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Appendix A: Sample FORTRAN Programs

A.1l. Regular Springs

C * %k k%% %k ASSUM NG MASSLESS MOORI NG LI NESH * % # % % %
| NTEGER MXPARM, N
| MPLI CI T DOUBLE PRECISION (A-H, O 2)
PARAMETER ( MKPARMES0, N=12)

C *% %% SPECS FOR PARANETERS* * * *
| NTEGER MBTEP, MSOLVE
PARAMETER ( MSTEP=10000000, MSOLVE=2)

C *%%* SPECS FOR LOCAL VARI ABLES****
| NTEGER | DO, NOUT
DI MENSI ON Y(12) , PARAM 50) , A( 1, 1)

C *% %% SPECS FOR SUBROUTI NES* * * * * *
EXTERNAL DI VPAG, SSET

C *% %% SPECS FOR FUNCTI ONS* * * * *
EXTERNAL FCN, FCNJ

CALL UMACH (2, NaUTm)
open(unit=1,file=" pd50.dat', status="unknown')

C *% %% SET | NI TI AL CONDI TI ONS* * * % % %

T=0. D0O

Y( 1) =0. DOO

Y( 2) =0. DOO

Y( 3) =2. 83840079416846045D00
Y( 4) =0. DOO

Y(5) =0. DOO

Y( 6) =0. DOO

Y(7) =0. DOO

Y( 8) =0. DOO

Y(9) =0. DOO

Y(10) =0. DOO

Y(11) =0. DOO

Y(12) =0. DOO

F1=0. DOO

F2=0. DOO

F3=0. DOO

FX=0. DOO

****SEI' IVAX TI '\E*****
TMAX=300. D0O
*% %% SET ERROR TOLERANCE* * * *

TOL=. 0000000001000

*%%* SET PARAM TO DEFAULTS** *
CALL SSET (MXPARM 0.0, PARAM 1)

*% %% SET MAXI MUM # OF STEPS ALLOWEDF***
PARAM 4) =NSTEP

*%** SEL ECT CHORD METHOD AND A DI VI DED DI FF JACOBI ANF * *
PARAM 13) =MSOLVE

*%* PRI NT HEADERY * * *
WRI TE (NOUT, 99996)
WRI TE (1, 99997)

O O O O O O
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C *%*PRINT | NI TI AL CONDI TI ONS* ** **
WRI TE (NOUT, ' (7D10.3) ') T, Y(1), Y(3), Y(5), Y(7), Y(9), Y(11)
WRI TE (1,' (7E14.5)')T, Y(1), Y(3), Y(5), Y(7), Y(9), Y(11)

C ***BEG N DI VPAG LOOP* **
I DO =1
STEP=0. D00
10 CONTI NUE
STEP = STEP+0. 03D00
TEND = STEP
C *rxxxA(L, 1) IS NOT USED****

CALL DIVPAG (1DO, N, FCN, FCNJ, A, T, TEND, TOL, PARAM YY)
| F (STEP. LE. TMAX) THEN
WRI TE (NOUT, ' (7D10.3) ') T, Y(1), Y(3), Y(5), Y(7), Y(9), Y(11)
WRI TE (1,' (7E14.5)')T, Y(1), Y(3), Y(5), Y(7), Y(9), Y(11)

C *%% %% | NAL CALL TO RELEASE WORKSPACE® * * * *
| F (STEP. EQ TMAX) | DO=3
GOTO 10
END | F
WRI TE (NOUT, 99998) PARAM 35)
C ******HEA[ERk*****
99996 FORMAT (7X,' TIME , 11X, 'Y1', 12X, 'Y3', 12X 'Y5' , 12X 'Y7', 12X 'Y9', 12X
$,' Y11')
99997 FORMAT (7X,' TIME , 11X, 'Y1', 12X 'Y3', 12X 'Y5' , 12X 'Y7', 12X 'Y9' , 12X
$,' Y11')
C *%% k% SHON # OF FUNTI ON CALLS***
99998 FORMAT (4X, 'NUVBER OF FCN CALLS W TH DI VPAG =', F6.0)
END

SUBROUTI NE FCN (N, T, Y, YPRI ME)
| MPLI CI T DOUBLE PRECI SION (A-H, O 2)
DI MENSI ON YPRI ME( 12) , Y(12)

C *k% %% SPECS FOR ARGUVENTSH * # % %
C *#% %% THE FOLLOW NG ARE NONDI MENS| ONAL* * % % *
R=1. D0O
ZMC=1. D00
ZWC=1. D00
ZL=6. D0O

Z1 XX=. 5D00* ZMC* R** 2. DOO

ZI YY=. 25D00* ZMC* R** 2. DOO+( 1. D00/ 12. DOO) * ZMC* ZL** 2. DOO
21 ZZ=7Z1 YY

ZK1=49. 9999999999992457967645D00

ZK2=7K1

ZK3=ZK1

ZK4=7K1

C1=0. 1D00

c=C1

TERE
Q000

ZL1=4. D00
ZL2=711
ZL3=7L1
ZL4=711
ZA=2. D00
ZB=2. D00
All=Z7L/ 2. DOO
A12=0. DOO
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$(2.

Al13=R
A21=A11
A22=A12
A23=- A13
A31=-Al11l
A32=A12
A33=A13
Adl1=-Al11l
A42=A12
A43=- A13

*************ST(]D \/\F'EN Y(S) NEG(************

I F (Y(3).LT.0.D00) THEN
STOP 00000
END | F

*******************FOQC:ESk******************

Pl =3. 14159265358979323846264338327950288419717D00
EPSI LON=30. DOO* PI / 180. DOO

OVEGA=. 82D00

TF=2. DOO* Pl / OVEGA

TX=5. D00

TY=TX+0. 25D00* TF

FO=0. 35D00

V=0. 5D00

IF (T.LE. TX) THEN
FX=( 3. DO0* FQ/ ( TX**2. D00) ) * T** 2. DOO-
DOO/ ( TX**3. D00) ) * FO* T** 3. DOO
ELSE
FX=FO* DOOS( OVEGA* ( T- TX) )
END | F

|F (T.LE. TY) THEN
F2=( 3. DOO* \* FQ/ (TY**2. D00) ) * T** 2. DOO

$- (2. DOO* V* FQ/ ( TY**3. D00) ) * T** 3. DOO

ELSE
F2=\* FO* DCOS( OVEGA* ( T- TY) )
END | F

F1=FX* DSI N( EPSI LON)
F3=FX* DCOS( EPSI LON)

kxkkkkkkxx k5% x CONNECTI ON TO GROUNDF * * * * * * * * % %
X1=Z7L/ 2. DOO+ZA
X2=7L/ 2. DOO+ZA
X3=-ZL/ 2. D00- ZA
X4=-7L/ 2. DOO- ZA
Y1=0. DOO

Y2=0. D00

Y3=0. D00

Y4=0. DOO
Z1=7B+R
Z22=-7B-R
Z3=7B+R
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Z4=-7B-R

*************SI I\PLI FI C:ATI O\IS***************

C7=DCOS( Y(7))

C9=DCos( Y(9))

C11=DCOS( Y(11))

S7=DSI N(Y(7))

S9=DSI N( Y(9))

S11=DSI N( Y(11))

C92=C9* * 2. DOO

S92=S9* * 2. DOO

A=ZI XX* S92+ZI YY* C92

B11 = 1. D00/ (ZI YY*C92)
Bl2 = S9*Bl1l
B22 = A*B11/ZI XX

************EQJATI G\IS O: ,\DI'I O\I************
YPRI ME( 1) =Y( 2)

YPRI ME( 2) =- ZK1* ( Y( 1) +AL1* C9* CT+AL2* ( S11* S9* C7- S7* C11) +A13*
$( S9* CL1* C7+S11* S7) - X1) +ZK1* ZL1* (( Y(1) +ALl1* C9* C7+AL2* ( S11* S9*
$C7- S7* C11) +A13* ( S9* CL1* C7+S11* S7) - X1) ** 2. DOO+( Y( 3) +AL1* S7* Co+
$AL2* ( ST* S11* S9+CL1* C7) +A13* ( S9* C11* S7- S11*C7) - Y1) ** 2. D00+
$( Y(5) - AL1* S9+A12* S11* C9+A13* CO* C11- Z1) ** 2. DOO) * * ( - . 5D00) *
$( Y( 1) +AL1* CO* CT+AL2* ( S11* S9* C7- ST* C11) +A13* ( S9* C11* C7+S11* S7)
$- X1) - ZK2* ( Y( 1) +A21* C9* C7+A22* ( S11* S9* C7- S7* C11) +A23* ( S9* C11*
$C7+S11* S7) - X2) +ZK2* ZL2* (( Y( 1) +A21* CO* CT+A22* ( S11* S9* C7- ST*
$CL1) +A23* ( S9* C11* C7T+S11* S7) - X2) ** 2. DOO+( Y( 3) +A21* S7* CO+A22*
$( S7* S11* S9+C11* C7) +A23* ( S9* C11* S7- S11*C7) - Y2) ** 2. DOO+( Y(5) -
$A21* S9+A22* S11* C9+A23* CO* CL1- Z2) ** 2. DO0) ** (- . 5D00) * ( Y( 1) +A21*
$C9* C7+A22* ( S11* S9* C7- S7* CL1) +A23* ( S9* C11* C7+S11* S7) - X2) - ZK3*
$( Y( 1) +A31* CO* C7T+A32* ( S11* S9* C7- ST* C11) +A33* ( S9* CL1* C7+S11* S7)
$- X3) +ZK3* ZL3* (( Y( 1) +A31* C9* C7+A32* ( S11* S9* C7- S7* C11) +A33* ( S9*
$CL1* C7+S11* S7) - X3) ** 2. DOO+( Y( 3) +A31* S7* CO+A32* ( S7* S11* S9+C11*
$C7) +A33* ( S9* C11* S7- S11*C7) - Y3) ** 2. DOO+( Y( 5) - A31* S9+A32* S11* C9
$+A33* C9* C11- Z3) **2. DO0) ** ( - . 5D00) * ( Y( 1) +A31* CO* C7+A32* ( S11* S9
$* C7- S7* C11) +A33* ( SO* C11* C7+S11* S7) - X3) - ZK4* ( Y( 1) +A41* CO* CT+
$A42* ( S11* S9* C7- ST* C11) +Ad3* ( S9* CL1* C7+S11* S7) - X4) +ZKA* ZL4*
$(( Y( 1) +A41* C9* C7T+AA2* ( S11* S9* C7- S7* CL1) +A43* ( S9* C11* C7+S11*
$S7) - X4) ** 2. DOO+( Y( 3) +A41* ST* CO+A42* ( S7* S11* S9+CL1* C7) +A43* ( S9
$* C11* S7- S11* C7) - Y4) ** 2. DOO+( Y(5) - A41* S9+A42* S11* C9+A43* C9* C11
$- Z4) **2. D00) ** (- . 5D00) * ( Y( 1) +A41* CO* CT+A42* ( S11* S9* C7- ST*C11)
$+A43* ( S9* CL1* C7+S11* S7) - X4) +F1- C1* Y( 2)

YPRI ME( 3) =Y( 4)

YPRI ME( 4) =- ZK1* ( Y( 3) +AL1* S7* CO+A12* ( S7* S11* S9+CL1* C7) +A13* ( S9
$* C11* S7- S11* C7) - Y1) +ZK1* ZL1* (( Y( 1) +A11* CO* C7+A12* ( S11* S9* C7-
$S7* C11) +A13* ( S9* C11* C7+S11* S7) - X1) ** 2. DOO+( Y( 3) +Al1* S7* C9+
$AL2* ( ST* S11* S9+CL1* C7) +A13* ( S9* C11* S7- S11*C7) - Y1) ** 2. D00+
$( Y(5) - AL1* S9+A12* S11* C9+A13* CO* C11- Z1) ** 2. DOO) * * ( - . 5D00) *
$( Y( 3) +AL1* S7* CO+AL2* ( ST* S11* S9+CL1* C7) +A13* ( S9* C11* S7- S11* C7)
$- Y1) - ZK2* ( Y( 3) +A21* S7* C9+A22* ( S7* S11* S9+C11* C7) +A23* ( S9* C11*
$S7- S11* C7) - Y2) +ZK2* ZL2* (( Y( 1) +A21* C9* CT+A22* ( S11* S9* C7- ST*
$CL1) +A23* ( S9* C11* C7T+S11* S7) - X2) ** 2. DOO+( Y( 3) +A21* S7* CO+A22*
$( S7*S11* S9+C11* C7) +A23* ( S9* C11* S7- S11*C7) - Y2) ** 2. DOO+( Y(5) -
$A21* S9+A22* S11* C9+A23* CO* CL1- Z2) ** 2. DO0) ** (- . 5D00) * ( Y( 3) +A21*
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$S7* CO+A22* ( ST* S11* S9+CL1* C7) +A23* ( S9* C11* S7- S11* C7) - Y2) - ZK3*
$( Y( 3) +A31* S7* CO+A32* ( ST* S11* S9+C11* C7) +A33* ( S9* C11* S7- S11* C7)
$- Y3) +ZK3* ZL3* (( Y( 1) +A31* C9* C7T+A32* ( S11* S9* C7- S7* C11) +A33* ( S9*
$CL1* C7+S11* S7) - X3) **2. DOO+( Y( 3) +A31* S7* CO+A32* ( S7* S11* S9+C11*
$C7) +A33* ( S9* C11* S7- S11*C7) - Y3) ** 2. DOO+( Y( 5) - A31* S9+A32* S11* C9
$+A33* C9* C11- Z3) **2. DO0) ** ( - . 5D00) * ( Y( 3) +A31* S7* C9+A32* ( S7*S11
$* S9+CL1* C7) +A33* ( S9* C11* S7- S11* C7) - Y3) - ZK4* ( Y( 3) +A41* S7* C9+
$A42* ( ST* S11* S9+CL1* C7) +Ad3* ( S9* CL1* S7- S11* C7) - YA) +ZKA* ZL4*

$(( Y(1) +A41* C9* C7T+AA2* ( S11* S9* C7- S7* CL1) +A43* ( S9* C11* C7+S11*
$S7) - X4) ** 2. DOO+( Y( 3) +A41* ST* CO+AA2* ( ST* S11* S9+CL1* C7) +A43*

$( S9* CL1* S7- S11*C7) - Y4) ** 2. DOO+( Y(5) - Ad1* S9+A42* S11* CO+A43*
$C9* C11- Z4) **2. DO0) ** ( - . 5D00) * ( Y( 3) +Ad1* S7T* CO+A42* ( ST* S11* SO+
$CL1* C7) +Ad3* ( S9* C11* S7- S11* C7) - Y4) +F2- C2* Y(4) +ZWC

YPRI ME( 5) =Y( 6)

YPRI ME( 6) =- ZK1* ( Y(5) - AL1* S9+A12* S11* C9+A13* CO* C11- Z1) +ZK1* ZL1
$* ((Y(1) +Al1* C9* C7+AL2* ( S11* S9* C7- S7* CL1) +AL3* ( S9* C11* C7+S11*
$S7) - X1) ** 2. DOO+( Y( 3) +AL1* S7* CO+A12* ( S7* S11* S9+C11* C7) +AL3*
$( S9* CL1* S7- S11*C7) - Y1) ** 2. DOO+( Y(5) - AL1* S9+A12* S11* C9+A13* CO*
$C11- Z1) **2. DOO) ** (- . 5D00) * ( Y(5) - AL1* S9+A12* S11* CO+A13* CO* C11-
$71) - ZK2* ( Y(5) - A21* S9+A22* S11* CO+A23* CO* C11- Z2) +ZK2* ZL2* ( ( Y( 1)
$+A21* C9* C7T+A22* ( S11* S9* C7- S7* C11) +A23* ( S9* C11* C7+S11* S7) - X2)
$** 2. DOO+( Y(3) +A21* S7* CO+A22* ( ST* S11* S9+CL1* C7) +A23* ( S9* C11* S7
$- S11*C7) - Y2) ** 2. DOO+( Y(5) - A21* S9+A22* S11* C9+A23* CO* C11- Z2) **
$2. D00) ** (- . 5D00) * ( Y(5) - A21* S9+A22* S11* C9+A23* C9* CL1- Z2) - ZK3*
$( Y(5) - A31* S9+A32* S11* C9+A33* CO* C11- Z3) +ZK3* ZL3* ( ( Y( 1) +A31* C9
$* C7+A32* ( S11* S9* C7- ST* C11) +A33* ( S9* CL1* C7+S11* S7) - X3) ** 2. D00+
$( Y( 3) +A31* S7* CO+A32* ( ST* S11* S9+CL1* C7) +A33* ( S9* C11* S7- S11* C7)
$- Y3) **2. DOO+( Y( 5) - A31* S9+A32* S11* C9+A33* C9* C11- Z3) ** 2. DOO) * *
$(- . 5D00) * ( Y( 5) - A31* S9+A32* S11* C9+A33* C9* CL1- Z3) - ZK4* ( Y(5) -
$AA1* SO+AA2* S11* CO+AA3* CO* CL1- Z4) +ZKA* ZL4A* (( Y( 1) +A41* CO* CT+
$A42* ( S11* S9* C7- ST* C11) +Ad3* ( S9* C11* C7+S11* S7) - X4) ** 2. D00+
$( Y( 3) +A41* ST* CO+A42* ( ST* S11* S9+CL1* C7) +Ad3* ( S9* C11* S7- S11*
$C7) - Y4) ** 2. DOO+( Y( 5) - Ad1* S9+A42* S11* CO+A43* C9* C11- Z4) ** 2. DOO)
$** (- . 5D00) * ( Y(5) - A41* S9+A42* S11* C9+A43* CO* C11- Z4) +F3- C3* Y( 6)

EQ4=ZI XX* ( Y(12) * Y( 10) * C9- 2. DOO* Y( 8) * Y( 10) * S9* C9) +ZI YY* 2. DOO*
$Y( 10) * Y( 8) * C9* S9- ZK1* ( Y( 1) +AL1* CO* C7+A12* ( S11* S9* C7- S7*C11) +
$AL3* ( S9* C11* C7T+S11* S7) - X1) * (- ALL* C9* S7- AL2* ( S11* S9* S7+C7* Cl1)
$- A13* ( S9* CL1* S7- S11*C7) ) - ZK1* ( Y( 3) +Al1* ( S7* C9) +A12* ( S7* S11* S9
$+C11* C7) +A13* ( S9* C11* S7- S11*C7) - Y1) * ( AL1* C9* C7T+A12* ( C7* S11* S9
$- C11* S7) +A13* ( S9* C11* C7+S11* S7) ) +ZK1* ZL1* ( ( Y( 1) +Al1* CO* C7+A12
$* ( S11* SO* C7- S7* C11) +A13* ( S9* C11* C7+S11* S7) - X1) ** 2. DOO+( Y(3) +
$AL1* ST* CO+AL2* ( ST* S11* S9+CL1* C7) +A13* ( S9* C11* S7- S11*C7) - Y1) **
$2. DOO+( Y(5) - AL1* S9+A12* S11* C9+A13* CO* CL1- Z1) ** 2. DOO) * *
$(- . 5D00) * ( ( Y( 1) +AL1* CO* CT+AL2* ( S11* S9* C7- ST* C11) +A13* ( S9* C11*
$C7+S11* S7) - X1) * (- AL1* C9* S7- A12* ( S11* S9* S7T+C7* C11) - A13* ( S9* C11
$* S7- S11*C7) ) +( Y( 3) +AL1* S7* CO+AL2* ( ST* S11* S9+CL1* C7) +A13* ( S9*
$CL1* S7- S11* C7) - Y1) * ( AL1* C9* C7T+AL2* ( CT* S11* S9- CL1* S7) +A13* ( S9*
$CL1* C7+S11*S7) ) ) - ZK2* ( Y( 1) +A21* C9* C7T+A22* ( S11* S9* C7- S7*Cl11) +
$A23* ( S9* C11* C7T+S11* S7) - X2) * (- A21* C9* S7- A22* ( S11* S9* S7+C7* Cl1)
$- A23* ( S9* CL1* S7- S11*C7) ) - ZK2* ( Y( 3) +A21* ( S7* C9) +A22* ( S7* S11* S9
$+C11* C7) +A23* ( S9* C11* S7- S11* C7) - Y2) * ( A21* C9* C7T+A22* ( C7* S11* S9
$- C11* S7) +A23* ( S9* C11* C7+S11* S7) ) +ZK2* ZL2* ( ( Y( 1) +A21* CO* C7+A22
$* ( S11* SO* C7- S7* C11) +A23* ( S9* C11* C7+S11* S7) - X2) ** 2. DOO+( Y(3) +
$A21* ST* CO+A22* ( ST* S11* S9+CL1* C7) +A23* ( S9* C11* S7- S11*C7) - Y2) * *
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$2. DOO+( Y(5) - A21* S9+A22* S11* C9+A23* CO* CL1- Z2) ** 2. DOO) * *

$(- . 5D00) * ( ( Y( 1) +A21* CO* CT+A22* ( S11* S9* C7- ST* C11) +A23* ( S9* C11*
$C7+S11* S7) - X2) * (- A21* C9* S7- A22* ( S11* S9* S7T+C7* C11) - A23* ( S9* C11
$* S7- S11*C7) ) +( Y( 3) +A21* ST* CO+A22* ( ST* S11* S9+CL1* C7) +A23* ( S9*
$CL1* S7- S11* C7) - Y2) * ( A21* C9* C7T+A22* ( CT* S11* S9- CL1* S7) +A23* ( S9*
$CL1* C7+S11*S7) ) ) - ZK3* ( Y( 1) +A31* C9* C7T+A32* ( S11* S9* C7- S7*Cl11) +
$A33* ( S9* C11* C7+S11* S7) - X3) * (- A31* C9* S7- A32* ( S11* S9* S7+C7* Cl1)
$- A33*( S9* CL1* S7- S11*C7) ) - ZK3* ( Y( 3) +A31* ( S7* C9) +A32* ( S7* S11* S9
$+C11* C7) +A33* ( S9* C11* S7- S11* C7) - Y3) * ( A31* C9* C7T+A32* ( C7* S11*S9
$- C11* S7) +A33* ( S9* C11* C7+S11* S7) ) +ZK3* ZL3* ( ( Y( 1) +A31* CO* C7+A32
$* ( S11* SO* C7- S7* C11) +A33* ( S9* C11* C7+S11* S7) - X3) ** 2. DOO+( Y(3) +
$A31* ST* CO+A32* ( ST* S11* S9+CL1* C7) +A33* ( S9* C11* S7- S11* C7) - Y3) * *
$2. DOO+( Y(5) - A31* S9+A32* S11* C9+A33* CO* C11- Z3) ** 2. DOO) * *

$(- . 5D00) * ( ( Y( 1) +A31* CO* C7+A32* ( S11* S9* C7- ST* C11) +A33* ( S9* C11*
$C7+S11* S7) - X3) * (- A31* C9* S7- A32* ( S11* S9* S7T+C7* C11) - A33* ( S9* C11
$* S7- S11* C7) ) +( Y( 3) +A31* S7* CO+A32* ( ST* S11* S9+CL1* C7) +A33* ( S9*
$CL1* S7- S11* C7) - Y3) * ( A31* C9* C7T+A32* ( CT* S11* S9- CL1* S7) +A33* ( S9*
$CL1* C7+S11*S7) ) ) - ZKA* ( Y( 1) +A41* C9* C7T+AA2* ( S11* SO* C7- S7*Cl11) +
$AA3* ( S9* CL1* CT+S11* S7) - X4) * (- A41* CO* S7- Ad2* ( S11* S9* S7T+C7* Cl1)
$- AA3* (SO* CL1* S7- S11*C7) ) - ZKA* ( Y( 3) +Ad1* ( S7* C9) +Ad2* ( ST7* S11* S9
$+CL1* C7) +A43* ( S9* C11* S7- S11* C7) - Y4) * ( Ad1* C9* C7T+Ad2* ( C7* S11*S9
$- C11* S7) +A43* ( S9* CL1* C7+S11* S7) ) +ZK4* ZL4A* (( Y( 1) +Ad1* CO* CT+A42
$* ( S11* SO* C7- S7* C11) +A43* ( S9* C11* C7+S11* S7) - X4) ** 2. DOO+( Y(3) +
$AA1* ST* CO+A42* ( ST* S11* S9+CL1* C7) +Ad3* ( S9* C11* S7- S11* C7) - Y4) * *
$2. DOO+( Y(5) - A41* S9+A42* S11* C9+AA3* CO* CL1- Z4) ** 2. DOO) * *

$(- . 5D00) * ( ( Y( 1) +A41* CO* CT+A42* ( S11* S9* C7- ST* C11) +Ad3* ( S9* C11*
$C7+S11* S7) - X4) * (- A41* C9* S7- Ad2* ( S11* SO* S7T+C7* C11) - Ad3* ( S9* C11
$* S7- S11* C7) ) +( Y( 3) +A41* ST* CO+A42* ( ST* S11* S9+CL1* C7) +A43* ( S9*
$CL1* S7- S11* C7) - Y4) * ( A41* C9* CT+AA2* ( CT* S11* S9- CL1* S7) +A43* ( S9*
$C11*C7+S11*S7)))

EQB=ZI XX* Y( 8) * Y( 10) * C9- ZK1* ( Y( 1) +Al1* C9* C7+A12* ( S11* S9* C7- S7*
$C11) +AL3* ( S9* C11* C7+S11* S7) - X1) * ( A12* ( C11* S9* C7+S7* S11) - A13*
$('SO* S11* C7- ST*C11) ) - ZK1* ( Y( 3) +AL1* ( S7* C9) +A12* ( S7* S11* S9+CL1*
$C7) +A13* ( S9* C11* S7- S11*C7) - Y1) * ( AL12* ( S7* CL1* S9- S11* C7) - AL3*
$( S9* S11* S7T+CL1* C7) ) - ZK1* ( Y( 5) - AL1* S9+A12* S11* C9+A13* C9* C11-
$Z1) * ( AL2* CL1* C9- A13* C9* S11) +ZK1* ZL1* ( ( Y( 1) +AL1* C9* CT+AL2* (S11
$* SO* C7- S7* C11) +A13* ( S9* C11* C7+S11* S7) - X1) ** 2. DOO+( Y( 3) +AL1* S7
$* CO+AL2* ( S7* S11* S9+CL1* C7) +A13* ( S9* C11* S7- S11* C7) - Y1) ** 2. D00+
$( Y(5) - AL1* S9+A12* S11* C9+A13* CO* C11- Z1) ** 2. DOO) ** (- . 5D00) * (
$( Y( 1) +AL1* CO* CT+AL2* ( S11* S9* C7- ST* C11) +A13* ( S9* C11* C7+S11* S7)
$- X1) * ( AL2* ( CL1* S9* C7+S7* S11) - AL3* ( S9* S11* C7- S7*C11) ) +( Y(3) +
$AL1* S7T* CO+AL2* ( ST* S11* S9+CL1* C7) +A13* ( S9* C11* S7- S11* C7) - Y1) *
$( AL2* ( S7* CL1* S9- S11* C7) - AL3* ( S9* S11* S7T+C11*C7) ) +( Y(5) - A11* SO+
$AL2* S11* CO+A13* C9* C11- Z1) * ( AL2* C11* C9- A13* CO* S11) ) - ZK2* ( Y( 1) +
$A21* CO* CT+A22* ( S11* S9* C7- S7* C11) +A23* ( S9* C11* C7+S11* S7) - X2) *
$( A22* ( CL1* S9* C7+S7* S11) - A23* ( S9* S11* C7- S7* Cl1) ) - ZK2* ( Y(3) +A21
$* ( S7* C9) +A22* ( ST* S11* S9+C11* C7) +A23* ( S9* CL1* S7- S11* C7) - Y2) *
$( A22* ( ST* CL1* S9- S11* C7) - A23* ( S9* S11* S7T+C11*C7) ) - ZK2* ( Y(5) - A21
$* S9+A22* S11* CO+A23* C9* C11- Z2) * ( A22* CL1* C9- A23* CO* S11) +ZK2* ZL2
$* ((Y(1) +A21* C9* C7+A22* ( S11* S9* C7- S7* CL1) +A23* ( S9* C11* C7+S11*
$S7) - X2) ** 2. DOO+( Y( 3) +A21* ST* C9+A22* ( S7* S11* S9+C11* C7) +A23* ( S9
$* C11* S7- S11* C7) - Y2) ** 2. D0O+( Y( 5) - A21* S9+A22* S11* C9+A23* C9* C11
$-72) **2. D00) ** (- . 5D00) * (( Y( 1) +A21* C9* C7T+A22* ( S11* S9* C7- ST*
$C11) +A23* ( S9* C11* C7T+S11* S7) - X2) * ( A22* ( C11* S9* C7+S7* S11) - A23*
$( S9* S11* C7- S7*CL1) ) +( Y(3) +A21* S7* CO+A22* ( ST* S11* S9+CL1* C7) +
$A23* ( S9* C11* S7- S11*C7) - Y2) * ( A22* ( S7* C11* S9- S11* C7) - A23* ( SO*
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$S11*S7T+CL1* C7) ) +( Y( 5) - A21* S9+A22* S11* CO+A23* C9* C11- Z2) * ( A22*
$CL1* C9- A23* CO* S11) ) - ZK3* ( Y( 1) +A31* CO* C7+A32* ( S11* S9* C7- ST*
$C11) +A33* ( S9* C11* C7T+S11* S7) - X3) * ( A32* ( C11* S9* C7+S7* S11) - A33*
$( SO* S11* C7- ST*C11) ) - ZK3* ( Y( 3) +A31* ( S7* C9) +A32* ( S7* S11* S9+C11
$* C7) +A33* ( S9* C11* S7- S11*C7) - Y3) * ( A32* ( S7* C11* S9- S11* C7) - A33*
$( S9* S11* S7T+CL1* C7) ) - ZK3* ( Y( 5) - A31* S9+A32* S11* C9+A33* CO* C11-
$23) * ( A32* CL1* C9- A33* C9* S11) +ZK3* ZL3* (( Y( 1) +A31* C9* CT+A32*

$( S11* S9* C7- S7* CL1) +A33* ( S9* C11* C7+S11* S7) - X3) ** 2. DOO+( Y(3) +
$A31* S7* CO+A32* ( ST* S11* S9+CL1* C7) +A33* ( S9* C11* S7- S11* C7) - Y3)
$** 2. DOO+( Y(5) - A31* S9+A32* S11* C9+A33* C9* C11- Z3) ** 2. D0O) * *

$(- . 5D00) * (( Y( 1) +A31* CO* C7T+A32* ( S11* S9* C7- ST* C11) +A33* ( S9*
$CL1* C7+S11* S7) - X3) * ( A32* ( CL1* S9* C7+S7* S11) - A33* ( S9* S11* C7-
$S7*C11) ) +( Y( 3) +A31* S7T* C9+A32* ( S7* S11* S9+C11* C7) +A33* ( S9* C11
$* S7- S11*C7) - Y3) * ( A32* ( S7* CL1* S9- S11* C7) - A33* ( S9* S11* S7T+CL1*
$C7) ) +( Y( 5) - A31* S9+A32* S11* C9+A33* C9* C11- Z3) * ( A32* C11* C9- A33
$* CO9* S11) ) - ZKA* ( Y( 1) +A41* C9* C7T+AA2* ( S11* S9* C7- S7* C11) +A43*

$( SO* CL1* C7+S11* S7) - X4) * ( Ad2* ( CL1* S9* C7+ST7* S11) - A43* ( S9* S11*
$C7- S7* CL1) ) - ZK4* ( Y( 3) +Ad1* ( ST* C9) +Ad2* ( ST* S11* S9+CL1* C7) +
$A43* ( S9* C11* S7- S11*C7) - Y4) * ( Ad2* ( S7* C11* S9- S11* C7) - A43* ( SO*
$S11*S7T+CL1* C7) ) - ZKA* ( Y(5) - A41* S9+Ad2* S11* C9+A43* CO* C11- Z4) *
$( AA2* CL1* C9- A43* CO* S11) +ZKA* ZL4* (( Y( 1) +Ad1* C9* C7T+AA2* ( S11*
$S9* C7- S7* CL1) +A43* ( S9* CL1* C7+S11* S7) - X4) ** 2. DOO+( Y( 3) +Ad1*
$S7* CO+AA2* ( ST* S11* S9+CL1* C7) +A43* ( S9* C11* S7- S11*C7) - Y4) **

$2. DOO+( Y(5) - A41* S9+A42* S11* C9+AA3* CO* CL1- Z4) ** 2. DOO) * *

$(- . 5D00) * ( ( Y( 1) +A41* CO* CT+A42* ( S11* S9* C7- ST* C11) +A43* ( S9*
$CL1* C7+S11* S7) - X4) * ( A42* ( CL1* S9* C7+S7* S11) - A43* ( S9* S11* C7-
$S7*C11) ) +( Y( 3) +A41* ST* CO+Ad2* ( ST* S11* S9+C11* C7) +A43* ( S9* C11
$* S7- S11* C7) - Y4) * ( Ad2* ( S7* CL1* S9- S11* C7) - A43* ( S9* S11* S7T+CL1*
$C7) ) +( Y( 5) - A1* S9+A42* S11* C9+AA3* C9* CL1- Z4) * ( Ad2* C11* C9- A43
$* C9* S11))

YPRI ME( 7) =Y( 8)
YPRI VE( 8) =B11* EQ4+B12* EQ6- C4* Y( 8)
YPRI ME( 9) =Y( 10)

YPRI ME( 10) =( - ZI XX* Y(12) * Y( 8) * C9+ZI XX* ( Y(8) ) ** 2. DOO* C9* S9-
$ZI YY* ( Y(8))**2. D0OO* CO* S9- ZK1* ( Y( 1) +Al1* CO* C7+A12* ( S11* S9* C7-
$S7* C11) +A13* ( S9* C11* C7+S11* S7) - X1) * ( - AL1* C7* S9+A12* S11* C9* C7+
$AL3* C9* C11* C7) - ZK1* ( Y( 3) +AL1* S7* CO+AL2* ( S7* S11* S9+C11* C7) +A13
$* ( SO* C11* S7- S11* C7) - Y1) * ( - AL1* S7* S9+A12* S7* S11* CO+A13* C9* C11*
$S7) - ZK1* ( Y(5) - AL1* S9+A12* S11* C9+AL3* CO* C11- Z1) * ( - AL1* C9- AL12*
$S11*S9- A13* SO* CL1) +ZK1* ZL1* (( Y( 1) +Al1* C9* C7T+A12* ( S11* S9* C7- S7
$* C11) +A13* ( S9* CL1* C7+S11* S7) - X1) ** 2. DOO+( Y( 3) +AL1* S7* CO+A12*
$( S7* S11* S9+C11* C7) +AL13* ( S9* C11* S7- S11*C7) - Y1) ** 2. DOO+( Y(5) -
$AL1* S9+A12* S11* C9+A13* CO* C11- Z1) **2. DO0) ** (- . 5D00) * ( ( Y( 1) +All
$* C9* C7+A12* ( S11* S9* C7- S7* C11) +A13* ( S9* C11* C7+S11* S7) - X1) *
$( - AL1* C7* S9+A12* S11* C9* C7+AL3* C9* C11* C7) +( Y( 3) +Al1* S7* C9+A12*
$( S7* S11* S9+CL1* C7) +AL13* ( S9* C11* S7- S11*C7) - Y1) * (- AL1* S7* S9+A12
$* S7* S11* C9+A13* C9* C11* S7) +( Y(5) - AL1* S9+A12* S11* C9+A13* CO* C11-
$Z1) * (- AL1* C9- A12* S11* S9- A13* S9* C11) ) - ZK2* ( Y( 1) +A21* CO* C7+A22*
$( S11* S9* C7- S7* CL1) +A23* ( S9* C11* C7+S11* S7) - X2) * (- A21* C7* S9+A22
$* S11* C9* C7+A23* C9* C11* C7) - ZK2* ( Y( 3) +A21* S7* CO+A22* ( ST* S11* SO+
$CL1* C7) +A23* ( S9* C11* S7- S11* C7) - Y2) * ( - A21* S7T* S9+A22* ST* S11* C9+
$A23* C9* C11* S7) - ZK2* ( Y(5) - A21* S9+A22* S11* C9+A23* C9* C11- Z2) *
$( - A21* C9- A22* S11* SO- A23* S9* C11) +ZK2* ZL2* ( ( Y( 1) +A21* CO* C7+A22*
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$( S11* S9* C7- S7* CL1) +A23* ( S9* C11* C7+S11* S7) - X2) ** 2. DOO+( Y(3) +
$A21* ST* CO+A22* ( ST* S11* S9+CL1* C7) +A23* ( S9* C11* S7- S11* C7) - Y2) **
$2. DOO+( Y(5) - A21* S9+A22* S11* C9+A23* CO* CL1- Z2) ** 2. DOO) * *

$(- . 5D00) * ( ( Y( 1) +A21* CO* CT+A22* ( S11* S9* C7- ST* C11) +A23* ( S9* C11*
$C7+S11* S7) - X2) * (- A21* C7* S9+A22* S11* C9* C7+A23* C9* C11* C7) +( Y(3)
$+A21* S7* CO+A22* ( ST* S11* S9+CL1* C7) +A23* ( S9* C11* S7- S11*C7) - Y2) *
$( - A21* ST* S9+A22* ST* S11* C9+A23* C9* C11* S7) +( Y( 5) - A21* S9+A22* S11
$* CO+A23* CO* C11- Z2) * (- A21* C9- A22* S11* S9- A23* S9* C11) ) - ZK3* ( Y( 1)
$+A31* C9* C7+A32* ( S11* S9* C7- S7* C11) +A33* ( S9* C11* C7+S11* S7) - X3) *
$( - A31* C7* S9+A32* S11* C9* C7+A33* C9* C11* C7) - ZK3* ( Y( 3) +A31* S7* Co+
$A32* ( ST* S11* S9+CL1* C7) +A33* ( S9* C11* S7- S11* C7) - Y3) * (- A31* S7*S9
$+A32% S7* S11* CO+A33* C9* C11* S7) - ZK3* ( Y( 5) - A31* S9+A32* S11* C9+A33
$* CO9* C11- Z3) * (- A31* CO- A32* S11* S9- A33* SO* C11) +ZK3* ZL3* (( Y(1) +
$A31* CO* C7T+A32* ( S11* S9* C7- ST* C11) +A33* ( S9* C11* C7+S11* S7) - X3) * *
$2. DOO+( Y( 3) +A31* S7* CO+A32* ( S7* S11* S9+C11* C7) +A33* ( S9* C11* S7-
$S11*C7) - Y3) ** 2. DOO+( Y(5) - A31* S9+A32* S11* C9+A33* CO* C11- Z3) * *
$2. D0O0) ** (- . 5D00) * ( ( Y( 1) +A31* C9* C7+A32* ( S11* S9* C7- S7* C11) +A33*
$( S9* CL1* C7+S11* S7) - X3) * (- A31* C7* S9+A32* S11* CO* C7+A33* C9* C11*
$C7) +( Y( 3) +A31* ST* C9+A32* ( S7* S11* S9+C11* C7) +A33* ( S9* C11* S7- S11
$* C7) - Y3) * (- A31* S7* S9+A32* S7* S11* CO+A33* C9* C11* S7) +( Y(5) - A31*
$S9+A32* S11* C9+A33* CO* C11- Z3) * (- A31* C9- A32* S11* SO- A33* S9* C11))
$- ZKA* ( Y( 1) +A41* CO* CT+A42* ( S11* S9* C7- S7* C11) +A43* ( SO* CL1* C7+
$S11* S7) - X4) * (- A4L* C7* S9+A42* S11* CO* CT+A43* CO* CL1* C7) - ZK4*

$( Y( 3) +A41* ST* CO+A42* ( ST* S11* S9+CL1* C7) +Ad3* ( S9* CL1* S7- S11* C7)
$- Y4) * (- A41* ST* S9+AA2* ST* S11* C9+AA3* C9* CL1* S7) - ZKA* ( Y(5) - A4L*
$S9+A42* S11* CO+A43* CO* C11- Z4) * ( - A41* C9- Ad2* S11* SO- A43* S9* C11) +
$ZKA* ZL4* (( Y( 1) +A41* C9* C7T+AA2* ( S11* S9* C7- S7* CL1) +A43* ( S9* C11*
$C7+S11* S7) - X4) ** 2. DOO+( Y( 3) +Ad1* ST* C9+A42* ( ST* S11* S9+Cl11* C7) +
$A43* (S9* CL1* S7- S11* C7) - Y4) ** 2. DOO+( Y(5) - A41* S9+A42* S11* C9+
$A43* CO* C11- Z4) ** 2. DOO) ** (- . 5D00) * ( ( Y( 1) +Ad1* CO* CT+A42* ( S11*S9
$* C7- S7* C11) +A43* ( SO* CL1* C7+S11* S7) - X4) * (- AA1* C7* S9+A42* S11* C9
$* C7+A43* CO* CL1* C7) +( Y( 3) +A41* S7T* CO+A42* ( ST* S11* S9+CL1* C7) +A43
$* ( SO* CL1* S7- S11* C7) - Y4) * (- AA1* ST* S9+A42* ST* S11* CO+A43* C9* C11*
$S7) +( Y( 5) - A41* SO+A42* S11* CO+AA3* C9* C11- Z4) * ( - Ad1* CO- A42* S11*
$S9- A43*S9*C11) ) )/ ZI YY- C5* Y( 10)

YPRI ME( 11) =Y(12)
YPRI VE( 12) =B12* EQ4+B22* EQ6- C6* Y( 12)

RETURN
END

SUBROUTI NE FCNJ(N, T, Y, DYPDY)
DOUBLE PRECI S| ON DYPDY( 50, 50), Y(12)
| NTEGER N

RETURN

END
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A.2 Compressionless Springs

C * %k k%% %k ASSUM NG MASSLESS MOORI NG LI NESH * % % % % %
| NTEGER MXPARM, N
I MPLI CI T DOUBLE PRECISION (A-H, O 2)
PARAMETER ( MKPARMES0, N=12)
C *% %% SPECS FOR PARANVETERS* * * *
| NTEGER MBTEP, MSOLVE
PARAMETER ( MSTEP=10000000, MSOLVE=2)
C *%%* SPECS FOR LOCAL VARI ABLES****
| NTEGER | DO, NOUT
DI MENSI ON Y(12) , PARAM 50) , A( 1, 1)
C *% %% SPECS FOR SUBROUTI NES* *  * * *
EXTERNAL DI VPAG, SSET
C *% %% SPECS FOR FUNCTI ONS* * * * *
EXTERNAL FCN, FCNJ

CALL UMACH (2, NaUTm)
open(unit=1,file=" pd50.dat', status="unknown')

C *% %% SET | NI TI AL CONDI TI ONS* * * % * %

T=0. D0O

Y( 1) =0. DOO

Y( 2) =0. DOO

Y( 3) =2. 83840079416846045D00
Y( 4) =0. DOO

Y(5) =0. DOO

Y( 6) =0. DOO

Y(7) =0. DOO

Y( 8) =0. DOO

Y(9) =0. DOO

Y(10) =0. DOO

Y(11) =0. DOO

Y(12) =0. DOO

F1=0. DOO

F2=0. DOO

F3=0. DOO

FX=0. DOO

****SEI' IVAX TI '\E*****
TMAX=300. D00
*% %%+ SET ERROR TOLERANCE* * * *

TOL=. 0000000001000

*% %% SET PARAM TO DEFAULTS** *
CALL SSET (MXPARM 0.0, PARAM 1)

*% %% SET MAXI MUM # OF STEPS ALLOWED****
PARAM 4) =NSTEP

*%** SEL ECT CHORD METHOD AND A DI VI DED DI FF JACOBI ANF * *
PARAM 13) =MSOLVE

*%* PRI NT HEADERY * * *
WRI TE (NOUT, 99996)
WRI TE (1, 99997)
C *%*PRINT | NI TI AL CONDI TI ONS* * ***
WRI TE (NOUT, ' (7D10.3) ') T, Y(1), Y(3), Y(5), Y(7), Y(9), Y(11)
WRI TE (1,' (7E14.5) ') T, Y(1), Y(3), Y(5), Y(7), Y(9), Y(11)

O o o O O O
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C ***BEG N DI VPAG LOOP* **

I DO =1
STEP=0. DOO
10 CONTI NUE
STEP = STEP+0. 03D00
TEND = STEP
C *rxxxA(L, 1) IS NOT USED****

CALL DIVPAG (IDO N, FCN, FCNJ, A T, TEND, TO., PARAM )

| F (STEP. LE. TMAX) THEN

WRI TE (NOUT, ' (7D10.3) ') T, Y(1), Y(3), Y(5), Y(7), Y(9), Y(11)
WRI TE (1,' (7E14.5) ') T, Y(1), Y(3), Y(5), Y(7), Y(9), Y(11)

, 12X

C *%% %% | NAL CALL TO RELEASE WORKSPACE® * * * *
| F (STEP. EQ TMAX) | DO=3
GOTO 10
END | F
WRI TE (NOUT, 99998) PARAM 35)
C ******HEA[ERk*****
99996 FORMAT (7X,' TIME , 11X, 'Y1', 12X 'Y3', 12X 'Y5' , 12X 'Y7', 12X ' YO'
$,' Y11')
99997 FORMAT (7X,' TIME , 11X, 'Y1', 12X 'Y3', 12X 'Y5' , 12X 'Y7', 12X 'Y9' , 12X
$,' Y11')
C *%% k% SHON # OF FUNTI ON CALLS***
99998 FORMAT (4X, ' NUVBER OF FCN CALLS W TH DI VPAG =', F6.0)
END

SUBROUTI NE FCN (N, T, Y, YPRI ME)

| MPLI CI T DOUBLE PRECI SION (A-H, O 2)

DI MENSI ON YPRI ME( 12) , Y( 12)

*****SPE(:S FOQ ARGJ'VEN'I'S******

*% %%+ THE FOLLOW NG ARE NONDI MENS| ONAL* * * % * %
R=1. DOO

ZMC=1. DOO

ZWC=1. DOO

ZL=6. D00

ZI XX=. 5D00* ZMC* R* * 2. DOO

ZI YY=. 25D00* ZMC* R* * 2. DOO+( 1. D00/ 12. DOO) * ZMC* ZL** 2. DOO
Z1 Z2=71 YY

C1=0. 1D00

c=Cl1

P8R8
Q00

=Cl
ZL1=4. D00
ZL2=711
ZL3=7L1
ZL4=711
ZA=2. D00
ZB=2. D00
All=Z7L/ 2. DOO
A12=0. DOO
Al13=R
A21=A11
A22=A12
A23=- A13
A31=-Al1l
A32=A12
A33=A13
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Adl1=-Al11l
A42=A12
A43=- A13

*************ST(]D \/\F'EN Y(S) NEG(************

| F (Y(3).LT.0.D00) THEN

STGOP 00000

END | F

$(2.

*******************FOQC:ESk******************

Pl =3. 14159265358979323846264338327950288419717D00
EPSI LON=60. DOO* PI / 180. DOO

OVEGA=. 75D00

TF=2. DOO* Pl / OVEGA

TX=5. D00

TY=TX+0. 25D00* TF

FO=0. 7D00

V=0. 5D00

|F (T.LE. TX) THEN
FX=( 3. DO0* FQ/ ( TX**2. D00) ) * T** 2. DOO-
DOO/ ( TX**3. D00) ) * FO* T** 3. DOO
ELSE
FX=FO* DOOS( OVEGA* ( T- TX) )
END | F

|F (T.LE. TY) THEN
F2=( 3. DOO* \* FQ/ ( TY**2. D00) ) * T** 2. DOO

$- (2. DOO* V* FQ/ ( TY**3. D00) ) * T** 3. DOO

ELSE
F2=\* FO* DCOS( OVEGA* ( T- TY) )
END | F

F1=FX* DSI N( EPSI LON)
F3=FX* DCOS( EPSI LON)

kxkkkkkkxx k5% x CONNECT]I ON TO GROUNDF * * * * * * * % % %
X1=Z7L/ 2. DOO+ZA
X2=7L/ 2. DOO+ZA
X3=-ZL/ 2. D00- ZA
X4=-7L/ 2. DOO- ZA
Y1=0. DOO

Y2=0. D00

Y3=0. D00

Y4=0. DOO
Z1=7B+R
Z22=-7B-R
Z3=7B+R
Z4=-7B-R

*************SI I\PLI FI C:ATI O\IS***************
C7=DCOS( Y(7))
C9=DCos( Y(9))
C11=DCOS( Y(11))
S7=DSI N(Y(7))
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S9=DSI N( Y(9))
S11=DSI N( Y(11))
C92=C9* * 2. DOO
S92=S9* * 2. DOO

A=ZI XX* S92+ZI YY* C92

B11 = 1. D00/ (ZI YY*C92)
Bl2 = S9*Bl1l
B22 = A*B11/ZI XX

************C:OVPRESSI O\ILESS SPRI ,\mk*******

ALPHA1=Y( 1) +A11* CO* C7+A13* ( S9* C11* C7+S11* S7) - X1
ALPHA2=Y( 1) +A21* CO* C7+A23* ( S9* C11* C7+S11* S7) - X2
ALPHA3=Y( 1) +A31* C9* C7+A33* ( S9* C11* C7+S11* S7) - X3
ALPHA4=Y( 1) +A41* CO* C7+A43* ( S9* C11* C7+S11* S7) - X4

BETA1=Y( 3) +A11* S7* C9+A13* ( S9* C11* S7- S11* C7)
BETA2=Y( 3) +A21* S7* C9+A23* ( S9* C11* S7- S11* C7)
BETA3=Y( 3) +A31* S7* C9+A33* ( S9* C11* S7- S11* C7)
BETA4=Y( 3) +A41* S7* C9+A43* ( S9* C11* S7- S11* C7)

GAMVAL=Y(5) - A11* S9+A13* C9*C11- Z1
GAMVA2=Y( 5) - A21* S9+A23* C9* C11- Z2
GAMVA3=Y(5) - A31* S9+A33* C9* C11- Z3
GAMVAG=Y(5) - A41* S9+A43* CO* Cl11- Z4

Ql=( ALPHA1**2. DOO+BETAL1* * 2. DOO+GAMVA1* * 2. DOO) ** 0. 5D00
Q@=( ALPHA2** 2. DOO+BETA2* * 2. DOO+GAMVIA2* * 2. DO0) ** 0. 5D00
@B=( ALPHA3** 2. DOO+BETA3* * 2. DO0+GAMVA3* * 2. DO0) ** 0. 5D00
QA4=( ALPHA4** 2. DOO+BETA4* * 2. DOO+GAMVIA4* * 2. DOO) ** 0. 5D00

| F (QL. LE. ZL1) THEN

ZK1=0. DOO
ELSE

ZK1=49. 9999999999992457967645D00
END | F

| F (Q@.LE. ZL2) THEN

ZK2=0. D00
ELSE

ZK2=49. 9999999999992457967645D00
END | F

| F (QB.LE. ZL3) THEN

ZK3=0. D00
ELSE

ZK3=49. 9999999999992457967645D00
END | F

| F (Q4. LE. ZL4) THEN

ZK4=0. DOO
ELSE

ZK4=49. 9999999999992457967645D00
END | F

************EQJATI G\IS O: ,\DI'I O\I************
YPRI ME( 1) =Y( 2)
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YPRI ME( 2) =- ZK1* ( Y( 1) +AL1* C9* CT+AL2* ( S11* S9* C7- S7* C11) +A13*
$( S9* CL1* C7+S11* S7) - X1) +ZK1* ZL1* (( Y(1) +ALl1* C9* C7+A12* ( S11* S9*
$C7- S7* C11) +A13* ( S9* CL1* C7+S11* S7) - X1) ** 2. DOO+( Y( 3) +AL1* S7* Co+
$AL2* ( ST* S11* S9+CL1* C7) +A13* ( S9* C11* S7- S11*C7) - Y1) ** 2. D00+
$( Y(5) - AL1* S9+A12* S11* C9+A13* CO* C11- Z1) ** 2. DOO) * * ( - . 5D00) *
$( Y( 1) +AL1* CO* CT+AL2* ( S11* S9* C7- ST* C11) +A13* ( S9* CL1* C7+S11* S7)
$- X1) - ZK2* ( Y( 1) +A21* C9* C7+A22* ( S11* S9* C7- S7* C11) +A23* ( S9* C11*
$C7+S11* S7) - X2) +ZK2* ZL2* (( Y( 1) +A21* CO* CT+A22* ( S11* S9* C7- ST*
$CL1) +A23* ( S9* C11* C7T+S11* S7) - X2) ** 2. DOO+( Y( 3) +A21* S7* CO+A22*
$( S7*S11* S9+C11* C7) +A23* ( S9* C11* S7- S11*C7) - Y2) ** 2. DOO+( Y(5) -
$A21* S9+A22* S11* C9+A23* CO* CL1- Z2) ** 2. DO0) ** (- . 5D00) * ( Y( 1) +A21*
$C9* C7+A22* ( S11* S9* C7- S7* CL1) +A23* ( S9* C11* C7+S11* S7) - X2) - ZK3*
$( Y( 1) +A31* CO* C7+A32* ( S11* S9* C7- ST* C11) +A33* ( S9* CL1* C7+S11* S7)
$- X3) +ZK3* ZL3* (( Y( 1) +A31* C9* C7+A32* ( S11* S9* C7- S7* C11) +A33* ( S9*
$CL1* C7+S11* S7) - X3) ** 2. DOO+( Y( 3) +A31* S7* CO+A32* ( S7* S11* S9+C11*
$C7) +A33* ( S9* C11* S7- S11*C7) - Y3) ** 2. DOO+( Y( 5) - A31* S9+A32* S11* C9
$+A33* C9* C11- Z3) **2. DO0) ** ( - . 5D00) * ( Y( 1) +A31* CO* C7+A32* ( S11* S9
$* C7- S7* C11) +A33* ( S9* CL1* C7+S11* S7) - X3) - ZK4* ( Y( 1) +A41* CO* CT+
$A42* ( S11* S9* C7- ST* C11) +Ad3* ( S9* CL1* C7+S11* S7) - X4) +ZKA* ZL4*
$(( Y(1) +A41* C9* C7T+AA2* ( S11* S9* C7- S7* CL1) +A43* ( S9* C11* C7+S11*
$S7) - X4) ** 2. DOO+( Y( 3) +Ad1* ST* CO+A42* ( S7* S11* S9+CL1* C7) +A43* ( S9
$* C11* S7- S11* C7) - Y4) ** 2. DOO+( Y(5) - A41* S9+A42* S11* C9+A43* C9* C11
$- Z4) **2. D00) ** (- . 5D00) * ( Y( 1) +A41* CO* CT+A42* ( S11* S9* C7- ST*C11)
$+A43* ( S9* CL1* C7+S11* S7) - X4) +F1- C1* Y( 2)

YPRI ME( 3) =Y( 4)

YPRI ME( 4) =- ZK1* ( Y( 3) +AL1* S7* CO+A12* ( S7* S11* S9+CL1* C7) +A13* ( S9
$* C11* S7- S11* C7) - Y1) +ZK1* ZL1* (( Y( 1) +A11* CO* C7+A12* ( S11* S9* C7-
$S7* C11) +A13* ( S9* C11* C7+S11* S7) - X1) ** 2. DOO+( Y( 3) +Al1* S7* C9+
$AL2* ( ST* S11* S9+CL1* C7) +A13* ( S9* C11* S7- S11*C7) - Y1) ** 2. D00+
$( Y(5) - AL1* S9+A12* S11* C9+A13* CO* C11- Z1) ** 2. DOO) * * (- . 5D00) *
$( Y( 3) +AL1* S7* CO+AL2* ( ST* S11* S9+CL1* C7) +A13* ( S9* C11* S7- S11* C7)
$- Y1) - ZK2* ( Y( 3) +A21* S7* C9+A22* ( S7* S11* S9+C11* C7) +A23* ( S9* C11*
$S7- S11* C7) - Y2) +ZK2* ZL2* (( Y( 1) +A21* C9* CT+A22* ( S11* S9* C7- ST*
$C11) +A23* ( S9* C11* C7T+S11* S7) - X2) ** 2. DOO+( Y( 3) +A21* S7* CO+A22*
$( S7*S11* S9+C11* C7) +A23* ( S9* C11* S7- S11*C7) - Y2) ** 2. DOO+( Y(5) -
$A21* S9+A22* S11* C9+A23* CO* CL1- Z2) ** 2. DO0) ** (- . 5D00) * ( Y( 3) +A21*
$S7* CO+A22* ( ST* S11* S9+CL1* C7) +A23* ( S9* C11* S7- S11* C7) - Y2) - ZK3*
$( Y( 3) +A31* S7* CO+A32* ( ST* S11* S9+C11* C7) +A33* ( S9* C11* S7- S11* C7)
$- Y3) +ZK3* ZL3* (( Y( 1) +A31* C9* C7+A32* ( S11* S9* C7- S7* C11) +A33* ( S9*
$CL1* C7+S11* S7) - X3) ** 2. DOO+( Y( 3) +A31* S7* CO+A32* ( S7* S11* S9+C11*
$C7) +A33* ( S9* C11* S7- S11*C7) - Y3) ** 2. DOO+( Y( 5) - A31* S9+A32* S11* C9
$+A33* C9* C11- Z3) **2. DO0) ** ( - . 5D00) * ( Y( 3) +A31* S7* C9+A32* ( S7*S11
$* S9+CL1* C7) +A33* ( S9* C11* S7- S11* C7) - Y3) - ZK4* ( Y( 3) +Ad1* S7* C9+
$A42* ( ST* S11* SO+CL1* C7) +Ad3* ( S9* CL1* S7- S11* C7) - YA) +ZKA* ZL4*
$(( Y(1) +A41* C9* C7T+A42* ( S11* S9* C7- S7* CL1) +A43* ( S9* C11* C7T+S11*
$S7) - X4) ** 2. DOO+( Y( 3) +A41* ST* CO+AA2* ( ST* S11* S9+CL1* C7) +A43*
$( S9* CL1* S7- S11*C7) - Y4) ** 2. DOO+( Y(5) - A41* S9+A42* S11* CO+A43*
$C9* C11- Z4) **2. DOO) ** ( - . 5D00) * ( Y( 3) +Ad1* S7T* CO+A42* ( ST* S11* SO+
$CL1* C7) +A43* ( S9* C11* S7- S11* C7) - Y4) +F2- C2* Y(4) +ZWC

YPRI ME( 5) =Y( 6)
YPRI ME( 6) =- ZK1* ( Y(5) - AL1* S9+A12* S11* C9+A13* CO* C11- Z1) +ZK1* ZL1

$* ((Y(1) +Al1* C9* C7+AL2* ( S11* S9* C7- S7* CL11) +AL3* ( S9* C11* C7+S11*
$S7) - X1) ** 2. DOO+( Y( 3) +AL1* S7* CO+A12* ( S7* S11* S9+C11* C7) +AL3*
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$( S9* CL1* S7- S11*C7) - Y1) ** 2. DOO+( Y(5) - AL1* S9+A12* S11* C9+A13* CO*
$C11- Z1) **2. DOO) ** (- . 5D00) * ( Y(5) - AL1* S9+A12* S11* CO+A13* CO* C11-
$Z1) - ZK2* ( Y(5) - A21* S9+A22* S11* CO+A23* CO* C11- Z2) +ZK2* ZL2* ( ( Y( 1)
$+A21* C9* C7+A22* ( S11* S9* C7- S7* C11) +A23* ( S9* C11* C7+S11* S7) - X2)
$** 2. DOO+( Y(3) +A21* S7* CO+A22* ( ST* S11* S9+CL1* C7) +A23* ( S9* C11* S7
$- S11*C7) - Y2) ** 2. DOO+( Y(5) - A21* S9+A22* S11* C9+A23* CO* C11- Z2) **
$2. D00) ** (- . 5D00) * ( Y(5) - A21* S9+A22* S11* C9+A23* C9* CL1- Z2) - ZK3*
$( Y(5) - A31* S9+A32* S11* C9+A33* CO* C11- Z3) +ZK3* ZL3* ( ( Y( 1) +A31* C9
$* C7+A32* ( S11* S9* C7- ST* C11) +A33* ( S9* CL1* C7+S11* S7) - X3) ** 2. D00+
$( Y( 3) +A31* S7* C9+A32* ( ST* S11* S9+CL1* C7) +A33* ( S9* C11* S7- S11* C7)
$- Y3) **2. DOO+( Y(5) - A31* S9+A32* S11* C9+A33* C9* C11- Z3) ** 2. DOO) * *
$(- . 5D00) * ( Y( 5) - A31* S9+A32* S11* C9+A33* C9* C11- Z3) - ZK4* ( Y(5) -
$AA1* S9+AA2* S11* CO+AA3* CO* CL1- Z4) +ZKA* ZL4A* (( Y( 1) +A41* CO* CT+
$A42* ( S11* S9* C7- ST* C11) +Ad3* ( S9* C11* C7+S11* S7) - X4) ** 2. D00+

$( Y( 3) +A41* ST* CO+A42* ( ST* S11* S9+CL1* C7) +Ad3* ( S9* C11* S7- S11*
$C7) - Y4) ** 2. DOO+( Y(5) - Ad1* S9+A42* S11* CO+A43* C9* C11- Z4) ** 2. DOO)
$** (- . 5D00) * ( Y(5) - A41* S9+A42* S11* C9+AA43* CO* C11- Z4) +F3- C3* Y( 6)

EQ4=2ZI XX* ( Y(12) * Y( 10) * C9- 2. DOO* Y( 8) * Y( 10) * S9* C9) +ZI YY* 2. DOO*
$Y( 10) * Y( 8) * C9* S9- ZK1* ( Y( 1) +AL1* CO* C7+A12* ( S11* S9* C7- S7*C11) +
$AL3* ( S9* C11* C7+S11* S7) - X1) * (- ALL* C9* S7- AL2* ( S11* S9* S7+C7* Cl1)
$- A13* ( S9* CL1* S7- S11*C7) ) - ZK1* ( Y( 3) +Al1* ( S7* C9) +A12* ( S7* S11* S9
$+C11* C7) +A13* ( S9* C11* S7- S11* C7) - Y1) * ( AL1* C9* C7+A12* ( C7* S11*S9
$- C11* S7) +A13* ( S9* C11* C7+S11* S7) ) +ZK1* ZL1* ( ( Y( 1) +Al1* CO* C7+A12
$* ( S11* SO* C7- S7* C11) +A13* ( S9* C11* C7+S11* S7) - X1) ** 2. DOO+( Y(3) +
$AL1* S7T* CO+AL2* ( ST* S11* S9+CL1* C7) +A13* ( S9* C11* S7- S11*C7) - Y1) **
$2. DOO+( Y(5) - AL1* S9+A12* S11* C9+A13* CO* CL1- Z1) ** 2. DOO) * *
$(- . 5D00) * ( ( Y( 1) +AL1* CO* CT+AL2* ( S11* S9* C7- ST* C11) +A13* ( S9* C11*
$C7+S11* S7) - X1) * (- AL1* C9* S7- A12* ( S11* S9* S7T+C7* C11) - A13* ( S9* C11
$* S7- S11* C7) ) +( Y( 3) +AL1* S7* CO+AL2* ( ST* S11* S9+CL1* C7) +A13* ( S9*
$CL1* S7- S11* C7) - Y1) * ( AL1* C9* C7T+AL2* ( CT* S11* S9- CL1* S7) +A13* ( S9*
$CL1* C7+S11*S7) ) ) - ZK2* ( Y( 1) +A21* C9* C7T+A22* ( S11* S9* C7- S7*Cl11) +
$A23* ( S9* C11* C7T+S11* S7) - X2) * (- A21* C9* S7- A22* ( S11* S9* S7+C7* Cl1)
$- A23* ( S9* CL1* S7- S11*C7) ) - ZK2* ( Y( 3) +A21* ( S7* C9) +A22* ( S7* S11* S9
$+CL1* C7) +A23* ( S9* C11* S7- S11* C7) - Y2) * ( A21* C9* C7T+A22* ( C7* S11* S9
$- C11* S7) +A23* ( S9* C11* C7+S11* S7) ) +ZK2* ZL2* ( ( Y( 1) +A21* CO* C7+A22
$* ( S11* SO* C7- S7* C11) +A23* ( S9* C11* C7+S11* S7) - X2) ** 2. DOO+( Y(3) +
$A21* ST* CO+A22* ( ST* S11* S9+CL1* C7) +A23* ( S9* C11* S7- S11* C7) - Y2) * *
$2. DOO+( Y(5) - A21* S9+A22* S11* C9+A23* CO* C11- Z2) ** 2. DOO) * *
$(- . 5D00) * ( ( Y( 1) +A21* CO* C7+A22* ( S11* S9* C7- ST* C11) +A23* ( S9* C11*
$C7+S11* S7) - X2) * (- A21* C9* S7- A22* ( S11* S9* S7T+C7* C11) - A23* ( S9* C11
$* S7- S11* C7) ) +( Y( 3) +A21* ST* CO+A22* ( ST* S11* S9+CL1* C7) +A23* ( S9*
$CL1* S7- S11* C7) - Y2) * ( A21* C9* C7T+A22* ( CT* S11* S9- CL1* S7) +A23* ( S9*
$CL1* C7+S11*S7) ) ) - ZK3* ( Y( 1) +A31* C9* C7T+A32* ( S11* S9* C7- S7*Cl11) +
$A33* ( S9* C11* C7T+S11* S7) - X3) * (- A31* C9* S7- A32* ( S11* S9* S7+C7* Cl1)
$- A33* ( S9* CL1* S7- S11*C7) ) - ZK3* ( Y( 3) +A31* ( S7* C9) +A32* ( S7* S11* S9
$+C11* C7) +A33* ( S9* C11* S7- S11* C7) - Y3) * ( A31* C9* C7T+A32* ( C7* S11*S9
$- C11* S7) +A33* ( S9* C11* C7+S11* S7) ) +ZK3* ZL3* ( ( Y( 1) +A31* CO* C7+A32
$* ( S11* SO* C7- S7* C11) +A33* ( S9* C11* C7+S11* S7) - X3) ** 2. DOO+( Y(3) +
$A31* S7* CO+A32* ( ST* S11* S9+CL1* C7) +A33* ( S9* C11* S7- S11*C7) - Y3) * *
$2. DOO+( Y(5) - A31* S9+A32* S11* C9+A33* CO* C11- Z3) ** 2. DOO) * *
$(- . 5D00) * ( ( Y( 1) +A31* CO* C7+A32* ( S11* S9* C7- ST* C11) +A33* ( S9* C11*
$C7+S11* S7) - X3) * (- A31* C9* S7- A32* ( S11* S9* S7T+C7* C11) - A33* ( S9* C11
$* S7- S11*C7) ) +( Y( 3) +A31* S7* CO+A32* ( ST* S11* S9+CL1* C7) +A33* ( S9*
$CL1* S7- S11* C7) - Y3) * ( A31* C9* C7T+A32* ( CT* S11* S9- CL1* S7) +A33* ( S9*
$CL1* C7+S11*S7) ) ) - ZKA* ( Y( 1) +A41* C9* C7T+AA2* ( S11* S9* C7- S7*Cl11) +
$AA3* ( S9* CL1* CT+S11* S7) - X4) * (- A41* CO* S7- A42* ( S11* S9* S7T+C7* Cl1)
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$- AA3* (SO* CL1* S7- S11*C7) ) - ZKA* ( Y( 3) +Ad1* ( S7* C9) +Ad2* ( ST7* S11* S9
$+CL1* C7) +A43* ( S9* C11* S7- S11* C7) - Y4) * ( Ad1* C9* C7T+Ad2* ( C7* S11*S9
$- C11* S7) +A43* ( S9* CL1* C7+S11* S7) ) +ZK4* ZL4A* ( ( Y( 1) +Ad1* CO* CT+A42
$* ( S11* SO* C7- S7* C11) +A43* ( S9* C11* C7+S11* S7) - X4) ** 2. DOO+( Y(3) +
$AAL* ST* CO+A42* ( ST* S11* S9+CL1* C7) +Ad3* ( S9* C11* S7- S11* C7) - Y4) * *
$2. DOO+( Y(5) - A41* S9+A42* S11* C9+AA3* CO* CL1- Z4) ** 2. DOO) * *

$(- . 5D00) * ( ( Y( 1) +A41* CO* CT+A42* ( S11* S9* C7- ST* C11) +Ad3* ( S9* C11*
$C7+S11* S7) - X4) * (- A41* C9* S7- Ad2* ( S11* SO* S7T+C7* C11) - Ad3* ( S9* C11
$* S7- S11* C7) ) +( Y( 3) +A41* ST* CO+A42* ( ST* S11* S9+CL1* C7) +A43* ( S9*
$CL1* S7- S11* C7) - Y4) * ( A41* C9* CT+AA2* ( CT* S11* S9- CL1* S7) +A43* ( S9*
$C11*C7+S11*S7)))

EQB=ZI XX* Y( 8) * Y( 10) * C9- ZK1* ( Y( 1) +Al1* C9* C7+A12* ( S11* S9* C7- S7*
$C11) +AL13* ( S9* C11* C7+S11* S7) - X1) * ( A12* ( C11* S9* C7+S7* S11) - A13*
$('SO* S11* C7- ST*C11) ) - ZKL* ( Y( 3) +AL1* ( S7* C9) +A12* ( S7* S11* S9+C11*
$C7) +AL13* ( S9* C11* S7- S11*C7) - Y1) * ( Al12* ( S7* CL1* S9- S11* C7) - AL3*
$( S9* S11* S7T+CL1* C7) ) - ZK1* ( Y( 5) - AL1* S9+A12* S11* C9+A13* C9* C11-
$Z1) * ( AL2* CL1* C9- A13* C9* S11) +ZK1* ZL1* ( ( Y( 1) +AL1* CO* CT+AL2* (S11
$* SO* C7- S7* C11) +A13* ( S9* C11* C7+S11* S7) - X1) ** 2. DOO+( Y( 3) +AL1* S7
$* CO+AL2* ( S7* S11* S9+CL1* C7) +A13* ( S9* C11* S7- S11* C7) - Y1) ** 2. D00+
$( Y(5) - AL1* S9+A12* S11* C9+A13* CO* CL1- Z1) ** 2. DOO) ** (- . 5D00) * (
$( Y( 1) +AL1* CO* CT+AL2* ( S11* S9* C7- ST* C11) +A13* ( S9* C11* C7+S11* S7)
$- X1) * ( AL2* ( CL1* S9* C7+S7* S11) - AL3* ( S9* S11* C7- S7T*C11) ) +( Y(3) +
$AL1* S7T* CO+AL2* ( S7* S11* S9+CL1* C7) +A13* ( S9* C11* S7- S11*C7) - Y1) *
$( AL2* ( S7* CL1* S9- S11* C7) - AL3* ( S9* S11* S7T+C11*C7) ) +( Y(5) - A11* SO+
$AL2* S11* CO+A13* C9* C11- Z1) * ( Al2* C11* C9- A13* CO* S11) ) - ZK2* ( Y( 1) +
$A21* CO* CT+A22* ( S11* S9* C7- S7* C11) +A23* ( S9* C11* C7+S11* S7) - X2) *
$( A22* ( CL1* S9* C7+S7* S11) - A23* ( S9* S11* C7- S7* Cl11) ) - ZK2* ( Y(3) +A21
$* ( S7* C9) +A22* ( ST* S11* S9+C11* C7) +A23* ( S9* C11* S7- S11* C7) - Y2) *
$( A22* ( ST* CL1* S9- S11* C7) - A23* ( S9* S11* S7T+C11*C7) ) - ZK2* ( Y(5) - A21
$* S9+A22* S11* CO+A23* C9* C11- Z2) * ( A22* CL1* C9- A23* CO* S11) +ZK2* ZL2
$* ((Y(1) +A21* C9* C7+A22* ( S11* S9* C7- S7* CL1) +A23* ( S9* C11* C7+S11*
$S7) - X2) ** 2. DOO+( Y( 3) +A21* ST* C9+A22* ( S7* S11* S9+C11* C7) +A23* ( S9
$* C11* S7- S11* C7) - Y2) ** 2. D0O+( Y(5) - A21* S9+A22* S11* C9+A23* C9* C11
$- 72) **2. D00) ** (- . 5D00) * (( Y( 1) +A21* C9* C7T+A22* ( S11* S9* C7- ST*
$C11) +A23* ( S9* C11* C7T+S11* S7) - X2) * ( A22* ( C11* S9* C7+S7* S11) - A23*
$( S9* S11* C7- S7*CL1) ) +( Y(3) +A21* S7* CO+A22* ( ST* S11* S9+CL1* C7) +
$A23* ( S9* C11* S7- S11*C7) - Y2) * ( A22* ( S7* C11* S9- S11* C7) - A23* ( SO*
$S11* S7T+CL1* C7) ) +( Y( 5) - A21* S9+A22* S11* CO+A23* C9* C11- Z2) * ( A22*
$CL1* C9- A23* C9* S11) ) - ZK3* ( Y( 1) +A31* CO* C7+A32* ( S11* S9* C7- ST*
$C11) +A33* ( S9* C11* C7T+S11* S7) - X3) * ( A32* ( C11* SO* C7+S7* S11) - A33*
$( SO* S11* C7- ST*C11) ) - ZK3* ( Y( 3) +A31* ( S7* C9) +A32* ( S7* S11* S9+C11
$* C7) +A33* ( S9* C11* S7- S11*C7) - Y3) * ( A32* ( S7* C11* S9- S11* C7) - A33*
$( S9* S11* S7T+CL1* C7) ) - ZK3* ( Y( 5) - A31* S9+A32* S11* C9+A33* CO* C11-
$Z3) * ( A32* CL1* C9- A33* C9* S11) +ZK3* ZL3* (( Y( 1) +A31* C9* CT+A32*
$( S11* S9* C7- S7* C11) +A33* ( S9* C11* C7+S11* S7) - X3) ** 2. DOO+( Y(3) +
$A31* S7* CO+A32* ( ST* S11* S9+CL1* C7) +A33* ( S9* C11* S7- S11* C7) - Y3)
$** 2. DOO+( Y(5) - A31* S9+A32* S11* C9+A33* C9* C11- Z3) ** 2. D0O) * *
$(- . 5D00) * ( ( Y( 1) +A31* CO* CT+A32* ( S11* S9* C7- ST* C11) +A33* ( S9*
$CL1* C7+S11* S7) - X3) * ( A32* ( CL1* S9* C7+S7* S11) - A33* ( S9* S11* C7-
$S7* C11) ) +( Y( 3) +A31* S7T* C9+A32* ( S7* S11* S9+C11* C7) +A33* ( S9* C11
$* S7- S11*C7) - Y3) * ( A32* ( S7* CL1* S9- S11* C7) - A33* ( S9* S11* S7T+CL1*
$C7) ) +( Y( 5) - A31* S9+A32* S11* C9+A33* C9* C11- Z3) * ( A32* C11* C9- A33
$* CO9* S11) ) - ZKA* ( Y( 1) +A41* C9* C7T+AA2* ( S11* S9* C7- S7* CL1) +A43*
$( SO* CL1* C7+S11* S7) - X4) * ( Ad2* ( CL1* S9* C7+ST7* S11) - A43* ( S9* S11*
$C7- S7* C11) ) - ZK4* ( Y( 3) +Ad1* ( S7* C9) +Ad2* ( ST* S11* S9+CL1* CT7) +
$A43* ( S9* C11* S7- S11*C7) - Y4) * ( Ad2* ( S7* C11* S9- S11* C7) - A43* ( SO*
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$S11*S7T+CL1* C7) ) - ZKA* ( Y(5) - A41* S9+Ad2* S11* C9+A43* CO* C11- Z4) *
$( AA2* CL1* C9- A43* CO* S11) +ZKA* ZLA* (( Y( 1) +A41* C9* C7T+AA2* ( S11*
$S9* C7- S7* CL1) +A43* ( S9* CL1* C7+S11* S7) - X4) ** 2. DOO+( Y( 3) +Ad1*
$S7* CO+AA2* ( ST* S11* S9+CL1* C7) +A43* ( S9* C11* S7- S11*C7) - Y4) **
$2. DOO+( Y(5) - A41* S9+A42* S11* C9+AA3* CO* CL1- Z4) ** 2. DOO) * *

$(- . 5D00) * ( ( Y( 1) +A41* CO* CT+A42* ( S11* S9* C7- ST* C11) +A43* ( S9*
$CL1* C7+S11* S7) - X4) * ( A42* ( CL1* S9* C7+ST7* S11) - A43* ( S9* S11* C7-
$S7*C11) ) +( Y( 3) +A41* ST* C9+Ad2* ( ST* S11* S9+C11* C7) +A43* ( S9* C11
$* S7- S11* C7) - Y4) * ( Ad2* ( S7* CL1* S9- S11* C7) - A43* ( S9* S11* S7T+CL1*
$C7) ) +( Y( 5) - A1* S9+A42* S11* C9+AA3* C9* CL1- Z4) * ( Ad2* C11* C9- A43
$* C9* S11))

YPRI ME( 7) =Y( 8)
YPRI VE( 8) =B11* EQ4+B12* EQ6- C4* Y( 8)
YPRI ME( 9) =Y( 10)

YPRI ME( 10) =( - ZI XX* Y(12) * Y( 8) * C9+ZI XX* ( Y(8) ) ** 2. DOO* C9* S9-
$ZI YY* ( Y(8))**2. D0OO* CO* S9- ZK1* ( Y( 1) +Al1* CO* C7+A12* ( S11* S9* C7-
$S7* C11) +A13* ( S9* C11* C7+S11* S7) - X1) * ( - AL1* C7* S9+A12* S11* C9* C7+
$AL3* C9* C11* C7) - ZK1* ( Y( 3) +AL1* S7T* CO+AL2* ( ST* S11* S9+CL1* C7) +A13
$* ( SO* C11* S7- S11* C7) - Y1) * ( - AL1* S7* S9+A12* S7* S11* CO+A13* C9* C11*
$S7) - ZK1* ( Y(5) - AL1* S9+A12* S11* C9+AL3* CO* C11- Z1) * ( - AL1* C9- AL2*
$S11*S9- A13* SO* CL1) +ZK1* ZL1* (( Y( 1) +AL1* C9* C7T+A12* ( S11* S9* C7- S7
$* C11) +A13* ( S9* CL1* C7+S11* S7) - X1) ** 2. DOO+( Y( 3) +Al1* S7* CO+A12*
$( S7* S11* S9+C11* C7) +AL3* ( S9* C11* S7- S11*C7) - Y1) ** 2. DOO+( Y(5) -
$AL1* S9+A12* S11* C9+A13* CO* C11- Z1) ** 2. DO0) ** (- . 5D00) * ( ( Y( 1) +All
$* C9* C7+A12* ( S11* S9* C7- S7* C11) +A13* ( S9* C11* C7+S11* S7) - X1) *
$( - AL1* C7* S9+A12* S11* C9* C7+AL3* C9* C11* C7) +( Y( 3) +Al1* S7T* C9+A12*
$( S7* S11* S9+CL1* C7) +AL13* ( S9* C11* S7- S11*C7) - Y1) * (- AL1* S7* S9+A12
$* S7* S11* CO+A13* C9* C11* S7) +( Y(5) - AL1* S9+A12* S11* C9+A13* CO* C11-
$Z1) * (- AL1* C9- A12* S11* S9- A13* S9* C11) ) - ZK2* ( Y( 1) +A21* CO* C7+A22*
$( S11* S9* C7- S7* CL1) +A23* ( S9* C11* C7+S11* S7) - X2) * (- A21* C7* S9+A22
$* S11* C9* C7+A23* C9* C11* C7) - ZK2* ( Y( 3) +A21* S7* CO+A22* ( ST* S11* SO+
$CL1* C7) +A23* ( S9* C11* S7- S11* C7) - Y2) * ( - A21* S7T* S9+A22* ST* S11* C9+
$A23* C9* C11* S7) - ZK2* ( Y(5) - A21* S9+A22* S11* C9+A23* C9* C11- Z2) *
$( - A21* C9- A22* S11* SO- A23* S9* C11) +ZK2* ZL2* ( ( Y( 1) +A21* CO* C7+A22*
$( S11* S9* C7- S7* CL1) +A23* ( S9* C11* C7+S11* S7) - X2) ** 2. DOO+( Y(3) +
$A21* ST* CO+A22* ( ST* S11* S9+CL1* C7) +A23* ( S9* C11* S7- S11* C7) - Y2) * *
$2. DOO+( Y(5) - A21* S9+A22* S11* C9+A23* CO* CL1- Z2) ** 2. DOO) * *
$(- . 5D00) * ( ( Y( 1) +A21* CO* CT+A22* ( S11* S9* C7- ST* C11) +A23* ( S9* C11*
$C7+S11* S7) - X2) * (- A21* C7* S9+A22* S11* C9* C7+A23* C9* C11* C7) +( Y(3)
$+A21* S7* CO+A22* ( ST* S11* S9+CL1* C7) +A23* ( S9* C11* S7- S11*C7) - Y2) *
$( - A21* ST* S9+A22* ST* S11* C9+A23* C9* C11* S7) +( Y( 5) - A21* S9+A22* S11
$* CO+A23* CO* C11- Z2) * (- A21* C9- A22* S11* S9- A23* S9* C11) ) - ZK3* ( Y( 1)
$+A31* C9* C7+A32* ( S11* S9* C7- S7* C11) +A33* ( S9* C11* C7+S11* S7) - X3) *
$( - A31* C7* S9+A32* S11* C9* C7+A33* C9* C11* C7) - ZK3* ( Y( 3) +A31* S7* Co+
$A32* ( ST* S11* S9+CL1* C7) +A33* ( S9* C11* S7- S11* C7) - Y3) * (- A31* S7*S9
$+A32% ST* S11* CO+A33* C9* C11* S7) - ZK3* ( Y( 5) - A31* S9+A32* S11* C9+A33
$* C9* C11- Z3) * (- A31* CO- A32* S11* S9- A33* SO* C11) +ZK3* ZL3* (( Y(1) +
$A31* CO* CT+A32* ( S11* S9* C7- ST* C11) +A33* ( S9* C11* C7+S11* S7) - X3) * *
$2. DOO+( Y( 3) +A31* S7* CO+A32* ( S7* S11* S9+CL1* C7) +A33* ( S9* C11* S7-
$S11*C7) - Y3) ** 2. DOO+( Y(5) - A31* S9+A32* S11* C9+A33* CO* C11- Z3) * *
$2. D00) ** (- . 5D00) * ( ( Y( 1) +A31* C9* C7+A32* ( S11* S9* C7- S7* C11) +A33*
$( S9* CL1* C7+S11* S7) - X3) * (- A31* C7* S9+A32* S11* CO* C7+A33* CO* C11*
$C7) +( Y( 3) +A31* S7T* C9+A32* ( S7* S11* S9+C11* C7) +A33* ( S9* C11* S7- S11
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$* C7) - Y3) * (- A31* S7* S9+A32* S7* S11* CO+A33* C9* C11* S7) +( Y(5) - A31*
$S9+A32* S11* C9+A33* CO* C11- Z3) * (- A31* C9- A32* S11* SO- A33* S9* Cl11))
$- ZKA* ( Y( 1) +A41* CO* CT+A42* ( S11* S9* C7- S7* C11) +A43* ( S9* CL1* C7+
$S11* S7) - X4) * (- A4L* C7* S9+A42* S11* CO* CT+A43* CO* CL1* C7) - ZK4*

$( Y( 3) +A41* ST* CO+A42* ( ST* S11* S9+CL1* C7) +Ad3* ( S9* CL1* S7- S11* C7)
$- Y4) * (- A41* ST* S9+AA2* ST* S11* CO+AA3* C9* C11* S7) - ZKA* ( Y(5) - A4L*
$S9+A42* S11* CO+A43* CO* C11- Z4) * ( - A41* C9- Ad2* S11* SO- A43* S9* Cl11) +
$ZKA* ZL4* (( Y( 1) +A41* C9* C7T+AA2* ( S11* S9* C7- S7* C11) +A43* ( S9* C11*
$C7+S11* S7) - X4) ** 2. DOO+( Y( 3) +Ad1* ST* C9+A42* ( ST* S11* S9+Cl11* C7) +
$A43* ( S9* CL1* S7- S11* C7) - Y4) ** 2. DOO+( Y(5) - A41* S9+A42* S11* C9+
$A43* C9* C11- Z4) ** 2. DOO) ** (- . 5D00) * ( ( Y( 1) +A41* CO* CT+A42* ( S11*S9
$* C7- S7* C11) +A43* ( SO* CL1* C7+S11* S7) - X4) * (- AA1* C7* S9+A42* S11* C9
$* C7+A43* CO* CL1* C7) +( Y( 3) +A41* S7T* CO+A42* ( ST* S11* S9+CL1* C7) +A43
$* ( SO* CL1* S7- S11* C7) - Y4) * (- AA1* ST* S9+A42* ST* S11* CO+A43* C9* C11*
$S7) +( Y( 5) - A41* SO+A42* S11* CO+AA3* C9* C11- Z4) * ( - Ad1* CO- A42* S11*
$S9- A43*S9*C11) ) )/ ZI YY- C5* Y( 10)

YPRI ME( 11) =Y(12)
YPRI VE( 12) =B12* EQ4+B22* EQ6- C6* Y( 12)

RETURN
END

SUBROUTI NE FCNJ(N, T, Y, DYPDY)
DOUBLE PRECI S| ON DYPDY( 50, 50) , Y(12)
| NTEGER N

RETURN

END

241



A.3. Poincar é - Compressionless Springs

C

O o O O O

%%k %% %%k ASSUM NG MASSLESS MOORI NG LI NESH * % % % % %

| NTEGER MXPARM, N
| MPLI CI T DOUBLE PRECISION (A-H, O 2)
PARAMETER ( MKPARMES0, N=12)

*% %% SPECS FOR PARANVETERS* * * *
| NTEGER MBTEP, MSOLVE
PARAMETER ( MSTEP=10000000, MSOLVE=2)

*%%* SPECS FOR LOCAL VARI ABLES****
| NTEGER | DO, NOUT
DI MENSI ON Y(12) , PARAM 50) , A( 1, 1)

*% %% SPECS FOR SUBROUTI NES* * * * * *
EXTERNAL DI VPAG, SSET

*% %% SPECS FOR FUNCTI ONS* * * * *
EXTERNAL FCN, FCNJ

CALL UMACH (2, NaUTm)
open(unit=1,file=" pd50.dat', status="unknown')

#% %% SET | NI TI AL CONDI TI ONS* * * % * %

T=0. D0O

Y( 1) =0. DOO

Y( 2) =0. DOO

Y( 3) =2. 83840079416846045D00
Y( 4) =0. DOO

Y(5) =0. DOO

Y( 6) =0. DOO

Y(7) =0. DOO

Y( 8) =0. DOO

Y(9) =0. DOO

Y(10) =0. DOO

Y(11) =0. DOO

Y(12) =0. DOO

F1=0. DOO

F2=0. DOO

F3=0. DOO

FX=0. DOO

****SEI' IVAX TI '\E*****
OVEGA2=. 75000
Pl 2=3. 14159265358979323846264338327950288419717D00
TF2=2. DOO* Pl 2/ OVEGA2
TMAX=1001. DOO* TF2
*% %% SET ERROR TOLERANCE* * * *

TOL=. 0000000001000

*%%* SET PARAM TO DEFAULTS** *
CALL SSET (MXPARM 0.0, PARAM 1)

*% %% SET MAXI MUM # OF STEPS ALLOWEDF***
PARAM 4) =NSTEP

*%** SEL ECT CHORD METHOD AND A DI VI DED DI FF JACOBI AN* * *
PARAM 13) =MSOLVE

*%* PRI NT HEADERY * * *
WRI TE (NOUT, 99996)
WRI TE (1, 99997)
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C ***BEA N DI VPAG LOOP* ** *
I DO =1
STEP=99. DOO* TF2
10 CONTI NUE
STEP = STEP+TF2
TEND = STEP
C *rxxxA(L, 1) IS NOT USED****

CALL DIVPAG (IDO N, FCN, FCNJ, A T, TEND, TO., PARAM )

| F (STEP. LE. TMAX) THEN

WRI TE (NOUT, ' (7D10.3) ') T, Y(1), Y(2), Y(3), Y(4), Y(7), Y(8)
WRI TE (1,' (7E14.5) ') T, Y(1),Y(2),Y(3),Y(4),Y(7), Y(8)

, 12X

C *%% %% | NAL CALL TO RELEASE WORKSPACE® * * * *
| F (STEP. EQ TMAX) | DO=3
GOTO 10
END | F
WRI TE (NOUT, 99998) PARAM 35)
C ********HEAER***********
99996 FORMAT (7X,' TIME , 11X, 'Y1', 12X 'Y2', 12X 'Y3',6 12X 'Y4', 12X ' Y7'
$,'Y8")
99997 FORMAT (7X,' TIME , 11X, 'Y1', 12X, 'Y2' , 12X 'Y3', 12X 'Y4', 12X, ' Y7, 12X
$,'Y8")
C *%% k% SHON # OF FUNTI ON CALLS***
99998 FORMAT (4X, ' NUVBER OF FCN CALLS W TH DI VPAG =', F6.0)
END

SUBROUTI NE FCN (N, T, Y, YPRI ME)

| MPLI CI T DOUBLE PRECI SION (A-H, O 2)

DI MENSI ON YPRI ME( 12) , Y( 12)

*****SPE(:S FOQ ARGJ'VEN'I'S******

*% %%+ THE FOLLOW NG ARE NONDI MENS| ONAL* * * % * %
R=1. DOO

ZMC=1. DOO

ZWC=1. DOO

ZL=6. D00

ZI XX=. 5D00* ZMC* R* * 2. DOO

ZI YY=. 25D00* ZMC* R* * 2. DOO+( 1. D00/ 12. DOO) * ZMC* ZL** 2. DOO
Z1 Z2=71 YY

C1=0. 1D00

c=Cl1

P8R8
Q00

=Cl
ZL1=4. D00
ZL2=711
ZL3=7L1
ZL4=711
ZA=2. D00
ZB=2. D00
All=Z7L/ 2. DOO
A12=0. DOO
Al13=R
A21=A11
A22=A12
A23=- A13
A31=-Al1l
A32=A12
A33=A13
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Adl1=-Al11l
A42=A12
A43=- A13

*************ST(]D \/\F'EN Y(S) NEG(************

I F (Y(3).LT.0.D00) THEN
STOP 00000
END | F

*******************FOQC:ESk******************

Pl =3. 14159265358979323846264338327950288419717D00
EPSI LON=90. DOO* PI / 180. DOO

OVEGA=. 75D00

TF=2. DOO* Pl / OVEGA

TX=5. D00

TY=TX+0. 25D00* TF

FO=0. 35D00

V=0. 5D00

|F (T.LE. TX) THEN
FX=( 3. DO0* FQ/ ( TX**2. D00) ) * T** 2. DOO-
$( 2. DOO/ ( TX**3. DO0) ) * FO* T** 3. DOO
ELSE
FX=FO* DOOS( OVEGA* ( T- TX) )
END | F

|F (T.LE. TY) THEN

F2=( 3. DOO* V*FQ ( TY**2. D00) ) * T** 2. D0O
$- (2. DOO* V* FQ/ ( TY**3. D00) ) * T** 3. DOO

ELSE

F2=\* FO* DCOS( OVEGA* ( T- TY) )

END | F

F1=FX
F3=0. D00

kxkkkkkkxx k5% x CONNECT]I ON TO GROUNDF * * * * * * * % % %
X1=Z7L/ 2. DOO+ZA
X2=7L/ 2. DOO+ZA
X3=-ZL/ 2. D00- ZA
X4=-7L/ 2. DOO- ZA
Y1=0. DOO

Y2=0. D00

Y3=0. D00

Y4=0. DOO
Z1=7B+R
Z22=-7B-R
Z3=7B+R
Z4=-7B-R

*************SI I\PLI FI C:ATI O\IS***************
C7=DCOS( Y(7))
C9=DCos( Y(9))
C11=DCOS( Y(11))
S7=DSI N(Y(7))
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S9=DSI N( Y(9))
S11=DSI N( Y(11))
C92=C9* * 2. DOO
S92=S9* * 2. DOO

A=ZI XX* S92+ZI YY* C92

B11 = 1. D00/ (ZI YY*C92)
Bl2 = S9*Bl1l
B22 = A*B11/ZI XX

************C:OVPRESSI O\ILESS SPRI ,\KB********

ALPHA1=Y( 1) +A11* CO* C7+A13* ( S9* C11* C7+S11* S7) - X1
ALPHA2=Y( 1) +A21* CO* C7+A23* ( S9* C11* C7+S11* S7) - X2
ALPHA3=Y( 1) +A31* C9* C7+A33* ( S9* C11* C7+S11* S7) - X3
ALPHA4=Y( 1) +A41* CO* C7+A43* ( S9* C11* C7+S11* S7) - X4

BETA1=Y( 3) +A11* S7* C9+A13* ( S9* C11* S7- S11* C7)
BETA2=Y( 3) +A21* S7* C9+A23* ( S9* C11* S7- S11* C7)
BETA3=Y( 3) +A31* S7* C9+A33* ( S9* C11* S7- S11* C7)
BETA4=Y( 3) +A41* S7* C9+A43* ( S9* C11* S7- S11* C7)

GAMVAL=Y(5) - A11* S9+A13* C9*C11- Z1
GAMVA2=Y( 5) - A21* S9+A23* C9* C11- Z2
GAMVA3=Y(5) - A31* S9+A33* C9* C11- Z3
GAMVAG=Y(5) - A41* S9+A43* CO* Cl11- Z4

Ql=( ALPHA1**2. DOO+BETAL1* * 2. DOO+GAMVA1* * 2. DOO) ** 0. 5D00
Q@=( ALPHA2** 2. DOO+BETA2* * 2. DOO+GAMVIA2* * 2. DO0) ** 0. 5D00
@B=( ALPHA3** 2. DOO+BETA3* * 2. DO0+GAMVA3* * 2. DO0) ** 0. 5D00
QA4=( ALPHA4** 2. DOO+BETA4* * 2. DOO+GAMVIA4* * 2. DOO) ** 0. 5D00

| F (QL. LE. ZL1) THEN

ZK1=0. DOO
ELSE

ZK1=49. 99999999 99992457967645D00
END | F

| F (Q@.LE. ZL2) THEN

ZK2=0. D00
ELSE

ZK2=49. 9999999999992457967645D00
END | F

| F (QB.LE. ZL3) THEN

ZK3=0. D00
ELSE

ZK3=49. 9999999999992457967645D00
END | F

| F (Q4. LE. ZL4) THEN

ZK4=0. DOO
ELSE

ZK4=49. 9999999999992457967645D00
END | F

************EQJATI G\IS O: 'VD'I'I O\I************

Y(5) =0. DOO
Y( 6) =0. DOO
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Y(9) =0. DOO

Y(10) =0. DOO
Y(11) =0. DOO
Y(12) =0. DOO

YPRI ME( 1) =Y( 2)

YPRI ME( 2) =- ZK1* ( Y( 1) +AL1* C9* CT+AL2* ( S11* S9* C7- S7* C11) +A13*
$( S9* CL1* C7+S11* S7) - X1) +ZK1* ZL1* (( Y(1) +ALl1* C9* C7+A12* ( S11* S9*
$C7- S7* C11) +A13* ( S9* CL1* C7+S11* S7) - X1) ** 2. DOO+( Y( 3) +AL1* S7* Co+
$AL2* ( ST* S11* S9+CL1* C7) +A13* ( S9* C11* S7- S11*C7) - Y1) ** 2. D00+
$( Y(5) - AL1* S9+A12* S11* C9+A13* CO* C11- Z1) ** 2. DOO) * * ( - . 5D00) *
$( Y( 1) +AL1* CO* CT+AL2* ( S11* S9* C7- ST* C11) +A13* ( S9* C11* C7+S11* S7)
$- X1) - ZK2* ( Y( 1) +A21* C9* C7+A22* ( S11* S9* C7- S7* C11) +A23* ( S9* C11*
$C7+S11* S7) - X2) +ZK2* ZL2* (( Y( 1) +A21* CO* CT+A22* ( S11* S9* C7- ST*
$C11) +A23* ( S9* C11* C7T+S11* S7) - X2) ** 2. DOO+( Y( 3) +A21* S7* CO+A22*
$( S7*S11* S9+CL1* C7) +A23* ( S9* C11* S7- S11*C7) - Y2) ** 2. DOO+( Y(5) -
$A21* S9+A22* S11* C9+A23* CO* CL1- Z2) ** 2. DO0) ** (- . 5D00) * ( Y( 1) +A21*
$C9* C7+A22* ( S11* S9* C7- S7* CL1) +A23* ( S9* C11* C7+S11* S7) - X2) - ZK3*
$( Y( 1) +A31* CO* C7+A32* ( S11* S9* C7- ST* C11) +A33* ( S9* CL1* C7+S11* S7)
$- X3) +ZK3* ZL3* (( Y( 1) +A31* C9* C7T+A32* ( S11* S9* C7- S7* C11) +A33* ( S9*
$CL1* C7+S11* S7) - X3) **2. DOO+( Y( 3) +A31* S7* CO+A32* ( S7* S11* S9+C11*
$C7) +A33* ( S9* C11* S7- S11*C7) - Y3) ** 2. DOO+( Y( 5) - A31* S9+A32* S11* C9
$+A33* C9* C11- Z3) **2. DO0) ** (- . 5D00) * ( Y( 1) +A31* CO* C7+A32* ( S11* S9
$* C7- S7* C11) +A33* ( S9* C11* C7+S11* S7) - X3) - ZK4* ( Y( 1) +A41* CO* CT+
$A42* ( S11* S9* C7- ST* C11) +Ad3* ( S9* CL1* C7+S11* S7) - X4) +ZKA* ZL4*
$(( Y(1) +A41* C9* C7T+AA2* ( S11* S9* C7- S7* CL1) +A43* ( S9* C11* C7+S11*
$S7) - X4) ** 2. DOO+( Y( 3) +A41* ST* CO+AA2* ( S7* S11* S9+CL1* C7) +A43* ( S9
$* C11* S7- S11* C7) - Y4) ** 2. DOO+( Y(5) - A41* S9+A42* S11* C9+A43* C9* C11
$- Z4) **2. D00) ** (- . 5D00) * ( Y( 1) +A41* CO* CT+A42* ( S11* S9* C7- ST*C11)
$+A43* ( S9* CL1* C7+S11* S7) - X4) +F1- C1* Y( 2)

YPRI ME( 3) =Y( 4)

YPRI ME( 4) =- ZK1* ( Y( 3) +AL1* S7* CO+AL2* ( S7* S11* S9+CL1* C7) +A13* ( S9
$* C11* S7- S11* C7) - Y1) +ZK1* ZL1* (( Y( 1) +A11* CO* C7+A12* ( S11* S9* C7-
$S7* C11) +A13* ( S9* C11* C7+S11* S7) - X1) ** 2. DOO+( Y( 3) +Al1* S7* C9+
$AL2* ( S7* S11* S9+CL1* C7) +A13* ( S9* C11* S7- S11*C7) - Y1) ** 2. D00+
$( Y(5) - AL1* S9+A12* S11* C9+A13* CO* C11- Z1) ** 2. DOO) * * ( - . 5D00) *
$( Y( 3) +AL1* S7* CO+AL2* ( ST* S11* S9+C11* C7) +A13* ( S9* C11* S7- S11* C7)
$- Y1) - ZK2* ( Y( 3) +A21* S7* C9+A22* ( S7* S11* S9+C11* C7) +A23* ( S9* C11*
$S7- S11* C7) - Y2) +ZK2* ZL2* (( Y( 1) +A21* C9* CT+A22* ( S11* S9* C7- ST*
$C11) +A23* ( S9* C11* C7T+S11* S7) - X2) ** 2. DOO+( Y( 3) +A21* S7* CO+A22*
$( S7*S11* S9+CL1* C7) +A23* ( S9* C11* S7- S11*C7) - Y2) ** 2. DOO+( Y(5) -
$A21* S9+A22* S11* C9+A23* CO* CL1- Z2) ** 2. DO0) ** (- . 5D00) * ( Y( 3) +A21*
$S7* CO+A22* ( ST* S11* S9+CL1* C7) +A23* ( S9* C11* S7- S11* C7) - Y2) - ZK3*
$( Y( 3) +A31* S7* CO+A32* ( ST* S11* S9+C11* C7) +A33* ( S9* CL1* S7- S11* C7)
$- Y3) +ZK3* ZL3* (( Y( 1) +A31* C9* C7+A32* ( S11* S9* C7- S7* C11) +A33* ( S9*
$CL1* C7+S11* S7) - X3) ** 2. DOO+( Y( 3) +A31* S7* CO+A32* ( S7* S11* S9+C11*
$C7) +A33* ( S9* C11* S7- S11*C7) - Y3) ** 2. DOO+( Y( 5) - A31* S9+A32* S11* C9
$+A33* C9* C11- Z3) **2. DO0) ** ( - . 5D00) * ( Y( 3) +A31* S7* C9+A32* ( S7*S11
$* S9+CL1* C7) +A33* ( S9* CL1* S7- S11* C7) - Y3) - ZK4* ( Y( 3) +Ad1* S7* C9+
$AA2* ( ST* S11* S9+CL1* C7) +Ad3* ( S9* CL1* S7- S11* C7) - YA) +ZKA* ZL4*
$(( Y( 1) +A41* C9* C7T+AA2* ( S11* S9* C7- S7* CL1) +A43* ( S9* C11* C7+S11*
$S7) - X4) ** 2. DOO+( Y( 3) +A41* S7* CO+AA2* ( ST* S11* S9+CL1* C7) +A43*
$( S9* CL1* S7- S11*C7) - Y4) ** 2. DOO+( Y(5) - A41* S9+A42* S11* CO+A43*
$C9* C11- Z4) **2. DO0) ** ( - . 5D00) * ( Y( 3) +Ad1* S7T* CO+A42* ( ST* S11* SO+
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$CL1* C7) +Ad3* ( S9* CL1* S7- S11* C7) - Y4) +F2- C2* Y(4) +ZWC
YPRI ME( 5) =Y( 6)
YPRI ME( 6) =0. DOO

EQ4=ZI XX* ( Y(12) * Y( 10) * C9- 2. DOO* Y( 8) * Y( 10) * S9* C9) +ZI YY* 2. DOO*
$Y( 10) * Y( 8) * C9* S9- ZK1* ( Y( 1) +AL1* CO* C7+A12* ( S11* SO* C7- S7*C11) +
$AL3* ( S9* C11* C7T+S11* S7) - X1) * (- ALL* C9* S7- AL2* ( S11* S9* S7+C7* Cl1)
$- A13* ( S9* CL1* S7- S11*C7) ) - ZK1* ( Y( 3) +Al1* ( S7* C9) +A12* ( S7* S11* S9
$+C11* C7) +A13* ( S9* C11* S7- S11* C7) - Y1) * ( AL1* C9* C7T+A12* ( C7* S11*S9
$- C11* S7) +A13* ( S9* C11* C7+S11* S7) ) +ZK1* ZL1* ( ( Y( 1) +Al1* CO* C7+A12
$* (' S11* S9* C7- S7* C11) +A13* ( S9* C11* C7+S11* S7) - X1) ** 2. DOO+( Y(3) +
$AL1* S7T* CO+AL2* ( ST* S11* S9+CL1* C7) +A13* ( S9* C11* S7- S11*C7) - Y1) **
$2. DOO+( Y(5) - AL1* S9+A12* S11* C9+A13* CO* C11- Z1) ** 2. DOO) * *

$(- . 5D00) * ( ( Y( 1) +AL1* CO* CT+AL2* ( S11* S9* C7- ST* C11) +A13* ( S9* C11*
$C7+S11* S7) - X1) * (- AL1* C9* S7- A12* ( S11* S9* S7T+C7* C11) - A13* ( S9* C11
$* S7- S11* C7) ) +( Y( 3) +AL1* S7T* CO+AL2* ( ST* S11* S9+CL1* C7) +A13* ( S9*
$CL1* S7- S11* C7) - Y1) * ( AL1* C9* C7T+AL2* ( CT* S11* S9- CL1* S7) +A13* ( S9*
$CL1* C7+S11*S7) ) ) - ZK2* ( Y( 1) +A21* C9* C7T+A22* ( S11* S9* C7- S7*Cl11) +
$A23* ( S9* C11* C7T+S11* S7) - X2) * (- A21* C9* S7- A22* ( S11* S9* S7+C7* Cl1)
$- A23* ( S9* CL1* S7- S11*C7) ) - ZK2* ( Y( 3) +A21* ( S7* C9) +A22* ( S7* S11* S9
$+CL1* C7) +A23* ( S9* C11* S7- S11* C7) - Y2) * ( A21* C9* C7T+A22* ( C7* S11* S9
$- C11* S7) +A23* ( S9* C11* C7+S11* S7) ) +ZK2* ZL2* ( ( Y( 1) +A21* CO* C7+A22
$* ( S11* SO* C7- S7* C11) +A23* ( S9* C11* C7+S11* S7) - X2) ** 2. DOO+( Y(3) +
$A21* ST* CO+A22* ( ST* S11* S9+CL1* C7) +A23* ( S9* C11* S7- S11* C7) - Y2) * *
$2. DOO+( Y(5) - A21* S9+A22* S11* C9+A23* C9* C11- Z2) ** 2. DOO) * *

$(- . 5D00) * ( ( Y( 1) +A21* CO* C7T+A22* ( S11* S9* C7- ST* C11) +A23* ( S9* C11*
$C7+S11* S7) - X2) * (- A21* C9* S7- A22* ( S11* S9* S7T+C7* C11) - A23* ( S9* C11
$* S7- S11*C7) ) +( Y( 3) +A21* ST* CO+A22* ( ST* S11* S9+CL1* C7) +A23* ( S9*
$CL1* S7- S11* C7) - Y2) * ( A21* C9* C7T+A22* ( CT* S11* S9- CL1* S7) +A23* ( S9*
$CL1* C7+S11*S7) ) ) - ZK3* ( Y( 1) +A31* C9* C7T+A32* ( S11* S9* C7- S7*Cl11) +
$A33* ( S9* C11* C7T+S11* S7) - X3) * (- A31* C9* S7- A32* ( S11* S9* S7+C7* Cl1)
$- A33*( S9* CL1* S7- S11*C7) ) - ZK3* ( Y( 3) +A31* ( S7* C9) +A32* ( S7* S11* S9
$+C11* C7) +A33* ( S9* C11* S7- S11* C7) - Y3) * ( A31* C9* C7+A32* ( C7* S11*S9
$- C11* S7) +A33* ( S9* C11* C7+S11* S7) ) +ZK3* ZL3* ( ( Y( 1) +A31* CO* C7+A32
$* ( S11* SO* C7- S7* C11) +A33* ( S9* C11* C7+S11* S7) - X3) ** 2. DOO+( Y(3) +
$A31* S7* CO+A32* ( ST* S11* S9+CL1* C7) +A33* ( S9* C11* S7- S11*C7) - Y3) * *
$2. DOO+( Y(5) - A31* S9+A32* S11* C9+A33* CO* C11- Z3) ** 2. DOO) * *

$(- . 5D00) * ( ( Y( 1) +A31* CO* C7+A32* ( S11* S9* C7- ST* C11) +A33* ( S9* C11*
$C7+S11* S7) - X3) * (- A31* C9* S7- A32* ( S11* S9* S7T+C7* C11) - A33* ( S9* C11
$* S7- S11* C7) ) +( Y( 3) +A31* S7* CO+A32* ( ST* S11* S9+CL1* C7) +A33* ( S9*
$CL1* S7- S11* C7) - Y3) * ( A31* C9* C7T+A32* ( CT* S11* S9- CL1* S7) +A33* ( S9*
$CL1* C7+S11*S7) ) ) - ZKA* ( Y( 1) +A41* CO* C7T+AA2* ( S11* S9* C7- S7*Cl11) +
$AA3* ( S9* C11* CT+S11* S7) - X4) * (- A41* CO* S7- Ad2* ( S11* S9* S7T+C7* Cl1)
$- AA3* ( S9* CL1* S7- S11*C7) ) - ZKA* ( Y( 3) +Ad1* ( S7* C9) +Ad2* ( ST7* S11* S9
$+CL1* C7) +A43* ( S9* C11* S7- S11* C7) - Y4) * ( Ad1* C9* C7T+Ad2* ( C7* S11*S9
$- C11* S7) +Ad3* ( S9* CL1* C7+S11* S7) ) +ZK4* ZL4A* (( Y( 1) +Ad1* CO* CT+A42
$* ( S11* SO* C7- S7* C11) +A43* ( S9* C11* C7+S11* S7) - X4) ** 2. DOO+( Y(3) +
$AA1* ST* CO+A42* ( ST* S11* S9+CL1* C7) +Ad3* ( S9* C11* S7- S11* C7) - Y4) * *
$2. DOO+( Y(5) - A41* S9+A42* S11* C9+AA3* CO* CL1- Z4) ** 2. DOO) * *

$(- . 5D00) * ( ( Y( 1) +A41* CO* CT+A42* ( S11* S9* C7- ST* C11) +Ad3* ( S9* C11*
$C7+S11* S7) - X4) * (- A41* C9* S7- Ad2* ( S11* SO* S7T+C7* C11) - A43* ( S9* C11
$* S7- S11*C7) ) +( Y( 3) +A41* ST* CO+A42* ( ST* S11* S9+CL1* C7) +A43* ( S9*
$CL1* S7- S11* C7) - Y4) * ( A41* C9* CT+AA2* ( CT* S11* S9- CL1* S7) +A43* ( S9*
$C11*C7+S11*S7)))
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EQB=ZI XX* Y( 8) * Y( 10) * C9- ZK1* ( Y( 1) +Al1* C9* C7+A12* ( S11* S9* C7- S7*
$C11) +AL13* ( S9* C11* C7+S11* S7) - X1) * ( A12* ( C11* S9* C7+S7* S11) - A13*
$( SO* S11* C7- ST*CL1) ) - ZK1* ( Y( 3) +AL1* ( S7* C9) +A12* ( S7* S11* S9+CL1*
$C7) +AL13* ( S9* C11* S7- S11*C7) - Y1) * ( AL12* ( S7* CL1* S9- S11* C7) - AL3*
$( S9* S11* S7T+CL1* C7) ) - ZK1* ( Y( 5) - AL1* S9+A12* S11* C9+A13* C9* C11-
$Z1) * ( AL2* CL1* C9- A13* C9* S11) +ZK1* ZL1* ( ( Y( 1) +AL1* CO* CT+AL2* (S11
$* SO* C7- S7* C11) +AL3* ( S9* C11* C7+S11* S7) - X1) ** 2. DOO+( Y( 3) +AL1*S7
$* CO+AL2* ( S7* S11* S9+CL1* C7) +A13* ( S9* C11* S7- S11* C7) - Y1) ** 2. D00+
$( Y(5) - AL1* S9+A12* S11* C9+A13* CO* CL1- Z1) ** 2. DOO) ** (- . 5D00) * (
$( Y( 1) +AL1* CO* CT+AL2* ( S11* S9* C7- ST* C11) +A13* ( S9* C11* C7+S11* S7)
$- X1) * ( AL2* ( CL1* S9* C7+S7* S11) - AL3* ( S9* S11* C7- S7*C11) ) +( Y(3) +
$AL1* S7T* CO+AL2* ( S7* S11* S9+CL1* C7) +A13* ( S9* C11* S7- S11* C7) - Y1) *
$( AL2* ( S7* CL1* S9- S11* C7) - AL3* ( S9* S11* S7T+C11*C7) ) +( Y(5) - Al1* SO+
$AL2* S11* CO+A13* C9* C11- Z1) * ( Al2* C11* C9- A13* CO* S11) ) - ZK2* ( Y( 1) +
$A21* CO* CT+A22* ( S11* S9* C7- S7* C11) +A23* ( S9* C11* C7+S11* S7) - X2) *
$( A22* ( CL1* S9* C7+S7* S11) - A23* ( S9* S11* C7- S7* Cl11) ) - ZK2* ( Y(3) +A21
$* ( S7* C9) +A22* ( ST* S11* S9+CL1* C7) +A23* ( S9* CL1* S7- S11* C7) - Y2) *
$( A22* ( ST* CL1* S9- S11* C7) - A23* ( S9* S11* S7T+C11*C7) ) - ZK2* ( Y(5) - A21
$* SO+A22* S11* CO+A23* C9* C11- Z2) * ( A22* CL1* C9- A23* CO* S11) +ZK2* ZL2
$* ((Y(1) +A21* C9* C7+A22* ( S11* S9* C7- S7* CL1) +A23* ( S9* C11* C7+S11*
$S7) - X2) ** 2. DOO+( Y( 3) +A21* S7* C9+A22* ( S7* S11* S9+C11* C7) +A23* ( S9
$* C11* S7- S11* C7) - Y2) ** 2. D0O+( Y(5) - A21* S9+A22* S11* C9+A23* C9* C11
$- 72) **2. D00) ** (- . 5D00) * (( Y( 1) +A21* C9* C7T+A22* ( S11* S9* C7- ST*
$C11) +A23* ( S9* C11* C7T+S11* S7) - X2) * ( A22* ( C11* S9* C7+S7* S11) - A23*
$( S9* S11* C7- ST*CL1) ) +( Y(3) +A21* S7* CO+A22* ( ST* S11* S9+CL1* C7) +
$A23* ( S9* C11* S7- S11*C7) - Y2) * ( A22* ( S7* C11* S9- S11* C7) - A23* ( SO*
$S11* S7T+CL1* C7) ) +( Y( 5) - A21* S9+A22* S11* CO+A23* C9* C11- Z2) * ( A22*
$CL1* C9- A23* CO* S11) ) - ZK3* ( Y( 1) +A31* CO* C7+A32* ( S11* S9* C7- ST*
$C11) +A33* ( S9* C11* C7+S11* S7) - X3) * ( A32* ( C11* SO* C7+S7* S11) - A33*
$( SO* S11* C7- ST*C11) ) - ZK3* ( Y( 3) +A31* ( S7* C9) +A32* ( S7* S11* S9+C11
$* C7) +A33* ( S9* C11* S7- S11*C7) - Y3) * ( A32* ( S7* C11* S9- S11* C7) - A33*
$( S9* S11* S7T+CL1* C7) ) - ZK3* ( Y( 5) - A31* S9+A32* S11* C9+A33* CO* C11-
$Z3) * ( A32* CL1* C9- A33* C9* S11) +ZK3* ZL3* ( ( Y( 1) +A31* C9* CT+A32*
$( S11* S9* C7- S7* CL1) +A33* ( S9* C11* C7+S11* S7) - X3) ** 2. DOO+( Y(3) +
$A31* S7* CO+A32* ( ST* S11* S9+CL1* C7) +A33* ( S9* C11* S7- S11* C7) - Y3)
$** 2. DOO+( Y(5) - A31* S9+A32* S11* C9+A33* C9* C11- Z3) ** 2. D0O) * *
$(- . 5D00) * (( Y( 1) +A31* CO* C7T+A32* ( S11* S9* C7- ST* C11) +A33* ( S9*
$CL1* C7+S11* S7) - X3) * ( A32* ( CL1* S9* C7+S7* S11) - A33* ( S9* S11* C7-
$S7*C11) ) +( Y( 3) +A31* S7T* C9+A32* ( S7* S11* S9+C11* C7) +A33* ( S9* C11
$* S7- S11*C7) - Y3) * ( A32* ( S7* CL1* S9- S11* C7) - A33* ( S9* S11* S7T+CL1*
$C7) ) +( Y( 5) - A31* S9+A32* S11* C9+A33* C9* C11- Z3) * ( A32* C11* C9- A33
$* CO9* S11) ) - ZKA* ( Y( 1) +A41* C9* C7T+AA2* ( S11* S9* C7- S7* CL1) +A43*
$( SO* CL1* C7+S11* S7) - X4) * ( Ad2* ( CL1* S9* C7+ST7* S11) - Ad3* ( S9* S11*
$C7- S7* C11) ) - ZK4* ( Y( 3) +Ad1* ( ST* C9) +Ad2* ( ST* S11* S9+CL1* CT7) +
$A43* ( S9* C11* S7- S11*C7) - Y4) * ( Ad2* ( S7* C11* S9- S11* C7) - A43* ( SO*
$S11* S7T+CL1* C7) ) - ZKA* ( Y(5) - A41* S9+Ad2* S11* C9+A43* CO* CL1- Z4) *
$( AA2* CL1* C9- A43* CO* S11) +ZKA* ZL4* (( Y( 1) +A41* C9* C7T+AA2* ( S11*
$S9* C7- S7* CL1) +A43* ( S9* CL1* C7+S11* S7) - X4) ** 2. DOO+( Y( 3) +Ad1*
$S7* CO+AA2* ( ST* S11* S9+CL1* C7) +A43* ( S9* C11* S7- S11*C7) - Y4) **
$2. DOO+( Y(5) - A41* S9+A42* S11* C9+AA3* CO* CL1- Z4) ** 2. DOO) * *
$(- . 5D00) * ( ( Y( 1) +A41* CO* CT+A42* ( S11* S9* C7- ST* C11) +A43* ( S9*
$CL1* C7T+S11* S7) - X4) * ( A42* ( CL1* S9* C7+ST7* S11) - A43* ( S9* S11* C7-
$S7*C11) ) +( Y( 3) +A41* ST* C9+Ad2* ( ST* S11* S9+C11* C7) +A43* ( S9* C11
$* S7- S11* C7) - Y4) * ( Ad2* ( S7* CL1* S9- S11* C7) - A43* ( S9* S11* S7T+CL1*
$C7) ) +( Y( 5) - A1* S9+A42* S11* C9+AA3* C9* CL1- Z4) * ( Ad2* C11* C9- A43
$* C9* S11))
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YPRI NE( 7) =Y( 8)

YPRI ME( 8) =B11* EQ4+B12* EQ5- C4* Y( 8)
YPRI ME( 9) =Y( 10)

YPRI ME( 10) =0. DOO

YPRI ME( 11) =Y(12)

YPRI ME( 12) =0. DOO

RETURN
END

SUBROUTI NE FCNJ(N, T, Y, DYPDY)
DOUBLE PRECI S| ON DYPDY( 50, 50) , Y(12)
| NTEGER N

RETURN

END
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