*DT> 

DADXC 2, 1) =RR 

DADXC2,2>=-8.0*RR 

DADXC2,4)=+8.0*RR 

DADXC2,5)=-RR 

RR=RIVDT 

DADXC3,ll=DADXC3,5>=-RR 

DADXC3,2>=DADXC3,4)=16.0*RR 

RR=2.0/C3.0*CD1'**3)) 

DADXC 4, 1) =-RR 

DADXC4,2>=2.0*RR 

DADXC4,4>=-2.0*RR 

DADXC4,5>=RR 

RR=RR/DT 

DADXC5,1>=DADXC5,5>=RR 

DADXC5,2>=DADXC5,4)=-4.0*RR 

DO 5 I= 1, 5 

DADXCl,3)=DADXC1,1)=0. 

5 CONTINUE 

JJl=JJ-1 



, DO 10 J=2, JJl 

DO 17 I= 1, 3 

DO 19 N=l,3 

RLAMBDAC I , N> = UCOEFC I , N, J) 

19 CONTINUE 

17 CONTINUE 

XKCl>=-DT'~RUCJ,2> 

XKC2>=-0.5*D'f*RUCJ,2) 

XX< 3) =0. 

XX<4>= 0.5*D'f*RUCJ,2) 

XX< 5 > = DT*RUC J , 2 > 

ALPHA< 1) =ALPHA< 3) =ALPHA< 4) =ALPHAC5) =0. 

ALPHA< 2) =RUC J, 2> 

DO 30 ITER=2,5 

IF< ITER.GT.2> ALPHA< ITER>=10.0**<-rrER> -: 

DO 20 K= 1, 10 

_ EC 0 =RLAMBDAC 1, 1) 

EC2>=RLAMBDAC2, lHRLAMBDAC 1,2>*ALPHAC2) :· 
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EC 3) = RLMIBDAC 3, l > + Rt.AMBDAC 1 , 2) *ALPHA< 3) +RLAMBDAC 2-~2> *ALPHA< 2) + : 

2RLA~IBDAC1,3>*CALPHAC2>**2> 

- EC 4) =RLMIBDAC 1, 2) *ALPHAC 4) +RLAMBDAC 2, 2) *ALPHAC3) +RLAMBDAC 3, 2> * 
2ALPHAC 2> +2. 0*RLAMBDAC l, 3) *ALPHA< 2) :MLPHAC3> +RLAMBDA< 2, 3) * 
3CALPHAC2>**2> 

EC 5) =RLAMBDAC 1, 2) *ALPHA< 5) +RLAMBDAC 2, 2> *ALPHAC 4) +RLAMBDAC3, 2) * 
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·2ALPHAC3)+Rl..AMBDA<1,3>*C2.0*ALPHA.C2>*ALPHAC4>+CALPHAC3>**2))+ 

32.0*RLAMBDAC2,3>*ALPHAC2>*ALPHAC3>+RLAMBDAC3,3>*CALPHAC2)**2> 

E<6>=RLAMBDAC2,2>*ALPHAC5>+RLAMBDAC3,2)*ALPHAC4)+2.0*RLAMBDAC1'.,3>* 

2C ALPHA( 2) *ALPHA< 5> +ALPHA< 3) *ALPHAC 4> > +RLAMBDAC 2, 3) *< 2. 0*ALPHAC2) * ~ i. 

3ALPHAC4>+<ALPHAC3>**2))+2.0*RLAMBDAC3,3>*ALPHAC2>*ALPHAC3> 

EC7>=RL.AMBDAC3,2>*ALPHAC5)+RLAMBDAC1,3l*C2.0*ALPHAC3>*ALPHAC5>+ 

2CALPHAC4>**2>>+2.0*RLAMBDA<2,3>*<ALPHAC2>*ALPHAC5)+ALPHAC3>* 

3ALPHAC4>>+RLAMBDA<3,3)*(2.0*ALPHAC2>*ALPHAC4>+CALPHAC3>**2>> 

EC8>=2.0*RLAMBDAC1,3>*ALPHAC4>*ALPHAC5)+RLAMBDA<2~3>*C2.0*ALPHAC3) 

2*ALPHAC5>+cALPHAC4>**2))+2.0*RLAMBDAC3,3>*CALPBA<2>*ALPHAC5>+ 

3ALPBAC3>*ALPHAC4>> 

EC9>=RLAMBDAC1,3)*CALPHAC5>**2)+2.0*RLAMBDAC2,3>*ALPHAC4>*ALPHA.(5) 

2+RLAMBDAC3,3>*C2.0*ALPHA<3>*ALPHAC5)+CALPHA<4>**2>> 

EC10>=RLAMBDAC2,3>*<ALPHAC5>**2>+2.0*RLAMBDAC3,3>*ALPHAC4>* 

2ALPHAC5) 

EC11>=RLAMBDAC3,3>*<ALPHA<5>**2) 

C THE PARTIAL DERIVATIVES OF THE VELOCITY COEFFICIENTS 

DEDAC 1,2) =0. 

DEDAC2,2>=RLAMBDAC1,2> 

DEDAC3,2>=RLAMBDAC2,2)+2.0*RLAMaDAC1,3)*ALPHAC2) 

DEDAC 4, 2) = RLAMBDAC 3, 2) +2. 0*RLAMBDAC l, 3) *ALPHA< 3) +2. 0*RLAMBDAC2, 3)* 

2ALPHAC2> 

DEDAC5,2>=2.0*CRLAMBDA<l,3>*ALPHAC4)+RLAMBDAC2,3)*ALPHAC3)+ , 

2RLAMBDAC3,3l*ALPBAC2)) 

DEDAC 6,2>=2.0*CRLAMBDAC 1,3) *ALPHA< 5l+RLAMBDAC 2,3>*ALPHAC4)+.· 

2RLAMBDAC3,3>*ALPHAC3)) 

DEDAC 7, 2> = 2. 0*< RLMIBDAC 2, 3) *ALPHA< 5) +RLAMBDA< 3, 3) *ALPHA< 4)) · 

DEDAC8,2)=2.0*RLAMBDAC3,3)*ALPHAC5> 

DEDAC9,2>=DEDAC10,2)=DEDAC11,2>=0. 

DEDAC 1, 1) =0. 



DO 6 INDEXl=2, 11 

DEDACINDEXI,1>=0. 

DO 8 INDEXJ=3,5 

DEDAC1,INDEXJ)=0. 

DEDACINDEXI,INDEXJ>=0. 

IFCINDEXI.LT.INDEXJ) GOTO 8 

DEDACINDEXI,INDEXJ>=DEDACINDEXl+2-INDEXJ,2) . 

·a CONTINUE 

6 CONTINUE 

DO 50 KK= 1, 11 

DO 50 LL= 1,5 

DEDX<KK,LL>=0. 

DO 50 MM=2, ITER 
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DEDXCKK, LL> =DEDXC KfC9.LLl + DEDAC KK, MM> *DADX( Mtwl; LL> 

50 CONTINUE 

RT=-DT 

DO 60 KK=2,5 

RT=RT+0.5*DT 

DO 70 LL= 1,5 

DHDXCKK,LL)=HCKI0=0~ 

DO 70 MM= 1, 11 

DUMM"r~CC-DT>**MM-CR'I'**MM>>/FLOATCMM> 

DHDXC KK, LL> =DHDXC KIC~ LL> +DEDXC MM, LL> *DUMMY .i · 

HCKK>=BCKK>+E<MM>*DUMMY 

70 CONTINUE 

DHDXCKK,l>=DHDXCKK,1)-1.0 

DHDXC KK, KIO = DHDXC KK, KIO+ 1 • 0 

H< KK> =BC KK> +XX( KK>-XKC 1) 
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60 CONTINUE 

DO 80 II= 1,4 

KK= 11+1 

DO 90 I 1= 1,4 

LL=I1 

IF<Il.GE.3) LL=Il+l 

ACII,Il>=DHDX(KK,LL> 

90 CONTINUE 

BC II>=-HCKlO 

80 CONTINUE 

C SOLVE FOR NEW VALUES OF XX 

CALL MVCA,4,4,B,X,DET,IDET,WORKM> 

XXC 0 =XXC 1HXC 0 

XXC2>=XXC2>+XC2) 

XXC 4> =XX< 4> +XC 3) 
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139 

XX< 5)=XX(5>+XC 4) 

c RE-DEFINE COEFFICIENTS OF PARTICLE PATH ··: 

DO 18 III=2,ITER 

ALPHA.C II I) = 0. 

DO 18 JJJ= 1,5 

ALPHAC IID=ALPHA< III>+DADX< 111,JJJ)*XXCJJJ> 

18 CONTINUE 

RINC=ABSCXC l>/XXC D )+ABSCXC2)/XXC2) >+ABSCXC3)/XXC4H+ABSCXC4)/ · 

2XXC 5) > 

DELTA.= 1. 0E-12 

IFCRINC.LT.DELTA> GOTO 22 

20 CONTINUE 

WRITEC6,9050) 

9059 FORMA.TC///,30X, 11 W ARN l NG ITERATION OF PARTICLE, PATH H 

2AS NOT CONVERGED"> 

22 CONTINUE 

30 CONTINUE 

C DEFINE THE INTERSECTION OF THE PARTICLE PATH WITH THE X-AXIS 



DlC J, 1> =-XXC 1> 

D2( J, 3) =XXC 5) 

DO 16 I= 1, 5 

PCOEFC I , J) =ALPHA< I) ' · 

16 CONTINUE 

10 CONTINUE 

RETURN 

. END 
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SUBROUTINE PHIBARS ·. 

COMMON / BLOCKl / PHIC 50; 3) , PHJ.BARC 50, 3l , PRIHATC 50, 3), -

2 PHIUSEDC50,3) ,PHITRUEC50,.3) ,RUC50,3) ,D1C50,3) ,D2C50,3) 

3,DUDXC50,3) ,SC50,3) -' 

COMMON / BLOCK2 / RL,JJ,DT,DX,TIME,TIMEF,NTS 

COMMON/ BLOCK3 / UCOEFC3,3,50),PCOEFC5t50J,SCOEFC3,3,50) 

DIMENSION AC6,6),B(6),X(6),WORKMC6,6) 

JJ1=JJ-1 

TI'=2. 0*DT . 

IFCTIME.LE.TI'> GOT0100 

DO 10 K= 1,5 

A< 1, K> = C-0. 5*DX> **( K-1> 

AC 2, K> = C 0. 5*DX> **< K-1) 

AC 3, K> = < 0. 5*DX+D2C2, Ol**CK-1> 

AC4,K>=Cl.5*DX>**(K-1) 

A<5,K>=Cl.5*DX+D2C3,l))**CK-1) 

AC6,K>=C0.5*DX-D1C2,l))**CK-1> 

ACK,6>=0. 

10 CONTINUE 

AC 6, 6) =-1. 0 

BC 1) =PHIC 1, 1) 

BC 2) =PHlf2, 1) 

BC 4) =PHH 3, 0 

BC3) =PHIHATC2, 1) 

BC 5) =PHIHATC 3, 0 

BC6>=0. 

CALL MVCA,6,6,B,X,DET,IDET,WORKM> 

PHIBARC 2, U =XC 6) 
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DO 20 J=3,JJ1 

DO 30 K= 1,5 

AC 1 , IO = C -1. 5*DXl **C K-1) 

AC 2, IO = C -0. 5*DX> **C K-1 > . • 

AC3, IO=C 0.5*DX>**CK-U 

AC 4, IO= C-0. 5*DX+D2CJ-l, I> >**<K-1> 

AC5,K>=C-1.5*DX+D2CJ-2,1>>**CK-1> 

IFCJ.NE.3) GOTO 35 : 

AC5,K>=C0.5*DX+D2CJ,l>>**CK-t> 

35 CONTINUE 

AC6,K>=C0.5*DX-D1CJ,1>>**CK-l> 

ACK, 6) =0. 

BCK>=PBICJ-3+K,1) 

. 30 CONTINUE 

AC 6, 6) =-1. 0 

BC4>=PBIHATCJ-1, D 

BC5)=PBIHATCJ-2,l) 

IFCJ.NE.3) GOTO 45 

BC5) =PBIHATC J, 1) 

45 CONTINUE 

BC6)=0. 

CALL MVCA,6,6,B,X,DET,IDET,WORKl'D 

PHIBARC J, 1 > = XC 6) 

20 CONTINUE 

GOTO 200 

100 CONTINUE 
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DO 110 K= 1,5 

AC 1 , IO = C -0. 5*DX> **< K-1) 

AC 2, K> = C 0. 5*DX> **< K"'.'" 1) 

AC3,K>=Cl.5*DX>**CK-1> 

AC 4, K> = C 2. 5*DX> **< K-1> 

AC 5, K> = C 3. 5*DX> **< K-1) 

AC 6, IO= C0. 5*DX-D1C2, 1) >**<K-U 

ACK, 6> =0. 

BC K> =PHI C K, 1 > 

· 110 CONTINUE 

AC 6, 6 > =-1. 0 

BC6>=0. 

CALL MVCA,6,6,B,X,DET, IDET,WORKPD; 

PBIBA.RC2,1>=XC6) 

DO 120 J=3,JJ1 

DO 130 K=l,5 

AC 1, K> = C -1. 5*DX> **< K-1> 

AC 2, K> = C -0. 5*DX> **< K-1) 

A< 3, K> = C +0. 5*DID **C K-1> 

, AC 4, K> = C + 1. 5*DX> **C K-1) 

AC6,K>=C0.5*DX-D1CJ,l>>**CK-1> 

ACK,6>=0. 

B<K>=PHICJ-3+K,1> 

IF< J. NE. JJ 1. OR. TIME. NE. TT> GOTO 140 
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AC4, IO =C-3. 5*DX> **CK-1> 

140 CONTINUE 

IFC J. NE. 3) GOTO 500 :: 

AC 5·, IO =C 2. 5*DX>**< K":"' 1) 

GOTO 130 

500 CONTINUE 

AC 5, IO= C-2. 5*DX> **< K-1> 

130 CONTINUE 

A<6,6)=-t.0 

BC6>=0. 

IFC J. NE.JJl .OR. TIME. NE.:1T) COTO 648 

BC 4) =PHH J-4, 1> 

640 CONTINUE 

IFCJ.NE.3> GOTO 600 1 

BC 5) =PBIC J+2, 1 > 

GOTO 630 

600 CONTINUE 

BC 5) =PHIC J-3, 1) 

630 CONTINUE 

CALL MV< A, 6·, 6, B, X, DET, JDET, WORKM> 

PHIBAR< J, 0 =XC 6) 

120 CONTINUE 

200 CONTINUE 

- RETIJRN 

END 
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SUBROUTINE SOLVE 

COMMON / BLOCK! / PHIC50,3) ,PHIBARC50,3): ,l'HIHA.TC-5&,3), ' . 

2 PHIUSEDC50,3) ,PHITRUE<50,3) ,RUC50,3) ;D1C50,8) ,D2C50,3l 

8, DUDXC 5.0, 3) ,SC 50, 8) 

COMMON / BLOCK2 / RL,JJ,DT,DX,TIME,TIMEF,N'IS 

COMMON/ BLOCK3 / UCOEFC3,3,5&>,PCOEFC5;50),SCOEFCS,3,50) 
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~ . 
'· 

DIMENSION AAC4,4) ,BBC4,4) ,XC4>, 'WORKMC4,4) ,ACl2) ,BC 16) ,CC l'Z) 'D<'n~· · 

2DRDEC23,17),DEDBC23t"5>,DSDPC5,5>,DRDPC23,5), 

3AA.AC 6, 6), BBB< 6), XXXC 6), WORKMMC6 ,6) 

DIMENSION DBC4,5),DGC5,5) 

DIMENSION RLAMBDAC3,3),ALPBAC5) 

DI MENS ION TJC 5) 

JJl=JJ-1 

DO 50 J=2,JJ1 

DO 17 I= 1, 5 

DO 19 N= 1,3 

IFCI.GT.3) GOTO 19 

RLAMBDAC I, N> =UCOEFC I, N, J) 

19 CONTINUE 

ALPHACI>=PCOEFCl,J) 

17 CONTINUE 

DCl>=RLAMBDACl,2) 

DC2>=2.0*RLAMBDA<1,3>*ALP11AC2l+RLAMBDAC2,2> 

DC3)=2.0*CRLAfIBDAC1,3>*ALPHAC3>+RLAMBDAC2,3)*ALPHAC2)) •+ 

2RLAMBDA< 3, 2 > 
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DC4>=2.0*CRLAMBDAC1~3>*ALPHAC4)+RLAMBDA<2,3>*ALPHAC3l+BLAMBDAC3,3> 

2*ALPHAC2> > 

DC5)=2.0*CRLAMBDAC1,3)*ALPHAC5)+RLAMBDAC2,3)%ALPHAC4>+RLAMBDAC3,3) 

2*ALPHAC 3) > 

DC6>=2.0*CRLAMBDAC293>*ALPHAC5>+RLAMBDA<3,3)*ALPHAC4)) 

DC7>=2.0*RLAMBDAC3,3>*ALPHAC5> 

ACl>=AC2>=ACll>=AC12>=AC10)=0. 

AC3>=ALPHAC2>**2 

AC4)=2.0*ALPHAC2>*ALPHAC3> 

AC 5 > = 2. 0*ALPHAC 2) *ALPHA< 4) + C ALPHA< 3 > **2>-

AC 6>=2. 0*ALPHAC 2> *ALPHAC 5>+2.0*ALPHAC 3) *ALPHAC 4) 

AC 7) =2. 0*ALPHAC 3) *ALPHA< 5) +c ALPHA< 4) **2> 

AC8)=2.0*ALPHAC4>*ALPHAC5) 

AC9)=ALPHAC5>**2 

BC1>=BC2>=BC3>=BC14>=BC15>=BC16)=0. 

DO 3 1=5, 13 

BCI>=ALPHAC2>*ACI-l>+ALPHAC3>*ACI-2>+ALPHAC4l*ACI-3>+ALPHAC5>* 

2ACl-4) 

3 CONTINUE 

BC4>=ALPHAC2>*AC3) 

CC1)=CC2>=CC3>=CC4)=0. 



DO 5 1=5, 17 

CC l> =ALPHA< 2>*BC 1-1) +ALPHA< 3) *BC I-2>+ALPHAC 4)*B< 1-3) +ALPHA(5) * 
2BCI-4l 

5 CONTINUE 

W=-0. 5*D1< J, 1> 

Z=0.5*D2CJ,3) 

TW=W/RUCJ,2) 

TW=-0.5*DT 

TZ=Z/RUC J, 2) 

TZ= 0.5*DT 

DO 16 ITER= 1,50 

Hl=H2=DH1=DH2=0. 

DO 14 1=2,5 

Hl=Hl+ALPHACI>*CTW**CI-1>> 

H2=H2+ALPHAC I>*CTZ**C I-l)) 

DHl=DHl+FLOATC 1-1) *ALPHA< D*CTif**0-2)) I 

DH2=DH2+FLOAT< 1-1> *ALPHAC D*C 'I'Z**Cl-2)) ~ · 

14 CONTINUE 

Hl=Hl-W 

H2=H2-Z 

TW=TW-< Hl/DH1) 

TZ=TZ-CH2/DH2) 

DUNMY=ABSC Hl/DlID +ABSCH2/DH2> 

IFCDUMMY.LT.C 1.0E-12)) GOTO 18 

16 CONTINUE 

WRITEC6,22> 
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22 FORMATC5C/),30X,"W ARN ING 

2CLE PATH HAS NOT CONVERGED 11
) 

THE TIME SEARCH ,'.FOR THE PAR.TI 

18 CONTINUE 

TJ.( 1> =-DT 

TJ<2> =TW 



.. --_, 
TJC3)=0 • 

TJC4>=TZ 

.TJC5) =DT 

W=0. 5*DlC J, 1> 

Al l=-2.0*W 

A12=4.0*CW**2> 

A13=-8.0*CW**3> 

A14= 16. 0*< W**4) 

A22= -2. 0*< 'W**2) 

A23= 6. 0*C W**3> · 

A24=-14.0*('W**4) 

A33= 8. 0*< W**5> *Z+12~ 0*( W**4> *CZ**2>+4. 0*CW**3) *< Z**S> . · 

A34=-24.0*CW**6)*Z-28.0*C'W**5:)*(Z**2>+4.0*C'W**3>*<Z**4> 

A43=8.0*<W**5>*Z+24.0*C'W**4>*<Z**2>+16.0*CCW*Z>**3) 

A44=-24.0*CW**6>*Z-56.0*C'W**5>*<Z**2)+32.0*Cl'r**3>*CZ**4> 

DBC4,1>=-2.0*CW**2>*Z-4.0*W*<Z**2> 

. DBC 4, 2) =8. 0*W*Z*< W+Z) 

DBC4,3)=-2.0*W*CW**2+3.0*W*Z+2.0*CZ**2)) 

. DBC4,4>=0. 

DBC4,5)=2.0*CW**3) 

DB< 3, 1) =-2. 0*W*Z*< W+Z) 

DBC3,2)=4.0*W*Z*CZ+2.0*W> 

DBC3,3)=-2.0*W*C2.0*C'W**2}+3.0*W*Z+Z**2) 

DBC 3, 4) =4. 0*CW**3) 

DBC3,5)=0. 

DBC2,1)=DBC2,3)=-l.0 

DBC2,2)=2.0 

DBC2,4>=DBC2,5>=0. 

DBC 1 , 1) = 1 . 0 

DBC 1, 3) =-1. 0 

DBC1,2l=DBC1,4>=DBC1,5)=0. 

DO 8 K= 1, 5 

DGC 5 ,K> = C A33*DBC 4, K>-A43*DBC3~IO }/CA33*A44-A43*A34> 

DGC4,K>=CDBC3,K)-A34*DGC5,I0)/A33 

DGC3,K>=CDBC2,K>-A24*DGC5,K)-A23*DGC4,Kl)/A22 
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DGC 2, IO= C DB< 1, Kl -A14*DGC 5, IO-A13*DG< 4, IO .. -A12*DGC 3~ 10) /Al 1 

DGC 1, K> =0. 

8 CONTINUE 

DGC 1 , 3) = 1. 0 

DO 100 K= 1 , 23 

DO 200 KJ=l,17 

DRDECK,KJ>=0. 

I NDEXI = K+ 1-KJ. 

IFC INDEXI.LT.1.0R. INDEXI.GT.7> COT() 20&> 

DRDECK,KJ>=DCINDEXI> 

200 CONTINUE 

IFCK.GT.17> GOTO 100 

DEDBCK,1>=DEDBCK,2>=DEDBCK,3>=DEDBCK,4)=DEDBCK,5)=0. 

IFCK.EQ.1) DEDBCK,1>=1.0 

IFCK.GE.2.AND.K.LE.5> DEDB<K,2>=ALPHACIO 

~ IF'C K. GE. 3. AND. K. LE. 9) DEDBC K, 3) =ACK> 

IFCK.GE.4.AND.K.LE.13>DEDBCK,4>=BCK> 

IFC K. GE. 5. AND. K. LE. 17) DEDBC K, 5) =CC K> 

149 

. ; 
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100 CONTINUE 

DO 300 K= 1,23 

DO 400 KJ= 1,5· 

. DUMMY2=0. 

DO 500 M= 1, 17 

DUMMY1=0. 

DO 600 MS=l,5 

DUMMYl=DUMMYl+DEDB<M,MS>* DGCMS,KJ) 

600 CONTINUE 

DUMMY2=DUMMY2+DRDECK,M>*DUMMY'1 

500 CONTINUE 

DRDPCK,KJ>=DUNMY2 

400 CONTINUE 



300 CONTINUE 

DO 1000 L=2,5 

RT=TJCL) 

DO 1100 IP= 1 , 5 

DUMMY=0. 

- DO 1200 K= 1,23. 

RRTT=0. 

IFC ABSC RT) • LT. 1. 0E-10> GOTO 1250 . 

RRTT=RT**K 

.. 125& CONTINUE 

_DUMMY= DUMMY+ DRDPC K, IP>*< RRTT-C -DT> **K> /FLOAT< IO 

1200 CONTINUE 

DSDPCL,IPl=DUMMY 

1100 CONTINUE 

DSDPCL,L>=DSDPCL,L)+l.0 

DSDPCL,l>=DSDPCL,1>-1.0 

1000 CONTINUE 
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DO 1500 K= 1,4 

DO 1600 L= 1, 4 

AACK,L>=DSDPCK+l,L+l) 

1600 CONTINUE 

BBCK>=-DSDPCK+l, l>*PHlBAR(.J, 1> 

1500 CONTINUE 

CALL MVCAA,4,4,BB,X~DET. lDET, WORK;M> 

PHIC J, 2) =XC 2> 

PHIHATC J, 3) =XC 4) 

50 CONTINUE 

DO 2000 K= 1,5 

AAA( 2, K> = C-1. 5*DX> **CK-1> 

AAAC4,K>=C-.5*DX>**CK-1> 

AAAC6,K>=C0.5*DX>**CK-1) 

AAA< K, 6 > = 0. 
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IFC TIME. LE. DT> GOT0: .. 2100 

AAA< 5, IO= C-. 5*DX+D2CJJ-l, 2)) **CK-l) 

AAA< 3, IO= C-1. 5*DX+D2C JJ-2, 2) > **C K-1> 

AAAC 1, IO= C-2. 5*DX+D2C JJ-3, 2> > **< K-1> 

GOTO 2000 

2100 CONTINUE 

AAAC 5 , K> = C -4. 5*DX> **< K-1) 

AAAC3,K>=C-3.5*DX>**CK-1> 

AAA< 1, Kl= C-2. 5*DX> **<K-1) 

2000 · CONTINUE 

BBBC2>=PHICJJ-2,2) 

BBB< 4) =PHICJJ-1, 2> 

BBBC6)=0. 

AAAC6,6>=-1.0 

IFCTIME.LE.DT> GOTO .2200 

BBB( 1) =PHIHATCJJ-3, 2) 

BBBC3>=PHIHATCJJ-2,2> 

BBBC 5) =PHIHATCJJ-1, 2) 

GOTO 2300 

2200 CONTINUE 

BBBC5>=PHICJJ-5,2) 

BBBC3>=PHICJJ-4,2) 

BBBCl>=PHICJJ-3,2) 

2300 CONTINUE 

CALL MVCAAA,6,6,BBB~XXX,DET,IDET,WO~ 

PHH JJ, 2> =XXXC 6) 

N=2 

DO 5000 1=2,JJ 

PHIUSEDC I ,2) =PHIUSEDC I, 1>-D'r*CRUC I, l>*C<PHIUSEDC I~ 1> - ·· 

2PHIUSEDC 1-·1, 1>) /DX> +PHIUSED< I, 1> *< C RUC I, 0-HUC I-1, D >/DX>> 
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5000 CONTINUE 

RETURN 

END 
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20 

SUBROUTINE PRINTCISOL,NN) 

COMMON / BLOCK! / PHIC50,3) .PHIBARC50,3l.PHIHATC5~,3), . 

2 PHIUSEDC50,3) ,PHITRUEC50,3) ,RUC50,3) ,.Dt.C50,3) ,D2C50,3) 

3,DUDXC50,3),SC50,3) 

COMMON / BLOCK2 / RL,JJ,DT,DX,TIME,TIMEF,NTS 

COMMON / BLOCK3 / UCOEF:C 3, 3, 50) , PCOEFC 5, 50) , SCOEFC 3, 3, 50) 

WRITEC6,20) TIME 

FORMAT< 1H1 , 40X, "T l M E = 

WRITEC6,30) 

n ,F8.4,5X, "SECONDS",/////) ;_ 
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30 FORMA.TClX,"NODE. NUMBER",11X,"PHl",10X, 

1 8 PHIBAR II' BX, ,•PHIHAT" 'BX, "DELTAl. ~BX~ 

2"DELTA2",7X, "VE.LOCITY",7X, "DUDX", 10X, "ALPHA",///) 

DO 10 I=l,JJ 

. WRITE< 6 ,40) I, PHI< I, 1> ,PHIBARC I, 1>, PHIHATC I, t> ,DlC I, 1> ,D2( I! l>, 

. lRUC I , 0 , DUDXC I , 1) ,DUDXC I ,3) 

40 FORMA.TC 7X,12,7X,BCE14.7,1X>l 

10 CONTINUE 

ITN=6*CISOL-l)+l+CNN-l)/10 

WRITE< 6, 3000) ITN 

3000 FORMAT< lHl, 10( /), 47X, 11 T A B L E 11 ,12) 

WRITE< 6, 1100) CNN-U 

1100 FORMAT< 9(/) ,38X, 11 C 0 M P A R I S 0 N • • • AFTER11 ,2X, 12,2X, 0 TIME 

1 STEPS",/////) 

WRITEC6,1150) TIME 

1150 FORMATC41X, "TOTAL TIME ELAPSED = 11 ,F8:.4,3X, "SECS.",////) 

WRITE< 6, 1200) 

1200 FORMAT< 15X, "NODE" ,6X, "ANALYTICAL"' 7X, II THIS •,6X," RATIO TO ' 11
, 

27X, II ONE 11 ,6X, II RATIO TO 11 ,/,l4X, "NUMBER",5X, II SOLUTION",8X, 

311 WORK ",6X, 11 ANALYTICAL 11 ,7X, II SIDED II t 6X, II ANALYTICAL u. 5X, 

4/' 58X, II SOLUTION II' 7X, "DIFFERENCE" ,6X, It SOLUTION 11
,//) 

K= 1 -

DO 1400 1=1,JJ 

D~=FLOATCl-l)*DX 

DUMMY1=CPHICI,K>+1.0E-20)/CPHITRUECl,1)+1.0E-20) 

DUMMY2= C PHIUSEDC I, 1) + 1. 0E-20) /C PHITRUEC I, 1> + 1. 0E-20) 
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WRITE< 6 , 1500) I , PB ITRUEC I , 0 , PHI< I, IO , DUMMY!, PHI USED<l , U , DmmY2 

1500 FORMAT( 15X, 13,3X,E15.8,3X,2CE15.8,E15.8•3X)) 

CALL PLOTPTCDUMMY, PHI TRUEC I , 1) , 2 D 

CALL PLOTPTCDUMMY, PHH I, IO , 22) 

CALL PLOTPTC DUMMY, PHIUSEDC I, 1> , 23) 

1400 CONTINUE 

GOTO (2100,2200,2300) I ISOL 

2100 WRITEC6,2150) 

2150 FORMAT(//// ,43X, 11
( VELOCITY FUNCTION OF TIME ONLY ) •) . 

GOTO 2400 

2200 WRITEC6,2250) 

2250 FORMATV///,43X, 11
( VELOOITY FIDJCTION OF- POSITION ONLY ) n) 

GOTO 2400 

2300 WRITEC6,2350) 

2350 FORMAT(//// ,47X, 11
( FULLY VARIABLE VELOCITY)") 

2400 CONTINUE 

CALL OUTPLOT 

RETURN 

END 



SUBROUTINE PLOTRCISOL> 

COMMON / BLOCKl / PHIC50,3) ,PHIBARC50,3) ,PHIIIATC50,3), 

2 PHIUSEDC50,3) ,PHITRUEC50,3) ,RUC50,3> ,DH50,3) ,D2C50,3) 

. 3, DUDXC 50, 3) 

COMMON / BLOCK2 / RL,JJ,DT,DX,TlME,TIMEF,NTS 

COMMON / BLOCK4 / PHIPLOTC5,3,51) 

DIMENSION YMINC5,2),YMAXC5,2l,FACTORYC5,2>,RATIOC5,3,51) 

NTl=NTS+t 

DO 200 L= 1,5 

no -200 J=1,NT1 

RATIOCL, 1, J) = C PHIPLOTC L, 1 ,J) +1. 0E-10)/CPHIPLOTCL, l ,:J) +l.0E-10) 

RATIOCL,2,J>=CPHIPLOTCL,2,J)+l.0E-10)/CPHIPLOTCL,t,Jl+l.0E-10) 

RATIO( L, 3, J) =C PHIPLOTC L, 3,J>+1.0E-10)/( PHIPLOTCL, 1,J)+.l.0E'.'"910> 

200 CONTINUE 

XMAX=FLOATCNTS>*DT 

XMIN=0. 

RNX=RNY=5.0 

NXNY= IF IXC RNX+-1. 0) 

DO 2 IG= 1, 2 

DO 2 L= 1,5 

FACTORY< L, IG> = 1. 0E+l00 

~~CL,IG>=-1.0E+100 

YMINCL,IG>=1.0E+100 · 

DO 4 K= 1,3 

DO 6 J= 1, NT1 

GOTO <204,206) , IG 

204 CONTINUE 

IFCPHIPLOTCL,K,J) .GT. YMAXCL, IG>) YMAXCL, IG>=PHIPLOTCL,K,J> 

IFCPHIPLOTCL,K,J>.LT.YMINCL,IG)) YMINCL,IG>=PHIPLOTCL,K,J> 

GOTO 6 

206 _ CONTINUE 

IFCRATIOCL,K,J) .GT. YMAXCL, IG)) YMAXCL, IG>=RATIOCL,K,J> . 

IFCRATIOCL,K,J>.LT.YMINCL,IG)) YMINCL,IG>=RATIOCL,K,J) 

6 CONTINUE 

SIZEY=3.00 
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DUMMY= C SIZEY+t. 0E-20) /( C YMAXC L, lG>-YI1HfC-L, IG)) + 1.0E-20) 

IFCFACTORYCL, IG> .GT.DUMMY> FACTORYCL, IC>=DUMMY 

4 CONTINUE 

2 CONTINUE 

SIZEK=4. 75 

FACTORX=SIZEX/TIME 

CALL PLOTC100.,10.5,60) 

DO 10 1=1,5 

DO 210 I G= 1 , 2 

XIG=-C0.75+4.7*<FLOATCIG>-1.0)) 

CALL PLOTCXIG,0.0,40> 

CALL PLOTC0.5,5.25,3) 

CALL PLOTC3.5,5.25,2) 

CALL PLOTC3.5,10.0,2) 

CALL PLOTC0.5,10.0,2) 

CALL PLOTC0.5,5.25,2) 

CALL LETTERC16, .10,90. ,4.10,6.7, 16HT I ME CSECS.)) 

IT1= ISOL+l 

IT2=2*1+1G-2 

ENCODEC10,600,TITLE1) ITl 

609 FORMATC9HFIGURE 4.,Il) 

IF< IT2. EQ.. 10) GOTO 604 · 

ENCODEC3,605,TITLE2> 1T2 

605 FORMATC1H.,11,1H) 

GOTO 606 

604 ENCODEC3,608,TITLE2l IT2 

608 FORMA.TC1H.,I2> 

606 CONTINUE 

RRR=7.6-1.B*CFLOATCIG>-1.0) 

CALL LETTER< 10, .15,90.0,0.8,RRR,TITLED . 

RRR= R.RR+ 1 • 5 

CALL LETTER< 3,.15,90.0,0.8,RRR,TITLE2) 

IN=2*1 

X=7.5-2.0*CFLOATCIG>-1.0) 

GOTOC250,260) , IG 
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250 CONTINUE 

CALL GREEK< 2. 0, 3. 70, 0-.50, 90.0,21> 

ENCODEC35,700,SUBT1) IN 

700 FORMATC23HCONCENTRATION AT NODE ,12,10H VS. TIME> 

. CALL LETTER< 35, 0. 05 , 90. 0, 1 • 0, X, SUBTl) 

GOTO 270 

260 CONTINUE 

159 

CALL LETTER<28,0.10, 180.0,3.4,4.10,28HRATIO TO ANALYTit=AL SOLlJTtOl'f ·- .; _ 

2) 

ENCODEC39,710,SUBT2) IN 

710 FORMATC27HRATIO OF SOLUTIONS AT NODE , 12, l0H · VS. TIME> 

CALL LETTERC39,0.05,90.0,1.0,X,SUBT2) 

270 CONTINUE 

RRR=5.8+2.75*CFLOATCIG>-1.0) 

CALL LETTERC19,.05,90.0,3.0,RRR,19HANALYTICAL SOLUTION) 

CALL LETTERC20,.05,90.0,3.1,RRR,20HONE SIDED DIFFERENCE> 

CALL LETTER< 9,.05,90.0,3.2,RRR, 9HTHIS WORIO 

RRR=5. 5+2. 75*< FLOAT< IG>-1. 0) 

CALL GRAFC2.95,RRR,0.1,1) 

CALL GRAFC3.05,RRR,0.1,2) 

CALL GRAFC3.15,RRR,0.1,3) 

RRR=7.6-2.0*CFLOATCIG)-1.0) 

GOTO C1100,1200,1300) , ISOL 

1100 CALL LETTER< 32, . 05, 90. 0, 1. 2, RRR, 32HC VELOCITY ·FUNCTION OF TIME ONLY 

2)) 

GOTO 1400 

1200 CALL LETTERC30,.05,90.0,1.2,RRR,30H <VELOCITY FUNCTION OF X ONLY>> 

GOTO 1400 

1300 CALL LETTERC30, .05,90.0, 1.2,RRR,30H CFULLY VARIABLE VELOCITY> ) 

1400 CONTINUE 

DXL=SIZEX/RNX 

DYL=SIZEY/RNY 

DXN=CXM..4.X-XMIN)/RNX 

DYN=CYI"IAXCI,IG)-Yft!INCI,IG))/RNY 

XL=5.25-DXL 



XN=-DXN 

YL=3.575+DYL 

YN=YMIN<I,IG)-DYN 

DO 15 M= l ,NXNY 

XN=XN+DXN 

XL=XL+DXL 

YN=YN+DYN 

· YL=YL-DYL 

ENCODE< 9, 490, Y> YN 

490 FORMATCE9.3) 

IF< IG.EQ.2) ENCODEC9,495,Y> YN 

495 FORMATCF9.5) 

ENCODE< 9,500,X> XN 

500 FORMATCE9.2> 

XX=XL-0.525 

IFCM.EQ.1) XX=XL-0.2 

CALL LETfER< 9, • 100, 90. 0, 3. 75, XX, X> . 

CALL LETfERC 9,.075,90.0,YL,4.40,Y> 

IFCM.EQ.1.0R.M.EQ.NXNY> GOTO 15 

CALL PLOTCYL,5.20 ,3) 

CALL PLOTCYL,5.30 ,2) 

CALL PLOTCYL,9.95 ,3) 

CALL PLOTCYL,10.05 ,2) 

CALL PLOTC3.45 ,XL,3) 

CALL PLOTC3.55 ,KL,2) 

15 CONTINUE 

DO 20 K= 1, 3 

CALL PLOT< S IZEY+0. 5 ~ 5 •. 25, 3) 

DO 30 N=1,NT1 

Xl=FLOATCN-l>*D"f*FACTORX 

Yl=CPHIPLOTCI,K,N>-YMINCI,IG>>*FACTORYCI,IG> 

IFCIG.EQ.2) Yl=CRATIOCI,K,N>-YMINCI,IG>>*FACTORYCI,IG> 

Xl=X1+5. 25 

Y1=3. 5-Yl 

CALL PLOTCYI,Xl,2) 
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30 CONTINUE 

20 CONTINUE 

DO 120 K= 1,3 

NN2=NTS/5 

DO 130 N=l,NT1,NN2 

Xl=FLOATCN-l>*D'I'*FACTORX 

Yl= < PHIPLOTC I, K, N>-YMINC .I, IG>) *FACTORYC I, IG> · 

IF< IG.EQ..2) Yl=CRATIOC I,K,N>-YMINC I, IG»*FACTORYC I,IG> 

Xl=X1+5. 25 

Yl=SIZEY+0.5-Y1 

• CALL GRAF C Yl , Xl , 0. 100, K > 

130 CONTINUE 

120 CONTINUE 

210 CONTINUE 

10 

CALL PLOTC12.0,5.25;-3> 

CONTINUE 

RETURN 

END 

END 
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