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Computer Program Development and User's Manual for Program PARACH

I. INTRODUCTION
	 x.

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.
F`

Section II presents a discussion of the mathematical model and a

summary of resulting equations, while Section III 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
program 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 PARCH. 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 located at the center

of mass of the canopy material.
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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 (Ao + Al Z + A2 Z 2 + A3 Z3 + A4 Z4 + A5 Z5).

The capability to use a constant density and emit the equation is also

available.

Parachute and Payload Drab - 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.

p
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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

j	 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.

= M-1 (F (I) + F (R) + F(A) + F (C) + F(G).)

Where: M-1 = an 18 x 18 diagonal matrix whose elements
are the mass and inertia values for the SRB and

the two parachutes.

FM = Inertial Forces and Moments (18 x 1 vector)

F (R) = Reaction Forces and Moments (18 x 1 vector)

F (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)

(Ulu Vl, W1, Pl, Q1, R1, U2, V2, W 2-3 P2, Q2, R2 ^ U3.1 V3 3 W3 a P3, Q3, R3)

The following equations are used to compute the Inertial

Forces and Moments (F(I)).

A	
4.

F (I) =

z

F
1

L(I)
1

FM Parachute A

L(I)
2

F (I)	 Parachute B
3

L(I)

3
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(I)	 M .^
Fi	 _141	 Vi	 Li—-^i li ^l

^i = 0 	 -Ri Qi	 Ii = Ixi 0	 0

Ri 0	 -Pi	 0	 Iyi 0

-Qi Pi 0	 0	 0	 Izi

Mi = mi 0	 0	 0.= P.
3.

0	 M. 	 0	 Qi

0	 0	 mi	 Ri

U.
i

V . =	 V.3.

W.
1

i=1, 2, 3

and: Ui , Vi , Wi are the linear velocities of the

respective bodies, Mi is the mass term and Pi , Qi , Ri 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:



z_

(qi ) 2 	 (q2) 2 - '(q3) 2 + (q4)2
f

G. = 2 (qi q2 - q3 q4)

2 ( qi q3+ 	 q2 q4)

2 (iii q2+ 	 q3 q4)

( qi) + (q2) 2 - (q3) 2 + q)2

2 (q2 q3 - q q4)

2 ( qi q3 - q2 q4)

2 (q2 q3 + q q4)

- (ql ) 2 - (qi) 2 + (q3 ) 2 + (q4

I

Where:

Gl (transformation from inertial to SRB frame)
G2 (transformation from inertial to parachute

A frame)

G3 (Transformation from inertial to parachute
B frame)

G2 = G2 Gi( transformation from SRB to parachute

A)

	

3	 TGl = G3 Gl (transformation from SRB to parachute
B)

The q's in the coordinate transformation matrices

are quaternions given by the following equations:

qi = sin ^Pi cos O i cos ei - sin ^i sin ei cos (Pi
2	 2	 2	 2	 2	 2

q2 = sin Q i cos O i cos (Pi + sin Oi sin Pi cos 6i

2	 2	 2	 2	 2	 2

6	 ^q3i = sin 0 i cos i cos (Pi - sin i sin Pi cos i

2	 2	 2	 2	 2	 2

i	 O.	 e.	 gip.	 O.	 ®.	 P
q4 =cos i cos i cos i +sin i sin i sin i

2	 2	 2	 2	 2	 2

Where Ai , pi , and Oi are the Buler angles
i = 1 refers to the SRB

	

i = 2 refers to parachute A 	 5

i = 3 refers to parachute B



The differential equation governing the evo-
lution of the quartgrnions as a function of time is given by:

qi	 0	 -Ri Qi	 -Pi	 qi

Ri	 0	 'Pi	 Qi	 q 3.
q2	 2

q3	 -Qi	 Pi	
0	 -Ri •	 q3

• 	 i
4 	 Pi	

Qi	 R 1	
0	 q4

Likewise, the Gravity Forces and Moments (F(G))

are derived from the following:

F(G)

F (G)	 0

F (G)2

0

F 
(G)
3

0

Where: F(G)	0
3.

IGil
	 0

mig

mi is the appropriate actual mass term

g is the gravitational force

The thrust vector due to retro-rockets is

computed using the following equations

6
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i	
F(	 ) = THR(t) DCOSX(i)

F (C) = THR(t)
i = 1

DCOSY(i)

F (C) = THR(t)
i = 1

DCOSZ(i)

F4C) = THR(t)
i.= 1

( YR(i) DCOSZ(i) 	 -	 ZR(i) DCOSY(i))	
Ni

F (C) = THR(t)
i = 1

( ZR(i) DCOSX(i) -	 XR(i) DCOSZ(i))

F(C) =	 F(C) = THR(t)
i - 1

( XR(i) DCOSY(i) -	 YR(i) DCOSX(i))
i = 1

F (C) = 0

i

. (C)

F 1 = 0

Where: THR(t) is the	 thrust profile as a
function of time (t),

DCOSX(i), DCOSY(i), and DCOSZ(i)
are the direction cosines of the
thrust vector.

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

t
The aerodynamic forces and moment vectors are

computed using the following equations:

F(A)
1

L(A)1
F(A) = F(A)

2

L(A)2

_	 F (A)	
73

r	

L (A)3

E
E,



Where:

fxi	 L

f (A)	 (A)
i	

fy, and Li	Mi

fzi	 Nil

Def ine:

fxi	 P V 2 S CN(i)	
U i

W +
U i 

A 
V

f y i	
P V 

2 
S C 

N(i) (A 

V i

Uf +

fzi	 PV 
2 
S CA M

L,	 Py 2 S J4 CM	 V i

(i) (AZ + A
Ui	 i

Mi	 P if 
2 S.1	 Ui

	

CM 
M	 ?)

N	 0.0

(A2 + ^ 2 + A2
Ui Vi Wi)

S Reference Area (May be computed as a function of time (reefing))

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 
(R) 

T, (F 
M 

+ F (A) + F (C) + F 
(G) 

+ T2
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Tl = ( -B1 K	 (BM `)

T2 = -BT K-1 B

IC = BM-1 BT

G1	 Gi. it	 -E3 IA 	 0

B

„i

G1	 -G 3 12	 0	 0	 -E3 IBI

0	 .Iiz	 !iy

i = Az	 0	 jix

-Qiy	 ix	 0

;A	 4-
0	 PAIZ	 ^Aly

jAl = ^Al Z	0 jjAlx

-JA 1y	 ,G AlX	 0

0	 -,QBlZ	 AeBlyN
r	 I B1 = JBl Z	0	 -IBlx

-/B 1 y	 lBlx	 0

F
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III, PROGRAM SUBROUTINES

Subroutine: RUNGE

Purpose: Subroutine RUNGE is a subroutine used to integrate the
differential equations and produces a table of integrated

values.

Use: RUiG E (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: Fourth-order RUNGE-KUTTA

Subroutine: TBL

Purpose: This subroutine provides a linear interpolation between data

points in a tabular function of one variable.

Use: TBL (X, Y, Xl, N, Yl)

Description of Parameters:

X - is the independent variable

Y - is the dependent 'variable

i
XI - 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.

ii



Subroutipe: LINSYS

Purpose: 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



IV. INPUT PARAMETERS

FORTRAN ENGINEERING

MNEMONIC SYMBOLS TYPE DEFINITIONS

X1 Xl R Inertial Location of SRB CG in
the x	 Direction ti

Y1 Yl R Inertial Location of SRB CG in

the y	 Direction

_	 zl zi R Inertial Location of SRB CG in
the z	 Direction

U1 Ul R Inertial Velocity of the SRB CG

in the x	 Direction

V1 V1 R Inertial Velocity of the SRB CG
in the y	 Direction

W1 Wl R Inertial Velocity of the SRB CG

in the z	 Direction

X2 X2 R Inertial Location of Parachute A
CG in the x	 Direction

Y2 Y2 R Inertial Location of Parachute A

CG in the y	 Direction

Z2 z2 R Inertial Location of Parachute A
CG in the z	 Direction	 i

U2 U2 R Inertial Velocity of Parachute A

CG in the x	 Direction

V2 V2 R Inertial Velocity of Parachute A
CG in the y	 Direction

W2 W2 R Inertial Velocity of Parachute A

CG in the z	 Direction

Note: Any consistent set of units may be used.

i3

Y,



FORTRAN ENGINEERING

MNEMONIC SYMBOLS TYPE DEFINITIONS

X3 X3 R Inertial Location of Parachute B

CG in the x	 Direction

Y3 Y3 R Inertial Location of Parachute B

CG in the y	 Direction

Z3 Z3 R Inertial Location of Parachute B

CG in the z	 Direction

N N I (9) Number of Data Points in Table

N1 Ni I (41) Number of Data: °Nir.Ls in Table

U3 u3 R Inertial Veloci ty of Parachute B^'
CG in the x	 Direction

V3 v3 R Inertial Velocity of Parachute B

CG in the y	 Direction

4 W3 w3 R Inertial Velocity of Parachute B

CG in the z	 Direction

P1 Pi R Angular velocity of SRB About the

xl Axis

Q1 Ql R Angular velocity of SRB, About the

yl Axis
a'.

R1 Rl R Angular veloc ity of SRB About the

zl Axis

THI1 81 R 2nd Euler Angle of SRB

PHI1 01 R 3rd Euler Angle of SRB

PSI1 t1 R lst Euler Angle of SRB

P2 P2 Angular Rotation of Parachute AR
about the x2 Axis

14
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FORTRAN ENGINEERING

MNEMONIC SYMBOLS TYPE DEFINITIONS

Q2 Q2 R Angular velocity -f Parachute A

About the y2 Axis

R2 R2 R
4

Angular velocity of Parachute A

About the z2 Axis

THI2 82 R
1

2nd Euler Angle of Parachute A

PHI2 02 R 3rd Euler Angle of Parachute A

PSI2 V2 R 1st Euler Angle of Parachute A

P3 P3 R Angular velocity of Parachute B

Aboi,.t the x3 Axis

Q3 Q3 R Angular velocity of Parachute B

About the y3 Axis	 3

R3 R3 R Angular velocity of Parachute B

About the z3 Axis

THI3 03 R 2nd 'Euler Angle of Parachute B

PHI3 03 R 3rd Eulor Angle of Parachute B

k	 PSI3 03 R 1st Euler Angle of Parachute B
F

XIX1 R Moment of Inertia About xlAxis

i

Ixl

of SRB

XIY1 Iyl R Foment of Inertia About ylAxis

of SRB

XI21 I 
R Moment of Inertia About zlAxis

k
1 of SRB

XIX2 I R Moment of Inertia About x2 Axis

F`

x 2
of Parachute A

15
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MNEMUDUL; 5YMISULJ Tyrh UL't' 1A111U.114a

XIY2 Iy R Moment of Inertia About Y2 Axis
2 of Parachute A

XIZ2 Iz2 R Moment of Inertia About z2 Axis

of Parachute A

XIX3 Ix3 R Moment of Inertia About x3Axis

of Parachute B

XIY3 Iy3 R Moment of Inertia About y3 Axis

of Parachute B

XIZ3 Iz3 R Moment of Inertia About z3 Axis

of Parachute B

S1 S1 R Surface Area of SRB

S2 S2 R Surface Area of Parachute A

S3 S3 R Surface Area of Parachute B

YL 1 R Reference Diameter of SRB

YPL 2 R Reference Diameter of Parachute A

YPL3 3 R Reference Diameter of Parachute B

XXW2 Mlg R Weight of Parachute A

XXW3 M2g R Weight of Parachute B

XMl Ml R *Mass of SRB

XM21 Mx2 R *Mass of Parachute A in x Direction

XM22 My2 R *Mass of Parachute A in y Direction

XM23 Mz2 R *Mass of Parachute A in z Direction

Mass is equal to total mass plus apparent mass

16
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FORTRAN ENGINEERING

i MNEMONIC SYMBOLS TYPE DEFINITIONS

XM31 Mx3 R Mass of Parachute B in x Direction

XM32 My3 R Mass of Parachute B in y Direction
t

XM33 Mz3 R Mass of Parachute B in z Direction

G g R Gravity

_ XLXl Lx1 R xl Distance From CG of SRB to

Attach Point of Parachute A

XLY1 Lyl R yl Distance From CG of SRB to

Attach Point of Parachute A

XLZ1 Lz1 R zl Distance From CG of SRB to
Attach Point of Parachute A

XLX2 Lx2 R xl Distance From CG of SRB to

Attach Point of Parachute B

XLY2 Ly2 R yl Distance From CG of SRB to

Attach Point of Parachute B

XLZ2 Lz2 R zl Distance From CG of SRB to

Attach Point of Parachute B
t

XLAX1 LxA R x2 Distance From Attach Point

C

to CG of Parachute A

XLAY1 R y2 Distance From Attach PointLyA
to CG of Parachute A

f XLAZ1 LzA R z2 Distance From Attach Point

to CG of Parachute A

XLBX1 LxB R x3 Distance From Attach Point

to CG of Parachute B

a;
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FORTRAN ENGINEERING

MNEMONIC SYMBOLS TYPE DEFINITIONS

XLBX1 LxB R y3 Distance From Attach Point	 z
to CG of Parachute B

XLBY1 LyB R z3 Distance From Attach Point

to CG of Parachute B

XLBZ1 LzB R Direction Cosines of the Eight

Retro-Rockets (I = 1,8)

DCOSX(I) D cos x(i) R Direction Cosines of the Eight

Retro-Rockets (I = 1,8)

DCOSY(I) D cos y(i) R Direction Cosines of the Eight

Retro-Rockets (I = 1,8)

DCOSZ(I) D cos z(i) R Distance From CO of SRB to Retro-

Rockets

LCX(I) x(i) R Distance From CG of SRB to Retro-

Rockets

LCY(I) y(i) R Distance From CG of SRB to Retro-

Rockets
4

TIMX(I) t R Time Table

THR(I) Thr R Thrust Table
t

Z(I) Z R -Altitude Table

UWD(I) UW R u Wind Table

VWD(I) VW R v Wind Table

! AL(I)_ OC R Alpha Table

FCNAl(I) C R Table of Aerodynamic Forces1
Acting or SRB	 (Normal)

18
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FORTRAN ENGINEERING
4

{

I
MNEMONIC, SYMBOLS TYPE DEFINITIONS

FCAAL(I) C1 R Table of Aerodynamic Forces

Acting or SRB	 (Axial)

FCMA1(I) C Table of Aerodynamic Forces a

Acting or SRB	 (Moment)

FCNA2(I) C2 R Table of Aerodynamic Forces

Acting on Parachute A	 (Normal)
i

` FCAA2(I) C2 R Table of Aerodynamic Forces

Acting on Parachute A 	 (Axial)

FCMA2(I)
CMa2

A Table of Aerodynamic Forces

Acting on Parachute A 	 (Moment)

FCNA3(I) C%3 R Table of Aerodynamic Forces

Acting on Parachute B	 (Normal)

FCAA3(I)
CAU3

R Table of Aerodynamic Forces

Acting on Parachute B (Axial)

FGMA3(I)
CMU3

R Table of Aerodynamic Forces
f

Acting on Parachute B (Moment)
3

i

r

t
i
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V. FLOW CHART AND PROGRAM LISTING

PROGRAM STARTS

f

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

1

ii

	 1

r4
	

^

f

DEFINE EULER PARAMETERS
IN TERMS OF EULER ANGLES

q = f(e,^,V)

10

3
t
i,

DEFINE COORDINATE TRANSFORMATION
MATRICES IN TERMS OF THE
EULER PARAMETERS AND ALSO IN TERMS
OF OTHER COORDINATE TRANSFORMATIONS

G
1
 = f(q's) G2 = f(q's) G3 = f(q's)

G I 2 = G2'G I T	GI 3 = G 3 GAT
E

F

1

t 20
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I

G

(F

F ,

1

z	
WIND PROFILE CALCULATE INERTIAL s

FORCES & MOMENTS

F(I)

CALCULATION OF HERO	 CALCULATE AERODYNAMIC
THRUSTE

ANGLE OF ATTACK AND THRUSTER FORCES ON THRUSTER LOCATION
& AERODYNAMIC & MOMENTS & FORCES AND MOMENTS
FORCES & MOMENTS

F(A)
F(A)	

F(A)	 & F;C) F(C)

CALCULATE THE GRAVITY
AERODYNAMICS	 VS FORCES IN THE

ANGLE OF ATTACK VEHICLE REFERENCE
FRAME

F(G)

CALCULATE REACTION(R)
FORCES &MOMENTS F

1.	 COMPUTE B MATRIX
sa

Lu
2.	 COMPUTEK + K-1

H

3.	 COMPUTE T1 + T2 C)
4.	 COMPUTE st ^°

°Lu 1

x^
w

COMPUTE QUATERNION
z

DERIVATIVES
9

qj

CALCULATION OF q

NEW EULER ANGLES

e i , ^v ^i

2

21



3

2

TRANSFORMATIONOF VECTOR (0) INTOINERTIAL FRAMEAND PRINT
r

INTEGRATE THEINERTIAL VELOCITIESAND PRINT

i
f

i

IF	 FALSEZ < 0	 10

t	 TRUE

EEND

22
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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.

'	 Y
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00	 LINSTS	 DATE 040319	 PAGE	 1

MURPNT9IN2U6*TPFS1U1.L1NSYS
n I SUBROUTINE L1NS 1SiSAYpO1^AiNCOLS B ^DEi. B . NARRA T I-	 ,^ —_.., — ---__ -- -

2 C A IS THE ARRAY CONTAINING T HE COEFFICIENTS Of 	 THE	 LINEAR SYSTEM.
-3_ C-_--_ NROWSA 1S_THE_NUMB^R OF ROYS IOR COLUMNS_OF ?HE - SQUAR^JIATRIX A.__	 ______	 _
• C THAT	 IS,	 A	 IS AN NROMSA BY NROYSA MATRIX.

_$ _ _—C	 NCQj S	 u _jHC_NUMBEP OF COLUMNS OF THE MATRIX B :N THE EQUATION
b E Aax	 =	 B.

a, 7 C THAT I5. TH15 ROUllkL—MfY _ BL--USED - TO S O LVE _ TZIE _ ABQYE--f4UAT10N ___ 	 —
6 C WHEN B	 IAND X1 ARE EITHER SINGLE VECTORS OR SEVERAL VECTORS
9	 -, -C_ CONJOINED 14 _A MATU1K:_NOU_1MAT - IE_ -a IS _ A_ U I T RATpltj__1HE . 	_— 

r' 10 C SOLUTION X IS THE	 INVERSE Of THE MATRIX A.
11 C. 	 1S-ILIE_DEIE R M IN A NT Of	 THE MATRIX A_	 OET SHOULD BE CHECKED TO

12 C SEE	 IF	 11	 IS ZERO• FOR	 IN THIS CASE	 THE MATRIX	 IS SINGULAR AND THE
13 C_ RESULTS RETURNED-ARE-MEANINGLESS.	 EXCEPT
I% C B	 IS THE MATRIX WHICH CONTAINS THE	 RIGHT NANO SIDE Of THE ABOVE
I`_ C EQUATION.	 . 11 IS _ ALSO _ J-HE _LOCATION -Of	 THE	 SOLUTIOK _MALAl&t— x-i_.OK__—_
it C EMIT	 FROM THE	 SUBROUTINE.

_17	 - - c NAhRAtASALHE -UM ER OF ROWS OF THE 0 HLY.5- IN WHICH A AND B ARE

le C STORED	 IN	 THE CALLING PROGRAM.	 THIS MAY	 BE	 EQUAL	 TO NROrSA.
R 19 C __	 BUT NEED NOT BE ,__1HUS - _THE._USER MAY STORE AIIaJI-IN A__EARGLK__ —_^_

^c C APRA' THAN	 IS STRICTLY NECESSARY.	 THIS IS USEFUL WHEN THE EXACT
21 C.  _ _DI"E'ISION OF..A_ I ^M	 4OK_A1.^4NOILATIOM 111MEe -__!

22 1NIEGER ZI,22,23.Z%tZSr269Z7o2ooZ99Z10.ZIIt2129ZI39ZI%
23 0IM_E4$ION AI11.P111

 Aw



	

GATE 040719	 PAGE --- 2

	

- 57	 IF 1K-NI 3S919,3S
	58	 36 ------ DO 6 J = K P 1 . N - — —	 -- -- --	 -- - - - -- - —

	

S9	 Z7=K.IJ - 11*NK
	6 r	 Al2I1=A1171*AIZ11	 —	 -._-.-

^	 61	 6	 CONTINUE------
tz2__-_19 II0  16_,1=1jNN

	

63	 Z9=K4IJ-llowp
^	 ba	 _.-- 1b_—dIZ91=81Z91•A1Z11

	

C) x 65	 00 7 1-10N

G%	 67	 IFII-NI 160979160

j	 69	 UO ! ,1=NPIt"

	

70	 ---- z I131?1.1-11A01M --	 ------	 —	 __—	 --	 ---._

	

C7 72	 Z12=K•IJ-II^NN
*C'	 12	 1,-A 11111

r'	 13	 D=E-FAC*AIZ121 ----
	 -- - - ------	 --- — ----	 -_

1F11.0L--Ti - _IE1-ABS lD1)162.16jtj6l

	

75	 161	 0 = 0.
E	

U	
76	 lbl. A M I 1=0	 _	 -- — --	 -	 -	 -- ---	 -

	

.^ 17	 9	 CONTINUE

E	 C	 18	 00 18 J
--

	

79	 Z13=I4IJ-11*14K

	

BI	 16	 811131=8(ZI3)-FAC•8lZ14l
	b2	 7 _ _CONTINUE	 - --- ---	 -- ----	 --	 -------

	

83	 2	 CONTINUE

	

8 14	 RETURN

	

8!	 END
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PAIN	 DATE 04u379	 PAGE	 i

MURPMTNIN7Lfi^TPFSIUI.MAIN
--	 --	 _. _^__	 _	 ___

l REAL _NPARA------	 -	
--	 -- -- -^-	 -	 -	 -_---- - -? REAL KAPP,KOVI 9 KOV2 9 KOV3,"ZDOT

3 - - - --RE -AL ?!44	 1 ---	 - - ------	 _ -	 --
4 RFIL	 LCx1e1,LCY1e1,LCt(81
S_- REAL	 M118_, o 1-M1( 3.3)."213,31.M3(3.3).MlflB.I81.KINV16,61, K 1616) MOOOOOQO
6 DIMENSION	 PFR715U),PFR81531,PFR91501.PFRL7(12),PFRL81121,PFRL9(121
7 _1,PS215L) , PS2L11Zlapcb&Rl(sul.PQ&JILAl21iP98AR ; 15 0ITPG QAZLl12R • -
H 2PZ2(50),PZ2L1121,PDX1150),PDX1L1121,PALIISOI,PAL1L1121,
9 3PR115019PRILI121.PDY11501-9EQY1Lll21,PAL-?(5419 -PAL21L121.	 ___-
1C 4PO1150),P01L112),PDZ115p1,PD21L(12),

- - 11 - -- ---^PP^SQ/^-PPIL 1121
12 DIMENSION	 PTIMEI=0I,PZI15019TIMEL(12),ZiLI12I
13 ___yIMENSION iC-M AZ13k- ^LICtiA2lj 4I-j . ZCA A 2.1 361sPERA _I.Z	 NA 2121 . NSZ^_12)
14 0,2XA2(21
l; _-_ _ DIMENSION ZCLIA_( 4.51.2CM^NSI.2CAL(SS ►^XMAAL .l1^1 _^KAZS2L	 1_21,NS?12
it •1
17-___._--- 01MUSI9ll	 . 61.Cc111e.1e1.xOMc118 . 11 MOD000lo
18 DIMENSION	 BB(3,3),XOM118,1),XO M 111391),XOM21(391 ) MOOOUOSU

19
- -	

_-PIMENSIQtLfelila3;._ 	-1 ,31^Se3	 i .31161213 .3_ltSt1Sl1 > 3^^3 13 , 3 1 "00000 60
ZD DIMENSION	 XL113.31. XL213 9 31,xLA113,31	 XLB113,31,81113,31.8 1 213,31 MGp0007D

21 __-DIMENSION 81313,31_,81413 L31^81513t 31 A^1613 L3IxB2113t3^_82213^31 MOOOUOso
22 DIMENSION	 82313,31,82413,31,82513,3),82613,31,XOM113,31,XOM213,31 M0000090
_23 DIMENSION	 xOM313,31,BDlll3,31,801213.31,a013I3.31,DQ1 4 (3,31 MppOQ100
24 DIMENSION	 801513,31,801613,3),BD2113,3),PD2213,3),BD2313,31 "0000110
?5 _.._	 DIMENSION 6WH3 J	 iBDl .$13. 31 LBDO1101wbIG i 181,80. 16z18I-t 	 A 131-3 1 M0000120	

----	 -26 DIMENSION	 XOM3113,11,XV113,31,XV213931,XV313931,XI113,31 9 XI213,31 HO000130
2'   GIMENSION	 xI	 1	 1 _. F1I13.11 -tF21l3,I I^i__3I13L11AXL1I13 . IIsyL2I13^11 "0000140
28 DIMENSION	 XL3113,11,FI118,11,XG113olloXG213911,XG713,11,FG113.I1 "0000150
i9_ DIMENSION	 FG2(3.11,FG313 . 11,FG(18 , 1) ,LjM13,11 , V2M13,1) LV3"13 , 11 M0000160
30 DIMENSION	 FAlle 9 11 9 2(41),MD1411,MINll3,I),UIN213,11,11IN313,11 M0000170
;1 ___-_----DIMENSION.AL/j9 1,FCNA2(151.FCNA311511FCAAZ1151LF CAASIISI^ -
3;' It CMA2(15),FCNA31151
33 DIMENSION_ XOND116,11 n FS11LQ.Ll),FR1 left 1` _- __	 _-___	 __.M0000200
34 DIMENSION	 AIA16,181,826118,61,FSI18,11.FRI11l,11,FR2119,11 N0000210
3S .__ _--_DIMENSION ^f OMT418 9 181 9 XOMF118,11 MOL0 0 220
36 UIMENSION	 OCOSX181,DCOSY(81,DCOSZ181,FC118911,71MX19)9T4R191
37 COMMON/FONT /Y139),DUM1(211  	 __.._ M000U230	 _
3P LOMMON/FIR1/F139),DUM21211 MOOOU240r
39 EQUIVALENCE/ZXAZ1I),PER)t1ZXA2(2),AL2)
4U EQUIVALENIZXAIII,MACN11,(ZXAl21,AL11CE

Eou1VALENCE	 I XOMDI11,FI111.IQOl1,F1 191 1.1001 2,Ff 2n )l,(0013,F(211),M0000250
47 110021,F(2211,1Q022,F(23)),10023.F124 ► 1,IQD31,F125)),IQU32,F126)1, M0000260
4' 10D33,F(2211_ A 19AA1;FI291)s100^21F1 291 1 9 1 90143 1F13011 M000027U
44 EQUIVALENCE	 1011,Ti19i1.•(o12,r1201),1013,11211/, M0000280
45 211	 1022 ,T1 2111 2 19"'1 12011 t !931 I II?5)_1 10 3{2.T1 26 11t-____11 021,112 "0000290
46 21033,71271/.1041,Y12811,1042,T12911.1043,T13011 M0000300

47 ___FQ_UIVALENCE	 ITIlI.XOMIll.U 1-ZLIXOMI211V11LIXON131pwll , IXOM141LOM11M0000310
48 • I1,11,Pli,IXOM15).Gli,(XOM161,Rll.IXOM(71,U21,(XON18),V2 ► ,IXOM19),M0o00320
v9 sM7111><OMIlU1LxOM_2113i112C21jIXOM11I10211IXOM1121tR21^IXON1131rU3IM000U330___	 -I
5V •,(xOMIl4),V3),IxOM1151,M3),IYOM(16),xOM3lll,I1,P31,IxOMt171.031, M0000340
511 74x1D,F1311),(Y1D,F(321)	 IZ10	 FI.33)1	

-- -	 - ---52 71X20,F1341),IT20,F1351l,12iD.F(36119
S3  71X31)-IF(37 ►.1tly31D,_FI381)jLI 	30ZF13911r_____
so 73x1,Y13111,IY1,Y13i11,IZ1,Y13311,
5S 71X2,VI341191Y2,Y135119122Yr13k11.
56 71x3,Y13711.IYS.7136 ► 1.IZ3,T139/19IXOMIle19R3/

40;,



LAIN --- -
	 -	 --	 DAZE OW3i1	 PAGE	 2

S7 EQUIVALENCE	 IFA117,II,YM3),IFA(18,11tYN3)r
58 __	 11EA 1 _1.11 tf i<llalEA, 2.11 rFY 11,.1EA I_At LbF2 h F kL^i!1^1Z2_ __ MOOD0380
59 IIfAI	 5,11rYM11 9 4FA1	 6rllryN11 9 1FA1	 7 9 11,FX	 l,IFAI	 8,11,FV21 9 H0000390
6G _^if. At 	92119FZ2 1. 21EIll1W1l	 YL2.l.IEA -II I's 1 1l.YNtlelLAi12a11-2-lYZ 00	 --	 -- --_ ---.—.___	 --.
61 IIFAI13r11•FX31rIFA114,11,FY3 ► ,IFAIIS,11rFZ31.IFAl16,lltYL31, M0000410

.. 62__—_ ^L^1__lt1L EG111 , 111.1FG1	 2.II,FG1^	 I1	 IFGI	 S.11tFG113.111. _,—^
63 IIFGI	 7 9 1),FG211,11),IFG1	 8,11,FG2(2,1)1,IFG1	 9911,FG213,1119
64	 .__ _-_	 I(FGl13,11.FG311l111,_1.EG_114,11.fG312,111.IF0115,1)J-9-311,11),
65 11FI1	 1,1),F1111,111,(FI1	 2r11.FI112,11),IFI1 	 3,lIrFlI13,I11,
66 IIF11 _ IrI1,E2111 .a111.IElI 	 8 !1 I s EZ 112 9 1119 1 F 11-9 a-11ALFM 3t11lt _ —_^ —
b7 11FI1'13x11,F3IIlrllltlFIll4rl1tF3I12,1lItIFI115r11rF3I13tllls
6Q._.. _ L1FL! r -all ,1; L1111i111 .1F I 1 	 S.7Zi x lTIl2.111.1FI1	 6,11*XL1I13. 1 11.
69 1(FIIl0,l),xL2I11.111,(FI11111),XL2112,11/,IFIIIZ,I),XLZI13r111,
70 ---LIFI116 , 111xL3I1L111. IFI117 ,1),xL3If2r111A1FI11 _fl^ U^x l`-17.111- -----	 -	 -----^-	 --	 ---
71 LQUIVALENCE	 IVIMllrll,U11t1VIM12,11tVlIt1V1MI3tlIrYl1
li LQUIVALENCE I121111a11eSl21 1i1► 2M_12.1h^21!!E2_M_1^t141IZ.1-- -------.	 ------	 -	 -	 --
73 EQUIVALENCE	 IV3M11t11tU319IV3Mf2tl)tV319IV3M13rli9M31

—..-L"I-VALE N CE	 IXOM11)2,1),QII.IXOM1 1 13.11.R llt
IS 1	 IXOMZ112r11,Q2191XOM2113,11,R21,
76 __._ _ 2	 -	 4J(ORr3I12t1ZeIl3J-!1%OM3113911aR31	 ^-

-- -	 -	 --- -	 -	 -_-
77 DATA	 PFRL7/6HPAR R1 1 11*6H	 /
IB  O#TA PFRLS/6HPAR R2L11^6H

-19 DATA PFRL9/6HPAR P3 t ll*6H
_8p-__ DATA PUL/61!12	 .1106"
81 DATA PQBAIL/6HQBARI	 ,1106H
82 -I)ATA pQBA2L/ .AHQBAR2 •11A 6H 	 —I 	 - -----	 --	 ---	 ---	 -- ----- -	 ---83 DATA PZ2L/6HZ2	 x1106"	 /
84 _	 DATA PP1L/6HPI
as OiTA PAIL/6HQI	 9I1*6H
86  DATA PR1L/6HR1	 ,11*6H
67 DATA PDXIL/6HDX1	 t1106H	 /
86 DATA PDY11./6HDY1 _11 1*614 -
89 DATA	 PUZ1L/6HDZ1	 ,1106H	 /
9G DATA PAL1L/6HAL1 1- 1l!6H

	—91 DATA	 PAL2L/6HAL2	 •11*614-	 /	 ---	 — --	 - --- —
92_ -- _-_	 _O^A,IMLL[6HTIME ^ 1*614	 /
93 DATA	 Z1L/6HZ1	 ,1106H
94 --._--- - _QATA_1 THR -111 L1=1:91/0..39)100.t39v00._,0. too B PS LO.,O.tU.^-- -----	 --l._----
95 DATA	 1	 ALIIIrI=1x151/0.x10.x20.t70.t40.tS0.r60•t70.rl10.r90.,

97 DATAIDCOSX(T)	 ,1	 =	 1,81/80U91	 -
_.	 9f!-_ DATAIDC OATIII	 .I	 =	 I,F)/8*U./

99 DATAIDCOSZIII	 ,I	 =	 1.8118*-1./
lac	 —^  UA1A-!LCx -!11.I=1.81/8•.2/	 _.---------------	 - - ---- -- - — -
ILI DATA	 ILCY	 III,I=1981/8046/
IU2_	 --

DATA i LCt _1-I^l I =1lfl 1̂ *• / ------	 ---- --- _- --	 ----	 --	 --_	 -----
lu3 DATA	 IFCAAZIII,I=1.151/.55,.525..475..3B5•.275,0.,0.•O.s^•,0.,0.,

11.5 DATA	 IFCNA2II1,1=1tl5)/0...059.125..199.25910*.3/
IJ6  DATA	 IFCNAt1I1LI_1L151/0.t_-.0251-.0625,-.0959-.125r1U*-.15/
lu7 12DATA	 CAAlI1 t I=1,1SI1	 x1.25,1. 15r2.35,2.35,2.0,1.51Us65to.22t
1 u r25 ,-,25'!951*-22:'.151-.75/--- -----	 --	 -	 - - --	 ---	 - -
Iv9 DATA	 lZCNAIII,I=1.151/O.Or.St1.5,3.1rS.^ri•^t{•2t6.^,6.r6•t6.t6. ♦

_l1G_ 7.6312/_.	 07.61	 1
1i1 DATA	 IZCMAIII,I=1,151/U.^rl.Br3.r3.3tM.7.6.7r8.Cr6.0,1.7t-2.51
Ill *-Seat-8.2t-10.

^•	 117 DATA	 IZCAAIII,I=16x301/1.35x1.5,1.9,a.5,2.v5 . 2.0,1.St.9t•35,•.I,



N

MA1N	 DATE 040379	 PAGE	 3

115 --_--	 DATA_ . IZCNASIl.9L= 14=3 	 A9AQ_-5tLe6,3 6_- A 9.4 a10m-AjA d_q_llx2t-----
116	 •11.0910.4y9.8r8.4,4.U/
ll7 ___	 _ DATA _ (ZCaAII ) 9I= 1613Q) / 0.011. 6̂ 2 .8 3.03 .6, . 8. 8.2, . 0x-2_8.-7.^_
11 8	•-IG.7,-12.4,-13.09-11.8,-v.7/	 -------	 ------ ---
119 	 DATA IZCNAIII9I = 31,V51 /0.9.7x2.x 4 . I^ 7.5,10.7,1 3. x 14.25 r 15.8 r 16. r	 -	 _.

120	 •15.611^.7r14.V+11.594.5/
121 _.__-	 ----^!► LA l2CNAlI1 . I-31i5^5-110-.^-1^8^_2.. . 3i1a4iS .̂ Zt2^a1s4^ _ 5!IiS^^_6s^^1 . 7	 -----	 ---	 ----
122	 ^.-17.r•20.7x•19.1^-e./
123_	 _DATA ( ZCAA111 LI = LSIL1 Si1 . 7.,2.2. 2 .iLi6SLL. O5. f.2S/-.aSi . 6L 	-.	 ___- .	 _-..

124	 •.59•.25,-.259-•45x-.9/
-J25	 DATA 1 WDIII9I = 1.411/5b . 3956.7,55 . 1,53 . 6,52.1 , 50.6949.5948,2x

126	 146.8145.2943.4,41.1r38.8,36.6,34.5,32.4,31.2,29.1x26.6x24.U,19.S, 	 -	 - -	 --

117	 ---.--_213.5,S.81a-2.4t 1.7.-21aSi15.2a.X279 ?'28&11 MID &S^'3203*_!' 	 naL•	 _	 ---
1Z8	 3-38.,-4U.,-41.7x-43.59-45.8x-48.19-50.49-0.0/

----
1SC	 DATA IFCMA31I),I=11151/I5*U./

_LATA__1ECA. 63111 . I = 1.15 11154u./ --
152	 UATA IZ(IIxI=1+41)/-35000.+-3900.,-3800.,-3700.,-3600.,-3500.0,
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456 X13119J1=0.0 M0003110
457	 -- ---27 CONTINUE.-- --_	 — MOUO312Q-	 ----- -	 —
458 xI1(1rll=XIX1 r:'N13130

959 __-_11112.92-U:-1lYL _ no003 40	 --	 —
4bO XI113.3)=XIZ1 M00031SO

—.._96L_- XLi12-12 M000319U
462 X1312,21=XIV3 M0003200
463 XI313,31=XIZ3_-_—	

- -	 - - --	
M0003210

464 FG14,1)=U.0 M0003220

4 b5 F 615, 11 =p.p	 _---	 _	 -_— M0003230_-	 -	 -----	 ___--
466 FG16.1)=p.0 M0003240

_462- FG{1p.1 M0003250
fibs FG(11,11=p.p M000326U
4b9 ----FGI12.11=O.0 -- -- -M00032I0--
419 FG11691)=0.0 M0003280
4 71  F G 1 17 .1 1=p.0 13OUO3 290 -
47. FG118,11=0.0 M0003300

..473 -__ DE	 D =4	 _ "0003310
474 GO TO 4 M0003320
4 7c^ _ in_ IND=I--	 ---	 - "9003 330 --.-
476 SUO	 CONTINUE M0003340
477 __	 CALL	 RUNGEIIND,IIME,DELIP39 :0!_ _...____.	 _______	 __— ____ M00033-5-Q

--47P 4	 OD11= - (-RI+021 . 01+031-P1+041) + 0.5 M0003360
419	 -  -__ 77=-L40.304 8
4d0 RHO=11.16790729+EXPIAAO+ZZ+IAAI.ZZ+IAA2•ZZ+(AA3•ZZ+(AA44ZZ+IAA5)1)
481 1 1 1 1)!0.00199_ .--	 — -------- -- - — ---- --	 —
482 DELDI = TEMPO •	 ISORTISSII	 - SORTISS011 • KOYI
4 87 DELp2 =_IE,MPO-!I SORTISS2) —pg13S-3^k1- 0_NOr2-_

---4e4 DELD3	 = TEMPO +	 I	 1	 - SORT(SS21)	 • K0v3
485  DEL1 S0_= DELDI + DELDI
466 DEL2S0 = OELD2 + DLL02
987 _ DEL 3S0 =.OELQ3 _! .DEL0 3 	--- ------	 ---- - -	 -	 -------	 -lis p IF	 ( T IME•GE•TTI1	 60 TO 5007
489 XY2PPM = -1X2 -- "pR1+!2_!- IY2- -_j2PRlt_q2!_ 122,_ _Z2PR1+K2
491` PER	 =	 SSU	 •	 ISSI	 - SSO)+XYZPRM/DEL1SO
491_____- 	 SDTOT	 =_I Z.*W 2*S DTOT+ISSl-5 501+SORT(XYZPRM)1/D EL1S0
492 IF	 1PER.LE.SS11	 GO	 70	 7020
493 PER'SSl
494 SDTOT	 =	 o.
495 60 TO	 7020-	 -	 --'-- ---	 --	 ----.. -	 -	 ----	 --___
496 SJ07	 IF	 ISS1•E0.11	 GO TO 1020

.'k9j_	 _ IF	 (TIME .§L .TT2)	 GO	 TO	 1C7U
49P IF	 (ITT1.E4.11	 GO	 TO	 6007
499 -----x2PR -^ X2 --	 —

- --	 —^--SLU Y2PR = Y2
5L1 __-_22PR = Z2	 -_-
SU2 ITT1	 =	 1
563 _- 6 007 C ONTINUE _ -
564 XYZPRM	 =	 1X2	 -	 X2PRI+*2	 •	 IY2	 -	 Y2PR1*•2	 •	 122	 -	 72PRIOOZ
5L5 PER	 =	 SSI	 •	 ISS2	 -	 SS1)•XYZPRM;DELZSW
SG6 SCOOT	 =	 12.+M2+SUTOT+ISS2-SS1)+SORTIXYZPRM)1/DEL2S0
SU7 IF	 (PER.LE•SS21	 GO	 TO	 7020
5LP PER=SSZ
5U9 SDDOT = 0•
SIP GO TO 7020
511 1074 IF lSS2.EO.11 GO _TO-7 010_-	---_--	 _---------.---	 ---_-_.--	 -	 --------
512 IF	 IITT2.E0.11	 GO	 TO	 117U

_	 •
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51J -	 X2FR = X2 - -	 -	 —

514 ----515 Z2PR = 22 --- -	 ----
516 ----1"2- 	 L- --	 -----	 --	 — - — ---_ —_517 1170 CONTINUE

1X2 - X2PR1**2 +	 172 - T2PR1**2 * 122 - 22PR1*02
519 PER	 = SS2	 +	 11.	 - SS2	 1*XYZPRM/OEL3S0
520- ------	 -S0D0I_ =_12.!U2!SD IOT * tin - 5_S2i9-'ccWLtEYZORNIUDE_l_34-Q
521 If	 IPER.LE.1.01	 GO TO	 7020

----_---- -----	 ----

512 -	 ---PER=1-.Q ------- 	 -- --- ---_--- -- _--
5 .13 50001 = p.
52R_ -- 71120 CONTINUA
525 9905 S2=PER*ST2
S26 --_-----$DRAG = PER*50I9I	 -	 ---- -- -- - 9.9 99 	 -- -	 -527 RALPHA=RALPHOYPL*f-0.22*PER#0.221 ------	 --- _.	 .-	 -	 --
52P -.---_ZMAPP=RHQ*SORAO0$ORTI$QRAGI+9APP(SQRT_INP,&R,1

--	 --, -S19 XMAPP = I-.B+PER • 1.21+ZMAPP -	 - — --
53C YMAPP = xMAPP
S31 MZDOT = I-S*RHO*SDDOT*SQRTiSDRAGj*KAPP
532 ___..._	 X1421=XMAPP+I f3ZIY^(s1Z--.-----_----

-- ----533 --XHZ2=T14APP+IxxY2/G1 -	 ----	 - --	 -	 -
534 _ x1423=2"APP*IXXY2/GI
535 XIX2=XIX20+TMAPP*RAPP*RAPP -'
S36 X1V2=Xl 2D*XMAPP*RAPPORAPP
517 0117971=X1421 M0002580
538  MIN941=X14-2?_-_ —_"0002590
539 M19.91=X"23 140002600
540 _	 M1109101=XIX2	 _-	 ___--_-_-	 - M0002610_
541 "111.111=XIY2 140002620	

_	
—

54_2 "1129121=XI22 M0002630
543 M117,71=1.0/XM21 "0002800
544 -	 143,119$1=1.0/x1422 "0_002810
545 "119.91=100/x"23 "0002820	

- -
	 -	 -

5%6 MI130.101=1AW I]X?	 _ __-_	 _ _ _ _  140 002630
547 MI/11.111=1.0/XIY2 M0002840	

-

558 --_ "11JL2 "21=1.0/XIZ2 - M000285D
549 M211.11=XM21 P0003010
550 -- - .!1 212.21=X1422 .._ 	 ---	 — ----- ' -	 -- ---

- - 140043020
SSI "213931=XM23 -	 ---	 ---140003030
S52 _	 X12fI f 11=XIX2  	 _ 	 _ 140003 160
553

—	 —_
x1212921=XIY2

_
M0003170--	 —	 -

554_— x1213-31=XIZ 2 MOV03180
555 OD12= - 1 -R2*022+C2*Q32-P2*0421*0.5 M0003370
556 _9013=-I-R3! U3tQ3*Q33—P3*0431+0 05 - _	 --- M0003380
557

--.---
OD13=090 `--	 _--

558 --QOtl= -IR1^QlE_^1!93L-a • 4 1+0..5 .------ ---- M0003390
559

---
Q022=-IRZ*012-P2*032-02*0421*005 M000340-

560_ 4023=-IR3*pl3-P3*033-03*0431*O.S 	 -- "000341
567 0023=090
562 __—	 pOjj c -1-al!031!01+021-RI*ON11+0._S P0001420
563

--	 _ — --	 _—_
0032=-1-O2*012+P2+022-R2*0421+0.S

,
M000343U

Se4 --- -_aD33=-I-03ROS3!vI!023 -R3+Oy31+0.5 _ _	 _._	 -_.	 ----___ HOUO3440-
Sb' QD33=0.0
56 ___ ODa1 = -IP1*g11 • al • 011+R1*Q311*0.5 -__ — _- - — "0003450
567 40%2=-IP2*012+02*022+R2+03i1*0.5 140003460
5b8 Q043=-1P3+013!031023+R3+0331*095 "0003470

^	 569
co
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57C 7U01 CONTINUE "0003480
571 Glll . 11 = 9'll !lL-Q21 •̂ 2--g31!n.!0!1^^2_----- M â D0349Q	 --`---
572 G111,21-2.0+1011*021.031*0411 M0003500
5 73 _---6111,_31=-?,AL Q11!43L-921tQ411 __	 „00-3510	 —.
574 G112,11=2.0*1011+021-031+0411 "0003520
575 •021••2	 -031**2	 • 041**2 _M0003530
57( 6112,31=2.p*1021*031.011*OY11 M0003540
577  b113.21=L1e1.1911-!431!92LQ'11!	 __—_—_—  M0003550
577 G113,21=2.001021*031-011+0411 M0003560
579 6113,31=-0119_!2 -II2L^!2!931^^2-_•^N3^^t__-_ MOUO35i0_._--	 __
58( • 7UO2 CONTINUE M0003580
581  G21_l.l ►_--012**2	 - 022 0 *2	 - 0324*2	 •	 042**2 _M0003590
Sb2 6211,21=2.U*1012*022.032*042) MOUC3600
587  G211,3I=2.0*1012403L-922*9Y21—_ ..—___	 ___._—_	 _ "0-03610
564 6212911=2.0*1012+022-032*0421 M0003620
565 M0003630--
586 62(2931=2.0*1022+032.012#0421 M0003640
581_ G2i4a1 L=2.Q*lQ12*Q32 • Q22*Q%2J M0003650
588 G213,21=2.0*1022+032-011*0421 MOUO3660
589 _ 62( 3, 3)=-012**2— 922* MQQQJAIQ
590 71.03 CONTINUE M0003680
591 _	 6311.11=913!!2_-023*!2-p339!2 •̂ 9N9t_ __M0003690

—	
—

592 G311,21=2.0.1013*023.033.0431 M0003700
'9.3- -- G31L3l=2.OsIQ13*033-023.043)—	 — _	 MOOC3710 -
5b4 6312.11=2.0*1013*023-033.0431 M0003720
595 G31Z,2)=-013**2	 4043••2	 _  MOOO4730

—596 G312,3)=2.p*1023*033.013*OY31 MOOD3740
597 _ G313,11=2.O*1013*03 3 . 02 3*4131	 —___--_	 M0_0_0 3750
598 63(3,21=2.0*1023+033-013*O%31 M0003760
599 6313;31= -013**2 -023**1 • 033**2 •043**2	 _ M0003770
6GC 7u04 CONTINUE M0003780
6W —_..1All	 M T x MP>r 1G2,G1,¢12,3L3,}1 	 _   	 _._ M0003790
6u2 CALL	 MTXHPT163,GI,613,3,-3,31 "0003800
603 -Do 94 I=1,-- ----- --- -- - --	 -- --- — M0003S1(1-
6U4 00 94 J=193 „0003820

M0003830
bpb 8211I.J)=G131I^J! M0003840
6U7 94 CONTINUE	 — 	 -__	 _ MOGOJ85U_
609 UO	 89	 I=1,3

_--	 _-
MCJC3860

6L9 co 89 J=1,3_	 _	 _ 	 _	 _ _	 —_ _—_— --	 M0003870
61C G121I9J)=-6121I9J)

.____--
M0003880

6 11--_ —___ X13!- I i l1=-G1311.0 "0003890
612 89 CONTINUE M00039uc
613 ___GALL MlYMPI(_IG12sxLj^B1^1.3,3e3^ _..--_-.-	 _.. .__  M0003910
614 CALL MTXMPVl613,XL2,B22,3,3v3) M0003920	

—

615 —_. 00 95_ 1_1,3_ —_  	 ^.--_ "0003930
616 60 95 J=1,3

_
x100039	 00

617 612-U.:J1=_61211,JI	 _— MOG03950
618 G13lItJ)=-GI34IvJ1 M0003960
619

_	
95_ CONTINUE	 _—	 - "0003970

616
----_

xOMIll.1I=u.0	 -	 ----- ----^ „0003980 ----
bil XOM111,2)=-R1	 — _—	 _ M0003990
622 x0Y111,31=01 "0004000
623	 _ —	 x0M112,1.!_pl__ _ _—_	 _ _ —	 _— M0004010
624 710„112,21=0.0 n000402U
62S 710"112,31=-P1	

- --- -- — M000403 U
626 -	 --	 -----xOMI l 3,11=-01 ----- - MOUO4040	 ----- --- .^.	 --- ---
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627 XOM113921 =P1 M0004050
626 0" I f 3131.=0,0	 —____	 -- _M000406C
649 XOM211,11=U.0 "0004076

63C -	 _-XO"211,ZI==R2--- 	 -- ----fl000"080
631 xOM211931=Q2 MOUD4090

_ F32___ X OM-212,11 =R2 M0004100
(1 13 XOM212921=0.0 M0004110
638____ -- X0Mz12031=-e2----	 -- -- M0004120	 _._^ ___--	 ------------^—_.
635 XOM213,11=-02 MOU04130

C) eb 636 -- XOM213,Z1=P2--	 --	 --- -	 -	 MOLC41^-	 --- ------ ------	 - -637 XOM213,3 ► =0.0 M00041SO
63N-- _	 x M0004160
639 X0"311921=-R3 M0004170

d
640 X0"311931=03 - "0004180

^-6 111 XOM312911=R3 "0004190

n 642 - ---80M312r^3c0.0	 -	 - _ -- ----	 DGDM	 42 0_p	 -- _— ._-.-----._
rb

^yy
643 XOM312031=-P3 MOOD4210

,^ 49^-_ __ X	 "313,11=-03 "0004220
C 645 x0"313,21=P3 M0004230
r^ 64 6 XOM31 3, 31=09_0 	

----- ------	 --
"000_4240

►[,7 647 --0 0	 as	 1=193 M0004250
648

-- -
UO	 88	 1=1 9 3 M0004260

b .? 649
-	 _

XOM21I,J1=-XOM21I9J1	 --	 - -	 M0004270	 - ---- - - ----	 -
hSa X9M3f1141=-xOM311,J1 MOD04280

y
x`ro

651 88 CONTINUE M0004290
6 52 _ALL MTXMPYIXOM2,Gj	 AA	 }^1 .__  _	 M0004300
653 CALL MTXMPT1612,XOM19B8,3,3,31 "0004310
654 _--- 00 81 I=lr3 - -	 -

--655 00 el J=193 M0004330	 -	 - —
656 8D111IpJ1=AAII9Jl4BB11gJ1 MOU04340
657 61 CONTINUE MODO4350
658 _ - CALL MTXWPV4X0N3x61 3,AA9 3)3r3I	 ^-  "0004360
659

-__-
CALL lqTXMPT16139XOMl96693 9 3 9 31 "0004370

660 00 87  1=1 9
3 --- -	 --	 --	 ---  M0004380X61 00 87 J=1,3 M0004390

662 8	 2111,J1=AAII,JI • 88II,J1 M0004400
663 87 CONTINUE "0004410
664	 -----_ 00 - 82 - 1_193-- " 0_00442 0
665 ---- -----	 -- ---06 s2 J=193 M0004430	

—

666 -- BD1111j0=-BD1j1 IJ) _- "000444 0_
667

-_ - _
602111,41=-802I11,J1

_
"0004450

Abs 82 CONTINUE M0004460
669 CALL	 MTXMPTIBD119xL1,801293,3,31 M0004470
670  I<ALI__MTXMPT18021,XL2,8022o3Ox31
671 00 60 I=193 M0004490__-
672 00_s0_J=113-----	 --------_..__	 _-. -	 M000_45_00_
613 XOM211,J1=-XOM211,J1 M0004510	 -
674 XOM_31I,J1_XOM31I,J1 MOUC4520
675 bD1111,J1=-BO111I,J1 M0004530
676 . - __- UD_2111,J1=-B02111tJ1	 - -_ M000_4540
6i7 SL

-__	 _--
CONTINUE

-	
---- MOUOMSSO	 -~----	 --- -^^'

67! ____g0^_I=jx3	 - ---- -	 - - -- - --	 -679 DO S J=193 --	 ----	 -	 -	 -
_ 66C aI I,J I;BIIIILJ 1	_ M y0 o4se0	 _
687 BDII,J1=BOi11I,J1 M000459U
662 5 CONI I NUE , _ -_ . 	 ___--- 	 _ _ "0004600

cn 6b7 00 6	 1=1 9 3
_-	 _ - _-i

MOt104610	 -	 -- _ _ . . _	 __ --- - -- --	 _.^
r
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684 UO E JJc4,6 M0004620
be`	 -	 --- ---ilIjJ 1= t)1211sj-31 —	 — —L±OU0467^-

-- - -i —686 9C11,J1=B012119J-31 "0004640
61:7	 - 6 L0h1iNUE-_--- 	 - -_	 _M0004650__ --
68F GO	 11	 I=496 M0004660
689__ _P-0	 11 J - 1.3 M0004670
69C BII,J)=S21(I-3,J) M0004680
691 __.Bp1I,Ji=8 021 11-11* 1	 -_- -_	 MQU0469Q
692 11 CONTINUE MOOO4T00
693	 _. -DO 12 I=191_-_	 -- -	 __-10004730	 -
694 DC	 12 J=4,6 M0004720

_ - _-._695 I-3 . J-31 0004730
196 BOII.J1=802211-39J-31 M0004740
E ll 7 _..-1ZCONTINUE	 ._ --IIOUO92S0

—69F xv111111=090 M0004760
699	 _ XV1(1,I1=rY1---	 ----------	 - --- "0004770__	 _	 -	 --711C XVI11931=111 M0004780
761	 __- Xk112.1L=1i1__ - - MO	 4 790
762 xv112921 =o.0 M0004SUO
7u3 -XV112,31=-01- 	 --- M000461a
T t, !A XV11 3,11 =-111 "0004820
7LE )IVI(3,21=U1___--_	 —  	 -_ "0004830
766 Xv113931 =0.0 M0004640	

—	 —

7L7_. ____ X Will 1.1a=0.0 M0004850
7UF X11211.21=-YI M0004860
7L9 X11211,31=7Z	

—	 - - ---- --
MOOOge70

710 X11112.11=112 --"0004880—	 ----	 - --
711 -- Mr612,21=Q1Q____	 _	 —_ _ __ "0004890
712 X11212,31=-U2 -- --	 --- M00049pp	 ----	 - "	 --
713_ - _----,___X11213 1 1. = - 11 2_ " 0004 910_
714 Xv213,21=U2

_
MCDO4920

71: xv213 :31=0.0	 - - -	 ----.	 - --	 ---- ---- - - -	 M0004930
116 xV.111111=0.0 1010004940	

—	
—

717 X11311 .21=-1!3 	 _ 	 _
-- —

 "0004950
71F X V 3 1 1 , 3 /=v3 "6004966--

	
---- -- — -- ^— --- "

_719_ X 11312 ,11=M3 M0004970
t2G X11312,21=0.0

_
MOG04980

711 X11312,31=-U3 -.	
--	 - -	 --

"0004990
7 22 ---	 -- -X11313.11=-113 - -	 M0005000	 --	 ------	 --
723 --- X31 3 12 1=143 	_  - "000501 0
7i4 X11313931=090

- _
—	 "0005020	 -'-- - —	 ---

125 DO 83	 1 = 1.3 M0005050
7c6 00 83 J=1,3 g00050b0
727	

-
_XOM11IiJ1	 =	 -XOM_111z41 M0005070

718 63 CONTINUE	 - MOOD5080	 -	 --	
— —
	 --

719 -_CALL	 M1XMPYIMl,XON1 9 A J.3,3,31
739 TAIL MTX MPYIAA,Y1M9F1I9393 9 1/	 -- "0005040	 '
732  CAL L M I X MPYIl1 0"I,XI19AA9393931  "0005090
732 CALL	 MTXMPYIAA,XOMII.XL11.3,3.11 MOUp5100
733 00	 37 1=193  MOOD 5110
734 UO	 37 J=1,3 MOOOSI2U -

	 ------ — --	 ---

735 XOM1119J/	 =_-xOMl1I2J1  "00051 30
736 X01421I9J1=-XOM21I9J1

_--_ _	
---'---

_73 7 	_ _ 3 7 CONTINUE
- 738 CALL MTIIMPY I"29 1 0 14 29AA093931 -- --- —
73 9 CALL "TXMPY1AA l Y2M LF2I2 313 9 11 "0005160
740 CAII N7XNPYIxOM7,X12,AA,3,3,I/ — M0005210	 — -
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197 CALL	 MTXMPYIAA,XOM21,XL2I9393,11 M0005220

742 _E211 1s1Z=EZillfl. • XflAjpl? 1RApe^_LX O" 0 111: 31 •P2•R2 1 —	 --_--- —	 —
743 F2112.11=F2142,110Y04APPORAPP91-XOMD11091 	 02$R21

744 _ __F 2113911 =F2I14"1 • ZMAPP RAPPe	 j
745 XLilll,ll=XL2111,11*YMAPPORAPPfI-X014018,11-U2*R2*W2*P21
746 _ ____ XLZ- I12tll=xL211?,1 1•XMAPPORAPP•1•XOMD17.11.112$Q2-V2*R21
747 DO	 28	 1=1.3 MOL05230
74ft LO	 28_J=1,3	 -____ --	 -__--	 ---	 _---	 - -- M0005240	 --	 ----_---	 _
149 XOM21I9J1=-XON21I,J1 M0005256

75C _	 . Xom31I. .11? XO!131L J1 	- -__ . PQVQ5_3l 0 	 -
75] 28 CONTINUE M0005260

_75Z -	 CA 1L_IIixM 	 I" Lt XOM3.AA.3.3.31
753 CALL	 MTxMPYIAA,V1M,F3I,3,3.11 M0005280
7 li9 __CALL M000531.9-- -
755 CALL MTXMPYIAA,XOM31.XL3I9393911 M0005340

756 AM M00053_w—	 —_--. --
757 DO 2 5 J=1-13 "0005360

Lye_ MnU053Ta
759 25 CONTINUE M0005380
760 _ _ CALL	 MTxMV Y IS1iXSt1*L6I&liI '1L-_ .	 _.

-	 - - -
	

- -	
M0005390

761 CALL	 MTX "PYIG2.XG2.FG2,3,3,11 M0005400
762 CALL MTXMPY163,xrp3,F_fi3,.b3,1 ► 	 _ _-	 _ MOUO5410
763 71006 CONTINUE "0005920
76 01 CALJ__TTBLIZ.YD•Z1.NI,UYDII 	 - M0005430
7bS CALL	 TBLIZ,Y0,Z2,N1,UY021 MOODS440
7Lt ( NEXT 2 CARDS -
767 UYDl=0.0

-- -- - -- - --'- -- - ---_____
769 YYD1=0.0 M00054S0
77_0_____ MY02=0.0 "0005460
777 MMC3=0.0 M000547U
777 VM01=UMDI 	 ------- --- -

1/0005980	
- 	 -- - - -	 ----- ----..

773 Vwp3=UYD2	
-	 --

M0005510
77% r I N1 1 1 , 1 1 =UY01	 -	 -_-----_---.  "0005520	 ---_ -_--	 i
715 rIN112,11=VY01 M0005530

776 bINi13 1j= MYD1 MOJ05540
ill 7U09 CONTINUE M0005550
778 CALL MTXNPY161,MI_NIj_ 1N1,3i3,11_ _--_ ____	 _	 __	 _-- "00 0556 0 --

779 UM01=Y1N111911 MODOSS70
78G ------- 11YDl =WIN 112f11_-- "000558 0---
781

---	 -----_ ._----- - --_------	 -_
YYDI=YIN113.11 "0005590

782 YIN 24_"I1=UY D2 "0005600
783 YIN212,11=VYDZ "0005610
789  YTNZI3fl1=YY02--__	 _-__	 ________ _ .__-_	 __- ___ _M0005 620 	-_--	 -
7B5 7J10 CONTINUE MOOOS630
lbf. _ CACL-N1XMPYIG2,MIN2,^1IN2^3^3,11
7E7 UY02=YIN211,11 MDJ05650
788_ _ VMp2= YIN212_1 11 	_ M0005660
7b9 YMO2=YIN213 ► 11 MOCC5670
796 YINjll,11=UM03 	 _ _ ._	

-	 - -	 --	
M0005680	

-791 iI 312,11=YY03 "0005690 -
792 -- ---,.YIN313,11 =YY03 - ---	 -	 - -	 --- --	 - -	

N00057QQ ---- - -
793 hll CONTINUE "0005730

_794 _. ._ --_._ CALL _MTXMPVIG3MIN 3,YIN31 3t 3r1 I ____ 	 - _- _ _	 - HOO DS72U	 _--
79S UY03=YIN311,11 M000573U
796 VMD3=NIN312911    "DUOS

W	 797
_	 _

wwD3=MIN313,11
-

MOOOS750	 -	 ---' -	 -^-



- ----	 --NAIN

-

---------	 -	 --	 - ---	 ----	 DATE	 090319	 PAGE	 1S

79P 712	 CONTINUE M0005760
799 _ _	 UH1=uI-1jwOI 	 __--_ _—_-- "000577 0
P,j1' UH2=U2-Uw02-RALpHA•02 --	 -	 - ----- - -._..-. --
a 111 -..----UH3=U3-Ur 03 --- -	 - M0005790
AL2 vHl=vl-vwol -

M0005800
BG3 VH 2=Y2-YYD2!R ALPHA*P2
et,% VH3=V3-VMD3 --- -

O '^C B US	 _ -_—__^IH1=Y1-YY01 	 -_ "0005830
',11 p ( , ti YH2=Y2-yy02 N0005840

BUT WH3=W3-WWQ3___
t7 0 P 0 8 Y11=1UHIOUHIOVHI*VH1+YH1*YH11••O-5 M0005860	 —
aG 	 eJ9_____._ W21=1	 HZ*V02 4 V H20VH2 # WH2*WH2)**Ds5	 _ M0 00 5870
C-r C', °10 V31=(UH3•UH3+VH3•VH3+YH3•YH31•*O.S "0005880

n ell VSUUN0 = 0.0037aZ1AIlJ& 9Il-___-
^P12 MACH!= V11/VSOUND	 ---	 -	 ----	 - -	 --- -----	 --	 --

O	 813 ALL=ARCOSINMI/VM *57.3 	------- - - -	 ----	 -- ----	 -	 -	 ----Flo AL2=ARCOSIYH2/V21)*57.3
815_ __ _- AL3=AEC0SIVH31VAIIsgZ . 1

Cj	 Alb 7613	 CONTINUE "0005950
O 817

`d	 alp
CALL	 TBLNDI-121rZCNAr XMAALLNAZrZXArNSZrCNA11
CALL	 TBLN01-Ir3rZCNArXMAALrNAZrZIIArNSZrCMAlI

1.3 819 CALL TBLN OI^^i^.:IC^^YLIAA L^NAj . ZXA rNS _r.^AAl^----- -	 ---
-	 --- --;^ 820 CMAI=CMAI+CNA1.12MRP1/YL1 ---

m_A21__________ CAL - TBLNDI-1.3.ZCNA2.PERAL2rNAZ2rZXAl rNSZ2.0 	 AN 21
822 CALL	 TBLN01-193 ► ZCMA29PERAL29NAZ29ZXA2-NSZ29CMA21
623 C ALL_ TBLNOI^l	 CA A2. PERAf}^^N	 2itXA2rN52Z^A A2)
A24 CMA2=CMA2+CNA2•IZ04RP2/YPLI -
815 _-SALL TBLIALr_FC1IA3vA^3,N rCN A 31
826 CALL	 TBLIALvFCAA3-AL3 9 N 9 CAA31	 -	

-
—	 ---	 -	 — "-

827 __-_— _GAIL TBLIAL9 FCMA3rAL3.NrCMA3)
Aie 7614 CONTINUE M0006Z00
Bl9	 _.- _	 LiAI = 0.5*RHO * VI_I*V11'VS1-- ------	 -- M000b710
830 ---	 — --QBARI=QAI /S1 -----	 - -	 ---	 ----
931 QA2=0.5*RH0!V2ly_21!ST2
e32 QBAR2=QA2/ST2 -	 -	 - -	 - -- -- `----'
633 _—_ ___ (d-3 = D.5*R H0•V31•V3I*S3
e34 UVGI=1UHl*UH1+VHl*VH11**0.5 -
935 _. UVG2=IUH2•UH2+VN2•VH2)••0 - 5 —_—__,V _ — _-^--
836 UVG3=IUH3•UH3+VH3*VH31•00.S
P37 _ _--FXl=-QAI•CNAI.IUH1/UV G11

	---	 ----Pie -FXZ=-CA2*CNA2*IUH2/UvG21 -	 ---	 ---------	 ---
__.-4]9 _-_^_X3=-QA3•CNd31UH3/UVG3)

A40 FYI=-QAI*CNAIOIVHI/UVGI!
841 — FV2_-0A2*CNAZ•IVHt/UVG21
P42 Fr3=-OA3sCNA3*(VH3/UVG31
F43 FZ1=-OA1•CAAI
F4• FZ2=-QA2*CAA2-MZDOT*Y? --

- 4 45 —___FZ3 _QA3•CAA3	 —._
846

--
VLI=QAI*VL•CMAI*IVH1/UVGI)

8%7 VL2=QA2•1P1•CNA2•IVH2/UVG21 	 _
Ao8 YL3=0A3•Y0L3iCMA3•IVH3/UVG3!
849 YMI=-QA1*YL•CMA1•IUHl /UV6I/ _
PSIi YM2=-QA2'YPL•CMA2•(UH2/UVGLI

_YM3=-063*VPL_3•CMA3*IUH3/UV631
--A51 ------ -- -- --YN1=0..0 -

853 YN2=0.0
E5• YN4=0.0
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P55 T^16 CONTINUE M000643U
P56 CALL MTXMPrIB,MI,AlA-,6-i18t18 ►	

--	 -
M000b440	

--	 --- --	 -	 -- - -R`,7 CALL	 I+ TXMPYIAIA,B,K,6,-18,61 MOUC6456
8tle -	 DO 501 - 1=1,6 -- --	 - -	 -	 --	 -- Mo006460 -	 -	 -- - ---- ---	 -P59 00 501 J=1 9 6 MOOO6470
FLL -	 -KINV li94-1 =kcq M00064 8n
P61 501 CONTINUE MOOOb490

—K1 NV1 191 1= 1•II-	 _ MQOQ65 00 	----
R63 KINV12921=1.0 M0006510
R64	 -- -- ---l1INV 4 3.31=1.^ 	 --	 -------- --	 M0006520_
Rb; KINV14941=1.0

.---- --- ------ -- °----------
M0006530

Bbb =1.0 M0006540
P67 KINY16961=1.0 H0006550
86P	 _---- __-_-- CALL LINSYSIK,6,6, DET@KINY 2-6 ------..--------	 _ --	 M0006 5 60 -----
BC9 00	 701	 1=1,6 M0006570	 - -----------	 - -
87C  DO 7U1 J=1,18.----	 -_.----

----- --
--	 -- MDUO6580	 __--	 -- -	 -_---- __—_--

FI1 BII.J1=-BII,JI M0006590
812_. __- 10	 ONT INUE- MQQ0tL600
813 CALL	 MTXMPYI0,KINV,9IP,-18,6,61 M000^blo
P74	 _ DO 703-1=1a4-----	 ------	 ---.-- -	 M00066 20
815 00	 703 J=1 9 18 M0006630	

-

876  -11"j)=-BI I*JL	 -	 ---	 --- M0006640	 --	 -_.
P17 703 CONTINUE M0006650
PIP CALL	 MTXMPYIBIB,BO,T2,18,6,181 M0006660
819 CALL	 MTXMPYIBIB,AIA,TI,I8.6,181 M0006670
88 c; -.SELL TBLIIIMxa1NBLII	 M2iLMR1 1 _--
PRI FCI1,11=THRI*CPI*RETR - —^- --'-
R82 FC12.11=THRI*CP2*RETR
P8' FC13,11=THR1*CP3*RETR -- -
E84 -____ LC14, 11=THRI*CP4iRE7R
965 FC15,11=THRI*CPS*RETR
886 FC16i11_THRL*CP6*PE TR
887 UO 502	 I=1918 HOOD6680	 -	

-

PbP
-- 
J=1_  	 _	

-	 --- ---
M00_06690_

14 9 FSII•J1=FIII,JI*FAIT,JI*FGII,J1*FCII,JI --- M0006100
e9v -St'2 CONT INU E MOU06710
891 CALL	 MTXMPYITI 9 FS9FR1,18,18,"11 M0006720
992 CALL M_TXMP_YlT2vXOM,FR2 9 18r1* *11   M0006730
893 00 503 I=1 9 16 MoDO6740
E94 --	 - J ' 1 - - ------- -	 ------ ----- H0006750
?95 FR I1,JI=F RIIl.JI #FR241,JI --

H0006760	
-

896	 _ __-50 3 LONTIN UE MOQ Q 6770
P97 DO	 504	 1=1918 MOUDb760
PSB __J=1 _ _	 ____	 __ ___ _____M00 0 6 790 _
P99 FS1119J1 ►Flll,Jl*FRII9JI4FAII9JI*FGII,J1*FC4I9JI M00068OU	

-	
-

90C	 _ 504_sONijNOE_--	 ------ --- --- - -- M0 006 810
9u1 CALL MTX"PYIMI,FSI,XOMD,18,18,1/

___	 -- -- -°- -- --M0o06820
9;,2 THE NEXT 3 C ARDS ZERO OUT XOMD FOR T HE-2NO PA RACHUTE
9!,3 xOMD113,11=0.0
914 _XOMO114t11_0.0
9:,5

----	 - --	 ----
XOMD115,11=0.0

-----	 ----	 _ .._.._	 - .__-- ----
9U6	 -._. CALL_
91,7 CALL MTXMPY1881,B,CC1,16,6,181
9us CALL _ MTxMPY _ICCI:XOM, XOM C,lx,l g-,I.1	 -- •______.	 _ _ -__	 -•__--
9 U 9 UO	 9019	 1=1918

`^^.-_

910 J=1
cJt	 911CD xOM1I,J1=xOM1I,A xOMCII,JI
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912 91119 CONTINUE
913 ----j -=	 TIME-------- M00^693II	 —	 ------	 -------
91 4 DO	 3001	 I=1.18
91`__-- ---_ —1)0. 3001_ J.1 ja _	 — -MOQQ6870	 --	 _-
916 XOMTII,JI=0.0 M0006860

917 3L.01	 9—N I LaU E	 -	 -- ""emu
918 DO 3002	 1=193 M0006900

919 -00-3002- J=1,^ ^ 	— ►I49Q4914	 -- --_---_---	 ----
9ir XOMTII,J1=61lJ,Il M0006920

SCI __X0MTI I . 6•J*6l=GZLJ_@L-- 	 --- NQQ06930	 _—_—_.---_--------
92i XOMT(I•IZ,J*121=G31J,I1 "0006940

X23 — ___U0 QAU?l E M0006950	 —

924 CALL	 MTXMPIIXOMT,XOM,XOMF,18,18,11 M0006960

925 --	 ---1111) =x 0MF 11-. a11.	 —	 ---- — --	 ---------
916 110=XOMF12	 911
917 - 110=XOMF_13.:1L - ---	 — --	 --- --	 -- — ----	 -----
978 X21)=XOMF17	 ,11
9s9_-- Y2D - x0MF. ^LTIl

930 Z2D=xOMF19	 111
931 --- -93U=X011F1.1 .^1--	 ------- ------- --	 --
932 Y3D=XOMF114011

933 230=X OM F_115r11	---------. ------ -
934

-- . —
INO = IND+1 M000684p

935 I F	 N0-41 5U0,500.600 MFJO06850

936 bOp CONTINUE

937 ...  _ _.	 _	 _ .JZIFC= A.R COSI rat 13,M_*57.3_ —
—938 SSS1=11-IG1/1r31X6111,31)1as0.S

939 --___$SS7?/1-/62112-31AG211.3111st0.5
940 SSS3=Il-IG311,31*G311o31)It*0.5
_941_  _ —__ THII=XTAN21-6111931,SSS11
942 TH12= XTAN21-G211,3),SSS21
943 TH13=XTAN21-G311,11- SS S31 __	

-- --	 -----	 -	 ---- -----------	 ----944 PHIL=XTAN216312r31.6113,311
945 _- PM_I2=XTAN21GZ12.31@6213.31/__ -_ -._

—
	---

— — --- —
--_	 __--._-_—_

9 46 0HI3=XIAN2(_G312,31vG343.3I) 
947 PSll = XTAN21GIIlr2),Glll,l))—
9 y 8 PSI2=XTAN2(G21ltZ),G2(1,1))
949 _._ -PSI 3=XTAN21G31^L21:G311z111--_ ._-- ------	 ----	 ----- . —.—._—_--------.
951 IFIT-TPR14UO6.7006,7006

951 7406 PRIN7__1O00t1---	 ------ -- --	 — - ------ ---- —"0007180 ----
952 TPR=TPR*DELP

__ _LL!0jj ORMAT	 11H0.4HTIME.3X.E15.61 	 — M0007190
954 PRINT 66669OIRC
955 6666 FORMAT IIH,MHOIRCt3XjFIS•61-- ---	 —	 ---	 ----------_ - - ---- -_	 ------
956 PRINT	 9898,ICMAI,CNAI,CAAI1
957 9899,ICMA2_LCNA2 •CA AZI-PRINT

—	 ---	 -95E 9896 FORMAT	 11M,^HCMAI, 3X,E15.6,2X,MHCNAI.3X•EIS•6r2Xr4HCAA1r3X,E15.61
_9519 9899 FORMAT	 11H LHCMA2,3X,E1 5.622X,4HCNA2.3 X,.,E 1 5.6.2X,%HCAA2,3X,E15.61
96C PRINT 7050 M0007200

961 71i50_FORMAT 11g,?HFA 1 125^2HFI^T!10-^2HfG,i55,ZHFR,T7p,MH00MGrTBS	 93HOM69
—

M00072 10
—962 ITIU0,2HFCr/%/

963 _	 .- _ PRINT 7 051 9 _ .liAII^ -11rfIll^}I^iG12 X '11,FRII , 1lr10M01It11 / XOM1It1 .1_c "0007230
964 1FCII,II,I=1x181
9b5 7451 FORMAT_I7E15.81 -
966 PRINT	 1o0191x1•rl • ZI,THII,PHIi,PSI1)
967 lull- FORMAT	 I1H	 _ 	 —	 _ _ -

	 -- ------^..-------------_	
-

"0007270----------._.-- -- --- --_..	 _ -----------------
9 68 1	 .Hxl,3x,E15.6.2x•2H^1,3x,E15.6,2X ♦2H21r3XrE15.6/2x,^HTHIlrMp007280

a>^
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969 I3x^E15.6,2x, VHPHI1 ,Sx,EI5.6,2x,yHPS11,3x.E15.61 M0007290
9TV. -- - - eRlN1.1Q9L.IU1LVlr^	 P]1p1.R,&7 	

-	 -- -
M0007300	 —	 --

---911 IUO2 F ORMAT	 (1H	 , M0001310
972 ___ _L ___	 . . -2HU1 , 3X•EI5 , 6aZX,2 Hy l>_4aEUs6#?X.*20441.3^X_E1_Sz4L2MMPj @; XM 00-0 1 3Zn _--
973 19E15. 692X,2HO1,3X,E15.6,2X,2HR193X,E15.61 040001330

-S;S-- P RIM 100311 AL 11 — -
975 1uO3 FORMAT	 IIH	 , M0007350
976 _—^_	 _3HALl,XX,E15.61 —_--
° J7 PRINT 60019lX2vV2vZ2oTHl2,PHI2,PSI21

C) W 97e __61jQl_FORMAT__tlH_ 1--_—_ M000T3 90
—^979 1	 2HX2,3X,EIS.6,2X,2HY2,3X,E)5.6,2x,2H22,3x,115.6/2X,4HTHI2,M00074UU

98C _ —_ "X.,14-5. 6,2x2gHPHI2 . 3x,E15 . 6,2x,4HPSI2 , 3XjLL 5.61---	 -- MOUO741—	 0---- -
9ts1 PRINT	 600Z,(U2,V2,W2,P2,Q2 l R2J MOU07420
9 62 6L02_FORHAT 11H_^ ---- 040001430 	 -------_--	 --_--

t~ 093 1	 2HU293X,E1S.6,2X,2HV293X EI S.6,2X,2NM2,3X,E1S.612X,2HP2,3XN0007440
C1 9 g4 ___ _	 L€15.6a2Xi2H02a3XaE15.6.^S^HR2^fX^11e6)---	 -----MQ_0^7450	 -	 ------- -._----

b	 985
a

PRINT	 6UO3,IAL21
'^ 96.Fz—

987.-+
bUO3 FOR MALI IH . M0007470

1	 3HAL2, 3x,E 1S.61
°eP - ^RltlT - IOIO,JRM4 , Q@^B-L9@^R11	 _ _ __ _

U	 9V9 1010 FORMAT	 I1H93HRH0 9 3 X9E15.6,2X,SHOBAR293X9ElS . 6,2X,5HOBARI 9 3X,E1S.61
0991;

b ` 991
- --	 HxB=XIXj^PL--- --- —

HYB=x1Y1•ol

g X992 -	 -----HZ@=XIZLjR1	 ---	 - -	 — -
',J W993 li)( I:GII1,11*NXB•G112,11+HYB•G11],II*HZB

'"994 -	 HYI=G111, Z)*HXB•G11ZaZItM_Td•GLI.2I^HZB_ 	 —
995 NZI=GIIl,31•HXB•61(2,3)$HYB•G113,31AHZB

----	 ----	 —•--

996 ____TAM=$QRTIHX.jsHXjL*" •H	 !HZItHZ.jl	 ------
997 PRINT	 9304, ITAM ,HXI,HVI,HZI1 - - —	 — -----	 --

_	 998 _	 9304 FORMAT	 I1H,3HTAM,3X,E15.6,2x,3HHXIs3X,E15.692X,3HHYI,3X,E15.6,2X,
999 13HHZI,3X,E15.61

1 7 LO _6169_fORMAj_1§912.61_	 _,--_---	 -- --- _-- --
1 11 1.1 1111 FORMAT	 lIH,2HS2,3X,E1S.6/
IOL2 PRINT	 I I119.S2

lflift_ PTIMEIN MI =TIME
1GU5 PZ11NM1=Z1 -	 — - --
1011 6 PFR71NM1=FR17,j_/--
11,.7 PFR8INM 1=FR 18, 11
10y8 PFR9 (NM IzFfi . 19, - 11	 --_ -_—
11^U9 PS21NM1=S2

- -	 --_	 ---

1Q10 POBARIINMI=QBAR1
let) P06AR21NM1=0BAR2
1612	 - ------ P1-1NMI=P-1!579 3 	--	 — —1013 PQIfNM1=01*51.3 --

lUl^- - --- --.PR&INNS=Rl^S7 3	 --- —_^-_ - --
1715 PZ2(NMI=Z2 --	 ---------
114&. 6 PO xIINM1 =XOMF I&s lI
1(117 POYlINM1=XOMF12,11
ir18 - _ - _--p011INN I=XOMfl 3,_I 1 	-1x19 ---	 --- --	 -PAL11NM)=AL1 __.	 _---	 -- ---	 ---	 -	 - - --
Ir,1[ _ PAL 2I NMI=AL2______
10il IEITIME -20.014U06 9 9001,9G01

—

AA22 4„06
- I

I= I I . 1---_---	 .r_--• M0007510
11.23 GO 10 200 M00075c'U	

------.-.— ^..^.
1014	 - 9601 CONTINUE

U'	 Iris
1]

CALL	 IOENT	 19 9 9MCUT PAPER) -

4i:
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00
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1626 CALL OUIK3V 1-1,3S,TIMEL,ZIL,-NM,PTIME,PZ11
1027 ----- GAIL QUIK3V- 4=1,15AI11T" I!LRLIi-IIM,PIIME PERU— ____ ----
1r)lB CALL OUIK3V 1-1,35,TIMEL,PFRLB,-NM,PIIME,PFRgI
IP29 _—^MJ____QM19 3V 1 _1.35^TIMEL•PFRL9.-NM9PiIMEs.PFR91
1030 CALL QUIK3V 1-1 9 35,TIMEL,PS2L	 ,-NM,PTIME,PS21

_1031 - CALL OUIK3V	 1-1.35.TIMEL.PLBAIL.-NM.PTIME.POBARII
1032 CALL OUIK3V 1-1,35.TIMEL,PQBA2L,-NM,PTIMErPOBAR21
1033 _	 __CALL _ OUIK3V _ I - 1_.2 J5_t 11nL j ?12LAL_-Yff tf TIM 2PZ2T--
1034 CALL OUIK3V 1-193S9TIMEL,PPIL,-NM,PTIME,PP11
1L35 CALL QUI K 3V. 1-_1.35+I1MLLS_"11,--NM , PT I M E te al! _._—__-
1n3c CALL OUIK3V 1-193S,TIMEL,PRIL,-NM,PTIME,PRII
.11137 CALL QVIK3V 1-1.35.7IMEL.PDXIL.-NM.PTIME.PDXII
1038 CALL OUIK3V 1-1,35,TIMEL,PDYIL.-NM,PTIME,PDYI ►
1039 _ CALL QUIKIV__ _1AA5aI IMF L&POLILA -HM•PIIME,PDZ 1 .1._—
1c.40 CALL CUIK3V 1-1,35,TIMEL,PALIL,-NM,PTIME,PAL1)
1041 _ _LALL-_OU1K3V . L-1,1S.TIKELaPAL2L, 1Nit eT1ME.PAL21
1042 CALL END,IOB
1043__— CALL EXIT
1044 9101 CONTINUE
11'4' —	 -- LNQ --- --- -- ------	 -------	

M0007540	
------	 —

d„UG,P	 RUNGE

dPRI,S _ NUNGE

FURPUR 21P3DL33 SL73R1 04103/79 18129132

'I s
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NURPHTBTA2U6*TPFSIUI.RUNGE 	 -------- -- - - - -
1 	 1.	 sUBROWINE BuNGE._.1Lt111iArIInE,DT.NYAR.NDYARI 	 _____
2	 C KUTTA IS A CONTROL INTEGER	 --- —	 -_--

3	 -11ML -IS TIKE . 4E_INTErftLj0li--- --	 -----	 -	 - -	 - -- - ---	 -- --4	 C DT IS THE TIME INCREMENT
---__5 	 C NyAR = NUIIBER OF VARIABLES TO BE INTEL&M--"CF

6	 C NUVAR= NUMBER OF VARIABLES TO BE INTEGRATED TWICE
7--- --DIMENSIONDIMENSION C11 .4D1aC2L6D1a .L11-60! rCiL.6II1^C011 601.CD21 601.
P	 I CC31601 r CD41 601rSX1 601rSXD1 601 	 —
9	 __-LOMMONI FUN IL-M 601

10	 — COMMON/FIRT/ X01 601 	 -- -	 -----------r-
31-. _-_-_-- -	 _-CQ"Q LSE"LxDn 130
12	 GO TO 11r2r3r419KUTTA
1	 1 DO 10 ---14	 SX1I1 = x1I1

-
16	 10 X111 = SXIII*0.5*C11I1 	 — — -	 ---	 - --

___17	 IFINBYAg, Eo.01GO TO SO
is	 DO 100 I=19NOVAR
19 	 SXDIII _= XDM
iC	 C01111 = XDDIII*DT	 -- - ---	 --	 -	 -	 --
29 -_	 __ 100 XDI I 1 . =-SX0t1-1!0*5**CD 11II
22	 Su CONTINUE	 -- --- -----	 -	 --	 -----	 -' -	 --`

_.--.2I_ -. _	 _T1 ME __TIME • O.S*OT
14	 RETURN
i5	 1 DO 20 I=1:NVAR--
26	 C21I1 = XDIII*DT	 -	 -	 —	 -	 —	 -
27	 2U-x111_=_SXII ► 4065*C21I1 _
2E	 IFINDVAR.E0.0160 TO SI	

-	
-	 - - --'

_29 _	 00 200 I=Io%DVAR
30	 CD11I1 = XDDIII*OT
31	 i0y__ XDII !-=_Sx01I1409S * CO21 II-__-
32	 S1 CONTINUE	 -- - ---	 --	 --	 - —
33	 RETURN	 _
34	 3 00 30 I=1

_ 
rNVAR	 -- ---- --- ------ — --- ---	 ---------	 ----

35--_	 C31I1 = X01I1*OT
36	 30 XIII = SXIII*C3111
37IFIN0VA R .EQ.OIGO TO 5 2
30	 --- - 00 300

_
 I=Gibe-iR	 -	 --'	 ---

39_	 CD31I1_ = XODII I*D T
v0	 3OL x01I1 = 5XDIII • CO31 11	 -- ----	 --	 ^-	 '-
vl	 5&	 CONTINUE

42	 TIME = TIME • 0.5*OT	 —	 -'
43 _- --------_ RETURN
••	 4 DO 40 I=19NVAR--	 - - - --- -	 --	 -	 -- -- - --	 -----
9^. 	 —	 C4 j . I 1 _XD" I*O T
46	 40 X111 = SXIII•IC11I1*C41I1*2.*IC21I1*C311111/6.0

_ !17-	 IF IND RR Eq.Q1 GO TO 53
41 F 	 DO 400 I=I rNDVAR
49	 _ _-_	 CD41I/-c X001II *DT
Sr.	 400 x01I1 = S XOIII*ICDIIII*COO /1l *2.0*ICO21II*CO311111 /6.0

-
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