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NASA Technical Memorandum 78238
Computer Program Development and User's Manual for Program PARACH

I. TINTRODUCTION

This user's manual furnishes complete documentation on Program
PARACH, a digital simulation currently being used to investigate the
interaction dynamics of a parachute-spent Solid Rocket Booster (SRB)
during terminal descent, Program PARACH is written in Fortran and is
operational on the Univac 1108 and EMR 6050 computers. The EMR 6050 is
used because of the graphic display capabilities of the computer.

Section IT presents a discussion of the mathematical model and a
summary of resulting equations, while Section ITI furnishes a description
of the program's subroutines, Section IV is a listing of input variables
used in the program and their definitions. Finally, Section V gives a
pregram flow chart and a listing of the program.

II. MATHEMATICAL MODEL

The math model simulates a SRB with two parachutes attached at
different points on the SRB, Runs made up to now only use one parachute,
The other one is zeroed out,

Assumptions - Several assumptions are made to simplify the 3
dimensional math model formulation and its implementation into a digital
computer simulation called Program PARACH, These are:

. All bodies are considered as rigid bodies,

The mass and aerodynamic forces of the suspension lines
are neglected,

The center of pressure and center of volume for the
parachute canopy are assumed to be lccated at the center
of mass of the canopy material,



Parachute Configuration - The program regards the parachute con-
figuration as a rigid body. It has six degrees of freedom; three
translational and three rotational. The main disturbance is due to
aerodynamic forces and moments. Use of chute apparent mass and inertia
properly distinguishes the parachute from a conventional rigid body.

Booster Configuration - This program also regards the booster as
a rigid body. It has six degrees of freedom, 3 translational and 3

rotational, There are aerodynamic forces and moments computed on this
rigid body,.

System Configuration - The system configuration considers the three
rigid bodies to be joined by frictionless attachments that transmit no
moments. The attach point constraint relationships are formed by requiring
the inertial velocities of the bodies to be the same at the attach point.

Atmospheric Mass Density - Density is calculated using the following
equation: P = K * EXP (Ag + Ay Z + Ay 22 + Aq 23 + A4 74 + Ag 2°).
The capability to use a constant density and cmit the equation is also
available.

Parachute and Payload Drag - Drag is a function of velocity, mass
density of air, angle-of-attack, reference area, and other factors. Wake
effects on either body were not considered.

Rotational Damping Coefficient - The damping on payload and
parachute due to rotational velocities is currently set to zero. How-
ever, the program includes the provisions to include the rotational
damping derivatives. ‘

Retro Thrusters on the Payload - The program has the capability of
having eight retro-rockets on the payload, positioned and skewed as
desired. There can be more if the appropriate dimension statements are
enlarged. At ignition, each thruster follows the thrust profile in the
THR table.

Wind Model

Table Look-Up (Subroutine TBL) - A wind table is used as an
alternative to a programmed wind profile. The wind table uses sub-
routine TBL which is an interpolation scheme. The subroutine is used
in every other table look-up in this program.




Parachute Side Force - Side forces are considered in this
program as part of the parachute dynamics, It is presented here as a
function of the angle-of-attack (see figure 1),

Program Equations - The following program equations are
computed, accounting for inertial, reaction, gravity, aerodynamic, and
thruster forces, The program equations are computed for both the booster
and the parachute yielding both translational and rotational accelerations
and the sum of the forces acting on the two bodies,

Q= Mnl (F(I) 4 F(R> + F(A) + F(C) + F(G))

Where: Ml < an 18 x 18 diagonal matrix whose elements
are the mass and inertia values for the SRB and
the two parachutes,

F(I) = Inertial Forces and Moments (18 x 1 vector)
F(R) = Reaction Forces and Moments (18 x 1 wvector)
r(A) = Aerodynamic Forces and Moments (18 x 1 vector)
F(C) = Control Forces and Moments (18 x 1 vector)
F(G) = Gravity Forces and Moments (18 x 1 vector)

(i[‘ = (U1, Vi, W1, P]_s Q1, Rl: Ug, Vo, WZJ P, QZ’ R2: U3s Va, Wa, PS’ Q3, Ry)
373 3

The following equations are used to compute the Inertial
Forces and Moments (F(I)).
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and: Uj, V4, W; are the linear velocities of the
respective bodies, M; is the mass term and P;, Q;, Ry are the angular
velocities of the respective bodies,

Coordinate Transformations:

The general transformation between any two
Euclidean coordinate systems is written in terms of Euler parameters
(quaternions) as:
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Where:

Gy (transformation from inertial to SRB frame)
(transformation from inertial to parachute

A frame)

Gy (Transformation from inertial to parachute

B frame)
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G3 ‘
1
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The q's in the coordinate transformation matrices

are quaternions given by the following equations:
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Where 6;, ¢,
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and w are the Eyler angles

1 refers to the SRB
2 refers to parachute A
3 refers to parachute B
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' The differential equation governing the evo-
i lution of the quarternions asa function of time is given by:

: 51% 0 -Ri Q;  -Pj q%
a R0 -m gy ot
&§ Q3 Py 0 -R;1 - q;
o I L VR PR P %

Likewise, the Gravity Forces and Moments (F(G))
are derived from the following:

ol
r{®)

4|
m; g

m; is the appropriate actual mass term

g is the gravitational force

The thrust vector due to retro-rockets is
computed using the following equations
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Where: THR(t) is the thrust profile as a
function of time (t).

DCOSX (i), DCOSY(i), and DCOSZ (1)
are the direction cosines of the

thrust vector,

XR(i), YR(i), ZR(i) are the moment
. arms of the retro-rockets,

The aerodynamic forces and moment vectors are
computed using the following equations:
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S = Reference Area (May be computed as a function of time (reefing))

l = Reference Length

The calculation of the reaction force is quite
a bit more complicated as far as computational procedures are concerned
and is given by the following equations

F® - D 4 5@, 5@, 5Oy T,.Q



Wher

e:

7, = (-7 k1) (D)

T2=

K

il

8T k1 B
M-l BT »
-~
¢ G%{l -E3 JZAl o 0
¢3 -Gi.ﬁz 0 0 - [Bl
0 1liz giy
fiz 0 dix
diy fZix o
0 A, Omy
fn, o [y
A, An, o
0 -IB].Z /BIY
dr, o 4Bl
v £y 0




Porachute

Angle of _

Attack

Parachute

Relative ~————dn
Wind Vector

FI16.14.

.G.

c
Y ‘7\
X4

SRB
Angle of
Attack

SRB Relative
wind Vector

Inertiol Reference
Axes
X1

Zp (vertical)

PROGRAM COORDINATE SYSTEMS



IIT, PROGRAM SUBROUTINES
Subroutine: RUNGE
Purpose: Subroutine RUNGE is a subroutine used to integrate the
differential equations and produces a table of integrated
values.

Use: RUiSE (KUTTA, TIME, DT, NVAR, NDVAR)

Description of Parameters:

KUTTA - is a control integer {controls the number of times through
integration loop)

TIME - is time of integration

DT - is the time increment

NVAR - is the number of variables to be integrated once
NDVAR - is the number of variables to be integrated twice

Remarks: TFourth-order RUNGE-KUTTA

Subroutine: TBL

Purpose: This subroutine provides a linear interpolation between data
p p !
points in a tabular function of one variable,

Use: TBL (X, Y, X1, N, Y1)

Description of Parameters:

X - is the independent variable

Y - is the dependent variable

Xl - is the X argument

N - is the number of data points in the table
Y - is the result desired

Remarks: The X array of data must be in ascending order,

11



Subroutipe: LINSYS
Purgosg: This subroutine takes the inverse of a matrix.
Use: LINSYS (A, NROWSA, NCOLSA, DET, B, ARRAY)

Description of Parameters:

A - is the array containing the coefficients of the linear system,
NROWSA - is the number of rows of the square Matrix A,

NCOLSB -~ is the number of columns of the Matrix B in the equation
A*X = B.

DET - is the determinate of Matrix A
B - is the Matrix B = A%*X

NARRAY - is the number of rows of the arrays in which A and B are
stored in the calling program,

Subroutine: XTAN 2

Purpose: This subroutine is used to define correct quadrant.
Use: XTAN 2 (A, B)

Description of Parameters:

A - is the value of the numerator of the angle.

B - is the value of the denominator of the angle.

12
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FORTRAN

MNEMONIC

X1

Y1

Z1

Ul

V1

Wl

X2

Y2

Z2

V2

w2

Note:

ENGINEERING
SYMBOLS

X

Y

INPUT PARAMETERS

DEFINITIONS

Inertial Location of SRB CG in
the x Direction

Tnertial Location of SRB CG in
the y Direction

Inertial Location of SRB CG in
the z Direction

Inertial Velocity of the SRB CG
in the x Direction

Inertial Velocity of the SRB CG
in the y Direction

Inertial Velocity of the SRB CG
in the z Direction

Inertial Location of Parachute A
CG in the x Direction

Inertial Location of Parachute A
CG in the y Direction

Inertial Location of Parachute A
CG in the z Direction

Inertial Velocity of Parachute A
CG in the x Direction

Inexrtial Velocity of Parachute A
CG in the y Direction

Inertial Velocity of Parachute A
CG in the z Direction

Any consistent set of units may be used.

13



FORTRAN
MNEMONIC
X3

Y3

Z3

N1

u3

V3

w3

Pl

Q1

R1

THI1

PHI1

PSI1

P2

14

ENGINEERING
SYMBOLS

X5

Y3

TYPE

R

DEFINITIONS

Inertial Location of Parachute B
CG in the x Direction

Inertial Location of Parachute B
CG in the y Direction

Inertial Location of Parachute B
CG in the z Direction

(9) Number of Data Points in Table
(41) Number of Datc Psinis in Table

Inertial Velocity of Parachute B
CG in the x Direction

Inertial Velcocity of Parachute B
CG in the y Direction

Inertial Velocity of Parachute B
CG in the z Direction

Angular velocity of SRB About the
x1 Axis

Angular velocity of SRB About the
yl Axis

Angular velocity of SRB About the
zl Axis

2nd Euler Angle of SRB

3rd Euler Angle of SRB

1st Euler Angle of SRB

Angular Rotation of Parachute A
about the x2 Axis



FORTRAN
MNEMONIC
Q2

R2

THI2
PHIZ
PSI2

P3

Q3

R3

THI3
PHI3
?SI3

XIX1

XIYl

X1zl

XIX2

ENGINEERING
SYMBOLS

Q,
Ry

82
¢

Uy

le

I
71

TYPE

DEFINITIONS

Angular volecity ~f Parachute A
About the y2 Axis

Angular velocity of Parachute A
About the 2z2 Axis

2nd Euler Angle of Parachute A
3rd Euler Angle of Parachute A
lst Euler Angle of Parachute A

Angular velocity of Parachute B
About the x3 Axis

Angular velocity of Parachute B
About the y3 Axis

Angular velocity of Parachute B
About the z3 Axis

2nd Euler Angle of Parachute B
3rd Euler Angle of Parachute B
lst Euler Angle of Parachute B

Moment of Inertia About xjAxis
of SRB

Moment of Inertia About yleis
of SRB

Moment of Inertia About zleis
of SRB

Moment of Inertia About szxis
of Parachute A

i5



FORTRAN

MNEMONIC

XIY2

X1z2

XIX3

X1Y3

X1Z3

S1

S52

S3

YPL

YPL3

XXwW2

XXW3

XMl

XM21

XM22

XM23

ENGINEERING
SYMBOLS

Iy2

'.[z2

Myo

TYPE

R

R

DEFINITIONS

Moment of Inertia About ypAxis
of Parachute A

Moment of Inertia About 2z Axis
of Parachute A

Moment of Inertia About x3Axis
of Parachute B

Moment of Inertia About ¥3 Axis
of Parachute B

Moment of Inertia About ganis
of Parachute B

Surface Area of SRB

Surface Area of Parachute A
Surface Area of Parachute B
Reference Diameter of SRB
Reference Diameter of Parachute A
Reference Diameter of Parachute B
Weight of Parachute A

Weight ;f Parachute B
*Mass of SRB
*Mass of Parachute A in x Direction
*Mass of Parachute A in y Direction

*Mass of Parachute A in z Direction

* Mass is equal to total mass plus apparent mass

16



F@ORTRAN
MNEMONIC

XM31
XM32
XM33
G

XLX1

XLY1

XLZ1

XLX2

XLY2

XLz2

XLAX1

XLAY1

XLAZ1

XLBX1

ENGINEERING
SYMBOLS

Mxs
M3

M
23

g

Lxl

Lyl

L1
Ly2
Ly2
z2
Lxa

vA

Lza

DEFINITIONS

Mass of Parachute B in x Direction

Mass of Farachute B in y Direction

Mass of Paréchute B in z Direction

Gravity

x1 Distance From CG of SRB to
Attach Point of Parachute A

yl Distance From CG of SRB to
Attach Point of Parachute A

zl Distance From CG of SRB to
Attach Point of Parachute A

x1 Distance From CG of SRB to
Attach Point of Parachute B

yl Distance From CG of SRB to
Attach Point of Parachute B

z1 Distance From CG of SRB to

Attach Point of Parachute B

x2 Distance From Attach Point
to CG of Parachute A

y2 Distance From Attach Point
to CG of Parachute A

z2 Distance From Attach Point
to CG of Parachute A

x3 Distance From Attach Point
to CG of Parachute B

17



FORTRAN

MNEMONIC

XLBX1

XLBY1

XLBZ1

DCOSX (I)

DCOSY (1)

DCOSZ(I)

LCX(I)

LCY (I)

TIMX(I)
THR (1)
Z(1)
UWD (1)
VWD(I)
AL(I)

FCNA1(I)

18

ENGINEERING

SYMBOLS

-LxB

Lyp

LzB

D cos x(i)

D cos y(i)

D cos z(1)

x(i)

y (i)

TYPE

DEFINITIONS

y3 Distance From Attach Point
to CG of Parachute B

z3 Distance From Attach Point
to CG of Parachute B

Direction Cosines of the Eight
Retro-Rockets (I = 1,8)

Direction Cosines of the Eight
Retro-Rockets (I = 1,8)

Direction Cosines of the Eight
Retro-Rockets (I = 1,8)

Distance From CG of SRB to Retro-
Rockets

Distance From CG of SRB to Retro-
Rockets

Distance From CG of SRB to Retro-

"Rockets

Time Table

Thrust Table

*Altitude Table

u Wind Table
v Wind Table
Alpha Table

Table of Aerodynamic Forces
Acting or SRB (Normal)



FPRTRAN

MNEMONIC

FCAAL(I)

FCMA1(I)

FCNA2(I)

FCAA2(I)

FCMA2(I)

FCNA3(I)

FCAA3(I)

FCMA3(I)

ENGINEERING
SYMBOLS

Cag1

TYPE

DEFINITIONS

Table of Aerodynamic Forces
Acting or SRB (Axial)

Table of Aerodynamic Forces
Acting or SRB (Moment)

Table of Aerodynamic Forces
Acting on Parachute A (Normal)

Table of Aerodynamic Forces
Acting on Parachute A (Axial)

Table of Aerodynamic Forces
Acting on Parachute A (Moment)

Table of Aerodynamic Forces
Acting on Parachute B (Normal)

Table of Aerodynamic Forces
Acting on Parachute B (Axial)

Table of Aerodynamic Forces
Acting on Parachute B (Moment)
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V.

FLOW CHART AND PROGRAM LISTING

PROGRAM STARTS

READS IN INERTIAL POSITIONS & VELOCITIES
EULER ANGLES, MASS DATA, ATTACH POINTS,
MOMENTS OF INERTIA, AERODYNAMIC TABLES,
WIND TABLES, THRUST TABLES

DEFINE EULER PARAMETERS
IN TERMS OF EULER ANGLES

q = f(0,0,0)

DEFINE COORDINATE TRANSFORMATION
MATRICES IN TERMS OF THE

EULER PARAMETERS AND ALSO IN TERMS
OF OTHER COORDINATE TRANSFORMATIONS

G] = f(q's) Gz = f(q's) G3 = f(q's)
2 3 T

= GGt = Goo
1 62 G1 G Gy G

G 1 3G




% A W ot 3

WIND PROFILE

CALCULATION OF
ANGLE OF ATTACK
& AERODYNAMIC

FORCES & MOMENTS [pmme——m—ii

£(A)

T

AERODYNAMICS VS

ANGLE OF ATTACK

CALCULATE INERTIAL
FORCES & MOMENTS

£

l

AERQ

H(A)

CALCULATE AERODYNAMIC
AND THRUSTER FORCES
& MOMENTS

£(8) 4 £C)

THRUSTE&
.

(c)

F

l

THRUSTER LOCATION
& FORCES AND MOMENTS

CALCULATE THE GRAVITY
FORCES IN THE
VEHICLE REFERENCE
FRAME

£(8)

l

CALCULATE REACTION(R)
FORCES & MOMENTS F

1. COMPUTE B MATRIX
2. COMPUTE K + k-1

3. COMPUTE Ty + Tp

4. COMPUTE @

|

COMPUTE QUATERNION
DERIVATIVES

]

INTEGRATION ROUTINE

"RUNGE"

'

CALCULATION OF
NEW EULER ANGLES

91-’ ¢19 w.i

O
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TRANSFORMATION

OF VECTOR () INTO
INERTIAL FRAME

AND PRINT

'

INTEGRATE THE
INERTIAL VELOCITIES
AND PRINT

END




Graphics Display for "PARACH"
(Sample Results)

The following plots were made on the ERR-6050 computer.
These are included to illustrate the graphics display capability
of the computer.

The curves shown are representative results for one parachute
with the appropriate parachute characteristics listed at the top
of each graph.
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LINSYS

DATE 080379  PAGE 1

WURPHYRINZUGSTPTSIUD oL INSYS

1 i  SUBROUTINE L INSYSUA;NROWSA NCOLSB,DET By NARRAY) gL B R R B
2 [ A IS THE ARRAY CONTAINING Tyug COEFFICIENTS OF yME LINEAR SySTEM.
3 . _C_____NROWSA IS THE NUMBER OF ROWS (OR COLUMNS Op Tyuf SQUARE MATRIX A. sttt G R H
. [ THAT IS, A IS AN NROWSA BY NROWSA MATRIX,
S € NCOLSB 1S5 THE NUMBER OF COLUMNS OF THE MATRIX B IN VTHE EQUATION
13 C AsX = B.
7 c _JHAT 1S, THIS ROUTINE MAY BZ USED 70 SOLVE tﬂt ABOVE EQUATION bR b
8 C WHEN B (aND X) ARE E3THER SINGLE VECJORS OR SEVERAL VECTORS
Wi £ _CONJOINED IN A MATRIX. NOTE THAT Jg B 1S A UpNLIT MATpIX, yHE izt il Rat izl SN
10 C SOLUTION X IS THE INVERSE OF THE MATRIX A,
A € DEY IS THE DETERMINANT OF JHE MATRIX A, DEV SHOULD BE CHECKED 10
12 C SEE IF IV Is ZERO, FOR IN THIS CASE THE MATRIX IS SINGULAR AND THE
13 C KESULTS RETURNED ARE MEANINGLESS, ExCEPY FOR DET. s IR TGS CHAREATI ol
in C B IS THE MATRIX WHICH CONTAINS THE RIGHT HAND SIDE OF THE ABOVE
$ 1. | _EQUATION, _IT IS ALSO THE LOCATION OF THE SOLUTION HMATRIXs X ON BB IR R S Al
16 C EXIT FROM THE SUBROUTINE,
A7 € NARRAY _IS_IME NUMBER OF ROWS OF THE ARRAYS IN WHICH A AND B ARE
i€ C STORED IN THE CALLING PROGRAM. THIS MAY BE EQUAL TO NROWSa.
19 € BUT NEED NOT BE.__THUS THE USER MAY STORE AtI,J) IN A LARGER it U et b Rl
<G C ARRAY THAN IS STRICTLY NECESSARye THIS IS USEFUL WMEN THE EXACT
21 (4 _DIMENSION OF 5 IS UNKNOWN AT COMPILATION jIME. GBI e L R
22 INTEGER 231,22423¢24925926+27,28429,210,211,212,213,214
&3 _ . DIMENSION At3).B1})
2e N = NROWSA
2% MR e Al A G i LI HE T ! il
26 NK = NARRAY
27 PETSR. Ll Attt citiitah Lt 1Ll sia ] ___1J100050 gl fi
F 00 2 K=1,N 1J10goé0
o ALGUINIBIIERERERE © - L1 S 1L el i
3¢ IF(k-N) 30,3,30
3 3y CONTINUE I bl it W s b et s il e el sl o L s e N
32 TEST=ABS (A(Z)))
33 KP1zK+} AL e AL A o D R il AT Ll A A
3n L=k
Uit el i DO 4 IZKPl.N
: Z2=I+(K=1)9NK
37 IFITEST=ABS (A(Z2)))31,8,5 S i (Eraie R S o Gl ittt i
38 3 TEST=ABS (A(Z2))
39 il Jgsg il Ll 2l gl ik it Sl fTGEAIFE i
40 4 CONTINUE
L il IFCL-K) 4),3,81
w2 43 00 5 J = KyN
43 _Z3TLAtU=1)eNK | bttt i B s et L N L ROy RSN AR
4y TEMP=ALZ )
“s e 29=Ke0g=ddONN. Uttt ALt R il A et S S LG LA s
4% ALZ3)zA(ZH)
8 % INeRSISIENRP il it 2l
up DO 15 J=1 NN
a9 R SN 1 T il it i i e e sl e
50 TEMP=RIZ5) AT
51 B -t ra i UL Ol el e i i Gl i et o 1 AR Ly il i
52 BUL25)=8¢26)
83 15 _BUZ6)=TEMP el G I ikl ] i Ly
5a DET = -DETY
55 @ T OSSR et A il I
56 ALZ10=1.7A021) T R R




LINSYS DATE 00379 PAGE 2
57 IF(K=N) 35,19,35
58 35 D0 6. J = KP1,N il A R
59 27K+ (J=1 ) #NK
60 o ALZTI=A 2T 200 Dt il it R 2L
61 3 CONTINYE
T 19 00 16 414NN
63 29K+ LJ=1)#NK
6% _ le_ _BIZ9)=BIZ9)*AL21) it e
w65 DO 7 I=l,N
6 . RigElcin-lionn b uip iR L
E 67 IFiI=x} 160,7,160
Eg o8 160 _FAC=AtZ1p)
S 69 DO 8 JzKP1,N
o o I § & CI N W ELTH ) TR MR R o N r AT Rl B Tt AR,
71 212=K41J=1 1 *NK
o 12 o R | 1 e MRS Il il I I RS
bs 73 D=E~FAC*A(212)
i) 19 IF{1+0E=9*ABS (E)=ABS (D))16241630161
= 15 ML 9 =g
B 1% _1e2 A1233i=0__,._ Rttt e Gl ikt RS A il Sl e
17 « CONTINUE
STl It L Ol e R W e 0 N il
L Z13=T40J-1)*NK
oo 60,__”__«_____lezlzld?ll_!!
- 18 B(Z13)=BIZ13)~-FAC*BIZ14)
82 7 _ CONTINUE s i tE S MR e ) ] il
83 2 CONTINUE
LLE .. _RETURN A1 s e 1 Y O B i e,
8t END T
SRR 1 ORI il L B LD i . Sl
SPRT,S MAIN i i i T AR e
FURPUR 27P3DE33 SL73R1 04/03/79 18:29:28
(-]
© = st s = R R P [EE RO R e "
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MURPHYBINZL S TPFSIU) JMAIN

1 REAL _NPARA__ gl L ! A e R
2 REAL KAPP ,KOV},KOV2,KOV3,MZDOT
Bo Wl e A
5 RFAL LCX(8) tcvcll.LCZ(Ol
R A ¢ M3i3 MIt18 [ [
6 DIMENGION prnvcsu:.prnetso,.rra9.sop PFRLTU12),PFRLBILY ) ,PFRLI(12)
7 e psz(snn.esz;1121;;4&Ag11§g1;£ﬂ1;1;1xz1;?95Aaz‘sni,znlAZLIAZIJ,
8 2P 221500 ,P22L 1120 4POX1E50),POX1L(12) 4PALLISD),PALILELZ),
9 _ 3PR3U50)4PRILIL2)PDYLIISO),POYILIL2) ,PAL2IST),PALRLIL2E, kg
10 4PQ1(50),PQIL(12),PDZ1150),PDZILL12),
S WU SPP1ISD),PPILI12)
12 DIMENSION PTIME(S0),P216503,TIMEL ¢12),2iL(12)
13 . __pIMgNSION lcﬂl213hj;1£u”21}§ljZCil2|36D'Pfﬂlkltlll,_LZZIZD.NSlZIR)
15 *,2XA212)
15 ity nxn:nsxou,zsnu1-51415531551415‘1195»,xnnALq13);uazlzzlzzgizLLNSZGZ
16
11_____.______njnEusxnu_1211141;14111114111;131111
18 DIMENSION BB(3,3),X0MI18,3),X0M 103,15 ,X0M21(3,1) noongoso
19  _DIMENSION B11343;.! 31,6313,3),612103,31,63303,3),4E3
20 Dx”E~SIou lLllS.S).xLz 330, xLANL3,3, XtBll! 3),B111t3, 3).9,21 v3) H0000010
20 DIMENSION B1303,3).81813,30,81503,3),81613,37,82113,3),822(3,3) _ n000008O
22 DIMENSION B23(3,3),82413,3),82513,3),82613,3),X0M1(3,3),5042(3,3) MOOODOS0
B DIMENSION XOM313,3),801343,3),8032¢3,3),a013¢3,31,801413,3) MgQDO100
2u DIMENSION BD1S¢3,31,B8D16(3,3),B802113,31,B022(3,3),8D2313,3) M0000110
25 ___ DIMENSION BD24(3,3),8025(3,3),8026413,3),816,18),8016,18),AA(3,3) HO0O00120 i
28 DIMENSION XOM3103,10,X¥1103,3),Xy203,3),xv303,30,x11¢3,3),x12(3,3) M0O0D0013p
27 DIMENSION XI303,3),FiT03,1),F21 03,10, F3103,00,X0L0103,1),xL21¢3,1) MOO0O140
28 DIMENSION XL3I43,1),FT018,1),X6113,10,X6213,11,XG3(3,1),F61(3,1) HOODD150
29 MENSION FG2 FG3 ),FGU1B,1),VIML J,V2MI3,1),V3MI3,1)  MOD00160
30 DIMENSION FAUIB, 10,2410, WD¢81), WINT(3,1),NIN2E3, 1) ,WINSE3,1) HMO0D0D170
31 _DIMENSION Apt15),FCNA2€15),FCNA3I15),FCAA2(15),FCAA3{I1S), L
32 1FCMA2115) ,FCMa3L15)
33 _ _DIMENSION XOMD(18,1),FS1018,1),FRE18,1) MO000200 s il
34 DIMENSION AIA(6,18),BIBU18,60,FSE18,1),FRIU1B,1),FR2(18,1) n0000G21g
35 DIMENSION XOMT(18,18),X0MF{18,1) MOU00220
36 DIMENSION DCOSX8),DCOSYI8)4DCOSZIB) FC18,1),TIMX(9),THR(G)
37 , COMMON/FUNT/Y1391,0Unli21) e R M0000230 el il SR
38 COMMON/FIRT/F(39),DUMZL21) HODD0240
39 __ EQUIVALENCE (2XA203),PER),UZXA212),AL2) ikl
40 EQUIVALENCE (ZXAC1),MACH1), (ZXA(2),ALY)
it | EQUIYALENCE (xOMDE1),F(1)),10013,F€19))1,10012,F(2n)),(Q013,F(21)),M40000250
42 100021,F 12201 ,1QD22,F123)),40D023,F128)),10D31,F125))1,1Q032,F(26)), MQCOO0260
43 . 210D33,F1271),1QD%1,F(28)),10082,F(29)),(0083,F(30)) MO0D027U i
ue EQUIVALENCE (011,Y019)),4012,Y120)),1Q13,Y(21)), MO0D0280
4 11021,Y822)),1022,Y123)),1023,Y124)),1031,Y(25)1,(032,Y1(261)), HOO00290 ittt A 1 <t
46 20033,Y027)),1081,Y(28)),0042,Y129)),1043,Y(30)) MDODU300
87 EQUIVALENCE (Y€1), ,XxOME1),ULl),(XOM(2),V1),IXOM(3),W1),(X0M(4),XO0N11M0000310
ap U110 P L) o UXOMES D) oCL Do (XOMEB) 4RI EXOMIT) U2y, XOM(B),V2),1XO0M(9),M0000320
4§ eM2),(XOMU10),X0M2111,13,P2),(X0MI11),02),(X0H12),R2),(X0M(13),U3)H0000330 i (L
50 @, (XOMIL4) ,VI), (XOMI15) W3) o (XOMIL6) XOMI1E1,12,P3),(XOM(1T),03), HOODO34D
51 . _TUX1D,FE31)),(Y1D,F(32)),12Z10,F(33)), U AR AL il et i il G
52 TAXZD,F U340 )5 y2DsF (3500, 622D,F (3600,
93 _TAX3DFU37)),0Y3D,FU38)),023D,F 13900, i
54 TAXD,YA30D 0, 0¥,V (3200,021,Y133)),
5% 7'!""3“".‘VZ"‘SS’,'(Zzp"Sb”| Lt R L SRS NI IL L I DL i

56 TEX3, Y3700 ,1Y3, Ye38)),423,Y039)),(X0M(18),R3)




|34

“aAIN DaTE O8u379 PAGE 2
57 EQUIVALENCE (FAILT,12,YM3I), (FAL]B,y1),YN3),
S8 MMFAL 1ad)eFxMDeMFAg 2 13 FYLD,(FAL 3, Lhil!,h JaYL =
59 TAFAL Syl ) YMIDLIFAL 620 ayN1DUFAL Ty1) FX (FAL B,10,FY2), ﬂonoo’,ﬂ
60 BURID ° {37 ¢ 9.1!.;12!.!EALAQ;Il;'LZ!-lflillnjlnxﬂll:i£!11211J115214____. 4 avet 4 R a3l eliBtetspei s C0dai s | s arE sl 1) ORI
61 PCFALLZ 1) o F X3 IFALIN, LD FY3D (FALLS, 1 0,FZ3),(FALL641),YL3), ~“0000%10
62 MAFGY 1)) ,FGRil.1)).(FGL 2,10,FG]U2,00),(FG( 3,1),FGlU3,10),
63 1IFGL 7.1’.'52(1 1)),(FGt 8,1),FG2t2, YILUFGE 9411,FG213,10),
oy _UIG‘IJQI'|f53‘lnl!lnl[§wzha£ﬁitz ilhl[ﬁllmml“- it it il anivags. e SRt e
65 TOFIC QoD oFltl 000 (FI0 2,01),FT02,00),(FIL 3,1),F11¢3,10),
13 LigaEe 3ol eE 2R 00000020000 Qoo 2000 e8P R b dabRR8 00000 o ool bon ey il i i
67 l('l‘ll.ll.f!l‘lll’)Q(fl(ll.l’.F!l‘Zol".‘f!(lSo""’](spl”c
68  AAFIC 8,1y XLATGRLADDLUFNE Se1) o XLaTE2, 200, UFIC 6,10, XLAT1U3,30),
69 TUGFICI00 1D o xlaIt 000, (FI g2, 1), XL2T02,100,(FT0R 2,30 4XL2113,10),
10 _A,.--~UFI!IG-KL:ILSILL:LU.L!LIJAL[’vﬂ?l'?ll":('IIl..LLa..t31|3lu S v DR gt s S 2 e
11 EQUIVALENCE (VIMIL,1),UL) (VI 2,10,V1),IVIMI3,1),ul)
[ Al _ EQUIVALENCE (lZﬂu;mﬂle?MZollJll[:!'z!!u;l.h!zl____, ML Sl o b A ST el
73 EQUIVALENCE (V3MIL1,10,U3),0VIMI2,1),V3),1V3INI3,1),u3)
1 EQUIVALENCE (XOM1142,10,01),(XOM1113,30,R ),
5 1 IXOM21102,10,02),1X0M21¢3,1),R2),
16 BUITERI L - HUE R JXOuilllgl)_._nu:lNH!UJ-NJN ST TRt TS5 it tiesianfisprpardtsisel TSI e T e A T ol
7 DATA PfﬂL'/bHP.P Rlylls6y /
78 DATA PFRLB/GHPAR R2,11%6H 7/ LIt R b s w3
19 DATA PFRLY/6MHPAR R3,11%6H /
i 00 DATA PS2L/6HS2 2 11%6H £
DATA POBALL/6HQBARL _ 11#%6H /
82 SRR OB SLICHOBARS sRRORN gl it 8l i
81 DATp PZ2L/6MZ2 s11%6H /
84 i i i et U o SISO | D . SAISRMIONUY gt A AL S Hl statissiististob MM AU
8% DATA PQIL/6MHQ) v11%6H /
___Bs DATA PRIL/6HR] s 11%6H /
87 DATA PDXIL/6HDX] sA1%6H /
88 i _DATA pDYIL/6HDYLl  ,11%6H = /7 i 4 sttty G
89 DATa PpZiL/6MDZI 2 11%6H i
: o ARG DATA PALLIL/6HALL pl1%6H Al stidiel S i B it it almiieiold
91 DATA PAL2L/GHAL?2 s11%gH /
!2._. o DATA TIMEL/GHTIME ,]]%6H {
DATA 2iL/BHZ] ylle6H /
9! il AL _ DATA t THR _t13,71=1,9)0704439400.,394004,04,04,04,04,04,0,7 it bl d i s ettt g Tt e L
95 UATA ALEID 31203150 /706s 104420093009 8904¢5009600970498043904¢
56 s eSS kDL s B30 e 30 s AB0e . T el ML e bt
97 DATA(DCOSXII) o1 = 1,8)/78%,,7 -
.98 _  DAJA(DCOSY(I) ,1 = 1,8)/8%0./
9% DATAIDCOSZII) 1 = 1,8)/8s~1./
1ut Al UATA fLCX t13,]1=1,8)/8%,2/ s I BRI et A i
el OATA (LCY (I),1=1,48)/8%.0/
iov2 . DATA tLCZ (1),1=1,8)/8%.0C/ i estishaniieabishl S
w3 DATA (FCAAZIT) 310,150/ 455,e52530875,3¢385,4275,009003009U0sy0es04y
s %Ues0.40,,0.7 i
iue DATA (FCNAZ(I),121,150/0,,,0594125061%99¢25910%,3/
106 ___ DATA (FCHMAZ(I),1:21,15)/04,-4025,-406254=e095,-4125910%~015/ o) i it Ll it a2
107 UATA (ZCAACT),IZ1,15)7.75,1.25, lo75'2-35'2035 240,1.5,0U.85, 0 22y
1uE . %=4259742590530225"e15,=.75/_ i LU R L U i e A ALY i
109 DATA (ZCN"I' IZ1,1502/70.0,45,1. -l.s.',7..;‘.2.6.'.6-.6..6-'60'
A 9TebaTebs3, 20
1) UATA (ZCMA(I), I=1,15)/0.0Us1,8, 3..?-3'.07'6-703-c06.°.lo7"2-5'
ll? il '-5.0.-8.2.-10-.-10.,_°5./ sHTHN VIS ebid i i, SHE ST WA bt i
113 DATA (ZCAA(I),1=16,300/1.35,1. 5vlu9p¢o5 2.“5 2. 0 105.09'035.-.1.

sty g e

"
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MAIN DATE 040379  PAGE 3
il mii. O-.J..'.-ZS.-.I.-.?SI
1S UATA (ZCNA(I)+1=16.:301/0+0,0e55146 307,60,80,90%,1002,10.8:91142s il
1le 211.0,10:4%,9.8,8.4,8,0/

A DATA ¢ (ZCHALTN, I ;b.!n)lg.g.1.6.2...339,!,6,6-0.0.2.!.0.-;,..-1.0. il

ll. "‘0.’.'12.."IJ-OQ‘llo'.‘.o7l
RN U UATA (ZCNALIDN,]I= 313850/0030732038e1370531007,134514425,15485164,
120 %]15.6,18 "l...'lloS'.-sl
R e lzCﬂlllJ;l_}lglﬁl&n.;;‘QLZJJJ}AA;SLILIL’Ll;l;i;!;ﬂQA,bo:‘llp7
122 ‘.’l’o.‘:ﬂo’.’l’ol'
123 _DATA ‘ZC‘l!I!1_1EﬂdiluhuwtxlﬁsLthl‘lw——____,_.__
124 %.59=0259=e259=el5,~e9/
- iBes DATA ¢ WDUID ] = 14410/56034560745501,5306,521,5048,49,5,48,2
128 106e8,85.2,493.0,81.1,38.8,36.6,38.5,32.4, 3102929¢142646,24.0,19.5,
127 "_m_-241.505-81:‘2443“1414_21151_25023’270n'zlnlJ lo.i;-ll.l;.l&;ll‘lhn- Sk i
128 3-3B8a,"400.,~81.7,-43, 50’Q503o'.‘oli‘SDo.o“ool
8 NG | T 'FCN‘.’_‘I)_,I-J,m_le_-L_— HTHERENE A SRR L IS it
130 DATA (FCMA3(I),1=1,15)0/150./
131 OATA (FCAAZLI) 11,150 715%0u./
132 DATy (2110,1= l.'l'/‘lSOUOo"3900..’3.00-"370009‘35000.‘350000'
133 _ 1-3400.0+-3300.05=3200e0s=3100:0,~300020+=2900+05+~2800+0:=27000s fitlftisi i
138 2-2600.0,-2500. 0"2“0000"2300t00'2200.0.’2]00000'2000.00"900.0.
135 _3-180040,~170020+~1600+0+-1500.0,~1400,0,-1300,0,-1200,0,-11p0.0¢ iai I8
l}b 4-1000.0,-%00. 0"800-0"700.0|'600.0.‘500-0"'00o°.‘30°0°.°2°°0°.
i 13 Al 020,07
138 Dl“ l'l"ﬂ‘l|.l:[|9’IU.OQO.20.02..0.'500'6001700.0.09~0t0/
:3: aitlitls .ggll;épsﬂ AL2010 41204020 /0.9221794385,05259468501040025¢010041540 Ml i
* .y .
141 _ DATA (ZCAA211)1,1=1,12)/6%04,4119,018,,135,413,.117,,085/ i WS e s A LS
142 DATA (Z2CNA211),71=1,12)/6%04400y403,.055,.085,+175,.24/
143 DATA (ZCMA211),1=1,12)/6%20., 0.,-.n§§1r-065.-.l.-.z.-.zsl
14n DATA IZCAAztl).!:l3.2-)1.212..225..225..223..21..lb..!l’.o).-S?S'
145 _%e3259e3402/ _ iR BB INGHILIS iDL
146 DATA (ZCNAZIID,I= l3.2“'10.'.03.0071001150020027'-00-oz..onb.oollo
147 _ %4185,4277 4 Riadl 4 R s s e A R
148 D"‘ ‘ZCH‘Z‘X’ 1 13,29) /0409~ 0 ‘nU'.'ol}.'cZ’gO.Sl.ﬂo.'0033'°lo75
_la9 #y~el3,-022,~ .3‘/
150 D"‘ IZCAAZll)'1225.3601.3?7..355,-HIS..QIS..39.,32..55..55.-55.-5
151 *Y4 405040817 St e R Rl T
152 DATA (lCuAZ(I).! 25'36'100'002'0052'0095'ol75|0275'.0000110032.009
153 i, 5 s 2 NS R RO s R MRSt Lt e e e P 7 S LI
154 DATA (ZCHA21T),1=25436)/04,~ 002. 006. 01150 02. .295.0.. +013,~.03
e ;- #73-20913-1755-.28/
156 DO 609 I=1,18 MO000440
| R RRSEERNC | i i B R R S e S R i
158 rc‘l'J.-o u
159 609 CoNTINUE gl b RN e R LA aTiaet el i L) L RS MDUO0480 s
160 NMZO
163 AADO=1.3302117g~-02 ittt
162 AA}=-B,8502064E~US
163 S SRS e S RENERSSELY: il i RIS
164 AA3=5.,9517557E~13 i
165  AAY==3,974478B9E-1T7 TR R Asenreh s AR e T
166 TAASZ7.87712736-22 i PN
17 ___TpRZp.0 il
168 a:‘o I,IN N1 ,N2)
169 HNERD . ReSRAPRRETR ZNANPL ,ZNRPRNFANRS . i it LU linalin e,

176 PRINT 1,{RAPP,RETR,ZMFP1,2MRP2 ,NPARA}
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MATN DATE 040379 PAGE 4
in READ 1,(D7,DELP)
172 _.____PRINT )}, (DT,DELP) Ly it
173 READ 1 P IX1,Y1,21,Ul,V1,W1)
178 ia ] n.uzuz.zz;uz,_:mm ub it e i
1715 READ 1,1X3,Y3,23,U3,V3,u3)
L e SP R e Qe R +PSI1)
177 READ ‘.CPz.oz.Rz.Tle.PNIZ PSI2)
Eh 7 gl B 4 1= A 1S TR AL e e R L st D
179 Q1-01/57.3
18p _RA-R1/57.3 Fita T TR i i 38 il i 1A S BLT H
181 P2-P2/57.3
162 Q2-02/57.3
183 R2-R2/57.3
168 B! . JHI1=THI1#*0.01744 Lot gl il e i SIS e it el eris
18% THI2=THIZ2#*0.01744
196 . pHIL=PH]I1*0.01784 sttt R T UGS A i L e R
187 PHIZ=PHIZ#*0.pl784
___188 PSI1=PSIl*L.01744 d
189 PSI2=PSI2%0.01744
1%0 . READ 1,(P3,03,R3,THI3,PHI3,PSI3) il i ) S BN Lo Lot i b
191 READ 1o(XIXR XIYL1gXTZ1,SheYLXMY)
3192 . _READ Je¢xIx20.x1Y20,X122 ,ST2, VPL,XXM2) il i Gt e Sl s e
193 READ Bo(XIX3IgXIV3,XTIZ3,53,YPL3yxx¥3)
198 READ 1o (XLX1oXLY)oXLZhoXLAX]oXLAYLoXLAZY)
195 READ 1, UIXLX2XLY2,XLZ2yXLBX1,XLBY1,XLB21)
19¢ _READ 1, (XM XM22T o XM23T o XM3]oXM3I2,XM33) St HERTRS N b 5
197 READ 1,(G4RALPH)
198 it ___PRINT J.GN.NI N2) 1 st bRt I i # Tt st
199 PRINT 1,(X1,Y1,Z1,U1,V1,M1)
200 __ PRINT 1,1X2,Y2,22,U2,V2,M2)
201 PRINT J,UX3,Y3,23,U3,V3,u3)
202 PRINT 1,tP1,Q1,R1,THIL,PHIL,PSIL) il st s i G
203 PRINT 1,(P2,Q02,R2,THI2,PHIZ2,PSI2)
20N PRINT 1,(P3,03 R3, THI3,PHI3,PSI3) it ihlizn LA A AT S L e s o L T
2us PRINT l.uxn-xlvl.xlzt.sl.u.xnu
206 PRINT 1,(XIX2D4X1Y20sX122 sST24VYPL o XXN2)
207 PRINT 144XIX3,XIY3,XI23,53,YP 3,XXW3)
208 LIRRENE Do BN SNLYLSRL TR o XC AR SRCAVEGRUNRED |t e s i e
209 PRINT 1,(XLX2,XLY2,XLZ2,XLBX]1,XLBY]1,XLBZ1)
210 _ PRINT J,(XM21T,XM227 XM23T7,XM31,XM32,XM33) S L T R MBS R
211 PRINT 1,1(0)
212 3 FORMAT 1372) b
213 2 FORMAT (SE15.6) MO0CO1030
v L ) FORMAT (6E12.5) ikt i i fmr el ik 1 il it il i
215% XMAAL(1)= o0&
WS AR Ay o -9_ ettt LT s S e bl ittt i il
217 XMAALI3) =
MR ¢ ¢ DO S50 I = !.ll

219 S50 XMAALMID) = ALUI-3)
220 Liieexeyy =8 i psnR e I G icientsfl s i
221 NAZI2) = 15
0 il -l il Motk abe 1t i il WIS L SR U LA s e 1
223 NS212) = -}
b ¢ - USSR | | . ikl 4, ) il
225 PgRO=15.0

oy 226 _PORO=16.2 AT A i i Nl A SN St it M s Tl e PSSR 5 R i 1 L)

o 227 KOV1 = 1.

A BB A LRI 1 T 4

R s T Vo0 -k e A 0
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MAIN
248 KOV2 = 1.
229 . GHIRRIE * . i R P il e i
23cC X2PR = X2
o33 . Y2PR = Y2
232 ZZPR = 22
R 5 3 11711 = O

234 11512 = 0O
235 I o oy 111 S e T g Gl st
236 NAZ2¢2) = &
237 _NSZ2¢1) = -1 il LRI A1 Msldtiiitioh
23e NSZ212) = -1}

239 $Sg_= .1
280 SSU=0.0
241 SR o i AL sttt
262 $S1 = 7
243 AR US| gl
244 $SS1=1.0
. o T $S1=0.8
246 $S2 = 1.
287 il W i AL
24g T11=8.0
249 M E vt P R e RSt e e e it il
250 112 = 20.

L L SpIOT = .55*S712
252 TEMPD = .65 * PORO ® YPL
253 CP1=D.0 RILLE I MU RN it
254 CPZZp.0
255 CP3zD.0 s M e R T L R e G Skl : 2l
256 CP4z=0.0
- S CP5:0.0 Lt
258 CP&6z0.0
259 i MR 0 s B O IR ST et RN il gLl i pethitt L ul
260 CP1=CPl+DCOSX{I)
261 : LISPISCPReDERSVERD. o Sl ] et LA
i62 CP3=CP3+DCOSZ(I)

. 263 CPY-CPY+(LCYLII*DCOSZIIN~-LCZ(TI)*0COSYII))
268 CPS=CPS+(LCZIIN*DCOSXIIN~LCXII)I*DCOSZIIN)
265 ___ CP6=CPo+(LCX(IN*DCOSY(I)-LCYLI)®DCOSXIIN) R
266 744 CONTINUE
267 _ _Q11=SINIPHI1/2.)#COSIPSI1/2.)%COSITHIL/2.)-SINIPSI1/24)*SINITHI1/2H0001050 s A L i
268 *. )#COS(PHIL/2.) M0001060

B Rl i QI2=SINIPHI2/2.)%COSIPSTI2/2,)%COSITHIZ2/2.,)~SINIPSI2/2,)#SINITHI2/2M0001070
21 *, )*COSIPHIZ/24) M0001080
27 i __Q13=SIN(PHI3/2.)%COSIPS]I3/2.)#COSITHI3Z/2,)~SINIPSI3/2,)*SINITHI3/240001090 o £ e
212 *_)*COSIPHIZ/Z.) M00D1100
- o (U L RQ21=SINITHI1/24)%COSIPSI1/2.01%COSIPHIL/24)+SINIPST1/2.)#*5INIPHIL1/2M0001110 st U Rl e DSl B
27s % )2COSITHILN/24) n0001120
21% G22=SINITHI2/24)#COSIPSI2/2.)%COSIPHI2/2,)+SINIPSI2/2,)#SIN(PHI2/2M0001130 i i
276 4 *, )*COSITHIZ/2.) M00D1140
217 . _N23=SINITHI3/2.1%CSIPSI3/£e)1*COSIPHI3/2,)+SINIPSI3/2.)*SIN(PHIZ/2M0001150 SIS RIEh AT O it o it
278 *, )*COSITHI3Z/2.) 40001160
2719 i  _Q31=SINIPSIN/24)%COSITHIL/2+)%COSIPHIL/2.)-SINITHILN/2.)0*5INIPHIL/2H0000070 WATRE. UL S AL S et w01 oS
260 *.)*COS(PSTLI/24) M00pll80
281 Q32=SINIPSI2/2.)%COS(THI2/2.)%COSIPHI2/2.,)-SINITHIZ2/ 2, )*SINIPHIZ2/2M0001150 i
262 *,)2C0SIPSI2/24) M00D1200
283 ik G33=SINIPSI3/2.)%COSITHI3/2.)%COSIPHIZ/2.)~-SINITHI3/2,)#SINIPHI3/2MO0UCLI210 st Lot ey IR el et

264 *,)8COSIPSI3/2.) MOGDAZ20
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285 I coswsur:.ucosmuuz.ncosmmn.tosxn.rsu/z.nsxunuu,znow;gso
286 . ® )*SINIPHIL/2,)
287 cuz-coscrslez.vocostru:zzz.ttcosqv",zlz.nosx.cpsxz/z.nosxuctnxz/znooonzso
S 288 __%e)*SIN(PHI2/2.) ugmugn______,_ At i 3 ity
E 289 Q83=COSI(PSI3/24)#COSITHI3/2.19COSIPHIS/2,)4SINIPST3/2.1#SINITHI3/ZM0001270
ol 29C %o )*SINIPHI3Z2,)
B S 291 NgQ=30 MD0g;290
L AU __NS0=0 il Lo .1 A DA LSl AL
F ) 293 1=0,¢0 MO001320
Q 298 diitnd g et IR il sl __MODO01330 MRS RL Bl i e
o e TIME = O. nOOgi3sg
E gy 11 ol DELT-DY
= 297 DO 78 I=1,3 NOOD1360
-4 L ey 00 78 J=1.3_ AR i 3 il
o 299 E311,J)z0.0 40001380
© 300 78 CONTINUE il il LA A e R M0001390 A LA R Sl
= 301 £30(1,1121.0 MDO01400
3oz £312.2)=1.0 "
w0 | 363 E3(3,31=1.0 MDOD1420
<> B e g e k) it U B ALOR AU S IR L il i s LRI b
305 Xp101,202-XL21 noooxun
e XL101,303% Y] Tt R BRI N 45 ST HDILE B DS Et,
307 XL102,103XL2) nooouw
SO i XL102:2)20.0 M0001470 it
309 XLjl29302=XLX] MO001480
310  XL3t3e102=XLY] IRl e BB L Ot R S M0001490 i A A
311 XL1(3,202X0LX] MO0D1500
312 xR =g ool I i e 0001510 it Al i
313 XL211,1)=0.0 MOD01520
318 XL211,2)=-xL22 MO001530
315 X201 ,3)=XLY2 MO001540
316 XL2(2,102Xx22 il LR LB At R i i I SR ot e i AT B
317 XL212,2)=0.0 MO001560
318 XL202,3)=-XLX2 gl g Uit D AR ol i i T pfsen
315 XLZe3,10==-XLY2 n0001580
b 0 Y o XL2i3.20zxLX2 MG0015%0
321 XL213,3)=0.0 MOD016UD
322 RERTEE o' MRy E GG g L et T e MD001610 SR BT S T e
323 XeAL(1,2) = -XLAZ1 MDDD1620
320 _ XLAIU1,3)ZXLAY] s A .. ) LA I L St TRt S
325 XLAL(2,1)0=XLAZ] M0001640
. P 5 XLAI(2,2)=0,0 H00D1650
321 XLAL1(2,3)==XLAX] no00166Q
328 __KLAL(3,1)==XLAY1 i il i MOUD1670 R A pt g
329 XLAL(3,2)XLAX] HMOUD1680 e
330 __ XLAMU3,3)zu.0 el RS G R R s b et ___MOUD16%90 SN Tl it i e e
133 XLB1(1,1)=0.0 HOUD1700
g XLB101,2) = -XLBZ1 MOUDLT710
133 XLBl(l,3)=XLBY] n0001720
334 Al x;g;gg.“ XLBZ1 e e R MO001730
138 XLB112,2)20.0 T MOUD1Ta0 R AR R T
3136 X B1(2,3)=-XLBX1 Bt i L e i b
337 XLEI(3,10==XLBY] T MO0D1760 Tt
Sl T XLB113,2)=XLBX1 MOUD1770 i
339 XLB1(3,3)=g.0 MO001780
340 i pGos ICeNE TN T T A et (N i MO001790 i st e b st
» 141 X61(1,1)=0,0 MO0D1800
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342 X6112,11=0.,0 MODD1810
393 x6103s))zXM1sG C1820 i sty
344 X6211,131=0.0 MO0D1830
35  XG212,11=0.p iy
346 XG213,10 = XXW2 M0O001g50
383 X6301,)3=0.0 86
Iyp XG312,11=0.0 MOOO1B70
349 . X6383.3) = XXM3 ___ il M0001880 i il
3sC DO 93 1=1,3 Mponl890
351 i 1 b 4l il n0001500 i
352 B13(1,J)==E3(1,J) 0001910
_ 353 Bl leJ)=xLALL].Y) M0001920
158 B15(1,01=0.0 MO001930
35% e Bleilsdiz=0.0_ SRR Bi MOQO1940 -
356 B23t1,J1=0.0 MO001950
357 . B2411,41=0.0 _ i il MooO1960 Al
358 B2511,J)==E3¢I, 0} MOU01970
Loase . sasst.atzessmili.g M000198
360 BD13(1,4)=0.0 MO00199%0
361 . _BD1811,J)=0.0 M NAARE M il
362 BD)511,J)=0.0 M0O002010
363 I e N Sl e G S N MpD0O2020 it il
368 BD2311,J)=0.0 MD002030
..365 BD248t1,J)Z0.0 M 40
366 BU25114J)=Qe0 MDO02050
367 . BDgetl,yJ)=p.0 it M 0 o 1
368 93 CONTINUE M0002070
369 90. .35 (g st H000208¢g B RR I R
370 DO T J=7,9 MO002090
373 Bil,J)=B1311,4-6) MOD02100
312 E011,J)=BD13(1,J-6) HO002110
3713 Toc oMl R Rl st A R e M00D2120 et AL
378 DO 8 I=1,3 MO002130
378 N amoe I 11 il RO A it e
376 SU1,J)=BlAL],J=9]) MOD02150
3717 BDAJ,J)=BDI4LI,J-9) MO002160
78 8 LONTINUE MOD02170
3719 5@ e e e 1 G R TR iR T et L e A
180 DC 9 J=13,15 MO002150
381 BI85 8 s d=020 | It i I e ol MD002200 i i A R
362 BDUI,J)=BDISII,J=12) MDO02210
iRy e CoNTENE M0002220 i
38n U0 10 1=1,3 MD002230
38° LR i R L 1L Rl ittt M00D2240 Il iR
I8¢ BUIJIZB16LI,g~15) MO0D225p
387 1 CONTINUE A Ll AR i __ MD0D2270 et R e el
388 DO 13 1=§,6 MODD2280
b L SRR . L+ 5 0 i M0002290
39¢ BeI,J)=B2311~3,J-6) M00p2300
391 L _BDSE,9)BD2381-3,9-6) U RER MDOD2310 M e st O s DR
392 13 CONTINUE MO002320
393 DO 19 18,6 Ll siuApRARIDINRRR S, S I i i
358 DO 14 J4=10,12 MOCD2340
39 Bt1,41=B24(1-3,J=9) sl et A ST il M0002350 el A R
3196 BD(1,J)=BD2411~3,0-9) MO0D2360
391 16 CONTINUVE Ll A I OB S i i il it R
398 D0 15 Iz4,6 MOUD2380 i
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399 D0 35 J=13,15 MO0023%0
LI e BA1,J)ZB2541-3,4-12) Mpo0n24%00 L
801} aou.u:aozsu-s,a-lzl MOOOD2810 ,
802 15 CONTINVE il f
s03 DO 16 1I=8,6 M00D283 t
G DO 15 J=16:18 4
405 BUIyJI==-B2,01-3,U-15) MO00D2450
806 BDUI,J)=BD26(I-3,J-15) _H0C02460 EHE
ay? 16 CONTINUE M000247g
1 IR T 2R o BB G- P9 T B S __MOoOp2%8Q0 EHRERL I b
a9 Do 39 J:l.lo MO0D24%0
G T e =Dy M
411 39 ConTINUVE ngoo;:m
L 3 linetibs LY O - LD Sl i IR M :am__%n U AR o R R
813 MEZ2,20=XH1 M0002530
A e R IR ) il il POUOESNE e, A e
8315 M4, ,4)=xIX]1 n0gon2550
JIE T Y M15,53=X1Y1 M0002560
537 Mi6,60=X121 MO002570
818 HHE G RALBo AT ) SRR L it o) St T G T T i il M0002640 i SISl R ottt ol STTOHH
519 MUlgelg)=XM32 Mo0D2650
820 SRR S B S R it I e U R It N IR MO0D2660
az1 Mi16,16)=X1IX3 n000267¢
1 RIDUICRHENGRRE L & & 8 bl 2 4 &) M0002680
823 mi18,18):x123 H0002690
829 . DO 53 3=1,18 S Rt R I hd U GGG b i g e T
525 00 53 J=1,18 MD002710 .
826 SR T B NSttt Bl BRI SRRy e T R R e R moo02720 i il N RO
8z 7 53 CONTINUE M0O0D2730
i 3 il MIt1,10=1407XM]) MDOD2740
829 MI(2,2)=1.0/7XxM]) M000D2750
a3 it SRS S G RR R R e AR T N S R s SRR
831 mIts,8)=1,0/x1IX1 MO002770
§32 il NINS S MRARE YR T iR n000278¢g sl R e
833 MItee62=1.0/X121 M0002790
N3S  MIt13,13)%)1.0/XM31 M0002860
835 MIg18,14)=1.,0/XM32 m0002870
836 bl BI415,15)0=).0/x¥38 === = (el ol R R S i s RN Tl
037 MIC16,16)0=0140/XIX3 MO002890
s LSRRG 2 8. 3 Rt B W e W08 0 5 4. VRN R R AL iUt e i M0002900 i) et L st s ety
839 MIt1B,180=1.0/X123 M0002910
aup DO 51 I=1,3 MD002920
[T} DO S1 J=1,3 M0002930
I T D e S 1w e e SR G R Bt M0002940 sl il
843 M2tledizpe.0 M00D2950
i G i g O o e O L. Lt B st B R it .. _M0002960 g il R
455 51 CONTINUE MODD2970
_ ang M1t1,10=xM) M0D02980
547 M1E2,2)=XM]) M0002990
ase HBIERHIARIEA 3 & 2w e L e R A te i al i O H0003000 Al i Ll g R
TL) M3(1,1)=xXM31 MOOD30%0
S A IR 1 1 L g R e Ll e e TR T,
551 M3(3,3)=xM33 M0003060
852 Do 27 11,3 ] MO003070 i
853 Do 27 J=1,3 H0003080
858 BRI o & 3 0 | R 1 et e it TR i HMOUD3090 R Mgl i Uikt gl it
3 455 X121I4,00=ge«0
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856 X13(1,01=0.0 M0003110
a57 _ 27 CONTINVE . it Moo sl L
458 XIltl,1)= xIx1 noo03130
859 XIpt2.20=x1Y1 40 il
860 XIptz,3)=x121 MO003150
it W XI301.10=X]X3 MD003190
462 X13¢2,2)=x1Y3 Mpo03200
863 i RE3830393%123 4 L L} i
u6s FGI8,1)=0.0 M0O00D3220
465 __FG{Ss1)=gep . i sl i A HERNIIRII)
466 FGI6,1)=g.0 MO003240
L 1Y . EGU10:1)=0.0 MD003250
468 FGI11,1)=g.D MO003260
869 o S DO | UHNANELS M0003270 it LTI
LRis FGL16,1)=g.0 M0003280
o b S R Ry b e N B e G M0003290 s i bl
872 FGU18,1)=g.0 MOC03300
873 300 1nD=N MOO03310
als GO TO & MDOD3320
87g _ 206 INR=2 il HMQ003330 sl
a7e SuU0 CONTINUE MO0OD3350
a77 __ CALL _RUNGE(IND,TIME.DELT,39,0) itk 1l ittt 5 I 3
878 4 QD11==(~R1*0Q21+40;*Q3)~-P1*041)%*0.5 MO00D3360
839 22=-2120.3088
480 RHO= 114167907292 EXPIAAO*ZZa (ARL4ZZ%(AA24Z2%(AA3+ZZ*AA4422%LAAS)))
agl R N S A TR IR R RN i h
ug2 DELDI = TEMPD » (SQR!(SSI) - SOR‘(SSO)) * KOV1
487 _DELpD2 = TEMPD * (SQRTISS2) - SQRTIISS1I)) * KOv2 ity i B RAERS
4ge DELD3 = TEMPD * ( 1 - SQRT(SS2)) * KOV3
a8s DEL1SQ = DELD] * DELD1
aB6 DEL2SQ = DELD2 +* DELD2
887 DEL3SQ = DELD3 = DELD3 i L R TR i T R TR L T N S T el
488 IF (TIMEL.GE.TT1) 60 70 S0U7
889 XYZPRM = (X2 =~ XZpR)I#%2 + (Y2 - y2PR)es2 ¢ (22 - Z2PR)%%2 At RInb A S
a9 PER = SSU + (SS1 =~ SSO)*XYZPRM/DEL1SQ
%9 SDDOT = (2,#*W2#SDTOT*#(SS]~SSOV*SQRTIXYZPRM)II/DELLSQ
892 IF (PER.LE.SS1) GO 70 7020
493 PER=SS1 Ll IR M LR e g quiii e It i b L
ase SODOT = 0.
4% AT | || SR R e T RS L skt M i ittt
896 SJU07 IF (SS1.EQ.1) GO TO 7020
497 IF _(VTIME,GE,TT2) GO 70 JC70
aye IF (ITV1,.,EQ.1) GO TO 6007
499 ___X2PR = X2 ARG e R M i) ard i R e S
s5ue YZPR = Y2
A 1121110t e Z2PR = 22 il EBH R AN il it R ) et
Su2 1711 =
_SL3 ____ 6UQT_CON unuc
S5us XYZPRM = cxz - X2PR)#*%2 + (Y2 =~ '29“)0.2 4 122 = Z2PR)%%2
5LS B U PER = $S) ¢ 1552 ~ SShenvZIPRNIDEL2SG @ RS syl R S it R
506 50007 - ‘2.082050707‘|552 SS1)#*SORTIXYZPRM) ) /DEL2SQ
su? JF _(PER.LE.SS2) GO _TO 7020 _ Lt . i St s R S LT
SuUR PERZSS2
S 111 1001 . 1Tt it i s W R T  GIE L ) it
510 G0 TO 7020
511 1070 IF (S5S2.EQ.1) GO TO 7020 i e N e patiihpa i i i
512 IF (ITT2.EQ.1) GO TO 1170
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513 X2PR = X2

Siu SRR, . i o ARRRL B

515 22PR = 22

516 it 4 o b gh-ab SislsEil L4 dl STk

517 1170 CONTINUE

il 7 XYZPRM = %o 4 - %2 & - Jee?

519 PER = SS2 + (l. = 552 )®XYZPRM,DEL3SQ

520 __ SDDOT = 2.*,2*SDTO0T*(1.~552)*SQRT (XYZPRM))/DEL3SQ BRI e e e st
521 1IF (PER.LE«1.0) Gg Tp 7g20

522 BN o - r T G AL st t A At
5212 SDDOT = g,

528 7020 CONTINUE ke

2% 9905 S2:=PER#*ST2

$26 . ____SDRAG = PER#*SDTOT s e i i

527 RALPHAZRALPH4YPL#*(~0,22%PER+D,22)

528 .. ZMAPPZRHO*SDRAG*SQRT(SDRAG)*KAPP/SQRTINPRA) it WL ElE I RN R
529 XMAPP = (=+B%PER + 1.2)%2ZMAPP

530 YMAPP = xMAPP

531 HZDgT = 1.5*RHO*SDDOT*SQRTISDRAG #KAPP

532 i il P2 b et o RO A s R sl I e A S Rt
533 XMZ2ZYMAPP+ (XXW2/5)

538 _ . XM23=ZMAPP+(XXW2/6) it yitll it il A

535 XIX2=XIX2D+YMAPP*RAPP*RAPP

536 XIY2=X1Y2D+XMAPP*RAPP#RAPP ol

537 MUT,T)=xM21 n000258¢g

S3e L D SR (g i s M0002590 gttt A o T e o A s
539 MIS,9)=xM23 MD002600

540 Mi10,100=X1X2 i ittt iy __Mgoo2610 Gl R R R
541 MU11,120=X1IY2 M0002620

542 ME12,120=X122 MO002630

543 MI(7,7)=1.0/%XM21 n0002800

5448 sl _MItB8,8)=]1.0/xM22 i i it e T T Sl R e
545 MII9,9)=1.0/7%XM23 H0002820

546 . MIt10,100=1.0/7Xx1%2 Hi i i M0O0D2830 et SRt T ity fi
5n7 MIC11,110=0,0/7X1Y2 M000D2840

548 MIt12,120=1.07X122 M0D0D2850

549 M201,10=XM21 M0003010

550 SRR . > & 7 0 ¢ b3 | JA i A PR nnng_;ggg____-_ S i
551 M213,3)=xM23 0O 0

Ss2. _ X124, 0=xix2 et R LR R i s o S il 1 il
553 XI1212,2)=x1Y2 MOOD3170

_ 558 X1213,31=x])22 MpuD3180

555 QD12=-(~-R2#0Q22+02%Q32-P2#Q42)%0.5 MODOD3370

5%6 .GD13=-1-R3%023+03%Q33~-P3%Q431%0.5 st r gl I R M0003380 RIRIEBIKNi

€57 GD13:0.0

558 L 9028 c=inieq k) -Pleaal-0008 RN gl gl M0003390 Ly

559 uD22:=~(R2%Q12-P2+032-02+042)%0,5 MUDO340

. 56D UD23=~-(R3#g13-P3#Q33~034043)40.5 il M000341

561 QD23=0.0

562 .. QD31:=-1-Q1%011+P1%021~-R1%Q41)#0.5 Jans Al it i

563 GD32=-1-02%Q12+P2#Q22~-R22042)%0.5 NDOD3430 s e O
560 ... GD33=-(~03%013+P3%023-R3%0Q431%0,5 R MOQD3440 il i el R
565 QD33:0.0

4 e QDY1=~-(P12Q11+4Q120214R12031)20.5 A MO003450 fi

567 UDY2==-1P2+Q12+02%Q22+R2#Q31%*N,.5 MO0g3460

568 . QDy§3=-(P3%Q134Q03%Q023+R3%Q331%0.5 L e L e R
569 QD43=0,0 i
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510 Tu01 CONTINUE MO003480
571 - G111,10=Q11%%2 -Q2 %% -Q3)%%2 *Qu)*e2 = 349
5712 G101,2)-2.0%¢011+021+4031#Q41) MOUD3500
ST3 . 6lt1,3172.0%(Q11%031-021+041) HM0003510 Sl i
574 6G112,1)=2.0*(Q11%g21~-031%0Q41) nooo§Szo
BT S 610252)=-011%%2 +021%%2 -Q31#%42 +041%#2 X0003530
s7¢ 6142,3)=2,p*(021%031+011+Q41) MOUD3540
517 6103, 20=20*1Q11*Q31+Q21%Q4,) BN RIS n000355g
578 6G163,2)=2.0%10214031-011%0Q41) M0D003560
579 o GI13,3)=-011%%2 -021%%2 +Q31**2 +Q41ee2 M0003520 i
580 7002 CONTINUE MOO03580
_..581 6201910 = Q12%%2 ~ Q22%%2 - Q32#%2 + Qu2e%2 MDUD3590
582 6211,2)=2.0%1012%022+032%0Q42) MQOD3600
582 . 5211:3)=2.0+1Q012+0Q032-022%Q42) Hitlit] Al M0003610 L
588 6202,10=2.0*10124022-032,042) MD003620
56¢ 6212,2)=-0129%2 +022%%2 ~-Q324%2 +Q42%*2 M000363g SR il i s
SHE 621293122,0%1022+032+012%042) MO003640
1Y 6203:11=2.0%(012%032+0224042) M0003650
588 6213,2):2.0%1022#032-012%042) MpOO3660
589 . 6203,30=-Q12%%2 -Q22%%2 +032%%2 +Q42es2 i MOD03670 UL R i
590 7003 CONTINUVE MO00 3680
591 . 6311+1)=Q13%%2 -Q23%%2 -o33ee2 +Q43ee? i M0003690 L ek UG o i A e
592 6301,2)=2.0%10132023+033%043) M0003700
BRI~ - AR 6301+3)-2.0%1Q13%033-Q23+ 1
594 63(2,1)=2.0%(013%023.033+Q43) n00p3720
595 6312:2)1==Q1 3222 +Q23%92 ~Q33%e2 +Q43ee2 il ity M TR S !
59¢ 6312,3)=2.0%(023#033+Q13%0Q43) MOOO3740
597 _ 6313,1)=2.0%1013#2033+023%043) At R e MOOC3750 Gl el Sl
598 6313,2)=2.0%1023+033~013+0Q43) MO0D3760
o _6313,3)=-Q]3%%2 ~-023%%2 +Q338%2 +Q43es2 MDOD3770
6Lt 7004 CONTINUE Moo03780
€01 CALL MTXMPY(G62,61,612,3,-3,3) I HO0O3790 otgpraliniE e ke Yk
6u2 CALL MTXMPYI(G3,61,613,3,-3,3) MD0D3800
U3 11N g D ) i L L i O R ST Rl
60N DO 94 J=1,3 MDUD3820
6US__ BlIt1,J)=612(]1,J) _MO003830
&DE B21(I,0)=613¢1,0) MOUD3B40
6u7 94 CONTINUE s s __MD0O03850 il it AR AL L RIE ]
cuP DO 89 1I=1,3 MOO03860
6L9 N e R e i i e il S SR A ERA I Sl
610 61211,0)=-61211,4) MDOO3880
63} 613(1,J):-61311,J) MO003890
612 B9 CONTINUE M0003%00
613 __CALL MTXMPYIG124XL1,B12,3,3,3) iGN HMOOD3910 i L i
648 CALL MTXMPYI(G13,XL2,B2243,3,3) MDOUD 3920
615 Al T e T e 0 oA A s Ll ____MDOO39%930 i
616 DO 95 J=1,3 MDUD3940
611 61211,J0=-61211,J4) MOOD3950
618 G1301,302=613(1,J) MOUD3960
619 e R el s e S i
620 X0M1(1,1)=U.0 MOD03980 e
62l XOM1t3,2)==R] R il R bl ..., s MR S R
622 XO0M1tl,3)1=0Q1 MOUpYQUD
- AGHUNGBREE, | C  PUY R o WO i il MO004010
620 XOM11(2,2)=0.0 MOUO40Z0
€25 X0M1(2,3)=-pP1 iR i e _____MDUD4030 R ki i
626 X0M11(3,1)=-01 M00U0W0u0 i iR I A
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627 XOM1(3,21=P1 ®O004050
628 XOM103,3)20.0 004060
629 X0M21341)70.0 HOO04070
630 —_ RON21),2)==R2 __M0gpYpéo._ sl R O A
631 XOM211,3)=02 MOUOL050
L > 4 XO0M212,1)=R2 __HOO00s100
633 X0M212,21=0.0 MOO0&%110
638 XOM212.3)=-P2 MO00412 L e e S e e g
635 X0M213,))=-02 MOOD4130
636 L XOM2(3,2)=P2 et ness:!:n___-_m il s R e e
= 637 X0M213,3)=0.0 KD004150
E. UMMM 49 1 #2904 M0004 160
€39 X0u3(1,42)=-p3 MOOO4170
2O e xom3st1,31:03 K004 180 A LT
pU 641 XOM312,11=R3 MO0D4190
002 peeieR.2039.0 ; i e S RS R
g B 643 XOM31(2,3,=-P3 0004210
E'F—”—.—_ XOM3t3,10=-Q3
645 X0n3(3,2)zp3 MOOD4230
ME bug o __NOM313,3)30.0 sl MOD04240 il RN L
5 647 DO 88 1=1,3 HMOD04250
o e (oS | T | - TR ST il Uit __MDO04260 il I s
Mo 649 XOM2(1,J)==XOM2(1,J) MOOD4270
§ 650  XOM3U1,J)=-xO0M3(1,J) _MDOD4280
= 651 B8 CONTINUE MO00D4290
= 652 . __CALL MTXMPYIXOM2,G12,AA,3,3,3) _M0004300 oL O R
- 653 CALL HIIHPV(GIZ.IOHl.Bg.!.S.!) NMO004310
658 et | o T R MRS tirt R e v _Mgoos320 i R S SN R
655 DO 81 J=1,3 MOUD4 330
656 BDI1(I,J)=AALI,J)*+BBII,J) MDGO4 340
657 81 CONTINUE MOpD&4 350
6586 | . CALL MTXMPY(XOM3,613,AA,3,3,3) S alliily Lt} MOC04 360 ST vl R gt TR
659 CALL MTXMPY(G]3,X0OM1,BB43,3,3) MOOD&4370
660 .. DO 87 1=1,3 it LT il Vil "Dﬂ!l’_g%__—_.._w Sl
661 00 87 J=1,3 MO0D4 3
Y BD2101,J)ZAALT,JI+BBII,J) MO0D4 %00
663 B7 CONTINUE MO004410
oADMY . b - 4 - Y Sl L l junliip el HO0O4s20 St A
665 DO 82 J=]1,3 MOO04 &
666 iSO i s MOODS 440
667 BD21(1,J)==BD21(1,J) HDOO4&5Q
668 82 CONTINUE MODOD4460
669 CALL MTXMPyiBD11,xL1,8BD12,3,3,3) MO0O&870
670 . CALL MTXMPY(BD21,XL2,BD22,3,3,3) __MD0D4480 I ] il
671 0O 80 1=1,3 0004490
672 URNRRORRIRTL, | N IR Al ATt HOOD4500 e S i
673 XOM2(1,J)==X0M2114d) MO004510
(L. XOM3(1,J)==XOM3(1,J) MOQL4520
675 601101, J)==BD11(1,J) HOUD4530
67€ AR, o 7 PR 1 T s el ____MOO004540 G e
617 BL CONTINUE MOUDuSS50
¢ AN T Y] Al el s e (RLAR
6719 DO S J=1,3
680 _ BUI,J)ZBILLT,J) ey MQUDY4580
681 BOUI,J)=BD11(I,J) M0004590
682 J 5 CONTINYE AL it L T T e R
._CJ: 6b DO 6 I=1,3 MOU0s610
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€8a D0 € J=u,6 HO004620
685 Bil.Jd=Bl2(I4J=-3) ik s
686 BDUI,J)=BD121(1,J4-3) MO0D4 40

(BEET ™ 1 G
688 DO 11 I=4,6 HO004660

RN © | (ERIENR. i T Wy T 4

69C BUI,JIZB21t1-3,0) MOOD4 680
691 e BDUI1.JizBD2201I~3. ) MDOD4650
692 11 CONTINUE MO008 700
693 DO 12 I=4,6
698 pe 12 J:l 6 4720
695 -3)
€96 -ou..n-uozzn 343-3) MO004 740
€57 12 CONTINUE il ALY HO004 250 aiihy)
698 XViil,1)=0.0 MODD® 76
699 I e | e i HO008770 Y i
100 XVil1,.30=V1 MO004 780

B .  SnBURSRMRRNR | DR T HMOOD4TSQ
T2 XV112,2)1=p.0 MODD4800
703 o E¥1g2,3)==V1 il
TuY nus.l,--vn MDOD&a820
e __ XVAE3,20=ud Ll LN HO004E30 At el
06 XV103,3):0.0 MOOD4 840
¥ XV¥gt],31:0.0 HOD04850
TuP XV211,2)=-u2 HOD04B60
7.9 XVZU1.30=V2 il AL I MOO04870 il el R e Rl it
710 XV212,1)0=w2 MO00D48B0D
111 _XVZ212,2)20,0 A i Tl HOOOD4850 i S G s L
712 xXv2(2,3)=~u2 10004500
ns XV¥213,1:=-v2 MO004%10 gl
718 XV213,2)1=y2 M0D0520
71 _X¥283:3)=0.0 it e i e Ll 9 ESM AR R A a1
116 XV3t1,11=0.0 MOO04940
7 R gy el R il e —______B000%9%S0 iR A R 2l
718 XV3t1,3)=v3 MO004960

s XV3{2,1)1=u3 00497
720 XV312,2)=0.0 MD00D4980
721 XV3(2,3)=~u3 L g L b T Rl il HODO4990 S A s el e
122 XV3(3,10=~v3 5000
723 _ XV3(3,203U3 it el LA R ! M0005010 L gl
724 XV313,3)1=0,0 M0005020
225 0O 83 1=1,3 505
7.6 0O 83 J=1,3 %’%
7 ___XOML1UI,J) = =xOM1(I,J) Al il i M0005070 i (R i
728 83 CONTINUVE MD0O05080
129 __ CALL MTXMPY(IM1,XOM1,AA,3,3,3) i il it i A
730 CALL ntxnruu.nn.nl.s.s.n MOC05040

L CALL MTXMPYIXOM],XI 3, MOOD50%0
132 CALL ununun.xonn.un.s.s-nv n0go5100
733 99 37 352+3 e ] I MO00S5110 T (R
738 Do 37 Ju=1,3 512 i
735 _XOMItILJ) = -XOMLIEI,J) 18 el MouDs130 syl D i sl Al T
T3¢ XOMZ2UT,J)==XO0M28],4)

737 37 CONTINUE i it MODDS140
738 CALL MTXMPY(M2,X0M_,AA,2,3,3)
739 CALL MTXMPY(AA,V2M,F21,3,3,1) i S i MOD05160
740 TCALL mxnvvuom.uz AA,3,3, ) i T MOOUD5210 B AT f (TR T T




%))
()

MATN BT
741 CALL MTXMPY (AA,xOM21,XL21,3,3,1) HOUDS5220
742 C F2I0040)=F2100, )4 XMAPP*RAPP*IXOMDI]11,1)+P24R2) I i8lirh i
3 F2I02,00=F2112,1)4YMAPP*RAPP®(-X0uD(10,1)402%R2)
Tur o F2IU341)=F2I0341)42ZNAPPERAPP#( ~P24P2-02%Q2) L I s L Rl
745 XLZTt1,29=XL2101,1 )4 YMAPPORAPP*({-XOMDIB,1)~U2*R2+W2¢P2)
148 XL2102,1)=x L2112, 114 xXMAPPeRAPP# [ +XOMD(T,1)+N2902-Vo*R2)
747 p0 28 1=1,3 Mpuo5230
o SNSRI, R R - I iy i LT
749 XOM2(1,J)==X0M211,J) MO0D5250
750 ol A e R Rl e 5 __MOUDS3}i st AT Ll LA M 124
7151 28 CONTINUE MO00S5260
152 Ll il CALL MTXMPYIMI XOM3,AR,1,3,3)
753 CALL MTXMPY(AA,V3M F31,3,3,11 MO005280
158 . CALL MTXMPY(IXOM3.xI13:AAe3e3.30 i _MOQ0S330 st UL Bttt R Rl R L T L]
Tgs CALL MTXMPYIAR XOu31,XL31,3,3,1) M000534g
156 BRSOl o NI Al A LS ) i HI ]
157 DO 25 J=1,3 MOD0S360
_ 158 XOM3I(I,J)==XOM3(].J) _MOoQsS370
759 25 CONTINUE MOO05380
760 SR NNy iSRRG BB B MO NI R A I et ot
761 CALL MTXMPYIG2,X62,F62,3,3,1) MO005400
762 o CALL MTXMPY(G3,X63,FG32323,1) O MO00S410 Wl e A ey
763 TL08 CONTINUE MD005820
e i) _HO0DS5430
765 CALL TBLIZ,ND,Z2,N1,UND2) MOODS440
Tue C _ NEXT 2 CARDS ZERO OUT_THE WINDS [T et Bl U A i : TR R
161 UND1=0.0
T68 . UWD2=0.0_ fou | et A SR DR
769 WWD1=0,0 MD0D5850
I | WND2:0.0 MOO05460
m WWL3z0.0 MOD0S5470
172 __VWDlzuwD1 e I R B MO005480 Ll O ! sttt et L
713 VWD3ZUND2 Mp005510
T8 e LT O R A NI DGRt 1 el Xlhile M0005520 AN )
7% WINLE2,])=VND]) MO005530
176 WINIE2,1)=uND1 M0005540
177 7UD9 CONTINUE M0005550
718 _CALL MTXMPY(Gl,WIN),WINLD,3,3,20 =~ M0005560 A i i i i
179 UWDI=WINLI1,1) MOp05570
780 _VMDIZWINII2,1) el Ty el L e it st R i et R et e
781 WWDISWINLE3,1) MO005590
W - R WINZI1,])ZUND2 MOU05600
783 WIN2(2,10=V¥WD2 M0005610
788 . WIN2(3,1)zwwWD2 R il __MO0D5620 el
78% Tulg CONTINUE MOLO0S630
786 ___CALL MTXMPYIG2,WIN2,WIN2,3,3,1) = iy sl SHNOMGIIIRRE i D GE s e )
767 UMD2=WIN211,1) MO0ODS5650
_188 - VWD2=WIN2E2,1) i MOUOS5660
159 WWD2=WIN21(3,1) MO00S5670
790 . WINZt1l,20zuwD3 (IRl ___ ... MODOS5680 I g R
791 WIN3(2,1)=VWD3 HO0O5690
792 _ WIN3I3,1)=wkD3_ i e o EEE LR P oA i MOUOST7g0 ) I
793 7611 CONTINUE MO005710
_198 o _CALL MTXMPYIG3,WIN3,WIN3,3,3,1) ST B sl g 1 I M0005720 PRl e Lmen b
155 UWD3=WIN3(},1) MOUDS730
796 VND3=WIN3(2,1) X i mOUOS784g d
797 wWD3=WIN3(3,1) MOGDS5750
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798 7Tul2 CONTINUE MO0OD5760
799 . UH1=Zyl=uwbl SO e H0005770 P e gl
fuD UH2ZU2~UND2-RALPHA®Q2
80 _ UH3ZU3-UNp3 _M0005790 Ll
8L2 VH1ZV1=-VWD1 0005800
803 VHZIV2-VND2+RALPHASP2
8ua VH3=V3I-VND3
YeuS _ WMl=Nl=WND2 __M0005830
BUE WH2ZW2=y 02 MDO0S5840
o 8UT _ Wy3TW3-WWD3 S8 i L &
S8t VIIS(UHISUHL+VHISVHISN1*WH1)#20,5 MOU05860
809 VALZ(UHZ#UH S VH2#VHR +WH2#WH2 ) ##0,5 _M0005870
cirlo V3L (UH3SUH3+VHI*VHIsWHIsWHI) #%0, 5 n000588¢
Esaxl NSOUND=0.0037«21¢1138.0 Ll R R o el
812 MACH1=V11/VSQUND
=E3% LIMIRANCOSINNL/NARNOSD.S T il ik
£14 AL2=ARCOS(WH2/V21)%57,3
815 AL3IZARCOSIWHI/ZY3I1)%57,1
816 7013 CONTINUE MpD05950
o el _ CALL TBLND(=143+ZCNA,XMAAL ;NAZ ,2XA,NSZCNpl)
S CALL TBLND(=1,3 ZCMA XMAAL,NAZ,2XA,NSZ,CHAY)
819 . CALL YBLNO(?I.3.195_41ﬁ~_L1NA1;21l,N§1 CARY) BRI
820 CMAL=CMAL+CNAL*(ZMRPL/YL)
= 821 CALL TBLND(=],3,2CNa2,PrRAL2,NAZ2,2XA2,N522,CNA2)
822 CALL TBLNDU(=1,342CMA24PERAL2,NAZ2,2ZXa2,NSZ2,CMA2)
823 CALL TBLND(=1,3,2CAR2,PERAL2,NAZ2,2XA2,NSZ22,CAA2) ke
828 CMA2=CMA2+CNA2# ( ZMRP2/YPL )
82% _CALL TBy AL yFCNA3,AL3,NyCNAZ) LAl it
826 CALL TBLAIAL,FCAA3,AL3,N,CAAS)
821 CALL TBLUAL JFCMA3,AL3,N,CMp3) i
P TUul4 CONTINUE MQ006200
829 SA3 = GeSeRNeeN e IesST e il MO006210 LS R e
83g QBARIZQAL/S1
831 GA2=Q.5*RHOPy21%y21%5712 (i RIS
832 UBAR2=QA2/5T2
L R ___Na3ZD.5*RHO*V3I1#V31es3
838 UVGIZIUHI*UHLI+VHI*VHI ) #20.5
835 - UVER=SUNIoUNeYNROYNRIGSR,S A o e
836 UVG3= (UH3SUH3I+VHI*VH3 ) #20,5
837 _Fx1==-QA1*CNAl=(UHL1/UVG]) Rt e 4 RO R el
p3g FX2==QA2#CNA2#® {UH2 /UVG2)
il FX3=~QA3%CNA3*{UH3/UVE3)
BuD FY1=-QA1*CNAL*(VHI/UVG])
841 _EY2=-QA2*CNA2*IVH2/UVG2Y A el il AR SmRALI L]
842 FY3==0A3#CNA3 (VHI/UVG3)
£43 FZ1=-QA1*CAAL il i ittt N i S il i
Fuy FZ2-=QA2%CAA2-MZDOT*y2
Bos  FZ3-=-QA3%CAA3 NI
a4k YL1ZQAL®YL#CMAL#(VHI/UVG1)
B47 YL2=QA2*YPLACHMA2®IVH2/UVG2) i R el s I e i
848 YL3ZQA3*YPLISCHMAI® (VHIZUVG3)
849 _YMIZ=QAl*YL*CMAL(UHL/UVGL) itk sl i N i L
850 YM2Z-QA2#YpL*CMAZ* (yH2/UVG2)
853 e YH3IZ-QA3SYPLISCHAIS(UNS/UVGESY At
852 YN1Z0.0
853 YNZZg.0 il MR Rl St 1
258 YN3z0.0 i i i R g 10 R

e e e 1 e e e S e et .+t - - - ———e
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855 Tule CONTINUE MO006430
856 __ CALL MTXMPY(ByMI,AJA,6,18,18) sl MOOO6YND TEreoau BRI SRR
B57 CALL MTXMPY(AIA B K, 6,-18,6) MO0D6450
8se ol S RS Re MO00eh60 i e it M R B RN
59 DO SD1 J=1,6 MD006470

Bl KINVII,J)Z=0.0 HOO0064
A6} 501 CONTINUE MO0064%0
862 _  __ KINVIl,1)=3.0. HQO06500 fof
8063 KINV(?.Z):I.O n000651g
Boh . KINVI3,3)z1.0 il M0006520 i TEsseR AR
B6S KINVIG,8)Z1.0 MO006530
T — KINVI5,502],0 M0006sy0
£67 KINVIG,6)=1.0 MOUD6550
868 0 CALL LINSYSIK.6:6.,0ETeKINV,6) = o Rl R IR A R )
Be9 DO 701 1I=1,6 MO0DD6570
810 SLEBGEON, | UG R L Y | NG il MO006580 AT T Rl TR o L
e Bllyo)==Bll, 0} MO00D6S90

i | L ey M
813 CALL MTXMPY (B KNV ,BIB,~18,6,6) M0006610
874 i D0 703 1=1.6 Ul A _Moooe L e
B15 DO 703 Jz1,18 MDUD6630
876 . Bledyz=Bel VL Ml sttt s S e L e
817 Tp3 CONTINYE § MO006650
8718 CALL MTXMPY(BIB,BD,72,18,6,18) MOUD6660
819 CALL MTXMPYIBIB,ATA,T1,18,6,18) M0006670
880 _CALL TBLUTIMX,THR,TIME,N2,THRY) = U AL R UG
881 FCUt1,1)=THRI*CP*RETR
882 TESEsRI=VNDOCERORERY | e i s R T
ez FCU3,1)=THRI*CP3RETR

AR, . Sl ECU8,1)=THRI*CPU*RETR
865 FCUS,1)-THRI*CPS#RETR
286 _FCU6,))I-THR]I*CP6*RETR = i Al bR i L
887 D0 S02 I=1,18 MOO06680
LEY LG ) e L M0006690 e TS L AT e AL S S BT 5
BE9 FSUIZJISFIMT U *FALT JI4FG I J)eFCILTI V) MO006700
g0 502 CONTINUE MQUD6T10
LESY CALL MTXMPYI(T1,rS,FR1,18,18,1) MOUD6T20
892 . _CALL MTXMPY(T2,XO0M,FR2,18,18,1) il HO006730 it R e
893 D0 503 I=1,18 M0006740 Tt
£98 N A e e St o M0006750 it
895 FRUIZJIZFRINILJISFR2LTI ) M0006760
8%6 503 CONTINUE L 617
897 DO S04 I=1,18 nooos%ao
PS8 LS5 TS0t Rt M0006750 AR BB
299 FSIUI 3 JISFItI U AFRIIZJIAFALT L JISFGIT JI4FCLI ) MOUD6B00
soc _ 504 CONTINUE . Sttt s s R REGRUE R G _MO006810 SHEI I T SN ettt
U1 CALL MTXMPY(MI,FS]1,X0MD,18,18,1) MOD0D6820

s, v THE NEXT 3 CARDS ZERO OUT XOMD FOR THE 2ND PARACHUTE
93 XxOMDI13,1):0.0
934 _ _XQmMDI14,1)Z0.0 il ! Al ikl L U GGG ettt i
U XOmuDt15,10=p.0
06 CCALL MIXMPYUATA.KINV,BBLl,~18,6,6) . I It el ki s A
LT CALL MTXMPYI(EB1,8,CC1,18,6,18)
908 CALL MIXMPYICClyXOMyXOMCylnos18s1) i il i gLl e b el
9,9 DO 9019 I=1,18
910 g=3. . ittt s B e st il LRI s i it PRI )
911 XOMUI 3 J)=XOMIUT ,J)=XOMC (I, J)
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et s ]
912 9ule couvlnu:,
o AT S | et M00g683g NI il
918 oo 3001 11,18

i S _.__DO 3001 Jz1 18 MOQOEBTO

916 XOMT(I,J)=0.0 MO0068E0

iR sl E MQU06890
919 00 3002 1=1,3 MO006900
919 .. DO_3002. J=1e3 MOQ06%10 Aol
o2n XOMTII,J)=61tJ, 1) Ho006920
s$z1 _XOMT(1+46,J%6)=621J.1) M g
227 XOMT(1412,4412)263(J,1) M0006%40
o..%23 _ __3u02 CONTINUE H

928 CALL MTXMPy (XOMT ,XOM,XOMF,18,18,1) MO006960
92% . XIDSXOMF (1 41} fige it HAil:

926 YIDZXOMF (2 1)
927 RSSO a1 s S e
528 X2D=XOMF(7 1)

949 Y2D-XOMF (8 11
930 Z2D-XOMF (9 | ‘1)

931 _x30= XOBFHLJL_ & &

932 Y3IDZXOMF (14,10
933 Z3D=XOMF (15,1 ity it -
934 INDZIND+1 000684

935 1F (IND=-%)500,500,600 MO006850
936 -60g CONyINYE
937 .. _ DIRC=ARCOSIG](3,3))57 fi il
918 $SSS1=11-161¢1,3)261(1,3)))#*0.5
939 i v 5 Y ‘Gz(ll!._gz.llll_l__!_é_*____“w_
940 SSS3=U1-1G311,3)%G3(1,3)))%#%0.5

i, MY THII=XTAN2(=-6111,3),5551)
942 THIZ=XTAN2(=G211,3),5552)
943 THIZ=XTAN2(~-G311,3),5553) R il il
944 PHILI=XTAN21G112,3),6113,3))
945 PHI2=XTAN21G2(2,3),6243,30) = e S
Sup PHI3Z=XTAN2(G312,3),6313,3))

°47 PSII=XTAN2(G1(1,2),Git1,1))
948 PSI2=XTAN21G211420,62(1,1))
949 _PSI3=XTAN21G3(1,2),6301,1)) ittt e IR R (R e R S B
950 IF(T=TPR)4006,7006,7006
951 __Tul6 PRINT 1000,7T N Bl L M S e s M e e 1A MOD07180 s skl i
952 TPR=TPR4DELP

253 160y FORMAT (JHO,4HTIME,3X,E15.60 = M0007190
954 PRINT 6666,DIRC f
955 6666 FORMAT (1H,4HDIRC,3X,£15.6) HiiH it i it e i i RS R
956 PRINT 989B8,(CMA],CNAL,CAAL)
957 _____PRINT 9899,(CMA2,CNA2,CAA2) i st gttt
958 9898 FORMAT «xu.-ucnnn IX,E1546,2X, 4HCNAT, 3X,E15.642X,AHCAAL 43X ,E15.6)
959 9899 FORMAT I cxn.qucnnz.sx.cns.e.zx,qncnnz IX,E15.6,2X,4HCAAZ ,3X,E}5.6)
960 PRINT 7050 MO007200
%61 _TuSp FORMAT (Tg,2HFA,T25,2HF1,T40,24FGyT55,2HFR,T70,4HDOMG,T85 ,3HOMG, MODODT7210 st it st sitnt S Dl
962 1T100,2HFC 4z 7)
963 _ _PRINT 7051, (FAUI,1),FI(I, )4FGII41),FRII,1),XOMDIT,1),X0M(1,1), MOOD7230 | I i
960 1FCtI,10,1=1,18)

965  TuS1 FORMAT (7E15.8) e I HMOuD7250 i i
96g PRINT 1001,1X1,Y1,21,THI1,PHI1,PSI])
567 1UG1 FORMAT (1H , il A i NBORRRIO e i
268 1 AHX1 g 3X 4 E15,692X92HY 133X E15.642Xy2HZ1 33X 4E15.6/2X,4HTHIL1,MO0DT7280
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969 13X E1546,2X 4HPHI1,3X,E15,6,2X,4HPST1,3X,E15.6) MD007290
s AR NT_ 10024[!1;!1,!1 P1,Q1.R1) M0007300
9171 1002 FoRMAT (1M , M0007310
912 ol 2HUL3XsE1506.2Xe2HVL . 3y E150642Xe2HN]s3X EL15.6/2X,2HP]1,3XNH00g7320 gt il
%713 10E15e692X32H01 3N, E15.6,2X,2HR1,3X,EL15.6) MO007330
L 918 PRINT 1003,(AL1)
97s 1003 FORMAT (1M , u000735g
ST _3HALL,3X,E15.6) AR LT U A kA
o717 PRINT 6001,1x2,Y2,22,THIZ2 PHI2,PSI2)
©W™ 97¢  6uUDL FORMAT (IH o I S N
9719 1 2HX2, Sx.[lS.b.Zl.ZuVZ.3!.(lS.b.Zx.lsz.Jx.EISoGIZI.Qulnlz "0007.00
980 A3X3E15.632X s 4HPHIZ 43X, E15622X 3 4HPST2,3X,E15.6) K0007410
Ea 981 PRINT 6002,1U2,V2,W2,P2,Q2,R2) M0gp7%20
O 962 __6uDn2 FORMAT (xn-, ______ H0007530 athssti s M L 2l
Fc: 933 1 2HY2 2 3x1E1546,2X,2HV2, 3X E15.6,2X,2HW2,3X,E15,6/2X,2HP2,3XH0007440
ey .  2ag15+622Ks2H022 3XsE1506 02X 2HR2 s SxsE1S06) _MDOg7450 g e L
*O & 9ss PRINT 6003,1AL2)
ggwe_-_uuu_f_mmn (1K, MDQO7470
o 2 087 3HAL2,3X,E15.6)
Ha‘?" ! ERI!T mmuammu;mu;- Pt
o 9ee 1010 FORMAT (1H,3HRHO,3X,E15.6:2%,5HQBAR2,3X,E1546,2X,5H0BARY,3X,E15,6)
©99%¢ _ _____ _mxp=xlxier} il i
o9 HYB=XIY1#01
=992 HZB=X12 %R)
= irees HXIZG3l]41)*#HXB4G112,1)%HYB+G1(3,1)*HZB
e 1-1 ] . HYIZG)(1,2)*HXB+G](2,2)*HYB+G](3,2)%H2ZB A AR S E A
995 HZIZG101,3)eHXB+G1(2,3)0HYB+G113,3)*H28B
e . e TAM=SQRTU(HXI®HXI+HYI*HY]+HZTIeHZIy, R e R NP R
997 PRINT 9204, (TAM HXT ,HYI HZ1)
998 9304 FORMAT (1H,3HTAM, 33X E1546,2X SHHX] 33X E1546,2Xy SHHYT,3X,EL15:62X,
999 13HHZI ,3X,E15.6)
10u0 6169 FORMAT 16E12.6) PRI RS aglill sl i al it
1ol 1111 FORMAT (1M,2HS2,3X,E15.6)
1002 mEY o il Y ¢ TR S i e RIS R A S
o3 NMZNMe+]
__ACLAe PTIME (NMI=TIME
16uUS PZ1INM)=Z]
1006 _____PFRT(NMIZFRI(T7,1) B T
1ou7? PFRBINMIZFR(8,1) i
M0UE  PER9ANMIZFRI9,1) i i i fietl
1009 PS2INM)=S52
... A0M0 _ PQBARLINMIZQBAR]
1011 PQBAR2(NM)ZQBAR?2
G2 PPLUINMIZP]#57,3 AT it i
1013 PQ1INM)I=Q1%57,3
1018 PRIINM)ZR1#*57.3 gLt IR s R R Rl T
1018 PZZINM)I=Z2
— L) PDOXJINMIZXOMFi1,1)
1017 PDYL(NM)=XOMF ¢2,1)
inie _ ___PDZ1INMIZXOMF(3,1) kil R e Gt ST
1010 PALIINMIZALL R MR s R
igle R e e e Al e i i i
1021 IF(TIME~20.0)4006,9001,9G01 T AR
Ahg2 _8y06 11=11+1 Ll HMOULO7510 gl it
1623 60 T0 200 0007520
1024 9L01 CONTINUE il Bl b R e
b 10zE CALL IDENT 19,9HCUT FAPER) o R
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1026 CALL QUIK3IV (=1,35,TIMEL,Z1L,~NM,PTIME,PZ]1)
IR L B CALL QUIK3V (.1, PFRL7s=NM,PTIME,PFRT) BRI Ll
1pd8d CALL QUIK3V (-1 35 TIMEL,PFRLB,-NM,PTIME,PFRg)
BRSPS qul_;x__.}.ss TIMEL ,PFRLY,~NM,PTIME ,PFRY) i
1030 CALL gUlusv ‘- l.SS.YlNEL.PS?L .-un.PtlHt PS2)
e ¢ D 7 | Call BA ME ,PQBARI1)
1032 CALL OUIKSU = l.JS.YIHEL.Poalzlp-nn.Ptlnt.p°0lg2!
3033 o CALL QUIK3IY (-1,35,TIMEL,PZ2L +~NM,PTIME,P22) i
1038 CALL QUIK3V (=1,35,TIMEL,PPIL,~NM,PTINE,PP1)
1635 . CALL QUIK3V (~]1,3 +PQIL,~NM,PTIME,PQY) itk s ik s
193¢ CALL QUIK3V (-1,35,TIMEL,PRIL,~NM,PTINE PR1)
032 Call Wﬂlﬂiﬂlu
1038 CALL QUIK3Y (=1,35,TIMEL,PpDYILy~NM,PTIME,pDY1)
1039 ___CALL QUIK3Y (-1+35.TIMEL.PDZ1Ls~NM:PTIME .PpZl} ik A
lgYp CALL QUIK3V (=1 ,35,TIMEL,PALIL,-NM,PTIME,PAL])
1041 . CALL OyIK3y (-1,35,TIMEL.PAL2L ,~NM,PTIME,PAL2) e il
1042 CALL ENDUOB
. 083 CALL EXIT
i0un 9i01 CONTINUE :
104% AN = o I R sigiitileri Monn?s4n b
INDG,P "RUNGE
SPRTeS . | RONGE e AR

FURPUR Z7R3DE33 SL73R1 04/03/79 18:29:32

e e———————
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MURPHYBINZUG#TPFS (U ) RUNGE

1 . _gUBROyYITINE RUNGE (KUTTA.TIME,DT,NVAR,NDVAR)
2 ¢ KUTTA 1S A CONTRoL INTEGER
3 € _TIME IS TIME OF INTEgRAIZON { Al e MR e s B i SRl Tl
) C DT IS THE TIME INCREMENT
i 5 C mumu_oz_uauw_xmnn?_ucz
6 C NDVAR= NUMBER OF VARIABLES TO BE INTEGRATED TWICE
¥ _DIMENSION C1( 60),C21 60),C3( 60),Ca1 60),CD1L 60),C024 600, SSRGS Gl
[ 1 CD3t 60) CD&¢ 60),SX( 60),SXDI 6g)
9 oo COMMONZFUNT/ _x1_60) . 2 RIS N s R
10 COMMON/FIRT/ XDt 60!}
21
12 GO TO (1,2+3,8),KUTTA

i USRNSSR 1 T R P sy i adEe e

18 SXtIy = x¢I)
! AN < | ¢ ¢ sl TV 00 ) di R A R A AT
16 10 Xt1) = SX(I)+0.5#%C1tI)
17 1E (NpVAR.EQ.0)60 10 50
18 DO 100 I=1,NDVAR
19 MURBMIEH: N S O i T it i el
20 CD1(I) = XDD(I)*DT
€ . _A00 XDgI) = _SXD(I)+0,5+CDReX) Jani L i fe:A IR et
22 Sy CONTINUE
S o SIHNSORSEG: § gl 5 1 SRCE P )
FL RETURN
P £ D0 20 I=1aNVAR _ il
6 C2¢1) = xXDtI)*DT
27 _ ... 2U _Xxgl) = SXxt1)+D.5*C2(1) i i Al HEANIATTH
28 1F INDVARLEQ.D)G0 TO S1
29 D0 200 I=1,NDVAR
3c CDZ2(I) = XDD(I)*DT
31 . «00 XptI) = SxDUj)+D.5#+CD2¢1) it
32 Si  CONTINUE
i3 il . i il el i i
3s 3 D0 3g I=)4NVAR

i - C3¢l) = xDt1)sDT
36 30 Xt1) = SX(I)eC3tI)

_ 3y IFUNDVAR.EQ.0160 T0 52 sl sl et i
3s 00 300 I=1,NDVAR T
il CO3(I) = XDD(I)*DT il i i
40 300 XDUI) = SXD(I)+CO3(I)

il 41 S¢  CONTINUE
42 TIME = TIME+Q.5+DT
It SOSGN  5 . it A Tl i
“ 4 DO 4g I=]1,NVAR
.+ SRR T RS T T L ) AR TR i
46 80 X(I) = SXUID4(CI(II*CUtIN*+2,#(C2(T)+C3(I)))I/6.0U
i 47 J1F INDVARLEQ.D)GO 70O 53
48 DO 400 I=1,NDVAR

. %49 CD&4tI) = XxDD(I)#DT i it R AR R R
sC 400 XpUI) = SXDCID4(CDIIIN4CD4ET)*+2.,0%(CD2(T)+CD3¢1)1)1/6.0 i
- ™ " il MR A e e R i e A S e s R B
52 RETURN
83 ENO Bl

wr 115 il ST ik
©  aMDG,P "L
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DATE 040379  PAGE 2

MURPHYBINZL6#TPFS 0D L TBL
- - SUBRQUTINE TgLUX:YeXleNeY1)

c THE DATA MUST BE IN ASCENDING ORpgR
. DIMENSION X(1),Y(1)

1
2
3
L} DO 93 I=IuN
-3

IFAXAI)=X1193,95,91
[ 91 pX=x1=xty=1)
B T L= T e T M
8 pY=Ytp)=yi-1
9 o Y1SYA1-1)eDY*1DX/DX1) ik e B L 48
i 60 TO 94
Ml 95 Y1zYUI)
12 60 TO 94
13 .93 CONTINUE T R D vesercn e PR RGeS Tt g
18 94 CONTINUE
B ; iy i i il
16 END
eND6,F = TBLND gl b il s b
@PRT,S  1BLND i i
FURPUR 27R3DE33 SL73R} 04/03/79 18:29:34
[=2]
" AR, i A
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BLT T

DATE Q%0379 PAGE

MURPHYBINZUG*TPFS(U),. TBLND

¢ silcifliitil __SUBROUTINE TByNDINEXTRoNDeZoXaNA,xAsNSeANS) & R
2 TBLNOD1D
.3 ¢ _N-DIMENSIONAL TABLE LOOK=-UP RQUTINE 03720713 1BLNOO20 !
L] C TBLNOg3p
N, T JBLNOO6D
6 c TBLNODT0
1 i i iRt i IBLNOOSBD il
8 C NEXTR EXTRAPOLATION COnTRoL CINJEGER? TBLNODS0
9 A i IF_ZERQ, NQ EXTRAPOLATION CRUN TERMINATEDD IBLNO100 i
0 C IF POSITIVE, EXTRAPOLATION OCCURS TBLNgllQ
} Al C 1E _NE
ég{? 3 nD TABLE LOOK-UP DIMENSION, LIMITED 70 & CLINTEGER] TBLND130
17 g  LoNE_GREAJER_THAN NUMBER OF INDEPENDENT PARAMETERS) _ IBLNOD1&0 i i
=1 c IF POSITIyE. INDEPENDENT VECTOR INDICES ARE FOUND  TBLNQ150
F =3 g ___ IF NEGAJIVE, SAVED VALUES OF INDEPENDENT VECIOR I8LND160 L Gl
Che ¢ INDICES ARE USED TBLNO170
) it 4 g il + Z IABLE AYD IBLNO1BG
i8 e ) § TABLE OF INDEPENDENT VECTORS [REaL ARRAY] TBLNp1S0
E; 19 g _LEACH YECTOR MUST BE IN ASCENDING ORDER2 TALNO200 i
M 20 C ExAMPLE OF X AND 2 TlBL[S; TBLNO21D
a 21 C DM G @ 5.0 W IRRERHIEIRINTRERIGNIES 4 ¢ 1 E 4 i IBLND220 et
22 ¢ Al ClyessC4 FOR B) FOR Al TBLNG230
% SR il A2 3 2 82 3 @ IBLNO240
§ N C B a - fEile . B et TBLND250
§a¢s ¢ A i Tl I Il a Bl a3 A2 TBLNO260 St el bbbl
om t 83 3 P TBLNO270
> PY c c1 L TBLNQ280 i L i ;
28 C c2 TBLND290
29 il c3 TBLNO300
30 c Cy TBLNDO310
31 g _LENGIH_OF EACH INDEPENDENT VECTOR CINTEGER _ARRAYJ 1BLNU320 i L e G
32 C EXAMPLEEL NAL 3D > 2, 3, & TBLNO330
33 AR INDEPENDENT PARAMETERS CREAL ARRAYI TBLNO340 i
38 C NS SAVED VALUES OF INDEPENDENTY VECTOR INDICES CINTEGERS] TBLNO3SOD
Ll g [SHOULD BE INITIALLY SET T0 =1 SO THAT INDEPENDENT 1BLND360
36 C VECTORS ARE TESTED FOR ASCENDING ORDER] TBLNO23TOD
37 c sl Sy ) 9, L U R AR i
i C TBLND3%0
39 ¢ ERROR CONDITIONSG _ CIF AN ERROR OCCURS, A MESSAGE IS PRINTED TBLNO40O T R
4C L 5 AND THE RUN IS TERMINATEDD. TBLNO®1O
A e 1. AT _LEAS] ONE _OF THE INDEPENDENT VECTORS IS NOT IN TBLNGY20
42 C ASCENDING ORDERS. TBLNOD4 30
43 € 2+ WITH NEXTR SET_10 ZEROs AT LEAST ONE_OF THE INDEPENDENT _ TBLND&4O e
pipd ¢ PARAMETERS IS OUT OF RANGE OF THE INDEPENDENT VECTORS. TBLND450
Lo il R G 3. TABLE LOOK~UP DIMENSION, Np, IS GREATER THAN 6. IBLNOS6O A
46 C TBLNQ%TQ
B | ¢ TBLNO4 80
e OIMENSION 2010, x(10, NAU1ys XAt1), NS(11, 0490
49 RINGEIE, 5 s RATIQ(5),; NGROUPIS), ITOTIS), WJ(32) 9S00 i
1 o C TBLNOS1O
51 c s il e T
52 c TBLNO60O
- - I SRR e N i i\ ___TBLNOS®1O
e 1 IF IND .LT. O) GO TO 60 0620
55 _IFUND oLT. 7) GO 10 10 L e s 0630 L A
S¢ 2 wRITE 16,902) 0640 ap




TBLND DATE 040379 PAGE 2
57 4 WRITE (6,904) 0650
L T i
59 C TBLNQ6TD
60 it W (O 0680 Sl L ¥
61 LF = ND - ) 0690
il 5 DO 39 1=3.LF 0700
63 L2 = L) o NALD) . ) o7lo
6% _JF _UNSSI) .6T. =1) GO 10 20 it IR R ]
6% NSUI) = p 0730
(1) I © e 210 - G il sl DL AR i iRl R R R S ol
67 DO 12 JSL1,JF 0750
. 68 IF _(X1J) LT, Xty*1)) 60 7O 12
69 11 wRITE (6,902) 0770
et " AT Tl e RO S B R B 0780 el e L e
71 60 T0 %0 07190
RE LA CORYRNE. St 8 it e i et
13 C TBLNDOB1O
i T 20 _1F (NS SUId = L1 -1
75 IF (XACI) oGTe X(L1) oAND. XA(I) LT, XIL2)) GO TO 22 0830
16 L et oa0Ee RE0200 . NESRN = A® _n8sp i i
77 IF (xAI) JLE. XqL1)) NSCI) = L1 -, 0850
78 21 IF SNEXTR) _33,30.3 i R ST 0860 el it
79 22 IF INSUI) EQ. p2) NSUI) = L2 -1 087p
__80 L = NS(1} 0880
81 L =1 0890
82 st S Ul LIRS T 0900 B
83 IF (XAGI) LLE. XIL)) LL = =1 0910
88 28 IF IXAUI) .67, XIL) oAND. XAlI) «LEe XIL#+1)) Gg Vo 33 0920 S i L
8t 20600 =L s 1L 0930
I 86 NSII) = L 0940
a7 IF (L oGEe L1 +ANDs L +LT. L2) GO TO 2% 0950
8e L1 VA ol 1 AL AT i 0960 i i
89 30 WRITE (6,902) 0970
9L __MWRITE 16,9300 1 il Bl 98 NI et e
91 60 T0 90 0990
92 32 IF INSUEI) .GE, L2) NStI) = L2 - 1 1000
93 IF INSUI) «LTe L1) NSEI) = L1 1010
98 i -Gt R RrE il TBLN1020 il il
$5 33 KA = NS(]) 1030
96 Il e L g AR ittt i 1040 e
97 IF ONSEI) LT, L1) KA = L1 1050
EL) IF INS(I) ,EQ, L2) KB = L2 1060
99 IF (XIXA) LEQ. X(KB)) GO 10 35 1070
100 0 34 RATIO(I) = (XA(I) =~ X(KA)) /7 (XIKB) - X(KA)) 1080 A AR
161 60 TO 37 1050
U et | T T8 T e R i M i il L
103 NSII) = KA 1110
_1us 3243 =02+ 1 1120
14¢ 39 CONTINUE 1130
1U6 e Rl IR st S R ittt i TBLNJ 140 st IR SRR
1.7 40 NGROUP(1) = NSI(1) 1150
1ue i . NBuN = eAdad BRG] BTN 1160 st sl i el
169 42 DO 44 I=p,LF 1170
330 NGROUP(I) = NS(I) - NSUM HI 1180
111 NSUM = NSUM + NALT) 1190
112 84 CONTINUVE R R SRRl A iy s i SORIMERGE, SN 1 AT 5 et i TSR, T
111 iTotFY =2 1210

€9




(2]
e
TBLND DATE 0%0379 PAGE 3
118 [ TBLNIZ220
115 SO0 S EaRehE RIS e 1230 Al
118 JILF=1+1
1Y 110T8J) = IT0TCJeL) o NALJel) 1250
118 52 CONTINUE 1260
119 C IBLN1270
120 6L KF = 2¢sLFf 1280
b5 WA i ilumg il LD i 1290 kSR
22 61 DO 69 1:1 KF,2 1300
23 IFIRST - 1 e st il 1310 i e
E P MW = MW &+ 2 1320
Co oS 62 D00 61 _Jz=1,LF
F 26 MM = 2xsqJ=1) 13840
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