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THREE~DIMENSIONAL DYNAMICS OF SCIENTIFIC
BALLOON SYSTEMS IN RESPONSE TO SUDDEN GUST LOADINGS

by Daniel R. Dorsey,Jr.*
Computer Sciences Corporation

SUMMARY

A mathematical model of the three-dimensional dynamics of
a high-altitude scientific research balloon system perturbed
from its equilibrium configuration by an arbitrary gust load-
ing is developed. The platform is modelled as a system of
four coupled pendula. The eguations of motion are developed
in the lagrangian formalism gssuming a smell-angle approxi-
mgtion. Three-dimensional pendulation, torsion and precession-
al motion ‘due to Coriolis forces are considered. Aerodynamic
and viscous damping effects on the pendulatory and torsional
motions are included.

A general model of the gust field incident vpon the ball-
oon system is also developed.

The report is concluded with a description of the digital
computer simulation program and a guide *to its use.

INTRODUCTION

The uge of high-altitude belloon systems as stable platforms
for scientific studies of the earth's atmosphere requires a
knowledge of the dynamics of the system for proper data interpre-
tation., This knowledge is especially ceritical in studies of the
vertical distributions of atmospheric trace constituents and
temperature, sgince data interpretation is highly sensitive o the
attitude of the data-collecting instrument. It is well known that
most systems remain stable at float altitude, but we need a math-~
ematical model which can predict the attitude and motion of the
system with sufficient accuracy to assure accurate interpretation
and reduction of data. |

In reality, the mobtion of a perturbed balloon system at float
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altitude is extremely complex, involving interactions between
several different types of oscillation such as bounce, pendu~
lation, rotation and precession. Further complexity may be intro-
duced by such factors as damping (boundary layer) forces, air
turbulence, cable elasticity and motion induced by the support
mechanisms of the system (i.e., independent motion of a partic—
ular system element).

A number of models have been proposed to account for some of
these factors. Morris and Stefan (ref. 1) have studied plane
bendulation, Wounce, plane torsional motion (including damping)
and the atmospheric environment for a two element system (ball-
oon and gondola). Emslie, et.al, (ref.2) have analytically and
experimentally considered balloon bounce, the thermodynamics of
the enclosed gas, and heat transfer between atmosphere, balloon
fabric and enclosed gas. The azimuthal rotations of a balloon-
gondola system have been studied in detail, both theoretically
and experimentally, by Germeles, et.al. (ref.3), with particular
emphasis on the aerodynamic damping and inertia of the system.
Further study of the asrodynamic parameters of a rotating sphere
has been done by several investigators (refs.4,5,6,7,8 and 9).

To date, there appears 1Ho have been no serious effort to
develop a detailed general model defining the gross motions of a
balloon system in three dimensilons. This report is intended to
develop such a model. Admittedly, the model will not be completely
general, but as further work is done on this subject, we may ex-
prect further sophistication and generality in a three-dimensgional
model. The balloon system considered in this report is the NASA-
Langley/APGRL LACATE (Lower Atmosphere Composition And Temperature
Experiment) system which is to be flown at 150 km altitude. The
gystem consists of a 39 million cubic foot capacity balloon, a
"load bar" containing balloon conirol equipment and cable reel, a
gondola recovery parachute package and a research payload gondola.
Thig system is configured as a gystem of four coupled pendula,

- A cursory derivation of the equations of motion (EOM) for
plane damped pendulation for this system was done by Hinton of
NASA~Langley. This report will investigate (1) three-dimensional
pendulation, (2) torsional motion, (3) aerodynamic and viscous
damping effects on pendulatory and torsional motion, and (4) pre-
cegsional mobion due to Coriolis forces. We shall also attempt
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to develop a detailed general model for gust loading in three
dimensions and study possible gust loading configurations. Since
we are concerned primarily with the gross mctions of the system,
we will not investigate such factors as cabvle elasticity, statis~
tical variation or turbulence in the gust field, bounce or atmos-—
pheric thermodynamics. This is dome in the interest of keeping
the analysis mathematically tractable,

SYWMBOLS
a balloon-~to loadbar cable length = 72 feet
Ak gurface area of kth element
[A] dynamic coupling coefficient matrix
[B] atatic coupling coefficient matrix
c parachute package—to-payload cable length = 5 feet
Gk drag coefficient of kth element
[ﬁ} demping matrix
iy - loadbar—~to-parachute package cable length = 1310 feet
Fcor Coriolis force
g gravitational acceleration at float altitude
hk length of kth cylinder
Ik moment of inertia of kth element
d impulsive torgue
m, mass of kth element
Ty Mg
oy me.+mp
my m, + m.P +m
o, zna-i-mp—l-mﬁ+m,EL
N torgue
P linear impulse
Qe generalized coordinate of kth element
Qk noncounservative force on kth element
Ty balloon radius = 210 feet
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radiusg of kth cylinder

time.
kinetic energy
linear velocity of kth element

potential energy

Carbtesian coordinates

digtance from element center of mass (azimuth plane)
damping consgtant of kth element

deflection angle off vertical, kth element

geocentric latitude

visecosity of air at float altitude
density of air at float altitude
torsional constant of kth element

torsional coupling coefficient matrix
azimuthal deflection angle, kth element

angle of rotation about azimuth plane
gust axis incidence angle relative to horizontal
rotation rate of earth

angular velocity of kth element produced by gust

SUBSCRIPTS
initial value
final value
system element (b,s,p or e)
balloon
load bar
parachute package
payload package

FORMULATION OF PROBLEM

The analysis will be carried out using & spherical polar
coordihate system and an idealized model of the balloon system
a8 gshown in Pigure l. The origin of +his coordinate system is
taken to coincide with the geometric center of the balloon. The
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z-2xis is taken as the local vertical and is positive downward.
Similar systems are sebt wp individuwally for the load bar, para-—
chute package and gondola, each with the z-axis as the local
vertical and the same positive sense as the balloon z-axis. This
gystem facilitates the definition of angular deflections for
each element of the system, since, proceeding down from the
balloon, the total angular deflection of the system down to the
element in question is additive with respect to the balloon cen-
ter. This also makes algebraic work considerably more manageable.

With regard to the system model, we make some basic idealiza-
tions. Since the moment of inertia of the balloon alone is much
greater than that of any of the other system elements, the balloon
is agsumed to be a gpherical shell with an extremely small thick-
ness~to=radiusg ratiof{ref.3). Elastic deformation of this shape due
o gust loading will be neglected. Secondly, we idealize the load
bar, parachute package and gondola as right circular cylinders;
these are not necessarily their actual shapes, but they will be
defined as cylinders with moments of inertia equivalent to the
actual shape to simplify rigid body computations., Analysis in a
Bulerian system was considered, but was deemed too difficult bo
attempt for the problem at rand; the Euler approach may, however,
be more general and should be studied in the future.

The equations of mobtion are developed in the Lagrangian form-
alism, Since angular deflections due to gust loading are antici-
pated to be no greater than 0.0l radians during flight (ref.10),
the small-angle approximation is invoked to simplify the mathe-
matics somewhat. We will no consider bounce in this report; trans-
lational motion of the balloon center of mass (CM) is included
while assuming the balloon CM to remain at its initial equilib~
rium (float) altitude. Thus, we must deal with a system having
eight degrees of freedom. The and ¥ deflections and their corres-
ponding angular velocities are found for each system element
individuallys obviously, moving down from the balloon toward the
payload, the gross motion of the gystem becomes more complex due
to the motions of the elements above the one under study. Pendu-
lation (with and without damping), torsiomal (azimuthal) motion
(with and without damping) and precessional motion will be con-~
sidered separately. In this manner, we will be able to examine
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the character of each type of motion alone; then, when we cone~
sider various combinations of moition, we will have some means of
judging the degree Bo which each type of motion contributes to
the overall motion of the system.

The Imgrangian EOM are derived in the gtandard form

adr - Or + Qv = (1)
a5, 871; a_q; '

where, for the problem at hand, the generalized coordinates Qe
are the eight angles eb,ﬂf’b,és,ffs, QP’SDP,Q e and (Pe- The
generalized nonconservative forces Qk take into account the aero-
dynanic and viscous damping terms. We should note at this point
that the EOM developed in the following sections are not carried
to a closed form analytical solution. Solutions could bhe found in
closed form in principle, but the algebraic work required to do so
would be prohibitive. Hence, the EOM are developed to the point
where they are easily integrable numerically. Terms due to sepa-—
rate motion types may be added together and then integrated as a
whole to obtain the overall motion.

After. the EOM are derived, we then address the problem of
defining the gust loading model, since the gust velocity field
configuration inecident on the system will define the initial
conditions for solution of the EOM. No attempt will be made in
this report to define the stability criteria for system motions;
this problem will be taken up in a future study.

DEVELOPMENT OF THE EQUATIONS OF MOTION

Pendudatory Motion

We first consider pendul.tion without the inclusion of damp-
ing terms. The total kinetic and potential energies are

1=% AlmyE +1(62+52] , k=vs,pande (2
and X
v = msgrb(lecosﬂb)+a(1—00598) +
grb(l—coseb)+a(l-coséé)+f(1—cosép) + (3)
megrh(l-coséb)+a(lueosés)+f(l—cosép)+c(l—cosée)
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fthe linear velocities vy are firgt defined in a Carbesian coord-
inabte system by their x,¥y,z components and then transformed to
the sphexical polar representation. In Cartesian coordinates

=, W, = W, 4V, W (4)
Vg, =% A Dl e W
m&i =, +ﬁi s Vg = vrsx-irvsy-wsz (5)
%i =¢; '“18:1 "'Y:i. | s V= WPX+VP3+WPE (6)
v, = . +8. Y v a VL = V_ MW 4V (7)
ey 1 51 1 L e Cx e'y ez

where i = X,¥;% successively. Transformation to spherical polar
cooxdinates is made through the variables<, ﬁ » Y{, 5 o For +the
balloon we have

%, = rm(gﬁbcosébcos‘f’h - 5108, minf, )

&

- ru(ébcosgbsin‘f)b +¢fbsin9heos()ab) (8)

£, = -rbébsin b
The transformation relations for the load bar(p ) s parachute
package(Y.) and gondola(d ) are of the same Torm as Equation (8),
with Iy replaced by a,fyc and the angle subscripts replaced by
8,Py€e respectively.

With T and V. now completely specified, the EOM can be devel-
opéci from Equation (1). Taking the appmopriate derivatives and
after congiderable algebraic manipulation,we obtain eight HOM
corresponding to the eight degrees of freedoméh,‘f’b:, 9&,5}'&,99,9’13,
4 eandLP e We £ind that these EOM are represented in the format
of a gystem of eight simultfianeous linear equatinnsS, i.e.,

hyy Byp o o o Mg |fdy By

Aoy Ao v e o Apg Yy By

A31 ® > ?3 *

S41 - *li¥s | = : (9)
A51 " ® by o

Ay - 1o .

A"{l . Py €@ .

Agy Ago *’“*83__l [Fe =i
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or in more. compact matrix notatiom

[4104) =18] (20)
where.E&l iz the dynamie e¢oupling; eoefficient matrix containing
the coefficients of all bterms involving the second derivative
with respect to time,and [ﬁﬂ is the: statie coupling coefficient
matrix containing all other terms(inecluding damping terms). The
elements of [A] and [B] are given in the Appendixd .

It is clear that the pendulation EOM exhibit rather strong dy-
newmic eoupling for the entire balloon system; [ﬁ] indicates the.
presence of statiec coupling as well. This is not surprising,con-
sidering the complexity of the problem. Equation (10) may be
solved for the desired solution matrix | g ) vsing the Gaussian
elimination algorithm(or method of detached coefficients™t), and
the resulting equations integrated directly to obbain Laland [q].
The: extremely high degree of dynamic and stetie coupling,however,
makes direct analytic closed-form solution and integration pro-
hibitively cumbersome as: far as algebraic work is concerned.

Torsionzal Motion

The torsional EOM derivation will be confined to motion in the
azimuth plane, This is done to avoid wsing a Eulerian angle
formalism,for the same reasons as mentioned before. This is not
restrictive for our purposes; since we, use a small-angle approx-
imation,motion in the 6 ~direction willAsmall compared Ho the mo-
tion in the azimuth plane. When pendulation and torsion are con-
gidered ‘together,the torsional motion may be considered superim-
posable onto the pendulatory motion.

The kinetic and potentlal energles are wrltten12’13

v = 3192 + 1§25 %Iﬁop-hlﬁoz

(11)
= 3T (cpbtps)z + Tplfy ?’)2 + T (g ,m0®
o " g .-.\JJ 35 ”( Ll '.F: i
Where.the’tor31ankcoastants ij are defined byl
Ty = = s,aﬂ‘.ﬁ/(.rﬁba) s Tp = -mpsEi,'/( T hetfvh ) 12)
12

nre = qmégﬂgy(nh¢a+ﬁk@+hsyhp)

.
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The Lagrangizm EOM for the undamped case ar,re.l2

T + Tl f %) =0
Ll ~T (Bt + To(4a~) =0

» (13)
IPL)OP —TP(G”S;‘%)- + ’T@(%“Q"e) = 0

Ieifze = Te{lp=Fe) | =0

In order to include wviscous. and aerodynamie: damping effects,we
define the damping constants ’?] X 1

Ny = 2.5(fg£)%rgjt}fb z MNe = 2.5(f;/.)’%"mg)£}[a % .
ki ) _ 3. P 14
Np = 2.5(f,u)§ﬁé;ll?ip & Mg = 2.5@#)'5321’?1& z
s0 that the EOM for the damped cage are
Ih‘;.f'm= "%Lf;b =T offpFa)
Igfs = —)73 + Tl = (¢P+7-a")£’083 * ’TP§OP
. . (15)
Ipsap = ""71;509 + Tpsas - (Tp'*'?“e)(’gp + ,7-960@
Ies‘é 2 = "7795& et Tez(sap."sae)

The EOM i"o:n both the undamped and damped cases show the exist-
ence of only static coupling; hence the, system of equations in
both cases may be integrated directly. Note alax that for each
case a system ¢f only four EOM iss obtained,in keeping with our
consideration of motion in the azimuth plane.

In the digital computer program,the EOM are solved in the
forms: given by Equations (13) and (15). Analytic solutions to
these BOM may be obtained by a.ssum:.ng solutions of the form
‘7"1 K. eak.b, i=b,s,p, . Eor nontrivial solutions, the EOM must
sa.’ca.sfy the: eond:;.tlon

- Z ﬁ k =0 o (-3;6)

i= l ,




where the f; are constant coefficients of the the ki;this eqgua~—
tion is of eighth degree in k and thug has eight rooits. Since the
:&5_> 0, there exist no real roots? 01‘3',’01.11:, real roots <0 may ex-
ist. Complex roots are alasc admissible and would occur in conju-
gate pairs. Since we: require Y i'-> 0 as - o2, the real parts of
complex moots must be: € 0., If we assume the existence of X com-
plex roots of the form k=p+iq and £ real negative roots u(u>0),
we may write the solutions as

of . A2

f. = jZ:l ,.‘j_je"l’jtain(qjt- + b 33) + Z}. G, e nb (17)
go that solutions can be: constructed once the ki are known, but
the: algebraic work would become extremely cumbersome, That sinu-
goidal solutions of this form do indeed exist im werified by ihe
computer program results, which will be discussed later,

In ordex Yo superimpose torsional motion upon the pendulastory
motion,we must define the analogous. forms of the matrices [A]
and [B] as defined in Equation (9). We set Ajq=h;3=his=h;-=0 and
:B-1=B3=BS/=B;7=O; also, A12=Ib’Ai4.=Is;”AiG=Ip’A18=Ie' 132,284,]36 and
BB will correspond to the right hand sides of the EOMj thus, the
elements Bfi corresponding to0 torsional terms can be added to the
pendulation LB] by introducing a new eight~element torsional
coupling coefficient matrix [’T] oWhich is also a column matrix,.

Inclusion of Damping Effects

Damping forces are nonconservative in nature and are included
in the Q, term of Equation (1). The work of this section is appl-
icable to both pendulatory and btorsional motion. Following the
lead of Gemeles,e‘b.al.3 ; W assume viscous damping on the ball-
oon proper, and with spherical symmetry for the balloon,we have *

U, = 2,5(10;‘)%:%1@-,,! &y,

nfe

. (18)

1 » 1

- Fopd z

QU = 25(pu)*z 19y *F,
Aerodynamic damping is assumed to affect the other sysiem ele-

mentss, and. is derived from the definition of the asrodynamie
drag; coefficient, Drag on supporiting cables is neglected, since
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the surface area of the cables: is snmall compared Ho that of tne
other systen elements. Hence

Qg = f%'fAs@s?ﬂs(rb'!-a) = & AS W ws(rb+e.)

= 4 2 . 4 ‘ ;
QP a—fAPGPwP(n.b+a.+:ﬁ‘) 3 APG'PWP wp(rb+a+ﬂ) (19)
Q = %fAecezv%( rb;i-a.-i-:ﬁfii-m) = & ALV We( h?b"“a"”ﬂ""c")

To be properly added o the matrix [BZ], Equations: {19) must be
separated into their & and 50 xomponents., Transforming the Ve by

the relationsl?
Vsé = rbéb+aé 5, vr&&a = bf]abgh*a@sea (20)
vpe = rbé-bjf-aé o fép - VP:Ta = rbgbbab+a¢;’sesffﬁbpep
Ve, = rhé -bji-aés_-l-fép-l-&éa v e = rb{ﬁbgb-svaffses+fg-vpep+c¢eee

we then have

2 A2
Q% = 3pA O (2 +a) (2 +ad)

Q'Pe = —%;JoAPCP( ry+ra+f) (Rbéh-l-aégfép)z (21)
Qé@ = —%-fA &L er( :nh,+a+ﬂ+c.) (rhéb+aéa+f9p+@99) &

and .
Qg = #fhlg(mya) (nha‘hfhi"a‘escpa;)a

= %YAPCD(%:-E,—PE) (:rrbé:-‘b‘;’faes‘?a;l-ﬁﬁp‘;ay)a (22)
Qelf = %ﬂm ec e:( r.b+a+:f.‘+e) (rbgbc"ah"'aésc‘aa*fgp%ap"'cgegbe,)2

Tb properly introduce these terms into the [:B] matrix,we define
a coluin damping matrix [_:D] whose elements can be shown to be

my =Qbes‘n/m¢r“i- | Dy =Qp98;p/maf?z

D, =Qbsusbb/m4”%9% m =quspp/m2f2’a§

By “Qa,és"&/ mya” Diy =Qe‘es;e-./ myc® o (23)
mqj, =Q SLJQSSSS}/m;iagGi Dy =Q e@s; o _&/mj_c?ei

where the S parameters are: given ivn the Appendix. Thusg, the

kAT
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inclusion of damping terms: can be accomplished by adding the
damping metrix [D] o EB'J s ieCay

[B]damped = [B]undampedt ‘*‘[Dﬂ (24)

Precessional Motiow

Precessional motion in this paper is modeled after the stand~
ard Foucauvlt pendulum analysis found in many classical mechanics
texts{e.Z. ,Marionls,,Symonls,,BeckerlT,or Goldsteinla) « In this
framework,we consider motion for the case where & _=0 and 2=0
(which is consistent w:L'bh our neglect of balloon bounce).

The COI‘lOl:LS forne Fc or™ ~-2m( & xv) when a.ppl:.ed through a
distance. :n, produces an amount of work W = 2m e . (&5 x ar), which

may also be written in the Levi~Civita density formalism as

W = 2m Z () (25)
i3k ijk™i7 Ty
We consider Equation (25) to be the total energy due to Coriolis
forces, so thait,in Cartesian coordinates,the Coriclis contribu~
tion to the lagrangian is

Lpop = -2m[xwzy + y(wxz -wzx)__\ (26)

Transforming to sgpherical coordinates and using the small-angle
approximation yields the precessional E(')I‘ﬂltl’15

6.= 2n.0 r%[e(gb-ﬂb@b)sinz\-=§ 6, cos Y|

(27)
Lfb 2m, W [ -28, (€, PytHy Sln,)g.‘]
é o= Zimb+ms)amc.{2-[_( B Etaty) =(Tptytary) Lﬁsjsink_

(28)

+8 (2fFy +a§ )cos.-)\}
5}58-_- 2{my ) &) {_ 298[_(rb'§h+ag )ff (rb/‘(b+a‘q3)js:r.n )v.?s

8= 2 (mb-t-m&ﬂ-%)fwoP [(ry Spra8 08 ) ~(myprapgt By )Y ] sin

+ 913 (rb§b+a§a+f§'p) cos k} (29)
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Py 2lnygmpng Yo, § ~20, [(r SyraSh o8, )Y (mparapgetic, ] sin X
& = 2(myimm +m oo o{ NER I af tESy+eSy)
~( Jg,b!,(.m-f-aﬂs-i-f,btp-i-c;(e )(ye] gin }b
+Gb(rﬁ§b?aés+f§p+°§e)cos>”

. (30)
Sae= 2 (mb+ms+mp+m o e 0{-—29 e\:( rb’s‘ b+a°§s+£§° p+e ‘s'e.)SDe 2
+(rbﬂb+%“a?@“p+qqex]sua)n
where for convenience. and brevity we use the abbreviations

As with the torsional EOM, the precessional EOM exhibit only stat-~
coupling and may be integrated directly. They are added to the
pendulation ECOM in a fashion similar to that done in the tors-
ional casej likewise,an analybtic solution is possible but pro-
hivitively cumbersome, Precessional motion is not expected to af-

fect the motion of the system significantlys;this will be discus~
sed later.

GUST LOADING MODELING

The gust loading model may properly be congidered to be the
mogt important aspect of the problem,sinece the character of the
gust field will determine the initial conditions(IC) for solu-
tion of the EOM. We. will try to define the IC in bterms of the
gust velocity profile incident on the system. Statistical wvar-
iation in the gust field or gust effects on supporting cables
will be neglected,since they are not expected to be significant
in a small-angle deflection analysis.

Gust loading is expected to occur suddenly and to last for g
gpecified finite: time. interval before bveing "turned off". If
this time interval is small compared to the time interval in
which the system is in motion after being loaded, the gust model
may be developed as an impulsive motion problem.l4 Denote the
time of omnset of the gust by T, and its "turn—off" time by t

2.
The linear impulse is defined by




Pa' =A(mv) = m(vzj-vl) = f:z ® db (31)
1

and the applied btorque by N = L = Id . Hence the impulsive tov-
que J is

o

J = | B dh = I{wy,=@,) = IAw (32)

By
If the primary linear impulse P, is applied such that its line
of action is at distance < from the GM of the element in gquestw
ion, then N=FY¥ and hence

Sy
J =Sﬁﬁ1 Fdt = P.Y (33)
Eguating (32) and (33),the angnlar velocity change produced by a
linear impulse acting at distance 3 from the CM is Ay = eI/1.
If a number n of different impulses Pa'"i are applied simultane-
ously at different distances 3’1 s Then,noting that the Pd'i and

“hence alsoAW,are now functions of & . as well as of time, we

i
have in general

i

: 1
N (Fy) = = ; B (T) Ly (34)

which gives the differential change in angular velocity pro-
duced during the time interval in which the gugt acts. We are
primarily interested in motion during a specified time interval
after the gust loading has occurred. Since damping forces will
influence the motion of the system after gust loading; then we
may expect Awto be diminished by some function of time(perhaps:
an exponential decay btype behavior) £{%) for +>0 due to damp-
ing. The actual temporal-gpatial inter-relationships are not
clear at this +time and will require fTurther study. Thus,for 15)‘51;2
we modify Houation (34) to read

IL
Nwlsy)= 2 :1;1‘. 2 (84) ¥4 BB (35)

We also note: that translational motion may alsc suffer the effect
of damping.




Spatial Character of Gust Field

Deferring for the present the guestion of the temporal factor,
let us consider the effects of the spatial character of the gust
field upon the system, Since we have assumed spherical symmetry
for the: balloon and eylindrical symmetry for the other system
elements, on velocity field profiles that are asymmetric with
respect to the element CM will yield a net rotatbtional motion
on that element, The geometry of the problem for the halloon is
shown in Fig.2 for a profile whos= peak is offset from the ClM,
and similar geometries exist for the other systen elements.

FPor the moment, confine: the analysis to a planar veloclty pro-
file parallel to the azimuth plane. Then

P;.ci(‘fi) = mk[vﬁfi)_ -"w(,:fi_l)j_ (36)
and: n
R = A Pk S.) S, '
New (€5) =) (55 S, () (37)

where k = b,s,p or e. Substituting (36) inte (40),

Newo (55) = = Z (s = w(s IS, 2(8)  (38)
. I1£ i=1

Writing out the first few terms of (38) will show that,upon add-
ing up all terms, we have

W, (S) = (5,) + E.; :é (n-1+1) S, [v( S )~v( &,_ )] £(+)
(39)

By Fig.2,5 , is located at the CM(also the geometrie center),so
that no net rotational impulse is produced at that pointjonly
translational motion could be produced at S o Thus, in all cases,
w(¥ )==O so that (39) becomes

(S =2 > (i) (W Dw(s 0] 2w (20)

T, 31 |

Equation (40) thus gives the %otal accumulated ¢ out to distance

§=% , but due to the symmebry of the system,  thig is only halfl
n .




g

of ‘the total & which must also include the conbtribubtions from
T =0 t0 ¥= —-'fng.- Hence we must sum over 2n poinbte and {40) now
reads

2n
Slk =W, (+ %)) = :—-f‘ :.--ZJ:. (n—i+ﬂ.)gi[w(§ i)—v(gi__l):&f(t)

(41)
This expression provides the IC for the problem by defining the

net angular veloeiby change in terms of incident gust velocity
profile.

Two- and Three~Dimensional Gust Configurations

The analysis above assumed a planar velocity profile parallel
w0 the azimuth plane. We might also consider planar profiles ro-
tated about the azimuth plane, three-—-dimensional profiles normal
to the z-~axis,or more generally,planar and three-dimensional
profiles incident on the system at angles off the horizontal(e.g.,
a gust coming up from below at some specified angle). Consider
each case separately,assuming the system at rest prior to load.

We firsb study a planar profile rotated about the azimuth
plane by an angleX . Assume the characteristic length of the
element to be bk and. the point of intersection of the profile at
3 =0 and the systen element occurring at distance hk from the CM
along the body axis. In keeping with the coordinate system defi-
nition, h.]::> O below the CM. At angleX , the body will see a S
different from what it saw in the azimuth plane, i.e.,

S;mi = Tsee (42)
This equation,however,becomes singular asX - +1, /2. But we are
concerned only with the effect of the gust over by . Denote ¥>0
by S . and 3 <0 by¥ _. Then from Fig.3,we find that asX-» +M/2
the body effectively sees

1 L _ g A 900 180
S{wnf « g, Sisdm ) (L3 )<"‘<(_-«;50)
o 1 I ’ 1. G 90
S} =iy -ht s SL BY + Bhy <180°) <X <é70°)

Eguations (42) and (43) provide further generalization of (41),




as we can now specifyﬂ:ﬁ‘or any planar profile rotated about the

azimuth plane,observing the restrictions of Fouation (43)3the

cases X =0 and X = 7" are ineluded in this generality due to (42).
Now extend the analysiss to a three~dimensional profile normal
to the z-axis(Fig.4). Such a profile may consist of a series of
identical parallel planar profiles "stacked" one upon another znd
either parallel to or rotated about the azimuth plane, or a pro-
file whose volume shape is that of a body of revolution. The ge-
ometry for a planar stacked profile is that shown in ®ig.4, and

is an extension of the profile shape used in the derivation of
Bquation -(41). For the stacked profile. rotated about the azimuth
plane (Fig.5),we assume that there exist a number m of planar pro-
files parallel to each other Trotated about the azimuth plane at
angle X . FPor each planar the profile, the element will see a dif-
ferent L' and hence will experience a different net ansular ve-
locity cha:nge st 3° The total SL Xk produced on each element is
then

fin o
SL = .;.E Z SL xj (44)
k - i=1
observing the restrictions of (43), and with (42) modified to
S ; = X 5 see X (45)

For the case of a profile whose shape ig that of a body of revo-
lution, regard the profile as a number g of planar parallel stack-
ed: profilesy each parallel Ho the azimuth plane(Pig.6). It is
clear that the spatial character of each such profile is depend-
ent on the distanee z from the spherical coordinate system ori-
gin,ieesp, We have W(S ;) —= WX ;22)+ The effective velocity

profile then becomes
q

V:-‘( Sirz) = ""i‘"‘ izl Wi( S’isz) (46)

so thab Eguation (41) should: now read

2n
- _5119; =k D (nied) fin_'w(-"Si,z)—-v(S i_.‘\_l,z)}:ﬁ-’(t) (a7)

L. i=1




In general, i% is possible for any gust to approach the balloom
system at some;angle‘?’relative t0 the horizontal(Fig.6). For a
given gust configuration, the variable under study(denoted arbiw-
trarily here by A) will have a horizontal component Acos ¢, and
a vertical component Asin ¢/ . These components must be taken into
account. and defined before proce«ding with a given computation.
For this study,we would be interested in the horizontal compo-
nent.

We have said nothing about the definition of the velocity pro-
file itself. For ‘the TACATE mission, Davis™ indicates that a
gust may load the system for a time interval of 6 seconds and
have a peak velocity of 4.0 knots. The time history of this load
would be a step function, and the spatial shape is expecited t0 be
a (1 = coszé) type waveform spread over a distance of about 300
mebers. Thus, we would define our velocity profile by

wey - P (- TSy, v (48)
" B oy L1 = c0s® (K =9 =A) , X>o0
>

where VY is the distance S at which the peak of the profile oc-
curs and >LiS the profile guarter-wavelength.

Indeed, other balloon missions may use other veloecity profiles.
They may also anticipate gust Tield configurations other than
those discussed in this paper, but most of them will probably be
reducible to one of the cases discussed here. As more knowledge
of the nature of gust fields that occur in reality is gained, it
will be possible to make this gust loading model more general and
better able to describe the gust as it occurs in nature,.

CONCLUSIONS:

We will deal with no lengthy conclusions in this report, as it
is felt that such conclusions should be backed up with more in-depth
study, particularly with respect to the stability criteria for the
gystem. Therefore, we will defer such discussion until the follow-up
study on the stability criteria has been completed. Here, we will




make odly passing mention of certain observations that may be made
from the study and computer program results.

The motion of the system is extremely complex, as we might intu-
itively expect. This is definitely borne out by a number of test
cages run on the computer program. Ax we noted in the analysis
gection of this report, strong static and dynamic coupling between
the various elements of the sgystem is evidenced by the computer
program, We also find that the contributions due to the Coriolis
effect are very small indeed, as we would expect. Damping effects
appear t0 be negligible for approximately the first three minutes
in any given test case; after this time, these effects gradually
begin to be more significant, although they do not appear to bhecome
an overriding or even major factor in the overall system motion,
However, when we conaider torsional motion alone, the damping effects
do appear to become a significant part of the motion after a few
minutes,

The most significant type of motion appears to be the pendula-
tory motion. The magnitude of this motion varies from component do
component of the balloon system. The balloon exhibits, in a typically
convergent set of solutions, the most pronounced degree of pendulatior
This would be expected Trom our current model, gince we have assumed
that the gust is applied spatially only over the dimensions of the
balloon; subseguent motvtion of the other system components is assumed
to0 be induced by the motion of the balloon. We find that the balloon
may take rather large excursions in both the € and ¥ directions:
in the same test case, the load bar made major excursions only in
the ¢ divection, although to a lesser degree than did the para-
chute package. The payload made only small excursions in the & di-
rection; this fact is further backed uvp by preliminary data from
the actual LACATE flight, which indicated very little motion in the
payload package.

It may also he noted that for the case of simple damped pendula-
tory motion in a plane, the analytical resulits obtained in this study
reduce to those obtained by Hintonloe

Although we have been remiss in making any really concrete con-
clusions in this report, we feel that more accurate and meaningful
conclusions can be drawn after further study into the stability '
question, and after LACATE flight data are available to verify the
correctness of the model proposed here. '




COMPUTER PROGRAM STRUCTURE AND USAGE

Program TLACATE consists of the driver program LACATE znd
attendant subroutines GU3IT, DIFSUB, PEDERV, MATINV, DIFFUN, PEND,
TORS, CORL, DAMP, BOSS and PLOTS. The basic program structure is
shown in Pigure 7 . The program has been modularized by Ffunction
to facilitate its use so that only those modules that are desired
for a particular run are executed. The gust model module, which
provides theéb and (Jbb initial conditions, eonstitutes subroutine
GUBT. Subroutine DIFSUB is the main integrating module, and has
subroutine DIFFUN as an externally defined argument. DIFFUN is used
to define the derivatives of the equations of motion to be inte-
grated. It contains logic used to call up the pendulation module
PEND, the torsion module TORS, and/or the Coriolis module CORL
as desired, The module PEND also has a logical flag that may be
gset to call the damping module DAMP if desired. A short discussion
of each module follows; for more detailed information, the user
should consult the program listing documcntation.

Under the current program configuration, motion of the balloon
gimulated over a 30 second time interval requires approximately
60 seconds of CPU time to compile and execute; it requires 45K8
locations of core and expends 400 0/S calls, and is designed for
use on the CDC 6600, '

LACATE _

This is the mainline program which reads all NAMELIST inputs,
calls the gust module to set up initial conditions, sets up the
inputs for DIFSUB, and makes the call to DIFSUB, which integrates
the equations of motion. This routine also controls all printed,
punched and plotted output functions.

GUST
“_-_This gubroutine computes the initial conditions for the angu~
lar velocities of the balloon., It requires as inputs the following
variables read from cards:
ATPHA - the quarter wavelength of bthe sinusoidally
shaped gust wvelocity profile.

NU -~ the digtance S at which the peak of the gust
- veloeity profile occurs.

NEB ~ number of ¥ points to be used,




It provides as output ﬁhe values TDOTB and DOTB, which are the
initial conditions one and Sab , respectively.

DIFSUB

This subroutine integrates the system of first order differen—
tial equations of motion. In our case, we have a "system of systems”
of ordinary differential equations., It requires as inputs the data
in NAMELIST /DIFl/ . The equations to be integrated are defined
and set up in DIFFUN.

DIFFUN

Suhroutlne DIFFUN computes the scaled derivatives and sets up
the equations of motion to be integrated by DIFSUB. By settiing the
logical flags appropriately, the user may choose any desired com-—
bination of the modules PEND, TORS and CORL. After this has heen done,
the total contribution from each module is added uvp to give a
cunulative total due to the combinations before returning to DIFSUB
for integration. If a module is not used, its contribution is
automatically preset to zero.

PEND

Subroutine PEND sefs uwp the pendulatory eguations of motion.
The damping module DAMP may be called, if desired, to add in the
contributions of viscous and aerodynamic damping.

TORS

This subroutine sets up the equations of motion for plane
torsional motion. This module already contains its own damping
terms. ‘

CORL

Subroutine CORL sets up the equations of motion for inclusion
of the Coriolis effect on the motion of the system.

DANP

Subrountine DAMP computes the viscous and aerodynamic damping
terms to be added into the penduldtion module. The damping terms
are passed back to PEND via the D(I) array and added to the B(I)

array in PEND.




BOSS

Subroutine BOSS is a SNOBOL 4.0 generated routine Which solves
a system of linear equations represented by the matrix equation
[a1(4] =[B]. BOSS is utilized only by subroutine PEND %o solve the
gystem of eight linear eguations of motion. The algorithm employed
is ‘the method of detached coefficients, alternatively called the
method of Gaussian elimination.

PLOTS

This routine calls up the Calcomp plotting routines TPPLOT
and AVPIOT,.

Sample inputs, outputs and a program listing are given in
Appendix B.

PLOTTING ROUTINES FOR LACATE

Two pbst—processor plotting routines have been written to

provide plots for program LACATE, These are programg TPELOT and
AVPLOT,

PROGRAM TPPLOT

This program uses the punched output of the angles O and ¥
for each component of the balloon gystem from program LACATE ‘to
provide a plot of THETA versus PHI. A point is plotted after each
pass through DIFSUB, so the user may observe the spatial motion
of each component as seen from above that component. All Tour plots
(balloon, load bar, parachute package and payload) are plotted
together, with the same scaling factors, to provide a comparative
view of the magnitude of each component's motion relative to the
other components. _

The program is written for the Calcomp plotter,and requires

-

as inputs the punched output.of the'angles from DIFSUB. The num-

ber of passes through DIFSUB, and hence the number of punched .




cards, is denoted by the variable NB, which is set by the user.
The scaling may also be reset by the user by changing the adjust-~
ed minimua AMIN and scale factor ASCPF as dictated by the range of
data being dealt withs this will allow the user to use as much space
on the plotting paper as possible in order Ho obtain the best
detail,

The program may be run successfully in 50 seconds, SOKB core
and 700 O/S calls; No. 301 Red plotting paper is recommended.

PROGRAM AVPIOT

Program AVPLOT is a Calcomp routine intended to provide plois
of the solutions of the equations of motion as a function of +ime.
It regquires as inputs the punched card output from LACATE for the
angular velocities as well as the angles. At this writing, however,
AVPLOT has not been completely debugged and tested, and thus further.
discusgion of it will be deferred until future updates on TACATE.

CONCLUDING REMARKS

The author wishes to express gratitude to Dr. M.J.
Queijo, Mr. D.E. Hinton, and Mr. R.E, Da¥is of NASA Iangley Re-
search Center and Ms, M.L. Adair of LTV Aerospace Corporation for
their valumble assistance and consultation in various phases of
this study.
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APPENDIX A

ELEMENTS OF THE DYNAMIC AND STATIC COUPLING
COEFFICIENT MATRICES:

For brevity in writing out the terms of the \:A] and. L:B] g b=
rices, we first introduce the following expressions:

2

Sy = (Ib/m::Lrbeb + Zl.)"':L

)
y~1

( Ib/m 41'% + 1

[ 24
o’
I}

_ 2 _ 2
Sg = (Is/msa + 1 as T (Is_/mBa@S + 1)
. 2 ~1 e -2 =1
8, = (Ip/mzfz + 1) ) Spp = (LP/me ea‘g + 1) )
Sg = (Ie/mle + 1) S"ee = (Ie/mlcee + 1)

The elerents of the dynamic coupling coefficient matrix LA.] are
then written

Aqo=hy g=ho =hyo=hy =hs=hge=hog=heg=hyg=Angg=Ag, = 0

A1 78po=hy3=hy SAge=hgg=han=hgg = 1

Aqq m3asb/m4rb

£S. /m

hqyg = mE8/m,ry,

1]

Ayg = myf p(:pb-"lop)sb/mttrb
Ayg = 1111czsb/1114rb

Ayg = m1e8, (1},~Y, )5/ myry,

n

hoy = Agy = myB Syy/myTy Oy
Aps = hpg = mzfﬁopsbb/m4rbeb
Apq = hpg = myef Sy, /myry, Oy
Ao = rbs;s/a

1, TS s’/11132:1.

e

w

I
]
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]

It

]

il

It

]

my£6, @ s--"'gap ) Sg/m3a
mes s/m3a

m,cE, (P~ (?e)ss/msa
T h‘Psts/ ag, = App
hyg = merffPPS SS/mBaGS
A48 = 0 L?esss/ m3aés
rbSP/ £

21,8y (Pp~F)S o/

asp/ £

aes (SUP—CPS) Sp/ T
mlcﬁp/mgf

Ago = Ty bspp/fep

s°pp
Agg = myc soespp/mzfep
3,8 e/c
0 (Pe=R)S /e
as /c
20y (P -8 Je

fse/c

Agy = TP S./c 8




ey

s"ee
A85 = A86 = (Jopsee/c e

and the elements of the column static coupling coefficient matrix
i [IB] are written

Bl = Sb%;%@b" 3(—5,"1"28 +geb)/m Ty

~ mye{28 8 (7,~9,) 20 +B2 (0,0 ) /mym,

= mlc[gée'i‘e(mb o) gag +~92(9 I )]/m4 b%
By = Sypi-2(mgabf mytd & micé §)/mr 8 - 2ébipb/eb}
By = 55450, ~ rbt?%eb+ge )/
- myf 26, (¢,=7,) 458 +d0(9 -0 )] /mya
- c[zs D454, )-42@ +85(65-6,)] /mye}

i} SO SEERE

- . minpe s — -
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}34 = g % 2(m3 be « +1112f9 tp +m 09 ‘f )/ﬂl ae - 2&93@3/@3%

— (‘ 2/ +
By = 586l Gyt (¢ 0y ) 1260 (=) ]/

~ al-26,+95(0,-6,)+28.5 (9 =9, )/ £
+ mlc:c?ie e/mgf + gép/ f -%
Bg = SP 5 2[m2(rb NS b+a9 CP )+m e ﬂ;(/mgfé ~ 28 :PP/QP}
l ’;2 n ‘2 ) 5. 4 '
By = Se{“?et'f’e"rb[”qbébwb(“’e-eb)+2eb‘?b(épe_<7ob)] /e
' ~ -2 +65(0,~8,)+20 9 (° =)} /o
92 . ’_?
. - f(?PQP/c + gée/cj

and

By = Sl ~2(rfidyratile 20 &) /6, - zée%/ee%
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APPENDIX B

SAMPLE INPUTS AND OUTPUTS AND LISTING
OF PROGRAM TACATE

This appendix provides data inputs and output for a typical 30
second run, as well as a complete listing of the TACATE program.

Inputs

All inputs are made through the use of NAMELIST statements set
up according to their functional use. The following tables describe
these inputs in more detall; unless a value is otherwise specified,
a particular variable is to be gset by the user. All inpubs are made
in the MKS system of units.

NAMETIST VARTABLES/CONSTANTS FUNCTION
ANGL _ THETAB, THETAS, THETAP, Inputs initial con-
THETAE,PHIB,PHIS,PHIP, ditions on angles,ang-
PHIE, TDOTS3, TDOTP, TIX.TE, vlar velocities and
. DbOTs,bOoTP,DOTE, OMEGA , Coriolis constants
LAMDA
CONS MB,MS ,MP,ME, RB,A1,L,P, Inputs congtants used
RS, RP,RE, G, RHO,MU,N,HS,HP,HE in program
TEST IPEND, ITORS, ICORL, Inputs logical flags
IPLOTS , TDANMP for module selection
DIFL H,JSTART,HMIN, HMAX, EPS, Initialization con-
MTH,MAXDER, TO, TF,PV atants for DIFSUB
DRAG ASCS,APCP, AECE Constants used in
aerodynamic damping
computations

PRECEDING PAGE BLANK NOT FILMED)
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Qutpruts

Program LACATE provides both printed and punched output. Printer
output consists of the THETA and PHI angles and their corresponding
angular velocities for each component of the system, i.e., the
solutions of the equations of motion. These values are printed after .
each successful pass through DIFSUB at intervals of time determined
by the step size chosen by DIFSUB. Printed output is also punched
on cards to be used as inputs to the two post-processor plotiting
routines, Output from a fypiwal test case follow. For each time
indicated, the top line gives the values of the angles, while direct—
1y below .each angle value is given its corresponding angular veloc-
ity at that time., The case shown was run for TF = 30.0 seconds,

At the end of this time, DIFSUB was still providing convergent
solutions and a normal termination occurs. In the case of a non-
convergent solution, output would continue as in the convergent
case, but when the minimum step size specified by DIFSUB is reached,
Program execution is halted and an error code and working storage
array are dumped for diagnostic purposes. The angles have units

of radians, and the angular velocities are given in radians/sec.

Also shown are representative gust model computations for the
velocity profile (4) of Eguation (48) in the text. Referring to
Figure s We interpret this data as follows:

I - ‘the value of 3 syil.e.,the distance outward from
the center of the balloon.
AA(T) the velocity at station I for S <0,
BB(I) ~ the velocity at station I for ¥ >0.

V{(J) the velocity at station I considering both S< 0
and 5> 0, i.e., V(I)=AA(I)+BB(I). These values
of V are used to compute the rotational impulse
at station I due to V(I).

I

The computation of the net rotational impulse produced by the
gust at each station I, il.e., the computation of SL , is also shown.
Note that as one proceeds from I=1l to I=150, the net impulse is
accumulating. In other words, W(I) is the net change in angular
velocity that has been produced by all velocity components from
I=1 to I=I(current). Thus the final value &f W(I) (here, W(150))
is the net change inuahgular velocity over the entire balloon, and
it is th}s value that is taken as the initial condition(s) for éét)
and/or Y . .
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- PARAETER VATUE DESCRIPTION
- THETAB radians balloon thetza deflection
- THETAS radians load bar theta deflection
THETAP radiang parachute package theta
deflection
. THETAE radians payload theta deflection
PHTB radians balloon phi deflection
PHIS radians load bar phi deflection
PHIP radians parachute phi deflection
PHIE radians payload phi deflection
TDOTS rad/sec load bar angular velocity in
theta direction
TDOTP rad/sec parachute package angular
veloeity, theta direction
TDOTE rad/sec payload angular velocitvy,
theta direction
DOTS rad/sec load bvar angular velocity,
phi direction
DOTP rad/sec parachute package angular
velocity, phi direction
DOTE rad/sec payload angular velocity,
phi direction
OMEGA 7.27 x 10~°rad  rotatiomal velocity of the
sec earth; used only in CORL
TAMDA 5.7305 x 10"lrad geometric latitude at Holloman
Air Force Base, New Mexicoj used
only in CORL
MB 861.82 kg. mass of balloon
S 112,94 kg. mags of load bar
MP 37.194 kg. mass of parachute package
ME 214.095 kg, mass of payload package
M M 1§=214.095 kge An array dimensioned M(4) such
M(2 =221.29 that:
M(4)=1226.06 M2 =R
M( 3 )=NE+MP+MS
M( 4 )=NE+MP+MS-+NB
BB 64.00 meters balloon radius
Al 23.16 meters length of cable bhetween balloon
attachment point and load bar
L 396.24 meters length of eable between load
bar and parachute package
P 363527 meters length of cable hetween parachute

package and payload package

{
:
i
,
;
i
]
i
|
|



PARAMETER VALUE

DESCRIPTION

RS 0.6096 meters

RP 0.4572 meters

RE 0.9244 meters

G 9,656 m/sec

RHO 1.027x10 kg
- m

MU 1.695x10 ke

M=z ec

N

BS 0.6096 meters

HP 0.9144 meters

HE 1,8288 meters

TPEND

TTORS

TCORT

TPLOT

TDAMP

H,JSTART , HMIN , HMAX , EPS,

WTH, MAXDER, TO, TF , EV

ASCS 1.03085 m°

APCP 1,03085 m°

AECE 1..50503 m°

radius of load bar cykinder
radiug of parachute cylinder
radiug of payload cylinder -

acceleration due to gravity at an
altitude of 50 kmjiresettable

density of air at 50 km altitude;
uger resettable

viscosity of air at 50 km
altitude § user resettable

number of differential equations
t0 be solved

=4 for TORS

=8 for PEND and CORL

length of load bar
length of parachute package
length of payload package

rendulation module flag
=0, module not used
=1, module is used

torsion module flag
Coriolis module flag
plotting module flag
damping module flag

refer to subroutine DIFSUB

product of load bar surface
area and drag coefficient

same for oarachute package
same for payload package
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rlalle92E~03
~2.59826E-04

—l.14290E-03

ﬂuéérww.wm

THETAS

-9.04714E~05
-5.10285E~05

-9.54793E-05
~4,9)521E-05

-1.00282E-04
~%4e69329E~05

~la 04847004
~4.4404TE-05

~1l.04140E~04
—4,16061E£~05

~1.13153E-04
-3.850))E~05

~l.16348E-04
=-3.53726E-0Q5

-1.20216E-34
-3.203426-05

“1.23240E-04
-Z.86127E~05

=1.25932F-04
~2.51635€E-05

~1a28275F-24
-2.17383E-05

=-1.30278E-2%
-1.B3894E-25

—1.31954E-94%
-1,51677t-05

~1.333166-04

~1.21223E-25

=la 34384E-04
~9.29423E-Do

=1.35L8%F~04

PHIS

3.15034E-06
3.01719E-00

3.46524E-06
3.27d84E-06

3.82633E-06
3454071LE~DS

4. 17351E-0b6
3.390046E-06

5.56644E-0b6
4,L5570E-06

4e?B4540L-06
4.304CHE-06

5.42702E-06
%.54312E-00

5.89282E-06
4.T7062E~00

6. 38268 -06
4.98% 3306

6.83911F-06
5.L82L7E-06

T«41643E-06
536224006

7.96077£-06
5.52234E-06

8.52010E-06
5.66248E-06

9.09229E-06

5.779497E-06

9.67%05E-06
S5.07436E-006

L.Q204LF-05

THETAP

~3.43753E-06
~6.52114E-06

~4.12453E~06

-7.21717E-06

~4,B8278E~06
-7.94¢581E~06

=5.71543LC-06

~8.70475E-06

~6.62537E~-05
—S.4914T7E-Cb

~7.61524L-06

-1.03C32E-D5
-B.68739E-CH
-1.113648€E-05
=1.19893L~-C5

—1.10864E-05
~1.28574E-05

—1.24153E£-05
-1.37378E~05

~1.38347£-05
~1la46270E-G5

—1 53423E-05
~1a55217E~U5

-1.69395E-05
=1l.64186£-05

=4, bSZSBE*Qb

-1.85263E-05
=l1.73146E~05

-2.04025L-05
~1.82065E~-05

-2.2261%1L-35

PHEP

-9.01424€E~06
-2.74483E-006

-9.25506E-06

-2.07060E-0Q0

~9.42393E-06
-1.30765E-06

-%.21211E-Co
~4.58657E-07

-9,51123E-06
4.7142BE-Q7

 ~9.41353E-06

la27514E-Co

-9.21215£-06
2.54219E-06

—90.8%385E-06 -8.90L41E-D6

THETAE

-3.07665E-06
-6.32675E~06

—3.744856-06

~7.03532E-00

~4a 4B566E-05
—7.77851E-06

—~5.30240E-06

-B.53355E-06

—6.19810E-06
-9, 35736E-06
—7.17%47E—05
~1.01807E-05

-B.2368BE-Ub
—~1.10382E-05

3.65929E~06 . =1.12Cub6E-05

~8.47712E-06
4.B0989E-06
~7.93693E-06
5.97412E-06

~7.28062E~06
T.12873E-06

-6. 51050& 06
B.247L3E-D6

~5.63168E~006
9.29965E~06
1.02538E-05

-3.58422£-06
1.10747e-05

~2.44236F 00

~1.06197E~05
~1427943L-05

—1.194426-05

-1.36922E~-05

~1.33589E-05
~1.45987TE-05

-1.48645E 05
-1l.55107E-05

-l.64615E-05
~l.(4248E-05

“1.81&98& 05

~1.73377E~-05

-1.99291E~-D5
-1.Y¥2462% 05

-2, 1T9H9t =05

et

-9.38430£-06

" PHIE

9.96692E-07

~1.09752£-0)

9.96592E-07
~9.05973E~10

9.96512E-07
“6.86254E-1)

2.96456E-07
-4,38957E~-10

.9.96426E-07
-1.65390E~10

' 9.96%24E-01

1.323316-10

2F6LEIE-0T
4e511l86F-10.

. i
9.96515E-07.

TeB8r7YT1E-1D

1.13523E-0%

9.96743E-07
1.48923E-09

9.96910E-07
1.84190GE-09

9.97112E-07
2.18491£~09

9.97347E~07
2.50887E-0%

" 9,97613E-07

2.8B0347E-09

97307E-07
3.057656-09

L IH223K-Q7
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=1.0:4%77T-03

-

. TIME THETAB
. ANGLE  5.102500 . . =1.10154E-03
- __ RATES . -4.24u78E-05
T ANGLE . 6.202500 .. ~l.10549E~03
T RATES . =3.66133E-05
TTUANGLE . £.302500 . -1.10B85E-33
 RATES .  ~3.07500£-05
T ANGLE  5.4525%00  ~1.1Ll164E-03
. RATES . o _ —2.4u832E-05
__ANGLE  6.502500. . -1.11333E-03
_ RATES. __ .. =1.9U136E-05
L ANGLE.__ 06.602500__ __ -1.11544E-03
T RATES T S1.3lo16E-05
T ANGLE__ 6.702500 .. -1.11647E-03
RAIES . ~T7.31759E-06
_ANGLE__ 6.807500 . ~L.11691€-03
_RATES __ . ~La49LT6E-06
L ANGLE.. 5.902500 _ _ .-1.11677E-03
- _RATES . . 4.31075E-00
. ANGLE.__ 7.002500 ... .=1.11605E-03
— RATES _. . 1.00850E-05
ANGLE .. 7.132500 . ~1.114756-03
_RATES 1.58263L-05
TANGLE . 7.202500 . ..~1.11288E-03
- T RATES | . 2.15301E-05
CUANGLE . .7.332500 . . ~1.11045E-03
RATES. . 2.71922£-05
CANGLE . L 7.432500  -1.10745E-03
PATES 3.240d6E-05
ANGLE  7.402500 ~1.12349E-03
RATES 3. 8175505
TUANBLE  T.ro2900

PHIB

~1.58460E-03
-24 598235"0‘&

-1.61058E~03
~2.59823E-04

~l.03657TE-03
-2.59823E-04

~l.uu255E-03
—~2+59822E-04

-la68353E-03
~2.549822E-04

~l.71%451E~-03
-2.59822E~-04

-1.74049E~03
~-2.59822E-04%

—l.7664BE-03
—2.59822E-04

-1.79246E-03
~2.59822E-04

~1.81844E~03
-2.59822E-04

~1.84642E-03
~2+59822E-04

-1.87041E-33

~2.59822E-04

~1a89639£-03
-2+59822E-04

-1.92237E-03
-2.39822L~04%

-l.94835E-03
~Z.59B22F-04

-1.97423E-03

THETAS

“1lat2426E-04
-1.87970E~-05

~Lekd4b6TE~QG
-2+19694E-05

-1.9u827E-04
-2.51599E-35

-1l.449503E-04
-2.83431E~J5

-1.52497E-04
=3.14394E-35

—=1.55792E-04%
-3.44300E-05

-1la593T4E-0k
-3. T1956E-05

—l.p32249E-04
-3.97598E-25

-l.673170-0%
“4.20562E-05

—1.71624E~04%

-4.%43457E-05

170113024
~%e56942E-05

-1.80748E-24

~4.69726E-05

—L.8%431E-04
—4,7d578E~05

-1.90301F-04
-t,33324E~25

~1.95137L~04
4. 538%5E-05

=l sdF =04

PHIS

1.9422LE-05
3.95816E-06

1.980652E-05
3.73437L-00

2.01624E~0%
3.43931E~06

2.0%926L-35
3.16474-06

2.07948E-0%
2.87933E-06

2.10530E-05
2.58373E-08

2413111E-05
2.27805E-06

2.15231€~05
1.96239E-06.

2.17030E-05
1.863638E~00

2.18500k-05
1430163E-0b

2.196290-05
9.56841E-07

| 2.20408E-05

6.02711E-07

2.23329E-05
2.39514E-37

2.20393E-05
~1.32429F-07

2.205L0E-05
~5.127T446~27

2.1 1853F-05

THETAP PHIP

~1.71719E~06
-2.970855-05

~6.611%6E~05
-3.16245L~05

-6.93115€E~05
~3.22154E~05 -3.55179E-05
~7.25621E-05
~3.27984E-05"

~8.83663E-06
-4.15758E-05

=7-58737E£-05
~3.33T55E~-05 -4.78456E-05
-1.8%182L-05
~5.42902L-0b

~T«92363E-05
~3.39487E-05

—8.75000E~05 -2.41762E-05

-3.4523CL-05% -6.UB728E~05

-3.06015E-05
~6.T9569E-05

-8.51406E~05
~3.53G11E~C5
-R.95T63E-05
-3.55630E~05 -7.430716-05
~9.32734E-05
-3.62392E-u5

-4 ,546B0E-35
~8.1DB96E~05
~9,69263E-05 -5
~3,682030-05 -8.787208-05
-6.30440E-05
‘9.4ﬁ244E“05

~1.00638E-C4
~3.74064E-05
~1.0440BE-D4 —-7.28425k-05
-3.79988E-05 -1.01319E-04

-1.Q8238E~04
~3.85982E~05

-8.33062E-05
-1.07929E-0%

-G.44254E-05
~1.14432E~04

-1.12128:-04
~3.92087L-05

—lal6C79L~uh
- 3.981B3E-U4

~l.0nlB48L-24%
-1.20804F-04

~1.2004%21-06 -—1.135820-04

-4.930188-06

~1.33095E-05

-3.75964E-25

-5.391776-05

THETAE

-6.58139E~-05
-3.16BOUE~US

 —6.9D108E-D5

-3.22549€E-05

~7.22652E-05
—-3.28314-05

~Te55765E-25
~3.33966E-05

-7.89441E-05
-3.39579€~05

-B.23673E-05

-3.45174E-33

~8.58474E—05
—3.50774E~05
-B.93B32E~05
~3.56401E-05
-9.29755E-05
-3.62074E-05
~9.66248E~05
-3.,67308E-05

-1.02332E-04
-3.73618E-05

~1.04097E-04

-3.79512E-08

~1.07922E~04%
~3.83497E-05

-1.11806&-04

~3.91573E-05

~1.159754%E-904
-3.71738F-05

.—!.lUTﬁHF—Oé

PHIE

9.97730E-07
-Q. /28T IE~Q9

9.26666E-07

~1«1534%E-08

9.95418€~-07
-l.32tLYE-08

9.939B80E-07
~1l.534268E-08

2.92346E~07
~1.732606-08

9.90512E-07 -

—1.93354E-08

9.8B476E-07
-2.13617£-08

 9.8623BE-07
-2.33901E-08

9,83797E-07
~2.94070E-08

9.811556-07
-2.739858-08

9.78318E-07
~2.93502E~Ja

 9.75287E-07
~3.125106-08

9.7207CE-07
-3.30856E-08

9.6B&T3E-O7
-3.41424E~08

9.6510bE-07
=3.4509LE~08

G.613¢51-37

o




(HER}DNQLL

PA

(HFIKXIR U G%’ls
T1HE _+.. THETAB

ANGLE  7.702500 1.09511E-03

RATES 4.934 78E-05

. ANGLE | 7.432500
RATES

\
3

- aNGLE
. RATES:

T.¢92500

__RATES il
L ANGEE " Be102500. ...
L AATES: . R

VRAEEST o 7

. ANGLE | 8.302500

Eomaetr
| CANGLE . 8.502500._
L RATES.. ¥

o= i w —

_ANGLE.  8.602500 _
_RATES. .

ECRATES. gl

[ _RATES

L ANGLE  9.102500. .
| RATES G

- v M

ARSIy & 9 2378480
-

£ RATES: s

e R T AR
__ANGLE __ 8.402500

L ANGLE  9.002500 _ __

~1.04991E-03
5.4764TLE-05

-1.08415E-03
6.00651E-05

~1.07749E-03
6.53595E-05

=1.07110E-03
 7.05582E-05

TANGLE . 8.202500 . . -1.06378€-03

T-57025E~-05

~=1.05595¢E-03

8.07819E-05

-1.04763E-03
8.57641E-05

~1.03880E-03

9.07150€E-05

21.029%9£-03

9.55736€E-05

=1.01969t-03
1.00359E-04

| RATES _ o 1.050TLE-0%
| ANGLE.__ 8.902500. __ =9.98682E-04
RATES . 1-097T08E-04

-9.87483E-04
 1.14270E-0%

=9.15831E-04
1.18757E-04

-0 L ATARC V4

| _ANGLE._ B.802500 . .. -1.00942E-03

PHIB

-2.00032E-23
=2.59822E-04

-2.02630E-03

=2.59822E-04

-2.05228E-23
~2.59822E-04%

~2.07826E-03
=2.59d22E-04%

-2.10425€E-03
~2.59822E-04

-2.13023E-03
-2.59822E-04

-2.15621E-03
-2.59822E-04

-2.18219€£-03
~2.59822E-04

-2.2U817E-03
=2.59822E-04

=2.23416E-03
—2.55322E-04%

-2.26014E-03
=2.59822E-04

=2420682E=03

-2.59822E-04

-2.31210E-03
~2.59822E-04

-2.33809E-03

~2.59822E-04%

“2.36407E-03
~2.59823E-04

KN ey

o P L

THETAS

=2.04T19E-0%
~4.72169E-05

=2.09380E-04
~4.6U059E-95

-2.13%399L-04
-4.43952E-05

=2.18238E-04
~4.24360t-05

-2.2236UE-D%
=4.00654E-35

~2.26232E-04
=3.74058E-05

-2.29824E-04
~3.44647E-05

-2.33109E6-04
=3.12838E-05

-2.360066E-0%
-2.79082E-05

~24 38LT9E-04
~2+43403E-05

=2.409 34E-0%
~2.07086E-05

~2.42B25E-06
-1.71068E-05

~2.44351E-04
-1.34533E-05

~2.45514F-04%
-9.86032E-06

=2.46323E-04
~6437/901E-06

Ta%20. N

PHIS

2.13754E-05
-1.29675E-06

2.17255E-05
-1.69947E-06

2.15351E-05
~2.10845E-06

2.13035E-05
-2.5237€E-00b

2.10300E-05
~2494428E-06

2.07143€-05
-3.369706-06

2.03558F~-05
~3.79958E-06

1.99542E-05
=4 4233449E-06

1.95049E-05
~4.067110F-06

L.90197€E~05
-5.11213£E-06

1.84863E-05
-5.55641E-06

1.79083E-05

~6«00383E-06

1.72854E~05
~6.45440E-06

l.66172E-05
=6.90819E-06

1.59336E-05
=7.30538F-06

¥ ERVZ &b Ve,

THETAP

-1.24157€-24
~4.10644E-05

-1.28305£-04

-4.16950E-05

-1.32506E-04
—%+2328%t~-05

-1.36771L-04
-4.29644L-05

=1.41099E-C4
~4.35993E-05

-1.45491E-04
-4.42313L-05

~1.49946E-04
~4.43579E-05

~1.56462E-Ch
-4.56764E-05

=1.59041E-04
~4.60836E-05

~1.63679E-04
~4,66T6TE-05

~L.68375E~04%
=4.72522E-05

~1.73128E-0%
-4.78C71E-05

~1.7T936E-C4%
~4.83380E-05

~1.827956-04
-4.88416E-C5

-1.87703t-C4
~4.93148E-05

) 2ERTL Lo

PHIP

-1.315906-04%
-1.33106E-04

-1.451956-04
-1.38999¢-04

~1-.59381E-04
-L.44T7T07E-04%

-1.74128E-0%
-1.50221E-04

~l+B9%16E-04%
~1.55536E-04

-2.05226E-04

=l.000406E-04

~2.21536E-U4%
~1.65551E-04

~2.33326E-04 .
-1.70250£-04

~2.55575E~04
~1leT4T44E-0%

-2.73264E-04

~1.79037C-04

-2.91373E-04
-1.83133E-04
~3.09881E-04
-1.B7037E-04

-3.28770E-04
-1.90750E-0%

THETAE

~1.238356-06
-4.10312E-05
-1.27970E-06
—%.16699E-05

-1.32169E-04
~4423132E-05

~1.35433E-04
~4.29595E-05

=l.4J761E-04
~4.36066E-05

~1.45154E-06

~%.42523E-05

=l.%31612E-D%
~4.408938E-05

~1.56133E-04

=4.55284E-05

-1.58T717E-0%
-4.61530E-05

~1.63363E-04
-4 o6T642E-05

-1.68069E-04
~4.T73585E-05

~1.72834E-04
-4.79325E-05

~1.77655E-04
~4.149823E-05

-3.48023E-04 ~-1.82530€~04

-1.94298E-04

-3.57620E-0%
=l.27669E-04

B MWGLT LNy

~4.9J)045E~-05

=1.87455E-04
~4+94955E-05

POl IO e JRSE T2 £ AP ) )

PHIE

Ge57494E-017
-3.95275E-0G8

9.53475E-07
-4.08588E-08

9.49328E-07
-4.20595E-08

9.45)69E-07
-4.31221E-C8

'9.40710E-07
~4.4040SE-08

9.36268BE-07
-4.481C2E-08

9.31756E-07
-4.54284LE-08

9.27189E-07
~4.,58953¢E-08

9.22584E-07
~4.62116E-08

9.17955e~07
~4.63824F-08

9.13315E-07
~4.641406~08

9.08679E-07

~4.63162E-08

9.0405%E-07
-4.61016E-08

8.9%05=-07
~4.57862€E-08

8.94907€-07
~4.53886E-904

CUI S T M R SR W




‘IF.POCH§¢Q
1,
TIME  _+« . THETAB
ANGLE  7.702500 J1.09511E-03

. RATES
T ANGLE
RATES

4,934 78E~05

T.432500

S.4T4TLE~-DS

7032500

. ANGLE -1.08415E-03
. 6.00851E-05

T 8.0325G60 | —1.07749E-03

e 6.53595E-05

. 8.102500 ... —1.07110E-03

.. Ta05482E-05

~ - ANGLE __ 8.207500 . . —1.06378E-03
T HATES . . . _ 7.57075E-05
_ANGLE . 4.302500._._ ~L.0559bE=03
. RATES .. BWDTH1YE-O5
ZCANGLE _H.402500 _ __ ~1.04703E-03

LRATES . . - oo aw B.57841E-03

TANGLE | B.537500 . ~l.03850E-03
T RATES.. . 9,07150E-05

<1.02949E-03

b e A ——

ANGLE_.. B-002500 .

. RATES. _ 9.55736E-05
L ANGLE .. B.702500. _. ~1.01969:-03
C RATES _ e . 1aDO359E-04

it o s i

L _RATES. . o 1s05071E~04
S ANGLE___8.902500___ _—9.98682E~04
— RATES .. T 1.09708E-0%

CANGLE .. 9.002500_ . ~9.87483E-04

RATES _ T L.14270E-04
ANGLE . 9.102500. ... =0.75831E~D4
_RATEG T

Kuire o o TR AN s AN N A ST A
-

“1.03991E~03

o _ANGLE.__ 84802500 __ . —~1~00942E-03

1218757E-04

P

PHIB

-2.00032E-03
~2.59822E-04

~2.02630E-03

=2.59822E-04%

-2.0522BE~23
~2.59822E-04

~2.07826E-03
—2.549d22E-04

-2.10425E-03
-2.59822E-04

-2.13023E-03
-2.59822E-04

~Z2.15621E-J3
—2.53822E-04

-2.18219C~03
~2.59B22E-04

~2.20817E-03
-2.59822E-04

-2.23216E-33
—2.5%322E-04

-2.26014E-03
-2.59822E-04

—2.28612E-03

-2.59822E~04

~2.31210E-03
~2.59822E-04

-2.33809E-03

=2.59822E-04

~Z2.36607E-03
-2.59823E-04

- Ly ki Y R

THETAS

~2+04TLRE-D%
-4 T216'7E~D5

~2.09380-04
~4. 6U0S9E-05

~2.138990~04
~4.%43452E-05

=2« 18233E-04
~4.24360L-05

-2.22369E-0%
=4.006b%E=35

-2.26232E-34
~3.74J58E-05

~2.29824£-04
~3.%4647TE-05

~2.331296~04

-3,12833E-05

=2.363060E-J%
-2.79082&~05

=24 380 T79E-3%
—2.438063E-05

~2. 40934604
~2407u86E-05

~2.42825E-04

~1.71068E-05

. =2444351E~D4

-1.34333E-05

=2, 455 14F-04
~9.86032E~36

—2. 46323E-0%
~6.31931E-00

-~ v Tavt ns

PHIS

2.18754E-05
-1.29675E~06

2.17255E-05

~l.69947E-06

2415351E~05%
~2410B%-5E-06

2.13035E-05
-2,.523TeE~-D6

2.10300E-05
~2.94428E-06

2.07143E-05
~3.369706~06

2.03553F-05
~3.79958E-06

1.799542E~05
—%423349E-06

1.9%049E-05
~4.0T113FE-06

1.90197E~05
-5.112135-06

1.84B63E-05
-5.55641E~06

1.79083E-05

~6.00383E-06

1.72854E-05
_b-(I'Srf'rinr;_O&

l.66172E~05
—6.90819LE~Ub

1- 593 36!":"05
-7T.30534F-06

T 814 48300 erb

=%4.10644E-05

~1.2B305E-04
—4.16950E~05

—la32506E~04%
—4.2328%k-05

-1.30677LL-04
—“%a29644L~05

=1.410Q99E~04
-4+35993E~05

=1.49946E-D4
=443 9TIE-0S

~1.59041E-04
~4.60836E-05

~1.636T9E-04
~4, 66 TLTE-0O5

~1.68375E-04
~4472522E-05
—1.731286-0% -3
~4-T8CT1E-D5

~1.77936E-04
~4.83380E-05
-3.48023E-04
-1.94298E~04

~1.82795E-04
-4 .BBHLBE-CS

=1.87T703E-04
~4+93148E-05

PHIP

~1.45195€-04

-1.38999(-04

~1-59381E-04
=Ll%4707E-0%

-1.72128E-0%
-1.50221~04

=1.89414E-04
~1.55536E-04

—1.4549LE-04 =~2.052268-04
~4.423130-05

-l.6dvabE~04%
~2.21536E-04%
~1.65951E~-04
-1.,70250E~04

~2.55575E-04
~1laT4744E~0%

S2.73264E-04

-1.7T9037(-04%

-2491373E~0D%
~l83133L-04

-3.0988LE-04

-1.87037E-04

~3.2877T0E-04%
-1.90750E-0¢

-3.67620E-04

~1l.97T669E-04

P BRI N TR AN N AR WY

THETAE

-1.24167E-06 -1.315906-04 -1.23835L-04
~1.331066-04

~4.10312E~05
~1.27970E~04
—%.16699E-05

=1.32169E-04
—4.23132E-05

~Lle35433E-04
~4.29595E-05

-1.4)76LE~04
~4.36066E-05
~4.42523E-05

=l.%i612E~04
~%4.48238E-05

-1.55462E-04 ~2.33326E-04
—4.54764E-05

=1.54133£~04%
~4.55283E-05

-1.58717E~0%
-5.61530E-05

“1.63363E-04

~h«6TH42E-05

~1.68069E-0%
~4aT3585E-09

~1.7283%E-04
~4.7932%E-05

~La77655E-04
~4.16823E-05

-1.82530E-04
~%.9)04%5E-05

~L.87455E-04
~4.946955E-05

| [ BN R B Y 4

~1.45154E-04

PHIE

9.57494E-07
-3.95275E~G8

9.53475E-07
—~4.08588£~08

9.4932BE-07
~4.20595L-08

9.45369E-07
~4.31221E~C8

'9.4071GE-07
~4.40405E-08

9.362068E-07
—%.48)102E~08

9.31756€E-CT
—4.542BLE-08

F.27L89E~-07
~4.58553E-08

9.225E4E~-07
44021 1LE-0B

e 179556~07
~4.63824E-08

9.13315e-07
~%+ 0%140E~08

9.08679E-07
~4.63162E-G8

9.04059E~-07
~4.61016E-08

B.99403x-07
~4.57862E-08

B.94907E-07
~4.53886F-04

ELINYD L BN SRPE (R

TR R,

L2 Rapavivas

SE—

g

i
i

PRSP M



g  THETAB
_ ENGLE . 9.302500 19.51202&-04
__RATFS - .27500€-04
T ANGLE . 9.402500 . _ -9.38239E-04
C U RATES. S e A IBAE- Ok

"ANGLE . . 9.502500_ . -9.24B54E-04
- RATES iy Eakgaaking

B RATES
_ANGLE_ _9.702500 . _ -8.96852E-04
 1.4404TE-D4

iee .- 1a%U030E-0%

__ANGLE ___9.802500 _ _

E ANCiE 1B.to2d30.
e RATES | Bkt atie
| ANGLE _10.202500_.____ -8,
L ORATES. LR

~B.36144E-04
1.59278E-064
‘  =B+20037E~04
1.62868E-04

L ANGLE. 10.3)2500_

=B.035T5E-04

L nares L M BLARTE -0k
_ ANGLE _ 10.402500 -7. 36768E-04
omates T sl N9k

‘;”.ANGLE:;iﬂ.bJZde_“;"<;7.09&25E-04

__ANGLE _ 9.602500 . _ -9.11056E-04

T -B3.B2251E-04

f__vnaxesu__ _______ 1.47982E-04
L CANGLE. 5.9 9ozsaoﬁ”-; ~B.67260E-04
ORREES s E . 0
T ANGLE. 10, dazsoo..._ ~B.51884E-06
- AATES. L 1.55599E-06

RATES _ . 1.73080L-04
A~GZ£°'ib 502500 . ~T7.521576-04

o RRTES ST e e i

L ANGLE  10.702500 . . ~T-34372E-06

 RATES 1.79396E-04

i . S

: AN F 10.%902500 =l.162931 =04

PHIB

- =2.41603E~03

-2.59823€-04

-2.44201E-03
-2.59823E-04%

-2.46800€-03
-2.59823E~04%

=-2.49398E-03
=2.59823E-04

=-2.51996E-03
=2.59823E-04

-2.5459%E-03

-2.59823€E-04

-2.57193E-03
-2.59823E~04

-2.59791E-03

—2.59823E-04

~2.62389E-03
=2.59824E-0%

-2.64987E-03
~2.59824E-04

-2.67586E~03
=2.59824E-04%

 ~2.70184E-03
~2.59824E-04

=2.72782€-03
-2.59824E-04

-2.75380E-03
=2.59824E-0¢

-2.7T1979E-03
=2.59824E-04

~283577F=23

THETAS

-2.4694)E-04

5.41878E-08

=2.46T90E-04
2.%91ollE-06

-2.46367E-064
5. 48784E-06

-2.45T05E-04
Ta13475E-06

-2.44335E-04
9.62734E-06

~2.437956-06

le11418E-05

-2.42024E-04
- 1422602E-05

-2.41362E-04
1.29711E-05

-2.40050€E-04
l. 32694E-Q5

-2.38129E-06
1.31565E-05

-2.37439E-04
1.26404E-05

=2,36221E-04
l.17353E-05

=2.35112E-04%
1.04%620E-05

~2.34148E-064
4. 84657 L-06

~2.33301E-0%
0.92094E-08

=2. 327TBlE~-04

PHIS

1.43332F-25
-8.29105E-206

1.34856E-05
-8.76023kt-C6

1.25859E-05
-9.23421E-06

1.16386L-05
~9.71345E-06

1.06430E-05
-1.019485E-05

9.59860E-06

=1.06897t-05

8.50475E~-06
-1.11878E-05

7.36072E-06
=-1.16932E-05%

6.16578L-05
=1.22063E=-05

 4.91910F-06

=1.272717€-05

3.61984F-06
-1.32572E-05

2.26T12€-06
-1.37971E-05

B.59992F-07
~1l.43458E-05

-6.02507€-07
-1.49045E-05

-2.12138E-06
=1l.564734E-05

=3.691n70-05

THETAP PHIP THETAE
~1.97652E-04 ~-4.07787E-0% -1.97444E-
-5.01573E-05 =-2.03933E-04 -5.03704E-
~2.02686E-04 ~-4%.28326E-04 -2.02500€-
-5.05219E-05 =-2.06844E-04 =-5.07483E-
—2.07755E-04 =-4+49149E-04 =-2.07591E~
—5.08444E-05 =-2.09618E-0% ~5.10829E-~
~2:12853E504 ~4.TD262E-06 -2.127T16E~
-5.11229E-05 =-2.12264E-04 =5.13720€-
~2.17977E-04 =-4.91594E-0% -2.17B864E-
-5.135576-05 =-2.14789E-04 -5.15134F-
~2.23122E-04 -5.13194E-0% ~-2,23035€-
—5.15409L-05 ~2.17203E-04 =-5.18086E-
-2.28283E-04 -5.35029E-0¢ =2...8222E-
~5i0uTI3E-05 ~2:19501E=0% ~5.19472E~
~2.33455E-04 ~5.57090E-04 ~2.33422¢-
~5.176383-05 =2.21720F-0% ~-5.20372¢-
~2.38634E-04 <-5.T79308E-0% -2.38627E-
—5.18000L=05 =-2.23837€-04 =-5.20749E~
~2.438136-06" =6.01B53E~04 <-2.43B3&E
-5.178556~05 =-2.2586TE-0% -5<20602E~
~2.4B94BF-C4 ~-6.24536E-04 =-2.47037E-
-5.17204E-05 =-2.27814E-04 ~5.19929E-
~2.50154E~06 =b.4T411E-08 -2.54230E~
-5.16053E-05 -2.29084E-04 =5.18736E-
~2.59307E-04 -6.70469E-04 =2.59409E~
~5.14406E-05 =-2.3147BE-0% ~-5.17030F-
~PLENRDESDN | “6,03T703%04 2. 6h5BaEe
—5.12241E-05 =2.33200C-06 =-S5.14823E-
~2.69550E-0% ~Ts17105E-04 =-2.69703E~
~5.00657E-05 =-2.3¢853F-24 ~-5.12130E-

dala: 3l E~34%

~T40u101 -04%

04
Q95

04
Q5

04
0s

24
05

04
05

04
as

04
05

06
05

0%
05

PHIE

B8.85925E-07
~4.44385E-08

8.81508E-07
-4.39351E-08

8.7TTL3SE-07
~4.34639E-08

8,72815E-07

~4.304065E-08"

8,568529E-07
~4.2T226E-08
-4.25303E-08

3.60018E-07
-4.25089E-08

8.5576GE-07
-4.26990E-08

B8.51470CL-07
-4.31419E-08

~-04

05

04
05

0%

=05

04
cs

04
05

05

=2 TaQUE =04

8.47121E-07
-4.387849E-08

B.42681E-07
~4.49508E-08

3.38116E-07
~4.63976E-08

8.333856-07
~4.82576E-08

8.28446E-07
=5.05672€E-08

Bsa3251E~07
=5.336025-08

el l1%1 1 -7

8.64268E-07

—

—




T14E +  THETAS
ANGLE 10.902500  -%.97893E-04
RATFS 1.85291E-04

ANGLE  11.012500
RATES

—6.T923)E-04
1.88073E-04

. ANGLE 11.102500 .
RATES 2

_ANGLE  11.202500

=6.602L9E-04
1.9CT40E-04

-6.41087E-04

" RATES 1.93289E-04
_ ANGLE 11.302500 ~6.21637E-064
L RRERS S SRR dECne

—

_ ANGLE  11.422500
_ RATFS

1.93018E-04

ANGLF  11.537500 -5.82039€-04

RATES 2.00193E-064
_ _ANGLE . 11.6432500 . ~5.61918E-04
~ RATES 2.02236E-0%
T ANGLE ._11.702500 . _ =5.41598E-04
S RATES 2.041 46E-04

ANGLE _ 11.522500 ~5.21095C-04

LRATES 2.05919E-04
__ANGLE _11.902500. _ _ -5.00621E-04
RATES _ T S APEELE=ON
T ANGLE  _12.002500 _ ~4.79591L-06
RATES _ o 2.09047E-04

ANGLE  12.102500 .
RATES

~4.58619E-04
2 103976-04
) .. keI TEAQESDA
2.11602E-04

CANGLE . 12.222500 .
RATES

—4.16300E-06
2.12561F~04

ANGLE _12.302500
RATES

AdCATF 12.+12500 =3.94% 001 =4

 ~6.01950E-04

PRIB

-2.831756-03
~2.59825E-04

-2.85773E-03
-2.59825€E-04

-2.88372E-03
-2.59825E-04

-2.9U970E-23
=2.59825c-04

-2.93508E-23
-2.59825£-04

=2.961066E-03
-2.5982%FE-04

=2.93765E-03
=2.59825E-04

-3.01363E-03
-2.59826E-04

=3.0390l1E-03
=2.59826E-04

-3.06559E£-03
-2.59826E-04

-3.09158E-03
-2.59826E-04%

=3.11750E-03
~2+59826E-04

-3.14354€-03
-2.99826E-0%

~3.16952E-03
~-2.59820t-04

=3x19551E-03
=2.59827TE-J4

=4.221%09F=-013

THETAS

=2.32433E-04
2.29017E-06

~2432337E-04
-3.29137L-07

=2.32510E-04
-3.08837E-06

=2432964E-04
=5.93747L-06

-2.33705L-D%
~d.82494E-06

~2.34733E-04
-la16986E-05

=2+306046E-04
-1.45063E-05

~2.37534E-04
=1.71972E-05

=2.33482L-04
=1e97217E-25

=2.41572E-04

~2420331E-05

=2.43881E-04%
-2.40879L-05

=2.46379E-04
=24 58465E-95

-2.49037E-04
~2.T2733E-05

~2.51819¢-0%
-2.83399E-05

~2.5%4539E-04%
=2.90235F=05

=29 100N - 04

PHIS

-5.33244E-06
_=l.66423E-0%

-7.02616c-00
~leT2439£-05

-8.781706E-06
~1.78501E-05

=1.05995L-05
=1.84796E-05

=1.24782E-05
=1.91144F=05

~1.44220E-05
-1.97606t-05

~1.64309t-05
~2.04130e-05

=1.85062E-05

-2.1J0866E-05

-2.0648BL~-05
-2.17661E-J5

-2.28599E-05
=2.2%503F-05

-2.51406€~-25
~2.31567L~-05

-2.T4910F-05

=2.38670E-05

-2.99145E-05
~2.45866E-05

=3.24096E-05
~2.53149F-05

-3.449780L-05
=2.67514E-05

. Q_Ih‘)‘! -0%5

THETAP

-2.79680E-C4
-5.03165E-0G5

—2.86692L~0%
~4.992150-15

-2.89604L-04.

-4.950C7E-J5

-2.94591L-L4
-4.90374E-05

-2.9940L9E-04%
~4.85404E-05

-3.04297E-04

-4.80125E-05

~3.09070E-04
-4.74564t-05

-3.13787L-0C4
-4 .68745E-C5

=3.18444c—-U4
~4.62695E-05

-3,23C39E-04

~4.556438E-05

~3.2757L E-0%
~4.49996L-05

-3.32038E-04

~4.43291E-25

=3.35438L-04%
=4.36641E-05

-3,40770E-04
=4.29762E-05

=3.45033E-04
=44,22709L=05

=4shD 0 -1h

PHIP

~T.5438YE-04%
-243T953E-04

~T.88257C-04
-2.39402E- 24

-8.12266E-04
-2.40783E-24

~8.306410E-04
'20'.209bL“J“’

~8.560682t-04%
-2.43340E-04

-8.350756-06

=2.45513E~04%

~9.02541E-04
-2.4561 3E-04

~9.34194E-06

-2.46639E-04

-9.58906Lt-04%
-2.47588E-04

"HETAE

~2.79843J3E-04
-5.05367E-05

-2.84913E~04
-5.01342E-05

=2.89904E-04
~4.96923E-05

~2.94849E- 24
-4.92133t-0>

=2.99745E-04
~4.87016E-05

~3.04583E-04
~4.81585E-05

-3.02375E-04
~%.758T6E-05

-3.141064E-06
-4.69914E-05

-3.18772c-04
~4.63729E-05

-9.83708E-04 ~-3.23377E-0%

=~2.4b459E-0%
-1.C0359E-03
~2.49248E-04%
~2.47955E-04

=1.05858E-03
-2.50575E~-04

~1.C3366E~03
-2.51109E-0%

-1.1J088CE~-03
=2.5155%4t-04

=1 .1085 0 =01

~4.57345L-05

~3.,27918E-0%
-4.50787E-05

=1.033556-03 -3.32392E-0%

. ~44%0TTE- D5

~3.36798E-04
~6,27235E-05

=3.41126E-04
-4.3027¢E£-05

=3.454%03E-04
~4.23222E-05

= A e BT ~10ke

PHIE

3.118%93C-07
-6.05159E-08

8.C5622E-07
~0e49292E-08

7.9388B0E-07
-5.,99292€-08

7.916C8E-07
=7.55297E-U8

T1.83745E-C1T
-B8.17433E-08

 7.75229€-07

~8.857TL2E-08

T«65999E-07
-3.60389E-08

7.5599CE-07
=1.04126E 37

T+45142E-07

,-l.128392-97

1.33391€~-07
-1.22173E~07

71.20676E-07
=1a32124E-07

7.00935E-07
-1.42683E-07

6.92105E-07
=1.53847E-07

6.70136E-07
=1.65008E-07

5.589%7£-07
~1.779¢4E~-27

DR IR R Y

I X

o ST el

1




R A a o RS A o e

. TIME
_ANGLE . 12.502500
_ RATES

_ ANGLE _ 12.602500
RATES

. ANGLE _ 12.702500

ANGLE 1
ELRATES
E__ANGLE

" ANGLE _
_ RATES_
A_WANCLE:_iS.IOZSOO
RATES
"_‘&JZCEffI3 297500 _
__RATES
:;hliblgtj13 122500 _
L RATES

—r— e e &

13.002500

L RATES il

- 12.832%00 ..

v 12.902500
...... RATES . i

THETAB

<3.73598E~04

2.14336E-04

=3.52134E-04

2.14951E-04

=3.30616E-04
2.1541TE-04

=3.09058E~04
2.15736C-04

=2.87476E~-0%
2.15907E-04

. =2.65884E-04

2.15932E-04

L =2-4%429TE-D4

2. 227208506

2.15811E~04

2.15547E-04

__—2.011955—06
i Qe 151 9LE~0%

.. ANGLE_..13,402500 .
fo - RATES - G

k- AMGLE.“13.502500_._

=1.79708E-04

2.14596E-04

 -1.58283E-04

L RATES TR ADKE ROk
_ANGLE. 13.602500 ____ -1.36932E-04
foaavEs . 2013097E=04
L ANGLE_ 13.702500 . _ ~1.156T0E-04
. RATES . L L 2 GOES D8
oo s LU s oios o e e " o > My
. ANGLE 13.8)2500 .. -9.45092E-05
§ ' RATES BN P T T
- - - -
£ ANGLE  13.302300 _  =7.34b23E-05%
__RATES . 2.09869E-0%
L G

ANGTE  14.002500 ~5.25419F~05

~3.53328E-03

PHIB

~-3.24747c-03
~2.59827E-04

=3.27345E-03
-2.59827€E-04

~3.2994%E-03
-2.959827E-04

=3.32542E-03
=2.59827E-04

-3.35140E-03
~2.59827E-04

=3.37738BE-03
~2.59827E-04

=3.40337E-03
~2.59827E-04

=3.42935€E-03
-2.55827E-04%

~3.45553E-03
=2.59827€E-04

-3.451326-03

-2.59828E-04

-3.50730E-03
-2.59828E-0%

THETAS

-2.60529E-04
-2.91576E-05

-2.63417E-04
~2.385962E-05

-2.00622Tt-04%
-2.TLL2BE-U5

-2.6B918E-04
=2.021TTE-05

=2.71450L-04
=2.44215E-05

-2.T737182E-04
=2.22452E-05

=2 754879E-04
=1.97145e-05

-2.77706LE-0%
-l.68606E-D5

=2.T74233E-0%
-1.371%i€-05

< 2. B0434E-04"

-1.03320E-U5

~2.81285E-0%
-6.T74351E-06

=2.959828E-04

-3.55926E-03
=2.59828E-04

-3.58525€E-03
-2.59828E-04

~3.61123E-03
=2.59328E-04

=3.63721F=-03

=2.8L770E-0%
-3.00002E-06

-2.81875E-04%
8. 48019E-07

-2.81593E-04

=2.30920E-04%
8.605129E-06

=2+ 79860t =04

‘

PHIS

~4.03374E-05
~2.75461E-05

-4.31299€-05
=2.83032E-05

-4.59934E-05
=2.90659E~05

~4.89434E-05
~2.98338BE-05

-5.19654E-05
~3.060064E-05

=5.50650E-05

-3.13831E-05

=5.82424E-035
-3.21653E-05

~6e14982E~-05
=3.29514L-05

~65.48329t-05
=3237T421E~05

-6 .82469E-25
-3.45380E-05

=7.17407E-25
=3.5339%E-05

-7.53150E-05

=3.61471E-05

~T.89704E-05
=3.69619E-05

-8.27077E-05
~3.77848F-05

~8.05278F-05
~3.8u163E-05

=G.04315L-05

THETAP

-3.533406E-0%
~4.08478E-05

=3.57394E-0%
-4.01192€-05

=3.0613L9E-04%
~3.93815kt-0uL5

=3.65270E-04
=3.856346L-05

=3.69095E-C4
-3.78TT9E~L5

~3.72045E-C4
=3.71125%E-05

~3.76517E-04%
-3.633156~03
=3.55394L-05

-3.83624E-04
=3.47326E-05

~3.87050E-C4

=3.39094t~05

=3.9J405€-C4%
~3.30077E-05

=3,8011LES0%"

-3, 936095 04
=3.22054E-05

=3.96B40E-J%
-3.13202E-05

-3.99932E-04
-3.04099E-05

~0.,02926E-04
=-2.94T21E-05

=4 UNE9L =N

PrHIP

-1.15917€-03
=-2.52169E-04

-1.1844CE-03

-2.52339E-04

=1.2C964E-03
=2.52414E-04%

-1.23488E6-03

-2.52376E-0%

=1.25011E-03
~2.52285E-04

THETAE

-3.53724E-04
-4.08855E-05

-3.57776E-C4
-%4.01560E-05

~3.61755:~-0%
~3.94192E-05

-3.65660E-04
-3.8uT52E-05

=3.63490E-04%
=3.19232E~ 05

-1.24533E-03
-2.52080E-04

-1.31052E-03
=2.51784C~04%

~123355pED3 "
~2.51396E-04 .

-1.36080L-03
-2.50920E-04%

~1.38586E-03

-2450356E-04

-1.41087E-03
-2.49707E-04
~1.43580E-03
~2.48975L-04

=1.40066E-23
~2.48164E~-04

-1.48543E-03
-2.472776-04

-1.51011€E-03
-2.46315£-04

~1.5340%6-03

-3 7}2465 06
~=3.71625E-05

-3.74922E-04
~3.63916E-05

-=3.80522E~04
-3.50091E~-05

=3.84042E-04
=3.48132E-05

~3.87484E-0h

=3.40017€E-25

~3.92843E-04
-3.31724E-05
| -3.94118E-04
-3.23230€-05

=3.97307€~04
-3."4511£-05

~4.00407E-04

-3.05540E-05

~4.03416E-04
=2.96253L 05

“4.0614320-04

2.9705

PHIE

6.20744E-0T
~2.04462E-07

5.99591E-07
-2.1B614E-027

5¢76391E~CT
-2.33385E~-07

5.52883E~-07
-2.48754E-C17

‘5.272C2E=-CT
-2.64868E-017

4.99878E-07
-2.81640E~-07

4.T7T0841E-07
~2.99153F-07

4.40)13E-07
L3, (Y§hEEa 0T

4.01312E-07
-3.36610E-C7

3.72551€E-07
=3.5668CE-07

3.35934E-07
=3.771140E-07

2E-07
=3.998T4E-(7

2.55910€-27
-4.23169:-07

2.12370E-07
~4.4T7T19E-07

lL.66308F=07
~4413625£-07

loiIsu2i=07




. THETAB

PHIB

~3.24T74TE-D3
-2.99827E-04%4

-3.27345E-03
-2.59827E-04

-3.29944E~03
~2.5982TE~04%

~3.32542E-03
—-2.598276~04

-3.35140E-03
~2.59827E~-04

-3.3773BE-03
-2.59482TEL-04

~3.40337E£-03
—2.598Z7E-04

~3.42935E-03
~2.598276-04

-3.4%5553E-03
~Z2.59827E-04

~3.4B132E-03

TINE.
_ANGLE . 12.%02500 =3.73598E-04
RATES 2.143365-04
CANGLE _ 12.602502 . —3.52134E-04
RATES 2.14951E-04
 ANGLE _ 12.70250G0. ... —3.30616E~06
RATES. . L 2.15417£-04
TANGLE _12. aaabﬁdvaf";3;oqossE~04
RATES . 2.15736E-04
fTANGlE“Plz.qozsnh'ff:'—2.37476E~04
_RATES . ... 2.1590TE-04
TANGLE _ 13.002500 . —2.65834E-04
RATES._ . 2.159326-04
TANGLE | 13.102500 . -2.442%TE-04
RATES. L 2.15811E~D4
TANGLE. . 13.207500 . <2.22729E-24
RATES. ?.15547E~0%
CANGLE .. 13.322500 .. _ —-2.01195E£-04
RATES.. . T 2.151«lE-04
CANGLE.. 13.402500 . ~1.79708E~04
CRATES_ . . 7.14596E-04
 ANGLE . is.sozsoo_.fff?l.ﬁazaas—oq
RATES__ T 2.13914E-24
CANGLE 134602500 __ ~l.36932E-04
TRATES. - 2.13097E~04
CANGLE_ 13.702500 ... ~1.15670E-04
RATES e 2412149E-04
Amufé—“fi;aaiéabA,&w,-9;25092é-55-
RATES o 2.11072E-04
nmnte"la.eozsun o ~7.34623E-05
_RAT'S . 2.098069E-04
TANRTE  14.002500  ~5.2519F=05

~2.59428E~04

~3.50730E-03
-2.59828E~0Q4%

~3.53328E-03

=2.59828E~-04

~3.55926E-03
~2.59828E-04

~3.58525E~03
~2.59428E-04

r3.51123E-03
=2.99328E-04

=3.63721F=03}

s o e i i e e AP e A
A 30 o 4R g A i W

THETAS

-2.60529E-04
~2491576E-05

-2.63417€-04%
~2.85962E-05

—2.06227L-04
-2.TLL38E-Q5

-2.6B218E-D4
~2.0217TE-05

-2.71450L-04%
-2.4421%E-05

-2.T3T82€~04
-2.22%52E-05

~2.75379E-04
=L.%T7L45E-05

-2..17706L-0%
- lab8BOULLE~T5

~2. 79233605
-1.371%i¢¥~05

-2.834340-04
~1a03320E-J5

~2.31285E-04
-6, 74301E~06

L2.81770E-04

=-3.0L002E-D6&

-2.81075E~0%
Ha 4ud19E-07

-2.81593£-04

4. T4919E-06

~2.30920L-0D%
B.0Sk29L-06

~2. 7601 -4

PHES

-=4.03374E~05

-2.15461E-05

=4 .31299E-05
-2.83032E-05

=t .59934F-05
~2+90659E-05

—% . 894 34E-05
-2.98338BE-05

~5412654E-G%
=3.06364E-05

-5.520508-05
-3.1383¢7E-05

-5.82424F-05
=-3.21633€E-05

~6.14982E~05
=3.29514L-05

~6.48329:~05
=3.37421E~05

~6H.B240LFE-IS
-3.45342E-05

~7.1740TE-D5
~3253394E-05

-7.53150E~05

-3.61471E-05

~T.B89704E-05
-3.69619E-05

-8.27077E-05
=3.77848F-05

-8.65278F-05
-3.8ul63E-05

=9.043]151 -0%

THETAP

-3.532406E-04
-4.04478E~Q5

~3497394E-0%
-4.01192£-05

-3.013L9E-D4
-3.93815E-u5

~3.05270E-04
-3.85345L~05

-3.6%095E-C4
-3.78779L-L5

-3.72¢45E-C4
-3.T1135E-05

-3.756517E~-04
~3.63315E~-02

-3.80111L-04

=3.55394L-05

-31.83624E~04
=3.47326E-05

~3.37050E-L4

~3.39094L-05

~3,93405E-C4
—34300677E~-05

-3 936b9E DQ
~-3.22054E-05

~3.95B4bE~-3%
-3.13202E-05

_3¢9993ZE_D'§
=3.04099E-05

~h.02926E~-04
~2.34721L-05

~3.UN 650 -J%

PP

-1«15317€-03
~2.52169£-04

~1.1B44GE-03
-2.523396-04

~1.20956%4E-03
=2.52414E~0%

-1.234388£-03
—2.5£396E-0%

~-1.256011E-23
-2.52285E-04

-1.24533E-03
-2.52080E-04

-1.31052£-03
~2.51784E-04%

~1.33568E-93
~2.51396E-04 .

~-1l.36080L-33
~2.5092UE-0%

~1.38586E-03

~250356E-04

~1l.41087E-023
-2.49707E-04

-1. 635825 03
=~2.48975k~04

~l.4L066E-23
~2.4BL64E-04

—1.48543E-03

-2.4727TE-D4

-1.51011E-03
=2.463]156~04

~1.5340L-03

THETAE

-3.53724t-04
~4.08B555-05

~3.5TT76E-C4
~4.01560E-05

~3.61755L-04%
~3.94192E-35

~3.065660L~04

—3.80752E-05

-3.69490E~04
-3.79232E~05
T S3.73204E-04
-3.71625E-05

-3.749922E-04
~3.63916E-05

~3.80522E~04
~3.50091E~35

-3.8%043E-04
~3.48132E-05

~3.874B4E~0

~3.40017E~35

-3.93843E-04
~3.31724E-05

~3.94L1uE~04
-3.23230E-05

~3.97307E-04
-3.'4511E~-05

~%.03407E-C4
~3.05540E-05

~4.03416E-04
~2.962453L 05

~4.05%320-04

PHIE

6a20744E-07
-2.Q4462E-07

5.995916~07
~2.18614E-27

5.76991E~07
-243336%E~07

5.52883f~-07
—2.48754E-C7

‘5.27262¢8-07
-2+ 64868E-01

4.798T8E~07
-2.81640E-07

4.T0841E-07
~2+93L53E-G7

4.4G113E-07
~3.17454E-07

4.003120-07
=-3.236610E-C7

3.725651E-07
-3.5688CE-07

3.35934E-07
“3.TT140L-07

 2.97057E-07
~3.99074E-07

2.55%10F-07
~4,23L69E-07

2.12370E-07
~4a%TTI9E-07

LoGOAGEF-G1T
e T3625:-07

L.1Isb2 a7



TIME
ANGLE  14.132500
RATES

T OANGLE. 14.702500

. RATES
ANGLE 14.302500
RATES

TUARGLE 14.422500
RATES

.. ANGLE  14.502500

Y RATES.

U ANBLE . 14.6925Q0

© T RATES.

T ANGLE  14.722500
RATES _
T ANGLE. 14.402500
RATES
L ANGLE  14.902500
. RAIES .
© TTANGLE  15.002500
L RATES

. ANGLE _ 15.1p2%00.

© _ RATES
~ T ANGLE _15.292500
L _ RATFS

ANGLE .. 15.372500

RATES

T ANGLE  15.437500
- RATES

_ ANGLE  15.502500
RAES

‘ ANICHT su_nnyngn

-THETAB

f3,17600E-05

S IR ERTRE TRREEOR S

2.3TIGHE-D4

<1.11285E-05

2.03536E-04

F.34145E-06
2.03862E~04

2.96380E-05
2.02077E~04

%.975uF -0%
2.301 35‘:“"3"?
T 6.96695E-15
19089 - 34

8.9303311-05
1.950914L 04

1.08882E-064
1.936950~04

La2971%it~04
1.916ULE~O4

1,47198E-us
189284004

1.65995E-04
1.86735c-04

1.84540E-0%
l.841 06E-04

2.02B24E~04
1.81508E-0%

2.20837E-04
1. ToT63E~00

2.33512F-D4
1.74932E-04

LN A S B T B FA

fHIB

" -3.066320E-03

-2.5982BE~-04%

~3.689186~03

-2.59823E-04

-3.71516E-03
—2.59828BE~04%

~3.74114E-23
—2.59328E-04%

-3.76713E-03
-2.99828BE-04

-3.79311E-03

-2.59828E~04

-3.619G4y£-03
~2.594248E~-04

~3.84507E~03
~2.9982BE-04

~3.87106E-023
~2.59828E-0%

-3.89704E-D3
—2+59628E-04

~3.92302E-03
-2.59828BE-04

-3.%4%01£-03
~2.53827E-04%

~3.97499E-03
-2.59827E-0%

-4.0u097E-23
~2.59427E-04

~%4.32695F-03
~2.29827E-N4

U R S L |

THETAS

-2.78420E-36 ~

1.625D5E-05

-2.Tu612E-04
1.98467E-05

—2.744%5E-04
2.32434E-05

—2.T71971E-04%
2.63967E-05

~2e 591 BuE~0%
2492u62E~05

-2e0b]l3IE-04%
3.18163E-05

~-2.628370-04
3.4L163E-05

‘“2-593435-06

3.58404E-05

~2.2%b86E-04%
3.72706E-0Q5

=24 31907E~04
3.42925E-35

-2.%8047E-0%
3.83998E-35

“2.44143E-04

3.F0922E-05

=2.40250E-04
3.88759E-D5

~ 2. 30393E-0%
3.d2636E-05

~2.320170-04
3.72T41L-35
=20

R A T

PHILS

~9444200E-03
-4.03122¢-05

“9.849944F-05
~4.11T70F-Q5

-1.02656£-0%
~4420550E-05

-1 .069J06F-04
=4 .79482L~0%

-1.11246E-04%
-4.34549F-05

-l1.156THE-04
~441765F-05

-1.222325~04
—4%.51131t-05

~1.24821E-04

“hebbbO4BE-O5

~1.295366~04
~h.T63L4E-05

=1.34348L-04
-4.86124(-05

-1l.31259E-04
-4.90071E-05

-1.44270E-04
-5.06L46E~05

-1.49333t-04
-5.16340€6-05

~1.54594F-04
=5 26640E-05

-1 .5191l6E=D%
-5.37033L-05

-1 nhAvh -

THETAP

~4.08626E-04
-2.75050E-05

-4.11325E-04

-2.647[3E-05

~4.13913E-C4
-2.54015%E-05

~—4.16403L-04%
-2.42937E~05

~-4.18776E~-04%
=231 445E~-05

—%4.21031E-04
—2.19584E~03

-4.23109E~04
=2.UT284E-08

-4.25174E-04
~1le%4557E-05

~4.27054E-0%
~1BL4L0E~DD

~4.29B000~0%
-l &4T812E-05

-4.30408E-04%
=1.53794EL-05

—4.31874E-C4%
~1+39355EL-05

~%.33193E-04
~1.24502E-05

“he3B3blL-0n
—1.09250€~05

~4.35376E-04%
-9.36199E-0b

L CPE A

-1.B196LE-03

PHIP THETAE

~1.55916E~03
—2<44Ll85E~0Q%

~%.09150E~0%
~2.76871E-05

~1.5835-F-03
~2.43022E-04

-4 .11B67E-04
~Z.66649E~-05

—1.63776E~D3
-2.41 199E-04%

~4.145481E~0%
~2.56057E~-05

-1.63188E-03 -4, 15987604
~2.40518E-04 -2.45074E-05

-1l.65586E-03 -4.19381£-04
-2.39183E-04 -2.33682E-05

=2.377T96E-04 -Z.2LB67F~05

-1.70342E-03
~2.20360E~04%

“4,238156E-04
~2.09615E-05

~1.T2698E-03 ~4.25849E-04
~2.34BVTE-04 ~=1.96917E-05

~-1l.75039E~-03
~2433349E-04

~4a2TT52E-0%
~1l.83T7T69L~-05

-4.205226-04
-1.70169E-05

-1.77365E-03
~2.31777E-04

~1.7T96T4E-03
-2.32163L-04

~4.31153t-04
—1.5¢11BE-05
432642604
~2.2850BE-04 .-l.4l624E~05
~L.B4244E~D3
-2.2681 LE-04

~4%433984E-0%
~1l.2669TE-05

~1eBb504E-03 =~4.35174E-04
-2.25C73E-34 ~1.11351E-05

~1l.887406L-03
~2.23293E-0%

~4435208L-0%
~9.56049F~0D6

L3 BV ERLV S VR RN N | -

LR TIPS A T N

PHIE

6.60424E-08
-5.2991tE~07

1.15270E-08
~5.60502E-07

~%e«6136CE-08
=95.92861E-07

—1.071295—07 

-6.2T090E~-07

-1.71642E-07
~6.632B4E-07

-2.39879E-07
~7.01531E-07

-3.12047E-07
-7e41912E-07

~3.88364E-0T
~1.94%9bE-07

~%.69353E-07
~B.29340E-07

-5.54342E~07
~B. T6485E-07

~Hat44b40-07
-9.25970£-07

~1.39651€-07
~3.7T196E~07

—B.4014CE-D7
-1.03197E-06

~9,46162E-07
=1.0804&E-D6

=1.6597958~04
—lalaf22F-0b

—r

e




_ANGLE _ 16.437900

CANGLE . 16.2 12500

T ANGLE. . L. 32500

THETAB

TIHKE
ANGLE  15.702500 2.73171E-04%
RATES ) 1. 70018E~04

2.302019E-04
1.60936E~D4

ANGLE  15.802500
RATES .

ANGLE 15.932540 3.06554E—04

RATLS 1.63773E-04
ANGLE  16.0J2500  3.227496-04
CRATES . 1.60527E-04
ANGLE  16.107500 3,3E655E~ 04
RATES  1.57201E~04%

3,542 95k ~ D4
RATES N 1.5379%F ~04
3. 094 LuE-04

RATES _ 1452307604

3.34262E-05

T RATES L4067 43E-04
T UUANGLE _16.932500. . 3.98754E-04
__RATES __ L L.e43094E-04
UANGLE . 16.422500. . . 4, 12877604

"RATES __ T 1.3937CE-04

_ _ANGLE _ 154.732500
"RATES __

. a.26626E-04
1.355GBE~04

CANGLE.  16.83750

RATES .. - 143 16dHE-04

ANGLE . 164402530
RATFS _

4.52958F~04%
. 1.27T7T33E~-04

 4.6553)E-04

RATES o 1.23703£-04
AIGLE  17.132500 . &eTT695E-04
RATES 1.19000E=0%
TANGLE  17.707533  4.B9446E-06

»

4.39997E-04

PHIB

~4.0TBY2E-03
~2.59827E-0%

—4%4.10490E-33
-2.59H827E-04%

—%.13048F~03
—-Z¢.59827E~04

-4.15687E-03
-2.59827E-04

—‘1‘182 55E"03
=2.59820E-04%

—4.,2GBH83E-03
~24998206E-34%

-5.23432E-03
~2.59B826F-04

-4 .26J3B0E-023
~2+.59826E-04%

~4 .20 fHE-03
~2.59B26E- 24

~4.31276F-03
~2.59820E~04%

~4.33875€-33
—2.59825E-04%

~%.30473E-03
-2.59025E~24

—4,39GTLE-03
-2.5%825F-04%

~4.41669E-03
=2.59825E-04

b2 oHE-03
~2459825L-24

P T L

THETAS

-2.25450E-04
3.42675E-05

~2a22123E-04
3.23180£~05

-2.190J33L-04
3.01170E-35

~2.16114E-0%
2.771416-05

-2, 134T2E-04%
2.51541E-05

~2411093E-04
2.24359E-05

-2.0u383F-0%
1.97600L-05

2.0 71496E=J4%
l. TU294E-05

-2.05580E-04%
La43444E-05

~2.042T8E-04
Lo l7563E-25

~2.03227E-04
Yo ILHHAE-30

—2.024100-04

l.0b63%E~06

~2.01806E-08
5. 05543E-06

3. 32209E~06

~2. 0L 30k-2%
1.902158-06

A IR A DR 2

PHIS

.=1.7085TE-D4

-5.53040E~-05

~la70533E-0%
-5.68624E~05

=1.82240F-0%
~5,7T49241E-05

-1.b3J385%-34
~5.A94 IbE~05

=1.94037¢-04
~6.00513E-05

-2« 0%236L-0%
—6.lL137E-05

=2.06260F~04%
-6.,21732L-05

-2.12530t~0%

-6.32283E-05,

-2.18906L-04%
-6.42TT6F-35

~2.25336EL-04%
~6.93194E-05

-2.31969E-02%
-6.563523E-05

—2.3Bb5%6E~DS
~&eT3T4TE-05

~24 45488504
~6.8385uE-05

~2452332F-04
-6.933L7E-05

—-2.59319E~-04
=7«03032E-05

=2 LLADAr =00

THETAP

~%.35%927TE~04%
—-5.,12813€E-06

~4.3T456E~04
—4.4b 2yHE~Ub

~4,37818(-04%

~2.T5924E-06"

~4.38008L-04%
-1.04992E-L6

~%4.380260-04
6.91761k-07

-4.37B69E~-D4

2.45204L-Lb

~4.37535E-34
4.22ZB73L-06

-4.37C22E-04%
5.0170aL-06

~4.36330L-04
T.8l1396E~-06

~4+35459E-0%

F.61595E~0b6

-4.3%437E~G4
L.14190L-G5

—4.33175E-04
1.32216E-05

~4.31T7T02E-C4
1.5C188E-U5

—4.301T1E-04

lL.68083L~ub

—4.28451L-0%
leBOLI2E~U5

= Puhtat D

PHIP

-1.93175€E-03
-2+19603E-04%

“1.375361E-03
-2.17658E-04

-1.97528L~23
=2.1572bEk-04

~1.99676F-03
~2-13710E-2%

—2.01802E-03
—2.11640E-04%

~2.,05708E-23
~2.09512E-04

-2.05932E~-03
~2.0732JE-04

-2.08054E-03

-2.04C62E-04%

-2.10093¢-03
—2.02731E-0%

THETAE

—4.37T7T90E~D%
~5.29985t-06

~4.333420~0a
~4ab1906L-U6

-4.3571R0-04
~2.90851E-00

-4.3d922E-24
-1.17143E-Gb

-%4.38951E-0
5.888C7E-07

—4.33903E-14
2. 36805c-06

~fh, 84 THE~04
4eio493E-00

c4.3799E-0%

5.971243t~00

~4.3728LE-064
7.73891€-08

~2.12139¢-03
~2.003246-24

~2.14099E-03
~1.%74835L-04

~2.16065£-33
-1.95259E-04

=2.18004E-03
-1.9256%E-04

“2.19916E-23
-1.89820E-04

-2.21800L-03
—l.86348E-0%

=2.236545%1~03

-4 .35411E~J4
9.61012t~06

~4.35358E-04%
1.14324L-05

—4.34126E-00
1032521605

~&he32TO8E~04
1.53660€-05

—4.31111E-04
1.68709E~05

~%.27334F-0%
L.8663T7E-0S

~4.2T374L 04

PHIE

~1.299T0E-J0
—1.271248-24

~1.6301CE~06
~1a33451F-0¢

~1.50TLLD-08
-1.40362E-06

~1.71293t-36
~Ll.47224E-00

-ledul?2L-06
-1.54312E-06

~2.019864E-06

~1l.861521F-0¢

~2.1B4e4E-Co
~le58864E~00

—2.3487ab%E-08
~1l.76323%-06

-2.52756F~00
~1.838b1E-06
i
-2.725271E-36
-1.91514E-06

2. 720bL4E-0b
~1.99210E-0b

-3.12374E-06
~2sD6955E-C6

=3.33450E-06
-2.1l4718E~-06

-3.553198-058
~2.22486E~00

~3e TTGSHTE~ UL
~2.30241L-16

ERTSLE IR T ETE LN

S S
h




.

ORIGIV

AL Py
OF BogR oy L I8
QUALITY;
R TIXE . THETASB
ANGLE  17.372500 5,007 76E-04
RATES 1.11180E~G%

CANGLE . 17.402500
. RATES

ANGLE  17.507500
AATES .

" ANGLE . 17.202500

_ RATES _.

T ANGLE  17.722500 .
RATFS O

" ANGLE 17.812500
RATES
ANGLE 17.9325%00
RATFS

_ANGLE 1B.002500
RATES

LCJARGLE L 1801732520 .

_TRATES .

AMGLE _18.202500
RATES

 5.11679E-04

L.U6868E-04

5.22146E-04
la2490E-04

' 5.32173e-04

9.80500€-05

-5.41753E-0%
-9.35503E-05

5.50830E~04%
.89%44E-05

. 5a59549E-04
Ba43B4LOE-DS

 5.6T755E-04

7.9728TE-05

5. 754 92E-0%
T.5020LHE-05

5.8275TE£~-04
T.02096E~-05

CAMGLE  18.322500 5.8954TE-0%
_ RATES . . 5.55067L-05
TTANGLE  1B.402500 . 5.95857E-04

RATES_ .. .. G6.069TBE-05

CANGLE _ 18.502500 .. 6.01685t-04

RATES 5.58628E- )5

ANGLE 18.502500.
RATES

ANGLF
RAIFS

TH.AN2800

Al a7

18.702500 .

6.27373E-04
5.10069E-05

6elldBS5L-04
4.61391E-05

Lola2Mar-na

PHIB

~4.434 64E~03
=2439824E-04

—4.52002E-03
~2.53824E-04

-h.5464L1E-03
—-2.59824C-04

-4.972%9¢-03
—2+.59824E-04

~4a59557E-23
-2.59823E~-04

-4ab2435E£~03
-2a DQBEAE‘O‘Q

~4.64%0%3E-03
~2.59823E-04

~4.6TL52E-33
~2.99823E-04

-4.TJ25JE-33
~2.5Y843E~04%

~-4,T2B4BE-03
-2.594522E-04

-4, T5446E~33
-2.59822E-04%

-4.To045E-03
~2.59822E-04

~4+B80643E-03
~2-59422E-0D%

~4.823241£+-03
=2.59521E-04

“4.8%837L~03
-2.5%821E-U4

h. bt A VIF =11

THETAS

-2.00949E~04
1.20535E-07

~2.,00353E~04
~1.36112E-07

-2.3D969E-04
=1l.09495E-07

=2.00456E-04
3.45937E~07

-2.00872L~04%
1.24924TE-D06

~2.000677€-04
2e0U3BJE-0O

~2.00331E~04
4.30716E~-96

-1.997953E6-04
b 384T2E-006

~l.94334E-04
BeB1l133E-06

- la3ndl4E-0%
1.155488E~05

-l.46705F-04
le4530%L-09

=1.95080E-0%
laT80T6E-05

-1.93117E-0%
2.13460E-05

~1.90799E-04
2.49307€-05

-l.881111-54
2.8721aY =05

=1 Ml Zi -

PHIS

=2.73584E-34

~7.22T42E-05

-2.82858€~04
~7.32025€~-05

-2.88223t-04
=7.4L053E-05

=2.956788-04
—T1.49373€-025

~3.03220E~34%
~7.58452E~-05

-3.10846E-04%
~T«66714F-05

-3.18594E-04
—T.74843E~-05

—-3.25342E-04
~7.8264%0E-05

-3.34206F~04
~7.90163E£-05

“3e42144E-04
~T.97411E-05

-3.501%3F-04
-B.043d4L-05

-3.58230E-04

—B8.11084E-05

—-3.66373E-06
~8.17517E-05

-3.745749E-04%
—B.?23637E-05

-3.82845F-04
-3.29012E-05

2.9 =4

THETAP

~4,24331E-04
2.21C41E-05

~4.22C34E~00
2438319E-05

—4.19%564E-04
255530E-05

~4.15924E-04%
2.72481E-U5

“4.14115E~04
2.39224E-05

~haL1130E~04
3.05743E-uS

~4.08001k-0%
3.22C64L-05

-4.047COE-3%

3.38158L-u5

-4.01233E-04%
3.54039E-05

~3.97620E-u%
3.69T14E~-C5

=3.93845E-24%
3.89192E-05

~3.87918E~0%
4. 00483E-U5

-3.85837E-D4%
4.15603E-09

~3.816CTE~-0%
4+32565E-05

~3.77227TL-104
445 388L-05

-0 T Te -

PHIP

~2.25479-03
~1.83BS6E~U4

-2.272T1E-03
~1.77628E~04

-2.29031£-03
-1.7426BE-04

~2.30756F-03
1. 7u769L-04

-2.32445€E-03
-1.47124E-04

-2.34J98E~03
-l.t:3326L-94%

~2.35711E-02
~1.59367:-04%

-2.37284E-03

-1.55238E-04

-2.368B815k-03
=1.50931E~-04

-2-403025“J5-

~L«.%643TE-04%

-2.417+3E-03
=1.41746E-04%

—2.431366-03

-l.3cB4BE-04

~2.4%479E-03
~1.31721E-04

~2.457700-03

~1.20344E~04

-2.47006E-03
-1la20793L-04

B B T I S I

THETAE

~%.25246E-04%
2.22032E-05

~%.22939L-0%
2.37455E~05

~%,20458E-04
2.56673E-05

~4,1TUOLE-04
2.7T3672E-05

-4.,14385E-04
2.90444E-05

-4.11998E-04
3.049430-05

“%a"iBSTE-Q4
3.23287£-05

—4.05534E-3%
3.33357TE-05

-4£.02061E-0%
3.55194E-05

-3,9343LE~06
3.70818E-05

~3abbubE~04
3.86227¢-05

-3,92707E-0%
4.01438E~05

-3.461BE-D4
G, 606TE-05

‘3.1523?‘7&“0‘*
4.31330E-05

~3.71992E-04
44004 TE-D5

-4 i

LIXY R RN R P

PHIE

-4.25549E-~06
~2.%5649E-06

~%.504960E-36
-2, 93273E-06

~4,70202E-06
-2.60826L-06

-5.02659E~06
-2,63297E-C6

-5+ 2%853E~06
~2.15677E-C6

-5, TIS0E~D26
2. H29% TE-06

~5.864%5%E-06
-2.90131~C6

~5,15811E-06
~249T195E-06

~0,458T5E-030
~3.04145E-06

-be TGLISE-0L
-3, 1096 E-Jo

= 7.08J)09E-G6
-3.17694E~DE

-T.40109E-06
~-3.24301E-Cso

=~T.72923E~06
~3.30750E-08

~3.C06321E-06
~3.37168k-0b

=8.40351F-D0o
~3ah343EF-U0

- Fu b te o d

e

e e e =

on




TIME
ANGLE  18.992500 6+20134E-0%
_ RATES 3.63651E-05
" _ANGLE _19.002500 . . . 6.235256-06
LolakNES 3,141 T4E-05
ANGLE - 19.102500 . 6.264308-06
_RATES  2.65990E-05
T ANGLE _ 19.202500 . 65.28B45E-04
_ RATES 2.17231E-05
T ANGLE  19.302500 _ . 6.3G774£-06
NATES NG LLTIE=05
T ANGLE _ 19.402500 . . 6.322196-04
S HATES 1.203UBE-05
 ANGLE _19.502500 . 6e33181E-04
RATES. _ - 7.22024E-06
ANGUE. 194802500  b:336046~04
RATES . 2.43902E-06
__ANGLE _ 194702500 . .. 6.33671E-0%
RETES =2.30665£-06
TANGLE. 19.7802500 . 6.33204E-04
RATES ~7.01441E-06
_ANGLE. 19.902500 . .  6.32269E-04
RATES __ R T T
TANGLE. 20.002500 . 6.30870E-04
RATES . -1.62990E-05
ANGLE _ 20.102500 . 6.29012E-04
RATES . =Z.0H68TE=05
ANGLE 20.2)2500 . 6.20697E-06
RATES =2 53480605
/NGLE  20.302500 6.239370-04
CATES -2.986 [AC =05
TUANGIF . 20.400800 | 6426782550

THE TAB

g B Fe WY B S

PHIB

. =4.91036E-03

-2.59821E-04

-4.9363%€E-03
-2.59821E-04

-4.96232E-03
=2.59820E-04

-4.98330E-03
-2.53320E-04

-5%.01428E-03
=2.59820FE-04

~5.04027E-D03
~2.59820E-04

-5.006625E-03
=2.59820E-04

=5.09223E-03
=2.5%319E-0%

-5.11821E-23
=2.99819E-04%

=5.14419E-03
=2.59d19E-04%

-5.17018e-03
~2.59819E-04

=5.19616E-03
=2.99819E-04

-5.22214E-03
=2.597d18E-04

=5.24812E-03
~2.5981BE-04

-5.27410E-33
=2.59818E-04

=5e3utuul-03

PR

THETAS

-1.81602E-0%
3.63164E-05

-1.77730E-0%
4.0067LE-05

=1.73583E-04
4.3T7T14CE=-D5

=1l.6%2397L-04
4.72193E-05

-106915CF‘0“
9.J5232E-05

-1.58942E-24
5.35852E-05

=1e53443E-04
5.0L3643E-05

=l.47681F-04
5.088239E-05

=1.41692E-04%
6.09321E-05

=1.35511E-04
be26626E-05

-1.291 TTF-04
6. 3794TE-05

"1.2273IF—04

Ge4491 39F-05

=leltb214F-04
6.54119L-025

-1.09669E-04
6.548 711 E-05

=1.03133L-04
6.514391-05

=Qa6:0015E=3%

.

PHIS

=3.99550E-04

=-8.40734E-05

-4.071933E-04
~6.459460E-05

~4.1646BE-04
-8+529T76£-05

-4.¢25002E~-0%
-8.55792F-05

-4.33583E-04
~8.60416E-05

-4 .42209E-04%
-8.64855E-05

-4.50879E-04%
~B.69114t-05

=4.59590E-04%
~8.73197L-05

~4.63342E-04
=B8.771C3E-05

~4.T77T131E-06
-d.80831€E-05

-%.85958E-04
-8.84318E-05

~4.94318E-04
~B8.8T7740FE-0Q5

=-5.03711E-0%
-8.92909F-05

=5.12635E-04
=8.93579E-05

-5.21598€-04
“8.95041E-05

=5.3Y0ll-0

PR T "

“
‘

THETAP

-3.68026C-04%
4.T74681E-05

=3.63207E-L4
4.89189E-05

=3.58243E-04
5.03628L-05

-3.53134E-04

5.18G15E~05

=3.4T7883E-0%
5.32366E-05

-3.42457C-04
5.4b696E-05

=3.36949E-04
5.61CLl7E-0b

=-3.3125TE-04%
5.75340L-05

=3.25442E-04
5.896713EL-US

=3.196T74E-0C4%

6.0%020E-G5

=3.13362E-04
6.18384E-05

=3.07100E~U4

6.32T63E-05

=3.0)706E-UL4%
6.47155E-05

-2.9%163E-04
6461552t ~05

-2.87415_-04
6.75942E~-05

=~2.8)044i =04

—2.56782E-03

PHIP

=2.49303E-03
-1.08820E-04

~2.50359E-03
-1.02425E-04

-2+51350E-03
=9.55T8SE-05
~B.66193E-05

-2.53121E-03
~-8.12029E-05

-2.53894E-03

=7.34020E-05

=2,5452TE-03
-6.51863E~05

~2.55196E=03
25565212508

=2.55715E-023
~4.T3681E-05

~2.56141E-03

=3.76832E-05

=2.56467F-03
-2.74168E-05

“2.5668TE-03

=lat51248E-05
~2.56794E-23
~4.90T31E-086

T.47242E-006

~2.50641£-03
2.01094E-05

~2.5u36%-03

=2.5227126~08

THETAE

-3.68780E~-04
4.T5124E-05

23 6305TC=04
4.89524E-05

-3.53990E-04
5.03860E-05

5«.16151E-05

~3.43623E-0%
5.32415E-05

-3.43232E-04
5.46669E ~05

=3.. TH69%E-0% .

=3.32014E-0%

5.75202E-05

=3.26190E-04

5.89501t-05

~3.20224E-06
6.03832E-05

=3.14114%E-04
6.18198E-05
6o 3259TE-05

=3.014061F-04
6.47027E-05

 ~2.94919E-04

6.01479E-05

~2.80232L-04
6.T5944E-05

=2.89149ut - 04

-3.53880E-06

~3.07862E-04

PHIE

-5.10265E-06
=3.55660£-006

-9.45129E-06
-3.61522E-06

-9.82585E-06
=3.6T4BeE~J6

—1.01962E-05

=3.73260E-06

-1.05723E-05
-3.78339E-06

-1.09541E-05
=3.84527E-06

=1.13413E-05
~3.90022E-06

-1.17341E-05
—3.95424E-U06

-1.21321E-05
-4.00729E-06

=1.25355E-05
~4.05933E-06

~1294%39E-05
~4.11030E-06

=1.33575E-05
-4.16013E-06

-1.37759E-05%
-4.20873E-00

~1.41992E-04
~4.25301€E-00

=1.462T1LE-03
-4.30184L-Co

=1 H05495% -0



- ANGLE

RATES

ANGLE
RATES

ANGIE
RATES

ANGLE 20.402500

RATES

ANGLE .

RATES
ANGLE
RATES

ANGLE

SRATES.

ANGLE 21.202500
. =6.71877E-05

RATES
ANGLE
RATES
RATES ..

ANGLE

. RATES

ANGL
RATES

ANGLE
RATES

ANGLE
RATES

ANGLE
PATFS

AN F

21.022500

TIME

2J.502500

20.602500

20.192500

20.902500

THETAB

%61 7089E-06
-3.45958E-05

. 6.13016E-0%

-4.287T17E~-05

608517504
-4.70959E-05

6.026C0E-04

- =5.12490E-05

5.982706-04
=5.53356E-05

21.1:2%00

21.372500

o e

ANGLE 214402500

21.502500
21.012500
21.172500
21.802500 .

21.9725C0

27002500

5.92536E-04
-5.93548E-25

5.36403F-04
=6.33057E-05

5.79878E-04
. 5.72969E-04
~7.10001E-05

5.65681E-04
T4 T425E~05

5.50024E-04
=T.84145E-25

5.50002E-04
~8420155E-05

5.41624%E-04
-8.55453E-05

 5.3¢BYBE-J%

~8.90034E~-05

5.23827E-04
=9.23392+-05

. 14421 -N4

PHIB

=5.,32607-03
~2.59816E-04

=5.35205C€-03
~2.59815F~04

-5.378u3E-03
~2.59818E-04

-5.40401E-03
-2.59317E-04

=5.42999E-03
=2.59817E-04

-5.%45596E-23
~2.59817€E=-04

=5.48196F-03
~2.59817E-04

-5.50T94E~-J3
=2.99817E-04

=-5.53392E-03
=2.998LTE~-J4

~5.55990E-03
-2.598176-04

=95.548548E-03
=2.59817E-04

~5.6l187E-03
=2.59817TE-04%

-5.63785€E-03
-2.59817E~-J4

~5.00383E-03
=2.59817E-04%

~5.68981E~03
=2.598117E-04

~HaTI% =)

THETAS

-9,02300€-05
6. 32535L-05

~B+4C311E-05
6.1746TE-05

=T« 12501 E-Q5
5.99J20L~05

=T.23091E-05
5.77534L-235

~L.54163E-05
5.533930-05

-6.1016%t-05
5.27223L-25

- 5.58892c-05
4.98331E-05

-5.104926-25
%.69451L-05

~4.65090F-05
4.39234E-05

~4.227T17E-25
4.08745E-05

=3.83380E-09%
3.78497E-05

-3,47031C-05
3.49001E-05

-3.13566L-25
3.20752E~05

=2.828430-05
2. 94225E-CH

~2«5%020L-05
a6y STE-05

w e 2D -0)Y

PHIS

=5.39571E-06

-9.01518E-05

~5.48597L-04
=9.05619E-35

~5.57042E-04
~9.054900-05

~5.06T05E-04%
~9.u7127E-05

~5.75733%-04
-9.08530:-05

=5.848750-04
=9.09700E-05

~5.93970t-0%
-9.10640E-05

~6.032d5L-04
=9.11356E-05

=64 12232F-04
-9.1185%2€-05

~6.21322c-24%
=9.12137E-05

~6+30444E-04
-9.12216€£-05

-6.39505€~-04
-9.12099E-05

-b.485d45E-06
2911 T91E=DS

=6.57800E-04
-9.11298E-C5

~6.06910E-J4
=9.10625k-05

“HhaThIlZi =04

THETAP

~2.73669E~-04
7.04645E-05

-2.60551E-0%
7.18920E-05

=2+99291E~06;

Ta33116E-U5

-2.51389E~04%
T.47236E-05

~2.433+1E-04
1.61162E-05

~2.35660E-24
7.74956E-C5

-2.28859L-04
71.88555E-05

-2.20696E-04

8.01925t-05

-2.128l11E-0%
8.15041E-05

-2.04596E-04

3.27860E-05

-1.95255C-0¢%
B8440352E-05

-1.87791€-04
B.52484L-05

=1.79207L-04
8.664222E-05

=1.70505E-34
B.75537kE-LD

=-l.b6loydi~-0%
B8.863990L-05

=192 78 481 -udb

PHIP

-2.55939E-03
5.01480£-05

=2.55356c-03
6.65832E-05

-2.%4002E-03
B.43475E-05

-2.5366 IL-03

1.0360/E-04%

-2.52523:-03
1.24553E-04

-2.51164E-03
1.47409i-24

-2.49506t-03
1.72435E-04

-2.47706€£-23
L.99932E-04%

-2.45557€-03
2.30250£-04
-2.43089E-03
2.63424E-04

~2.4u2606E-23
3.01127E-0%

-2.37050E-03

3.42743E-04

-2+33393£-03
2.893¢0t-04

-2.29241£-23
4.41786L-04

=2.24529E-03
5.C1013E-04

«2.191849 0%

"HETAE

=2.74423F-04
7.04850€-05

~2.673036-0%
71.19252E-05

=2.60039E-04
7.335896~05

°2_52651£-t}‘0
T.47833E-05

=2+45082E~04%
1.61957E-05

=2.37393F-04
7.75925L-05

=2.27564E-04
T7.89709E-05

-2.21599:-04
8.03270E-05

=2.13500E-0C4
B.16573E-05

-2.05269E-04
8.29582E-05

-1.96909E~-04
8.422061E-05

=1.88425E-04
8454574605

=1.79820t-04%
B.f4%4HT7E-05

~1.71097E-0%

B.77966E-05

“l.62262C-04
J.84981t-05

=1 Y20l ~0%

PHIE

=1.54962E-05
~4,388068:-06

-1.53371€-05.

~%442940E-06

-1.63320E-95
~4.468116-08

-1.68307¢-35
=% 504675~ 06

-1.72828E-05
~4.53889E-06

-1.77383E-05

-2.5T001E-06

-1.81968E-05
~4.57365E6-06

-1.2658B1E-05
~4.52583E-06

~1.91219€E-05

,-4.668905-06

=1.75878E~C5
~4.65886E-06

~2.00555E-05
~4.68532E-06

~2.05247E-05
=4.59815E-06

=2.09950E~-U05
~4.10T10E-06

~2.14659E-05
~4.T1195E-v6

=2.1937T1E-05
=4 T1242E-C6

P AR, 33 FE R 4 M L




TIME THETAB

. ANGLE 22.102500 5.04689E~04

RATES ~9.8Y94 LAE-05
- ANGLE  22.707500 4,946 36E-34
_ RATES ~1.02L07E~04

__ANGLE  22.302500 4.842T0E-04

RATES ~1.05197E-04
. ANGLE | 22.422500 . 4.73599E-04
- RATFS . -1.08210E-04
U ANGLE  22.502500 . . 4.62631E-04
. __RATES .. -1 11140E~04

PRI S ———

—— ANGLE _ ZZ-bJ)SDQ

_ RATES . .  <1.140C2E-04
P ANGLE  22.702500 4.39433E-04
L RATES. e e ~La16TTAE=DG

ﬁ_nnmrLE__zz.aazsuo
v RATES. .

4.2H020E-04
.. =1.19470E~04

CANGLE . 22.99250Q . . 4.15943E-04

CRATES . o -1.22077E-04
 ANGLE. . 23.002500 . .. 4.03609E-04
 RATES . . L ~1.24597E-06

__ANGLE  23.102500 3.91028E-04

RATES -1,27026E~-04
CANGLE _23.207500 . 3.78203E-24
RATES. . . ~le2Y364E-04

. ANGLE 23.332500 . .. 3.55160E-04
 RATES T 21.316066-04
ANGLE  23.6402500 . .. 3.51892E-04
RATES . “1.33750E-04

3-35"1"5"0‘1
~1.357936-04

NGLE. . 23.502500
RA“ES
) J.24TIBFE~04

ANLE 24.007500

4.51373E6-04

PHIB

~5474L77E-03
-2.59817E-04%

=5.7T0776E-03
~2.598L7E-0%

-5.79374E~-03
-2.59B17E-04

-5.81972E~03
-2459317E~04%

~5.B845T0F-03
-2.59817E~04%

~5.8TLLHE~-O3
-2.59817E~04

~5.89766E~03
~2.59d418E-04%

~5.32305%E-03
-2.5%9818E-C4

-5.94963E-03
~2+59818BE~04

~5.97561E~03
~2.59819E-0%

~0.00159E~03
~2.59819F~ 34

-6.02T5TE~D3
~2+59820E-04%

~6eJ5356E~03
~2+59821E~04

—5.07954E~03

~2.5%982LE-04

~belL0H2E-03
-2.59822E-04

~telilBui-v3

THETAS

—-2.04927F-05%
2« 29146E-05

-1.82B16E-0S
2.13524£-05

~l.62084E~-05
2.01438E-05

~1e423920-35
1.93107E~235

-1.23332E~-05
l. BBL79E-0%

~1a24517E~0%
l.83240E~05

~3+55450E-06
l.9Ldl6E-O5

-b.60173E-06
1.99366E~05

~4.55101E-06
2.10771E-39

-2.36769E-06
2.25809E-05

=1.60349E6-08
2444 34E-05

2.537198-06
2.66Ll84E-05

54 32212E-26
2.90787E~-05

Ba 36541L-06
3. 17369F-95%

3.47061E-05

1531 5F-2%

PHIS

-6.851056-04
-2-08743E-05

=65« 94 BSE-D6
-9.07535E-05

~7.03255E-04%4
-9.06149E-05

~T7.123295-04%
~Y9.04532E-05

~7.21346E~04
-3.02844E-05

~7.32355%L-04
~G. 0395 3E-05

~T7.39344L-04%
-8.98954E~05

-7 .48344E~04
~8.96937E-05

=1.573JdaE~04
~8.95082E-035

-7.66258C-04
-8.93654E~05

~7.751BLE-04
-8.930BRL-05

~T.B411TE~D4

~8.93J)94E-05

~7.930T2E-04
-8.971c2E~05

~8.02075E~04%
-9.C345TE~Q5

~8.11L56E-D%
~9.15%9397-05

T2 ML L

THETAP

~1.43765E~04
9.2066606-05

~1.34%651LE~U%
Y.160122-05

-1.25446E-04%
3.2%81dL-C5

=l.16157E-04
924351 E-UE

~1.06787E~04%
.40 T12E-05

-9.T3444E-05

QualT8TE~0b

-8.7Hi3nkE~Ub
J.542710£-05

~7.8261CE-05

. 6D199E-05

~He85327E~ub
PaB65454E~05

“5.&95@9L*ﬂ5‘

9. 70162E-ub

“4.92320F-05
9.T424%0E~05

~3.94T19L~ 05
F.T7849E~05

~2.956744E-05
9.80854E-05%

~1.94575E-05

9.83320E~05

~1.00140L-08
9.49264L-LhH

~la23n708 ~ul

PHIP

~2.13131E-03
Ge44443L -04

—2.952508-23

7.31575E-04

-1.98455E-03
8.31345k-J4

~1l.B89583L~03
F.45802L-04

-1.7%443L-03
1.07724E~03

=1.67973E£-03
1.22801t-03

~1.548%9E-03
1L.40035L-03

-i.39sabf—b§

1.59585E-03 .

—1.228330-03
1.8Ll465E-03
-1.03488L-03
2.05428E-03

~8.10741E-04
2.3081%E-032

~5.73090E-04

2+56429E~03

~3.. HH0E~0%
2.80394E-0)

-1.43040E-05

3.00316E~043

2493539L-04
3.13v88E-03

0. 13726H-0%

THETAE

~1.44274E~04
9. 09508t -05

—1.35132E-04
9. 1d9a7l-05

~1.25897E-04%
9.27861E~05

-1l.16576E-C4
9.35172E-05

. =laDT176E~D4

9.43886E-05

-9.71D06E~05
9.509%4£ 05

-B.PL5T77E~D5
9.5T490E-05

=7.85529F-05

F.63371E-05

~6.85929E~05
9.63639E-05

.5.91832E-05

S.73300E-05

-4 F4299E-05
Q. 77363E-05

~3.95389E 05
9.80842E-05

-2.98159E-05
9.i:3750E-05

TL.99665E-05

9. 8ulU8E~05

-1.03958L~C5
9.87932L 05

~2.C4WH -072

PHIE

-2 .287TH46E=05
—4 . 098 LE~-06

-2.334718E-05
-3.68429E-06

~2.38152E-05
—4.663T7T1E-0C

~2.%26C3E-J5
-4 03673E-C0

-2.47424E-05
~4.,60275E-06

~2.52J06E-05
“%.5611BE~00

-2.56543E~05
-4%.51151€-G6

-2.613266-05
4. 45339606

-2.554%46E~05
=4, 38098E-08

-2.6979TE~05
-4.31321E-06

-2.7407LE-QS
~4.234%2€-06

-2.78264E-05

~4a15426-06

~2.B2381E~05
~440790TE~D0

—2.86422E-05

~4.01638E-00

~2+9C%21E~05
-3.97325c-26

EIUSE} LR FIANE SR L)
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_ ANGLE _23.902500. _.

_ ANGLE 24.102500

" ANGLE.  24.302500

TIME _THETAS
B.10871E-04
~1.39565E-04

T 2.96827E-064
~1.41287E-06

ANGLE 23.702500
RATES -

ANGLE 23.402500
RATES

2.82617E~-04
-1.42876E-0%

RATLS
ANGLE 2.002500
RATES RS

=1.44389E-04

2453T43E-04

RATES _ i imle4ST64E-0%

 ANGLE. 24.202500 _
RATES R1iNTOLEES04
; 2.24344E-04

RATES =l.48l45_.~04

. 2.09478E-04
 —1.49145E-04

duclé"fih.sJZioo
RATES

ANGLE 24%.502500 124513E-04

RATFS . -1.50017E-04
ANGLF' 264.602500 . 1.794796-04
RATFS -1.50762E-04

___ANGLE . 24.702500 1.64371E-04

__ RATES . ~1.51372€-04

ANGLE: 2%y n:?sﬁa' T1.492096-04

T RATES -1.51848E-04
ANGLE _ 24.502500  _ 1.340C6E-04
RATFS -1.52189E-04
ANGLE  25.002500 __  1.18776£-06
RATES -1.52395E-04
AYGLE  25.10250) 1.03531L-04
RATES ~1.52465E-04
ANGLE  25.212600 B R2AIOF =05

B O s

2.682526-06

2.39103E-04%

PHIB

+=6.15749E-03

-2.59824E-04

-6.18347E-03
=2+59825E-064

~6.20%45€E-03
-2.59825E-04

~6.23543E-03
=2.59825E-04

~6+26142E-03
~2e59826E-04%

-6.28740€E~03

-2.598276-04

~6.31338E-03
~2.59827E-04

-6+33936E-03
=2.59827k-04

~6.36535E-03
~2.59827E~04

~ba391 33E-D3
=2.59827E-04

-6.41731€-03
-2.59828E-04

~6. 44399503

-2.59828€E~04%

~ue4b924E~-03
=2.5782BE-04

-0.49526E-03
=2.59823E-0%

~0452124L-03
~2.59u28E~-0%

=0. 9 1.3F~03

THETAS

1.92475E-05
4. 097147E-05

2.35070E-05
4.42261E-05

2.80930E-05
4.74385E-05

3.3C034E~05
5.072719E-05

3.32315€E-25
5438332E-05

4437653E-05
5.068140E-05

4.958T79E-05
5.96023E-05

5.56714E-05
6.21527L-05

6.20091E-05
6e%4235L-05

6,85523E-05
6.63/7/73€E-05

1.52729E-05
6.79812L-05

8.21350E-05
6.92073E-05

8.91V11E-05
7.00355E-05

9.612081E-35
1-0“5”‘&'05

1.031 ToL-04
T.064369L-05

Lo lu231E-04

PHIS

=B.29720¢-064

-9.46356F-05

~8.39296E-04%
-9.67922E-05

-8.490926-04
-9.9132BE-05

=8.59124E-04
-1.01512E-0%

-B8.64Y392E-0%
-1.0381%c-04

-8.79882F-04

=1.C59538t-04

-B.90577E-0%
-1.07901t-06

~9.01455E-04
=1.09626F-04

=9.12495E-04
~l.11136FE-04

~9.236T6E-06
=1.12443E-0%

~9.34977E-04
-1.13562€-0%

~9.403d2E~-04
=1.14512€C-04%

-9.5T8T756-264
~le 1930704

=9.69439E-04
=1l.15962E~04

-9.81063:-04%
~l.16482t-04

=2.9213%L-04

THETAP

9.71870E-06
9.87683E-05

1.95985E~-05
9.88204E-05

: 2.94814E-C5

9.88298k-u5

3.93631£-C5

9.87993L-05

4.92400E-05
9.8T312E-05

5.91082E-05
9.80251E-u5

6.8964%5E-05
9.84924L-05

7.8805TE-0S
9.83263E-U5

8.85288E-05
9.8132CE-us

9.843126-05
Y. 79114E=-05

1.08210E-04
e TLLL2E-05

 2.90893E-03

1.17964L-04
9.T73978E-05

1.2T7689E-04
9. 71074E-05

L-37384E-04%
9.67958:~-05

1.470648E~-0%
Y.040630E-05

L966TTE-0%

PHIP

9.28181E-24
3.14401t-03

1.23669E-03
3.01138F-03

1.52829E£-03
2.8B1087E-03

1.79755€-03
2.56994E-03

2.04173E-03
2.313296-03

2.260276-03
2.05987E-03

2.45618E-03
1.82191E-03

2.625360-23
l.6C584Lk-03

2.77614E-03
1.41392€-03
1.24583E-03

3.02604E-03
1.09987E-03

3.12956E-03

9.TATLBE-04%

3.22.33C-03
B.b64928BE-04%

3.303006-03
T.71114E-04

3.37594L-03
6.90157E-04

Ja6al36F-03

THETAE

9.6B8765E-06
9.95085E-05

 1.95908E-05

9.70464L-05

2.94%955F-05
9.93413E-05

3.93977L-05

9.89960E~-05

4.92935E-05
9.89134E-05

5.91792E-05
9.87961E-05

6.%0516E~05
9.86468L~-05

7.82076E-05
9.845682E-05

8.87443E-05

9.82625L~-05

9.85593E-05
9.8)3206-05

1.08350E-04
9.77TTB6E-0D5

1.18114E-06
9.750376-05

1.27d50E-04
9.72086E-05

1.375556-06
9.68942E-05

1.47228E-04
9.65610E-05

le 90801 -C4

PHIE

-2.98347E-05
~3.97161E-06

-3.02337E-05
-4.01315€-06

-3.05380E-05
-4-076005.06

=32 10493E-05
~4.15147E-06

=34 146B4E-C5
-4.23170E-G6

-3.18956E-05
=4.310064E-086

=3.23304E-05
=4.38434E-06

=3.27722E-05
~%.45068E-00

-3.32203E-05
~4.50885E-006

-3.367137E-05
~4%.55386E~0¢

=3.41318E-05
~4.6011¢6E~0Q8

=a. +9927E~-05
-4.63639E-06

=3.50589E~05
—4+66525E-06

=3.55266E-05
~4.68842E-06

=32a59%¢45~05
=4 TOGGBE-On

“Jetrbtad =04

[
|




S T1ME THE TAD

. ANGLE . 25.302500 {1.305606-05
U RATES =1.52198E-04
T UANGLE . 25.402500 . 5.78519F-05
TCRATES ~1.518626-04
CANGLE . .25.502500 4.26981E-05
DATES -1.513926-04

T TANGLE 25.532500 | 2.7%1805-05
LATEE ~1.5CT89E-04
___ANGLE. 25.702500 .. 1.25343E-05
..... RATES o =1.50055E-04
T ANGLE_ 25.802500  ~2.42865E-06
CURATER -1.49192E-04
T ANGLE . 25.902500 -1.72994E-05
RATES T . 8P 0 E=08
___ANGLE__ 206.202500 ____ =3.20649E-05
__RATES. . =1.47087t-04
__ANGLE __26.102500 .. _ -4.67128¢-05
ERATES L <1, 4585LE~04
ANGLE  26.202500  -6.12311E-05

L RARES - <1a 644 90E-0%

. _ ANGLE _26.302500  _ -T.56080E-05
FRATES. ~1.43024E~-0%

. T ANGLE _26.422500 ~B8.98322E-03
ko mATES SIS INE-Dk
L ANGLE._26.502500 .  =1.03892E-04
. . RATES -1.39745E-04
© | ANGLE . 26.602500.__  -1.17774€-06
RATES L =1e37945t-04
AGLE .20.702500  ~1.3147BE-04
RATES -1.36041E-0%
#.—'ﬂ'“‘ol t ?.'»..! 12530 » ~let %9l =0%

PHIB

-6.57321E-03
-2.59828E-04

-0e9%919E-03
=2.59828E-04

-6.62517E-03
-2.59328E-04

~6.65116E-03
~2.99328E-04%

-6.0T714E-03
-2.59828E-04

~6.7C312E-03
-2.59828E-04

~0aT2910E-03
-2.5984BE-04

~0«75509E-23
-2.59828E-04%

-6.T78107€E-03
-2.59528E-04

~6.807USE-03
-2.59828E-04

~0.83304E-03
~2.59828E-04

~b«85902E-23
~2459828E-04%

-0.885L0E-03
-2.5%328E-24

-6.91098E-03
-2.59628c-04

~6a93697E-03
~2.598206F-04

=~0.96249% =03

THETAS

1.17161E-04
6. 91360E-05

1.2401%E-0%
6.73596L-05

1.30720E-04
€eb1801L-05

1.37239E-04
be%1372E-05

1.43535E-0%
6. 17404005

1.249576E-04
5.902956~-05

1.55332t-04
5.60423E-05

1.60777E-24
5.28206E~-05

l.65890E-0%
%e94101E-05

1. 70654E-04
4.58590E-95

L. 7505%E~04
42217TE-J5

1.72097t-06

3.85376E-05

1.82767E-04
3.40T07TE-D5

La8LIT3L-0%
3.126806L-05

1.8902%E~04
2.771816E-05

lo716305-04

L e s B R Ry R Toe TR e

PHIS

~1.00444F-03

“=1.17193E-04

-1.01617E-03
-1.17383c-04

-1.02791E-03
=1.174705-0%

~1.03906E-23
=le17459t-04

=1.05140€-03
=1.17350E-04

-1.06313E-03
-l.17144C-04

-1.07433E-03
~1.16341EL-04

-1.08649£-03

~1l.164420-04

-1.09811E-03
=1.15245€-04

=1.10968¢-03

~1.15350E-04

-1.12118E-23
~le14656E-04

-1.13261¢-03
=1l.13300E-04%

-1.14395¢-03
-1.12964E~-04

-1.155196-03

=L 11965%E-0%

~l.15634E-03
-1l 1C0853t-04

~1a1723£1~038

THETAP

1.66269E-04
9.57381E-05

1.756823E-04
9.53444E-05

1.85357E-04
9.49291E-05"

1.9+0629E-C4
9.49914E-05

2.04235E-04
943 3CoE-D5

2e13614E-0%
D«35434E-05

2.22943E-04%
9.30298t-0U5

2.322196-04
9.24B73E-05

2.41439E-0%
9«19139E-05

2.50600E-04

9.13073E-05

2.5906499E-04
2.06652L-05

2.68732E-04
d.32853L-C5

<. F/S595E -0k
8,z b653E~-05

2.86534E-04
8.85029L-05

299394L~0%
B 16954E-05

$.09121k-34

PHIP

3.50026E-03
5.59508E-0%

3.55351E-03
5.069%3E-04

3.50185E-03
4.61174E-064

3.645916-03

4.21255E~04%

3.08425E-03
3.8 51TE-04

A TeAdE-pd

3.558480-24

3.75753E~-03
3.29066E-04

3.78923E-03

3.C5601E-04

3.81873E-03
2.649T77TE-04

3.846306-03

2.66”‘)2E-0‘

3.87217E-03
2.50955E-0%

3.896556-03

2.3T001E-04%

3.91962€E-03
2.24TT9E-04

3.94155€E-03
2.14103E-04

3.9624%9L~-023
2.04810E-04

3.9825%£-03

THETAE

1.664T70E-04
2.58387:-05

1. 76034F~-04
9.54%89E-05

1.85559E~04
9.50392E-05

1.95041t-04
F.46084£-05

2.0448JE-04
V.41533E~-05

2.13872L-04
9. 36782F -05

2.73214E-04
9.31753L-05

2.32506F-04

9.264406E-05

2.41742E-04
9.20838E-05

2.50921E-06
9.14906E-05

2.60039E-04
2.0B622L-05

2.69092E-04

2.01962L-05

2.TBOTTE=-J4%
Be94898L~-05

2.80983E-04

e 87T4udt~-05

2.95324E-04
Be 17458E-C5

3.CH5TTt~0%

PHIE

=3.69402F-05
~472925E5~06

~3.74135E~-05
-4.73471E-06

~3.78871E-05
-4, 7T3660E-C6

-3.83607t-05
~4.73510E-06

=3.88340E-05
~4.73035€-06

-3.93067E-05

—4.72242E-Ct

-3.97784C-0%
-4.7T1132E-06

~4.02488E-05
~4.69TL3E-06

~4%07177E~05
~%.67948E-06

~%«11345E-05
~%.65857€E~00

=4+ 16493E-C5
~%e63417E-06

=4, 21113€~-05
~4.6061CE-06

~%4425T04E-05
-4 57419E-06

=4+ 30260E-05
~4.53823E-06

~%e34179E-05
~4.49T92E-086

2o 3925 UL X%

S

Deenills it st



ORIGINAL PAGE IS
OF POOR QUALITY|

e TIME

THETAB
ANGLE 26.922500 -1.58252E-04
RATES -1.31936E-04

" ANGLE  27.102500  ~-1.71367E-04

| RATES . -1.29742E-04

__ ANG.E  27.102500 -1.84227L-04
RATES 21.274586-06

T ANGLE  27.202500 | =1.96855E-04
RATES -1.25080E-04

T ANGLE 27.302500 . —2.09242E-06
RATES . i e] . 22630604

T ANGLE 27.402500
RATES

T22.213719E-04
~1.20091E-04
© ANGLE 27.592500.

SRR S

-2.33258E-04
=1.1T7474E-04

T ANGLE. 27.302500

_ ANGLE 27.602500
RATES b

~2.44871E-04
~1.14778t-04
_ ANGLE . 27.702500
S ANTER

=2.56210E-04
=1.12008E-04

~2.672696-04

RAYES ~1.091065E-04
U ANGLE . _27.902500_ __ =-2.78039E-04
. RATES =1.06250€-04

~2.88515E-04
i -1.03206E—06

—— e s -

" ANGLE 28.032500
T RATFS
___ANGLE _28.102500.. .
CoHaYES

~2.98689E-04
. =1eJ0212E-04

_ ANGLE _28.202500

__RATFS. -9.72904E-05
T ANGLE. 28.302500 . . =3.18104E-04
" RATES ~9,39629€-05

ANGLE  7R.%22500 -3.273316-04

’

~3.08554E-06

PHIB

~6.98893E-02
-2.59828E-04

~T.01492E-03
~2.59828E-04

-7.0409CE-23
-2.59828E-04

-7.06688E~-03
~2.59828E-04

~7.09286E-03
~-2.59828E-04

~T.11885E-03
-2.5982BE-04

-T7.14433E-03
=2.959828E-04

-7.17081€-03

-2.59828E-04%

-7.19679E-03
~2.59828E-04

~7.22218€E~-03
~2.59828E~-04

~7.24876E-03
~2.59827C-04%

=7.27474E-03
=2.59827FE-04%

=7.30073E-03
-2.59827E-04

-7.32671E-03
~2.59d27TE-0%

=1.3526%E=03
=2.998270-04

~7.37867E-03

THETAS

1.93924E-04
2.13440E-05

1+95913E-04%
1.84813E-25

1.97031E-04
1.59081E-05

1.991C6E-04
1.36579E-05

2.00375E-04
1.17588E-05

 24014T1E=-04

1.02335E-05

2.02435C-04
9.09429E-056

" 2.03305F-04

H.30355E-06

2.04125E-04
8.03367E-06

2.04932E-06
R.10595E-06

2.05766E-04
da 97T044E-06

2. 060L66L-06

9.41082E-00

2.07668E-04
1.06056F-25

2.08306E-04
1.21277e-05

2.10112E-24
le39446E-235

2116121 =04

PHIS

-l.143826E-03

~1.08347E-04%

-1.19703E-03
-1.06933E-04

~1.20965E-03
=1.05415E-0%

-1.22011E-03
-1.03794E~04

-1.23040€-03
-1.02070E-04

-1.24052€-03
-1.00243E-04

-1.25045E-03
~9.83143E-05

~1.26318€-023
~9.06285CE~-05

-1.26970E-03
~9.41556E-05

“1.27991E-03

~9.19267¢-05

-1.28808€-03
-8.959838E-05

=1.29692€-03
-8.74T22F-05

-1.30551E-03
=B.40457F-05

=l.31384E-03
-8.20223E-05

=1.32191E-03
=~T-92082E~09

=1432970E-01

THETAP

3.12761E-N4%
R.59395E-05

3.21308E-04
B.49BuTE-05

3.29756E-04

8.39820E-05"

3.33102E-J4%
B8.29243E~-05

3.46339E-04
B.18B126E~-0(:5

3.59463E~ )4
8.02462E-05

3.62467E-04
1.94249E-05

3.70346E-u4
7.81488E-05

3.78094E-04
T.08184E-05

3.85707E-04%
7.54343E-05

3.93178E-04
7.3997TE-U5

4.00504E~C4
7.25101E-05

4.076T8E-04
7.09735E-05

PHIP

%.00187E-03
1.89829E~-04

4.02055E-03
1.83915E-04

L.74924E-04

THETAL

3.13243E-04
8.62107E-05

3.218L7E-04
B.52664L-05

3.30294E-04
B.4<685E~-05

Q.GSbSbF—Oj : 3.38669E-C4

1.74715E-04

4.07306E-23
1.71398E-06

4.09066E-03

1.587129E-04

4.10743E-03
l.66T15E~-04

4.124236-03
1.65305E-04

4.14051E-03
1.64452E-04

4.l 46ORESON

6.93894E-ub

4.21553E-04
L.7TC16E-05

4.,792406E-04

4.15694E-03

l.64121E-04

4.17337E-03
1.64276E-C4

4.18982€-03

1.648BTE-04

4.20637E-03
l.65923E-04

©.22303E-03

l.6T361E-04%

4,23980LE-03
L.691T4F=04%

%.256830-03

8.32159E-05

3.45935E-04
8.21074E-05

3.955088E-04
8.074206E-05

3.63122E-04
T.51211E-05

3.71031E-04
7.844295-05

3.78BOBE~04
7.71084E~05

T 3.864490-G4

T.57184E~-05

3.93949E-04
T.42742L-05

 4.013062E-0%

T.27768E~-05

4.085020-04
7.12286E-05

4.15545F-04
5.96316E-05

$.226425L-04
6. 79844L ~05

4.22140F =04

PHIE

~%e%43084E-05
~4.40374E-06

~4.43061E-05
=44 34926E-06

-4.523BCE-05
-4.28954E-06

~5+566365E6-05
~4+22436E-006

-4,60827E-05
=4 15349E-006

~4.64943E-05
~4.076T74E-06

~4.68979E-05
=3.99391t-06

~4.T72929E-05
=3.904806E-06

~4.To186E-05
-3.80942E-06

~4.8B0544E-05
=3.70751E-06

~4.84197E-05
-3.5990%E-06

-4.BT7T39E-05
-3.48403E-06

~4.91162E-05
-3.36243E-006

~4.944641F-05
=3.23430c-06

~4.971628E-05
-3.099726-0q

5. C0oLHTE-04




= I e
__ANGLE.__2R:502500 _ . -3.36230E-04
O RATES s EE gl yashecios
L ANGLE_ 23.602500 . ~3.44T94E-04
T TRATES . T e aos 7 Fe08
___ANGLE __28.702500_____~3.53016E~04
TURNEES. A TR 4N GeES08
__ANGLE _28.802500.____ -3.60891E-04

TERAYES. i s OB GAE =08

g it et

__ANGLE __28. 902500 SR

SARATER. -

__~ANBLE__¢9 002500

f3.68611E-36
il =Te 341 60E-05

=3.755TLE=06

ANGLE"_29-132500 N

ERATES.

CIRKTES L 8.970C6ER05
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000054 ... _YIS)=THETAP __ _. _ : . o o . _ i

000055 e YLOY=PHIP . Lo

~_.g000ST .. ... _YITI=THETAE . , . .-
go0I60 YIL8)=PHIE .. e e S ) e e e e SR A
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oo cuem 1F-.THE STEP. WAS successpuL
_DODL1Z_.. . . IFCIERARE0.1} GO TO- 50
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—000122 . &b CONTINUE . . e OO
——— C '
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-.0D0165. . 70 FORMAT{4X.13,12X.E24.15) oo ) o . :
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SUBROUTINE DIFSUB(NeT oHeYokK : JSTART dHMIN G HMAXoEP S, MTH, MAXDER » IERR
Cﬁ##?‘#‘;’#*?##*##***##**#***ﬂ###**? AR EFERFPRUSERR LR b WG kR R ey e kR 22 ek 00000020

e e .. C® #50030330
———__C% PURPQSE _ __ . *QCI0 0040
e e L% *00UICOS0
e mme . L% SUBRDUTINE OIFSUB INTEGRATES A SYSTEM OF N FIRST ORDER ORJINARY #2C00aJeD
. L% DIFFERENTIAL EQUATIONS OVER (NE STEP OF LENGTH H AT FACH CALL. +0CLCEAT0
N ot H CAN BE SPECIFIED AY THE USFR FOR ANY OR ALL STEPS. BUT. IT MAY #00L03080-
i e O BE INCREASED 3R DECREASED BY DIFSUB WITHIn THE RANGE HAIN TO HMAX*LCIudI90
€% .. THE STEP ADJUSTMENT IS USED TO ACHIEVE AS LARGE A STEP AS 2ICCI0100

— e % POSS IALE. WHILE NDT COMMITTING A SINGLE STer ERKHUR weICH [S ¥0L300110
e L L@ LARGER THAN EPS IN THE L-2 NOHM. THE USER SPECIFI£D PARAMETER MriHi=d0u0GL20
_ _ L% . INDICATES WHETHER THE SYSTEM IS TO Bt SOLVED RY NON-STIFF OR *)05IJ1A0
—— C* STIFF METHUDS. £CO2C0140
LA o1 - +GCI0ULSD
e C® PROPRIETARY .. *00L0C160
———en . EH . 20000170
e e - C* NONE . «GCIU0LHD
e =J0UO2EYD

.. C® ssd $000GA200
USRI ‘ ; SUO0UO210
e C¥  _CALL DIFSUB{NsTsHeYsWKs JSTART:HMIN, HMAX«EPSoMTH MAXDER . IERRY. . S0A00N220
PO ot - - 230000230
. % PARAMETERS #00IDI24D
R ot . R : «0L000250
- —— .k N---===THE NUMBER OF FIRST ORDER DIFFERENTIAL EQUATIONS. #0L300260
e L® — aUCLLa2T0
—eeereeen £¥ _ _Y=z==~~THE _INDEPENDENT VARIABLE. . 20350L02B0
SRR of . *00J00290
S o H-—-~~~~0N INPUT, THE STEP LENGTH T) BE ATTEMPTED ON THIS STEP. * Q0000300
— . L® ON OUTPUT. THE STEP LENGTH DIFSUB RECOMMENDS FOR THE NEXT =00000310
e BB S5TEP, DIFSUB WILL USE ITS RECOMMENDED STEP LENGTH UNLESS ®QCCCu3Z0
R ot THE USER MODIFIES IT. ®0GO00330
cr —_——— 200230340

e L . H MAY BE ADJUSTED UP AS FAR AS HMAX UR DOWN AS FAR AS HMIN#00J003%0
—_— . C* - BY DIFSUB IN URDER TO ACHIEVE AN ECUNOMICAL INTEGRATIUN. *0GLO0D360
. C» HOWEVFR, [F THE USER SPECIFIES AN H VALUE. IT WILL BE USED*D0000370
SV # - PRIVIDED SUCH AN H LUES NIT CAUSE A SINGLE STEP ERROR *# Q0000480
B} (8 GHMEATER THAN EPS. THE USER [S REGUIRED TO SUPPLY H UNLY ON#0G0OJ0390
DU v e THE FIRST CALL. TOU SAVE CUMPUTEXR TIME. THL USER IS ABVISED®00u004u0
EDRUUDNI o . TU USE A SMALL STEP [SAY .125E-uu) FUOR THE FIRST CALL. ®0GU0D4L0
— . ce AFTER THE FIRST CALL THE STEP LENGTH WlLlL RE INCREASED BY *000G0«20




i e Gl .., DIFsus. ) *00000430
———— e .. L® o : *00000440
e, O Y—r=—~=AN ARRAY OF B%N tOCAY[ONS CUNTAINING THE .DEPEMDENT *00GI0%S0
. L% . VARI-‘ABLES AND THEIR SCALED DERIVATIVES. YIN®{J-11+1) 230300460
—— C% . CONTAINS J-TH DERIVATIVE OF Y{I) SCALEL BY COUDDATO . v s e e i o -
—_— = HEx J/FACTORIAL(J) s WHERE H 1S THE CURRENT STEP SIZE. ONLY #0GLOC480
S of ) Y{l1},I=EsN MUST BE PRIVIDED BY THE CALLING PROGRAM ON THE 240500490
— e ee-e .. FIRST CALL (INITIAL VALUES). DERIVATIVES ARE CALCULATED BY=020535L0
e, L% ... DIFSUB BY NUMERICAL DIFFERENCENG AND DU NUT NEED TO DBE *00I00510 ¢
_. t* . -w— PROVIDED BY THE USER. IF IT 15 DESIREU TO INTERPOLATE Tu #0C0GIS20

c* . NON-MLSH POINTS. THESE VALUES CAN BEL USEDa. IF THE CURRENT ®O0.00530 o o oo
-~ e e C®= . _._.. _STEP SI1Zt IS H AND THE VALUE AT T+t 15 NEEDED. FORM S=E/H 200400540
—— L= cemee—- . AND CUMPUTE FJ053U550

W ot S #£ 3200360 - .
e . NO #L,00005%70 . . .
te . YUII{T+E)=SUM YIN®{J-1)+])258e) «00003580 Lo - .
c#. e J=0 . . SRCCOUS90 . e e —
—C¥ .. €QudIdeud
—— % ece.__. WHENEVER DIFSUB 15 CALLED WITH JSTART=0Q. YUI}sI=Ntl,8%N  $0000001D
R ¥ IS SET TO Ga *00UD0620
. . Le - *000000630
S oY MK—r==~A WORK STORAGE ARRAY OF DIMENS ION N#*{Ne¢14). THE USER NEED *000000640

Ca ONLY DIMENSION THE ARRAY CORREFCTLY. THE ARRAY IS ZERQD 20CAIUBYS0 e s

U oL Y ) FILLED OR INIYIALIZED AND USED. BY OIFSUB. THE USER SHOULD *0C20Q0u0 !
—e L% ——  ~.. NOT PUT ANYTHING INTO THE ARRAY. THE ARRAY IS USED TO +G0u00670 .-
e _. L= e vemmr . HOLD THE FOLLUWING . *20000680

R of I «00J03690
— e E% o WKLL)=WKI 8%N) #30000700

¥ THE.Y ARRAY VALUES ARE SAVED IN_THE EVENT THAY A_STEP®QGJIUTIOQ .

—— o Cx MUST BE REPEATED. «JCO0u120 . .
L £00I62730

——e e C% L HKIOEN&1}-HK(9¥N) *00000740 . -
i C® L HOLDS CORKEGCTION TERMS IN THE CORRECTOR LOOP. €030 750 P
S o S : *ulLG0T6D o .

Ce. leqﬂull-uMLD'*N) - - - ®OCOOLTTO ; [
N of HOLDS SUMS OF ALL CORRECTION TERMS IN THE PREVIOUS  ®00000780 . )
S o STEP AFTER THE SUMS HAVE BEEN ACCUMULATED IN *00000790 o -

——— e B WKLL3¥NeIi.I=1.N FOR THE CURRENT STEP. THIS ENABLES *G0CJD8GO L. -

— e - E® e w_.. . THE BACKWARUS ‘DIFFERENCE OF WK{13=N+I) TO BE FORMED £00J00810D .

S ~ AND USED TO ESTIMATE THE STEP SIZE FDR ONE ORDER £20000820 - R

—— c# . HIGHER THAN CURRENT. . . ¥0C000830 . — — e
SRR « S «20L00840 o . -

DURURUUNIR A o e MELLOENFL WK (L 1%N) &00u035850

———mias L et e e Rt s et 8 - . - [




———— iy R oARESSE_m_——TTT

. O : HOLDS TyE DERIVATIVES OF vil} WITH RESPECT TO T WHEN *00000060
Cx ¢ THEY ARE COMPUTED B8Y DIFFUN. . *C0OC00870
(o] . . +02000880
- e WKLLLON#LI-®K(L2%N) «QC000890
R €% —ooo——oeme— HOLDS THE DERIVATIVES OF Y{!) WITH RESPECT TO .T .. #002303900
—— e .. L . . DURING JACOBIAN EVALUATIOUN. *0022J91LD
—— I R #00000920
S 1 C WKI12%N+1)-WKi13*N) ®JC.C Y930
— e . C® HOLDS THE MAXIMUM ABSOLUTE VALUE OF Y{IJ} UP TQ AND  #0Cub3940
- ——— . €% . INCLUDING THE PRESENT STEP. 2002300950
Cx — i . - 200502980
e . C® C WKCI3XN+LY~WKELo=N) #30003970
TR >4 HOLDS THE SINGLE STEP ERAOR ESTIMATES *JCU00%B0
S e e WKL L3N [)=YIN*(K~L)+1) ¢H&2K /I FACTORIAL (K~ 1)0%A{K}) *00200990
—ie . C# U AHERE K IS YHE HIGHEST DERIVATIVE AVAILABLE. «0CJ01000
[ ot #00001210
Lt _. HELLG¥N+ L} -WK{ L4FNENSSR2) *007301020
e e C¥ e USED FUR STIFF METHUUS{MTH=1,21 TO HOLD JACOBIAN BY *0G 01030
e c* CULUMNS, WKIN*{L3+J)¢1)={U/DYLJIIDYII) ol=il.N J=1.N *000DL040
e *30001050
0 JSTART—An IRPUT/DUTPUT CUDE USED AS FOLLOMWS 00001060
R e #00501070
S C¥ .- - .INPUT «)CID1VHO
e .. C* - . h *00I01J90
DR = ... - =—=1 REPEAT THE LAST STEP WITH A NEW H. 200001100
PRV & —— e e0001L110
SR o — .. =0  PERFORM THE FIRST STEP. THE FIRST CALL MUST 2E DOUNE 2302303120
— e e - L® AU WITH THIS VALUE TO PERMIT PROPER INITIALIZATION. 20CCO1130
i et G —_— 30001140
——— L =+1 TAKE A NEW STEP CONTINUING FROM THE LAST. #JCU0L159D
e e —. L } *,C00ULLB0
. L® _ .. ouThUT eyCUolL70
e e .. C® 2000U1180
i C» - =N@ THE CURRENT ORDER DF TME INTEGRATION METHOD ON RETURN2J000L190
e C® ... ALSU, THE MAXIMUM DERIVATIVE AVAILABLE. B «00L0L200
e e L =3C001210
— e L® HMIN=-——-THE MINIMUM STEP SIZE THAT WILL BE USED FOR THE 830001220
- P o INTEGRATION. NOTE THAT DN STARTING HMIN MUST BE MUCH £20001230
[UUUR of CSMALLER (SAY .125E-091 THAN THE AVERAGE H EXPECTED SINCE #00001240
o A FIRST ORDER METHOD IS USED INITIALLY. 00001250

e e G : . 200001260 .
o HMAX==-THE MAXIMUM STEP SIZE THE USER WILL ALLOW. *000a1270
Ce =00J01260
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200001690 ...

Cax EP§~~+~THF ERROR TEST CONSTANT. SINGLE STLP ERRUR ESTIMATES *¥*00901292

Ce HWEIN®L3+]) DIVIDED 8Y WKIN*L2+[) MUST BE LESS THAN EPS IN 200001300

- C THE EUCLIDEAN NORM. STEP AND/OR QRDER IS AQJUSTED TO «J0001310
Ce ACHIEVE TH!S ERROR BOUND. 00001320

—— L% - - #20.01332
e L% MTH--=--~THE METHOU INDICATDR. *=2Ldul el

R cx #CL001350
e = LF =0 AN ADAMS PREDILTUR-CURRECTUR FOR NON~STIFF SYSTEMS. #J00ul3el

e Cc= . ¢ 30J01370
cemeew. L =1 A MULT1-STEP METHOLD FOR MLTIFF SYSTEMS. [T 4lLL ALSU 22CI013sd’

L e .. W0RK FOR NUN-STIFF SYSTEMS. & USCx SUPPLIED KauTINE *3(001392

- s ' PEDERVY IS REWUIRED T CALCULATL THE PARTIAL *IC0LLlaly

_ - O* - JERIVATIVES (L/0Y(J))DY(1d. THAT IS, THE JACIBTAN. #3C201410
P 15 — e ANUTHER USER SUPPLIED ROUTINE MATINV IS RLUUIKED TU =C0uldl420

R L - INVERT THE JACOBIAN. =IC321430

— L . *3CJ01440

L =2 THE SAME AS MTH=1 EXCEPT THAT THE PARTIAL DERIVATIVES2OCLJ1450_ .

— L ARE CALCULATED IN LDIFSJUB BY NUMLRICAL DIFFEReNCING *30501400

—. L= AND HENCE ProERY 1S NUT CALLED. HOWEVER A DiJMNY SLUdl4T70

re SUNRNUTINE NAMED PEDERV SHUULD BE SUPPLIED. MATINV 15%00001480

(I ATILL NLCESSARY TO INVERT THE JACIBIAN. *20u0i490

I #000J1500
————. % MAXDER-THE MAXIMUM QROER INTEGRATION THE USER WISHES TO B: USED. #J0001510 .

e FOR NZW-STIFF METHUDSIMTH=0) IT RUST SATISFY *20C0L520

——e 11 L.GELMAXOERLLELTZ AND FOR STIFF MEeIBOOSIMTH=1,.21 1T MUSY $230001530

C e UF SATISFY }.OGE.MAXUERLLE.G. 200c01540

e B% e #J02015%0

SR IERR-=-~A COMPLETION CODE WITH THE FOLLOWING MEANINGS Q0001560
— 0 . . ®JGCoL570

PN A =¢l THE STEP wAS SUCCESSFUL. ALL HRFOUIREMENTS WERE MET. =20 01540

—— (o *#0GJ01590

e L= . ==1 THE STEP WAS TAKEN wWlTH H=1tMIni B8UT, THE REQUESTED *00001600

- C¥ - ERRI4, EPS, WAS NUT ACHIEVED. ¢200C 1ol

SR 8. - SCCCOL620
e o _==2 THE MAXIYUM URUVER SPECIFIEU. MAXDER. WAS TOD LARGE. . ®3GJJ1a30_

e L® UBSERVE THE CONSTRAINTS IN THE DEFINITION UF MAXDER. *00201640

________ S .- . *300C01650

R VL ==3 CORRECTOR CONVERGENCE LUULD NOT BE ACHIEVED FOR *00J01660

— L2 - H.GT.HMIN. #0Ce01670

DR A - - *00201680

SNV 1 . cese - —..==4 THE REOUESTED ERHLOR IS SMALLER THAN CAN BE HANDLED
. L» FUR THE CUNSTRAINTYS PLACED ON THE PARAMETERS. EXAMINE®U0201700
L= THE PARAMETERS TO DETEKRMINE IF SUME MAY HE RELAXED ¢QCQ0LT710




B R

S 1 T L AND TRY AGAIN. - 00001720
ce _ i #00021730
C* NOTE: THME FULLUWING POINTS SHOULD BE KEPT IN MIND WHEN CHOUOSING #0G00L740
. ) Ce THE PARAMETERS. =30001750
S oF e e *J0uel 760 .. .. _ e e =
USRI o i HIGHER JRDER [INTEGRATIONS {MAXDER) AND SMALL STEP SIZES *JCLOLITY
R oF ... IH) REWUIRE ¥umE CALCULATIONS AND HENCE MORE TIME, BUT +3000L 780
U ot - e . THEY RESULT IN BETTER ACCURACY. . *30301790 .
. ¥ o : *0Le01830
——e. C=® oo . SMALL ERRDR TOLERANCES {EPS) REQUIRE HIGHER ORDER #30001ulC
S ot i .. INTEGRATIONS AND/UR SMALLER STCP SIZE. *50.01820 . - L. L. e e e
—_ .. C= .. . #33301830
T . ; . THE USER SHOULD NJT ATTEMPT T CHOUSE THE BEST STFP SIZE 220101440
T .. ... . Qv RESTRICT THE UHDER TO ATTEMPT AN OPTIMAL COMBINATION. #00uCL850
U W e = AS MJUCH AS PUSSIALE, SJCH DLCiSIONS SHOULL BE LEFY TO *,0201860
e T DIF3U%. DIFSUX BASES ITS DECISIUNS 0N PRECISE CALCULATIONS=JLUCLlHT70
ce AHD JPTIMIZES STEP SEZE AND DRDLR TO ACHIEVE THE ERROR ©200018R0 . . .. ; o~ .
— . G .. = -. TOLERANCE WITH ECONIMICAL CALCULATLONS. 30301490
R re *00LC1900
- vl oM NECESSITY MAay REQUIRE SOME PARAMETERS YO BE *J0C01910
. Le CONSTIATHFDS THUSE NOT CONSTRAINED SHOULD BE FREE TO VARY ¢J00ul92Q
A Ay MJCH AS PUSaTOLL T3 PERMIT UBIFSUB TU GPTIMIZE THEM. €200 1930
— . G T . 00990 | L o Lt e .
... L(® REQUIRED R0UT INES C 233301950
...... R o . . #0uU001960 -
— ... Ce ALL OF THE FULLOWING REQUIRED ROUJUTINES MUST BE SUPPLIED BY THE #30001970 }
. o USER EVEN IF ONLY AS DUMHMY SUBROUTINES. +30001980 -
SRR v *00001990 : ..
— L% __SUBRUUTINE DIFFUNIT.Y.LY) e o el ¥J0002000 . —_—— e R
R of *30002010
e 2 T-- INDEPENDENT VARIABLE #00C02020
.. T s00002030
—_— . e e . Y-=ARKAY OF DEPENDENT VARIABLES AND  SCALED DERIVATIVES. *2C002040
PRI 1. . THIS ARRAY IS5 THE SAME AS THE Y ARRAY FOR DIFSUB AND [5%000020%0
(g ] . DIMENSIONED THE SAME, . . e ... . ®000020060 -
U o : *«30002070 o L )
- G DY-ARRAY OF DIMENSIUN N WHICH HOLDS THE DERIVATIVES QF *( 0002080 e e . A
(= —— Y{I)el=1leN WITH RESPECT IO T. *0a0020%0 —— Lo
e R «300021060 L e e am .
- ... L* ~ .. . DYFFUN MUST ALWAYS BE SUPPLIED. IT COMPUTES THE DERIVATIVE*00002110 S,
_ C* OF. ¥(I} rnITH RESPECT TO T+ RETURNS IT IN DY(I} TO DIFSUB. *20002120 _ . - SO
e C® L . *00002130 . e e e B}

.......... Ce SUBROUTINE MATINVIPH.N.J) *00002140




. Tk N *00002150
_ cx _ PU-ARRAY CONTAINING THE .JACOBIAN PASSED FROM DIFSUB. *00002160
. L% A y. DIMENSIONED PHIN.N} . *0Qu02170
——— O *00002180
C¥ _ N--THE SIZE OF THE SYSTEM. - $3GJ02190 .
—— & . 20002200
. .C%  _ .. __ . J-—RETURN CODE #JCo02210
' #3D002220
—_—. "~ 721 IF INVERSION OF PH SUCCESSFUL- {DET(PH] .NE.O). $30002230
e C® *90ub2240
£* #-1... IF INVERSION OF PW UNSUCCESSFUL LDET{PW).EQ.Dla *3C002250
T *30332200
. C®  __.__._ BATINV MUST BE PROVIDED FOR STIFF METHDOS{MTH=1,2) WHILE %0C0D2270
€% . _______ DULY A DUMHY SUBROUTINE IS NECESSARY FOR NUN-STIFF METHODS#*)0102230
e C& ___.____ ({MTH=0)}. MATINV INVERTS THE JACOBIAN AN RE TURNS THE #505022490
Ce¢ . _INVERSE IN PW TO DIFSUB. ¢ 30332300
C*. e $30002310.
e C* . . SUBROUTINE PEDEAVITeYePWN) $3€302320
e C ©J0U02330
. C% T-- INDEPENDENT VARIABLE. 2303502340
I *00JID2350
. Le .¥Y--ARRAY UF DEPENDENT VARIABLES AND FIRST SEVEN -~ *20002360
wC® o _DLRIVATIVES. THIS ARRAY 1S THE SAME AS THE ¥ ARRAY FOR @.0002370
—_ e oo DIFSUS AND IS DIMENSIONED THE SAME. $£90002330
ce o .. : #20u02390
c* PW~ARKAY DIMENSIONED N¢*2 CUNTAINING THE JACOBIAN BY $200J2400
€% . COLUMNS. PHIN®%2}. $00302410
e B8 *30002420
— ct M-~IHE SIZE OF THE SYSTEMa_ .. . e e . %J0CG2430
et CE $20002440
T e ___ PEDERV MJST BE PROVIDED FOR STIFF HMETHODS(MTH=1,2} WHILE #0GL02450
ce __ONLY A UUMMY SUBKOUTINE IS REOUIRED FOR NON-STIFF METHOUS £30002460
C {MTH=D) . PEDERV COMPUTES THE PARTIAL DERJVATIVES OF DY{I} %00002470
C% . ________ I=1+N AND STORES THEM BY COLUMNS IN THE Fd ARRAY. $20002480
cx PHLN®LJ~1)+1)={D/0YLJIIDYCE? L=1sN » J=laN .~ 300024490
Le e ©30002500
. C%'AUTHOR/ IMPLEMENTER «0 0002510
N %30002520
— ..G& _ __S.BAUDENDISTEL/G.W.HAIGLER ¥30002530
e . . ) *0 0002540
L LANGUAGE . . . ... .. - ®30002550
R A #00002560
—— . C® FORTRAN *30092570

e e A o e — s s 4, | AR ARt m i =t




Y of ' . «00002580

C* DATE RELEASED £J0002590

Ce t 20002600

C MAY 25, 1973 £1C202610

— —.C® e - ) o 00002620
— ¢ LATEST REVISION ¢20002630
.. C* 30002642
- . [ HMAY 2%« 1973 . *O0ub2u50
. i® $00002660.
- (:#3?########I‘#####*###*&##t*#t###ﬂ##i‘t#Ott####t¢#¢#*$#$*#*¥#$#t#t##ﬁ#ttsCUOZ{,?O
- _C e 30102689
1001 17.. DIMENSION Y{L)+wK{1)eAlBI.PERTST{ 42} 5CLI269D
... DCLI2TO0
e LAt RAE RS aR RIS SR D AR E ARG IR CL G CRRIICH T ACH ST TR A AT E LR RS CREN O RS0 J0002710
L Le THE COEFFICIENTS IN PERTST ARL USLD IN SELECTING THE STEP AND e00eJ2 20
. C® IRDER, THEREFORE ONLY ABQUT ONE PERCENT ACCURACY IS NEEDED. #3Cu2T30
—_— . Crxcoufabsdy AR O TS BT E R R U TR 2 Y FA LR SR ALBREOC HTT G LL D a#t#l‘-tﬁﬁb#]{:‘,ﬂzflgﬂ
.. Ce £10Iu2750

- C#ébc##ﬁ###t&#4$t##l¢¢¢#$$°#$t#ﬂ$*#v’F*#a#####vt0°t°¢.$$¢$C#V$400‘0@###93(OUZ?DD

€6 1115 Riw 15 USED 7O CALCULATE E FOR STEFF SYSTEMS 30002770

- *00002783

W0oAT DATA PERTST /2.0+%0547e333410,42013a7017.15:1.00 30532799
e CHLERCEL OGO GG AB REHEUERDEXVOEBRACEICETEEH PG H IR ST CS SRS VBT RO RO RS RO E206 00002800
o Ce THIS ROW IS USED TO CALCULATE E FOR WIN-STIFF STYSTEMS ©30302410
e L% : ®J0J02B20
. 1 _ 2.043200424.0037489:53.33470.08487.974 00332830
s EG’GF##G###?#t###¢¢$###*#*¢¢&#$¢¢#‘30###ﬂ###tt&#*#####0#t##*aﬁ##t#‘t#oﬂtﬁﬁfqﬂzal.o
____ C® THIS ROW IS USED TO GALCULATE EUP FUR STIFF SYSTEMS $0CLO2850
ce_. e 30002860 .

el 2 3000620092167 412.5415.9841.0:1.04 3CI02870
e C##¢##i#####t##t&#&t#t##ﬁtt############ CEHELTRLILVCYTOFCE VO RLAso ke oA, 02382
T C* THIS ROW 1S USED 7O CALCUALTE EUP FUR NUN-STIFF SYSTEMS 00062899
e . =0020249060
. 3 12.002%40+37.89:53.33.70.08+87.97» 1404 02002910
e, C$ﬁ¢¢¢#¢ﬁ?¢#$#¢?} ttaﬁ#t############t*#&##t$¢¢‘¢#°9°#iﬂ#l&&ttﬁ###ﬁt#t#t#ﬁ#OJCQDZ‘JZQ_
T C* THIS KOW IS5 USED I3 CALCULATE EUWN FOR STIFF SYSTEMS 290002930
— L® . *00002940
e 4 L1aslas0a5e0.1667+2.04133,0.008267.1.0, 00002950
[ (',3###*##v##ﬁ#t##ﬁ##t#####*##Sﬂt##tt####t##Qtﬁ#&t4‘0&3lO!‘ﬁ#&‘lt#t#tt#ﬁttt000029()0
T L+ THIS ROW IS USED TU CALCULATE EDWN FUR NUN-STIFF SYSTEMS £3JCC02970
R o . *300J2950
e 5 EaDelaGa2eOsleDee3157..07407,.01397 30302990

CHoea Mttt OB ALA N CRCE IR EU A COETEIF LR EAELHCHINERIBRT RO ®E S 229600033080




v
B
gca
.\3‘@
@
QDOOY17Z . .. . _DATA AL2) ./ -1.0 / 00003010
aocn1z? . IRET=1 . . 0C.- 23020
opooLrt. l1ERR=¢+1; 0D0003U30
npoo2a .- . IFIJSTART.LE.D}GOTO 25 20003040
M I it R i T L P T e T e P P e I S R R T Y L T Y T B an N E R T T - .
______ £* BEGIN BY SAVING INFORMATION FOR POSSIBLE RESTARTS AND CHANGING FQ0303uL0
e . CF= H BY THE FACTOR R IF THE CALLER HAS CHANGED H. ALL VARIABLES 3000303170
e B DEPENDENT ON H MUST ALSO BE CHANGED. s0 00030848
et . C% HNFW IS THE STEP SIZE THAT WAS USED ON THE $ASY CALL. ®*00UU3DLO
e e At Rt RN R O F AT RN G PR VLA SRR TS XA AU G TS C P O EC RS RRAFERTA SR TR EEI (I0DU20
000022 5 NN=N#*{ CCRoLU30 o e
000625 . 00 L0 I=1«NN 2000004
oGonze. . 13 WKIIV=Y{l} ’ QOLOIus0
oo0o33 HOLD=HNFu Q0023360
000036 . IFIH.EQ.HOLDIGOTD 20 QoLonliIo
anodin - 15 RACUM=H/HOLD 00023243 -
FaToTaToX: I ST 4 - 3 = b I U e e e e s [M1aTa 7o IUT L4 DU
goaoal . GNTO 415 CCR0lLuD
0N2A4YL .. 20 NOOLD=r0 . Ousuoulle
Cou4? TE=1% GCoWD: 120
i tal KALIEA= | o 00s00130
QUO0aS . IF{ASTARTLGTLO)GATO 270 OulOulal
ONANsT.. . oaro 5% . R I, e . [, Q333150 .. . e o e
anNnJat . 25 IFLJSTART.£Q.-1)GOTO AP - 00522160 '
o (Ut st e et oot oRERd s ¢ QUK ER RN YR IFLLRSER VORI NBT LS OTAR RSN GEREETSOLAS0LTO _—
e w. C® ON YHE FIRST AND ANY SUBSEQUENT CALL WEITH JSTART=0, THE URDER. IS eyCdaolyd .
. C* SET TU 1 AND THE INITEAL DERIVATIVES ARE CALCULATED. ARRAY ACCESS $0CC0G190 . . -
e G CONSTANTS ARE CALCULATED AND ARRAYS Y.uwK ARE ZERUED OR INITIALIZER *30uDC200 - . . .
e e e r R R R O RN SNV C R CH EF SRR 2R AR T E AR RSV VAP OV ARS C O A2 I E S e S0LI02L0 _
oooosL. - NA=1 -0ag0220
anonst NA=N*H 00303230
200053, .. . N9=Na+N oouR0240
100054 N1O=N7+N . 00u0Q250
oo000s85. NL1I=NLO&+N . ' 2000u260
1006056 N 2= L LN e e e e s = e e e am e 2CTO0270
pooas7?..— - N13=NiZ+N .. . . JugQo2an -
J0D060 . ... ._ . NL4=N13+¢N .. 00a062940 -
langar . . .. N1OPLl=N10+¢1 S . 00000300 -
03063 ... . NILIP1=NLL+#l . . . 00000310 - .-
300069 .- . . NI4PE=Nl4rl R . L 0000320 .
1G0066. e NN=N*INEL4E) —_ e+ e e ——— e« Q0000336 ..
3160071 ... ... DO 30 I=leNN o : - 0000340 _ . e

300073 .. .. 30 WKi{l)=Q. e e e - 00000350

FRRPEI Wit




paancia b &

-QQ007T-- - " NN=NEFY- - - 000003460
.Qao106 . pn 35 EFNN'NB 000003170
000101 . 35 Y{1l=0. 00000380
onc10s .. DU 40 I=le.N 0Go00390
000106 —.. 40 WHKINLZ2+1)=AMAXL(l..ABS{(Y{1}}1.. P - e 30050400 .
R 10703 ROV S CALL DIFFUNS{T.YoeWKINLIOPL)} [sPeiel oLy Ne)
ooci2s . 00 45 I=1.N 000004%20
a0aia2 . 8 YIN#I)I=WK{N1O+{)%H 000au4a30
. Q00Lal .. HNEW=H OCCI0440
ooDlel. _. K=2 Q0J3l4b0
000143 .. GoTo 5 . . A , . 0O000450
A Ed A A SRR TR S RGP O ER TP A TR PRI LS E R DR R VAT BTGP TUDCRUSPEXCEBCAB 2B GIT ST
. . .. C* REPEAT LASY STEP BY RESTORING SAVEDLD INFORMATION. a00Lovato
T T L L P T T P P P P LR E LS L L L v W L 1]
000143 . 50 IF{NQ.EQ.NODLDIJSTART=] 060003500
000146 . - T=TOLD OR25J%10
000147 . . NO=NQOLD. 00003520 ...
000150 . . K=+l Q0300540
.0Q0L52 GNTa 15 QG200 540
T L e LT LR T TR AT A R L 22 21 S v el Tv]
C# SET THE CUErFILIENTS THAY DETERMINE THE ORDER AND THE METHOD +500Ca560
e .. L% TYPE. CHECK FOx EXCESSIVE (RDER. THE LAST TWU STATEMENTS OF *QCy00579
L% THIS SECTEIUN SET IWEVAL .GT.0 IF THE JACOBIAN IS TO 8E RE- =30C00580.
i . C%* EVALUATED BECAUSE OF THE DNRDER CHANGE. AN THEN REPEAT THE =J0ICIHYD
o e IMTEGRATION STEP IF IT HAS NOT YLT BEEN DUNE LIRET=13) OR 3KIP TO A #00003600
[ . C¥ FINAL SCALING BFFURE EXIT IF IT HAS BEEN CUMPLETED {(IRET=2}. “00S006LD
e CRAN RO R PRBIE LN A FFH RN ETEE SRR AT A E AT L LLI OB FE S EX IR IR E LI H SV 2R3 w24 0x0CIDGL20
0oa1rs3 . 5% IFIHTHLEQ.D)GOTO 70 000C0630
popiss . . L IFING-2)130+135,60 00000640
0o0Ls7? 63 IFINO-4)140.145,65 [(JeshB Ty
.no0s2. . 69 [FINO-6)1150.155,90 00C066D
Q00165 . TO IFINWQ-219%+100475 00000670
MTolvh iy g« R 75 IFINO~-41105,11G.80 . c0000640
DOOY13. _ 80 IFINQ-61115.,120.85 000002690
000 T . B9  IFINQLEQ.TILOTO 125 . ... . ... - e - e e e WQQDOTO0
000200 . 90 IERR=-2 00000710
fa0202 . RETURN Q00050720

e - LW

. Ge
R 0
JE DR L
—— o C#*

ey

THE FDLLDH[N& ARE FOR NON~STIFF METHOOS

P 5«m‘_-b»gu&:-:‘:.‘.:.i-’:?aw..‘.:‘.z;:‘-.mnm—;a.—,—.w_.__.aswwwA.__..wav e . @

CHEeoF SR E LG GEGE T ETRECEEFSEEFFEFTEL SRR F U R AFLAFE KDL S LT VG ST IO 24600000 TI0

THE FULLOWING CUOEFFICIENTS SHOULD BE DEFINED TU THE MAXIMUM
AGCURACY PEPMLTTED BY THE MACHINE. THEY ARE. IN THE DRDER USEDa.

00000740
®«0 0000750
*00u00T60
Q0000770
200000780




-1 e e e

=1/ 2s~ 1)2
~E/134=3 4176 -
~378e=11712,~173.-1724

~951283- -4377120.-5/8;-17/964-1F40,-1/720

THE FULLDH[NG ARE‘FDR STIFF METHODS

~2517/72002257 44=35/124~52484-1/120 . ..

_—lQDBYI6J480v*&9140.-2031270.~491192o-7!14&»—7/16%0-—115040

D U - e e e - #*00CI0890 . .
~2/3,-173 . : 00070560
“&L1 Ly ~6/ LEs~E/201 = 00000910
S . C¥ ~12/25¢=T7/10¢~145,=1750" *)OOULYR0
A e G% =120/ 274¢=225/2 T4 =85F274,~15/214.~101274 *DOA00R30
j____.%_?__ Lo —1BO/%4).~58/63,-15/36+-25/252.-3/252.~171T6% £00J03940
N _________ctt#ta**#ﬁ#t#*## SEEBEE G LRI RERTELCRKETELE SEL e db e ERSERERRE LR TE XL LDDIFSD
. —0pozo2_. 95 ‘AM1l) = =1.0 00ICoYLD
.. 00020% _ 60T 160 004500970
- 000204.. 100 Af1) = -0.56C000000 OC0GG9H0
©.0nn20%. AlZ) = -(.500000000 00080v90
. Dduznr . CGATL L0 000014600
FLOBGZOL . 105 ALY = =0.4L666666666566566T. .. . - ... - mme—e. 3JODDLULO
S BOF210.... CAL3Y = -0.750000000 . 0Coo1o2o
000212 al4y = —D.Lb666u6666666667 ' .A0001040
R {1 [vF.3 R0 LGOTO 160 R 00201350
- 000254 11nvnt11 = ~0.375000000 , 00001050
.mﬂanzlsh__ : = ~0a 9166606666666667 00001060 .
= =0.433333333333333 . - v vian - DOe0LOTA. .
i s 04 Lubabb6bE66666T D0301080
IB0TO 160 00001090
5 ALL) = ~0.34861FL111111111 . 20001100
TALBE, = +1400166606666366667 . oenoLLLo
: : Af4) = ~0.48611L11111111111 . L G:CO01120
;_nunzal____“___ﬁnl51h:.:o 10416666666L666T .. - e 0CI0113D0
O+ To 11 3 NI Ale) = -0.008333333333333333 DT0OL140
... 000233 'L GUTD 160 000511150
000233 .. 120 All) = ~0.32986LL113111E141 DCo001160
o .000234. . Al3) = ~L.14Lb666666666667 DLo01170
Loo000236.. 0 . MY = -D.625000000 DCOGL1BD
S 00023 ... .ALS)..5.mU. 2TTD833333333333 . - - o e e ———— DOuQ LD -
L ..00DZ4L - . S .ated S =0.02500000G0 Te201200
at7).=. ~b.0013388880080888689 00001210

. DE0R242. . )

b
|
1
1
1

#00000790
#00000800
#00300810
£0G000820
*J0CIG430..
*C0U00B40
200000850
#05C00B60O
#C0OCDETD
#0015 IBS0.

—r

s e

J—
e

o

|
4
é-




- TN SL L - = Tl
000?44-;%;4-' o ,,‘Gnm.leo ' 00001220 S
‘0D02E5s 2% all) = ~0u 3155919312169312 00001230
: euozaai AR 1.235000000 . .- D0G01240:
S ALY 0.751851.518518519 00001250
—0-25 52085333333333 el — e e e e QCLOL260. -t e e i
’D¢0$861111111111L11 0Co0i270 -
D,ODéablllllllllllll 20061280 . . :
} : 0.0001984126986126984 . QoL0L290 - o
',‘Laov . 0oCtul3ng. N S
1= vi.DOUODODDO ) CLadL31o i
1s0 . - e 00GOL3Z0 - i e
1_=”-D.666666666666666? 86201330 SR
A R0l 3 = F0.3333’33333333333 0LJ01340 e
'00&?55; el 0CLD L350 i
T A0a266 s (A 5&54545454545655 VEIGLALD - i
:,DDOZET - = Alli 0o201370 - i
_._uoo"n,m = -0.09090909990909091 - M e ICIOLIBE e e - S S
o273, a0 00UL 496, .
000273 | = ~. 484000000 i PRV
oOp2TY = ~D. 100030000 DUDUL410 e
GSUE?& ‘= =0.202000000 ‘PDLOT 142D . , ;
L0277 = =[O 020&00000 ) . . F0001430 . DIV
~0pd3nL i, L 150 . R OO + 21013 €11 | — e S
,'090302., 180 ALY = -0.43795&2043?9562 ’ DLGO1450 -
050303 o Al#YE =Da 8211b7&83211b788 VOCoL4L0 o
nnuans AlG) = -0.3132189781021898 00001470 . . . i
_f,DDQBDo i ALb =_“0.u547a652554744326 [ieis] ) X% £ SN R . LA , Cw S
22000310 ¢ . 0 UALEN = 20.0036496350364963504 BLS 1490 L e S S
S L0QRA A LGOTIO. L6 .o ‘ : e er e tin e+ o reim e r—— FOI01500 .. i . . I PR |
000312 . 155 AMLV'2 =0.4081632653061225 'DGLDLSLU . - i E N . S
Lo0pe3ra . LOUALEY = «0,9206349206349206 DoOOILZ0 . . - - . o
Lo o003y CALA) = =U.41660060660L6L666T . 0Gea1530 e N
o RO03E6.. AlSE = =0.0972063492063492 . J0CO1540 .. . i
Bt s foTu i p-do I Aale) = -0.01190%7619047619 00001550 - - a4 o
Fa Q00320 L, ALY = +D.0uu566593424036282 e —— g o - . _.. DCODL56O. o - - o
L poa323 163' =NQ+L : Q20801570 g e
?_Dn0325.: 1o0uUs=K = : OC00E 580 R . ] .
ST ”;_ f#t*#####*#**##*##*##&###*#####*#v*t*##**#*##*##*###*#**##***#*#**#t#***DUDOl590 b
P CCE-MTYP=1 FOR STIFF METHODS AND MTYP=2 FOR NON-STIFF METHODS #3030 500 - - b
R S ct*#¢¢#¢=#$* FEREEFEE RS EE T ER RS RS IR RLLF LT PUF D EERTY P 2ESR DRI ESER 20T I C00 1010 . } i
L00Q3260 . LNTYPRL : . 00001620 . .. o . SR [
; 000327.~ lF[MTH.EQ.U)MTYP-Z : Boudl630 .- . }”-
42036332 LEDai=NO 0001640 [
- : , !
b o e - + t |




KIrivas 4003 0|

'!

ST @OV {TYNIBIH0)

“rav01n.515nwm BRI 000031650
.EN02=0 5/ LEDWN+1.) 0000Ln60
£Nﬁ3~.5ﬂ!EuNN+Z.I 00001670
SL=THLMTYP=1F #NQ . 0000LeH0

.__|__,__,_.__~__ ﬁ#####&**#m###*## *#* **#t##*##hﬁz#*####*# #t#»##*###*#########ﬁ###*#t##3 Co01asS0 .
i G%E 1S A COMPAR [SON FOR ERRURS UF THE CURRENT ORDER NG. EUP IS «JGIILTO0
ante e €& TN JEST FOR INCREASING THE DRDER. EDWN FOR DECREASING THE ORDER. £000J1LT10
....__.........,.. % *t#*##as## FhRF AR R EH R e FaTARe o Ry c#au##:*# {232 13 ### ###c &% #n wEsedkxxQOODN1T720
000342, ., . _ E={PERTSILL)}=EPS)¥%2 00001730
eNDO363. . . . EUP={PERTST{L+L14)*EPS}%#2 DGO 740
A DO03SS: - e o EDWNSLPERTSTILA 28I #EPS)#352 ) .. 20651750
'L O0035T.. IR EDWNLEQL0L)GUTO 430 . ) Q0001760
000360 . BND=EPS=ENO3/N- ot JLODLTTO
j;ﬂgnnaas,__m,xas THEVAL=MTH 06001780
_;Jnﬁoaﬁg ........ AFLIRETLGT -1 360TD 380 oLuDLTY0"
- o ORI F AR SR F SRR TP E R SR SR AT F SRR ECT R R ERRE TR R F F ¥ 22200001 BGO
L~1ﬁr——-——-5‘ THIS SECTI0N CUMPUTES THE PREDICTED VALUES 8Y EFFECTIVELY. ¥0 0001810
RO . C# WILTIPLYING THE SAVED INFORMATION BY THE PASCAL TRIANGLE MATRIX *0CO0IH20
,__;___.W_, . Cade -'##-v BT EEERE FUEEREEF RS E R LR IT L IR ERGEF LR Rk T e AR e e 2200001830
00370.. 173 T=T+H : L0184
" hooaTL = £-17 ., 26031850
J_nﬂoazgv o : un 175 J=2.% 00001860
CLOD0ATE CoRN=L L —— e e e e e 00001870
000400 . PO 175 Jl= JeK : 00C01880
~000401 ... . . NN=NN-N. 40001840
.. D0 175 t =1 N 00001500
NT=NN& [ pounl9lo
175 YINT)= YINT )+ Y{NT#NS 00001920
C#** t# ###### Gfede e wedk Gedeok g Qe ##*#####*#*#### P22 32 2 200213 R 8 X120 #t$$$#¢¢#$¢v00001930
.C# UpP TD 3 CORRECTUR ITERATIONS ARE TAKEN. CONVERGENCE iS TESTED BY  +0D001940
e REQUIRING CHANGES TO BE LESS THAN BND WHICH IS DEPENDENT ON THE “00001950
e (C% ERROR - TEST CONSTANT, THE SUM OF THE CORRECTIONS [S ACCUMULATED IN #3C001960
_;;m".._h % THE ARRAY WK({NL3#1).  IT IS :EQUAL TO THE K-TH DERIVATIVE OF ¥ 200001970
_____ﬁuuw_c* MULTIPLEIED. BY H¥K/AFACTORDALIK=L1*AfK I} ¢ AND IS PROPORTIONAL TD *00001980
: C4 THE_AGTUAL ERRORS TO THE LDWEST PBWER OF H PRESENT. [H&*K) . #00001990
i LRk a#*#*#n Begede e #M##*#k#*###*v"#**###w*w*t**#*m#*#**#tt#*t*###*#*o 0002000
_ﬂﬂﬂezﬁ*m, A0 180 I=1.N 00002010
~0004&22. . 1A0 WKINLI+T)=0. 00002020
.oobe2t.. .- ijD'ZGD_h=l|3 00o02030
© . 00p&3a._ C.CALL DIFFUNI TeYaWKENLOPE)) 00202040
e e cﬁf* et *##*#«-# okl #.* £33 ##*##‘# SR TRk RRE Rk DR EF PR EER ST AR EFES TR SRR Sk 0 0002 us0
ke o G% FEC THERE HAS BEEN A CHANGE OF DRDER OR THERE HAS BEEN TROUBLE #30002060
i v e C¥ WETH CONVERGENGE. THE JACOBIAN 15 RE-EVALUATED PRIOR TO STARTING *Q00u02070

o

S

e e e et 4




' 0'0043 G
~008482
00465
000452 ..
oonsas7 . .
0O0AEL . .
—DUG&&S

—o0paTL .
L00RAT2:
0004 T4

1920

monuaza__u*;___,mm-mm+41w-J —

‘;w‘_g £ THE.CORRECTAR ITERATION IN THE CASE QF STIFF METHODS,
. C* THEN- SET T0 -1 AS AN INDICATOR THAT IT HAS 8EEN DDNE.
Lo . . [_:k## 2 ek ####%L‘*# *####t##*****#*##**t##**# Cede s ek e e g oo oy e et oo e e e ekt e () pno21400G

U IFTIWEVAL.LT.1)6OTQ 220

[HEVAL 1S

LIF{MTH -EQa 2) 6OTOD 200 C e
.EALL PEDERV(T-Y;HK(NI#PI):NI

R=ALL1%H

HN=NFN .

DN 185 I=1.NN

185 WKLNLG#I)=WR {NL4+I)5R
[;#*M:Ma REEEAP e IE AR YR AT AR AR YIRS AR C L ERAE SEEF RS EFEphp o RdRdhETab e AR ex 0002180
(o ADD.THE IDENTITY MATRIX TO FHE JACOBIAN AND INVERTY
Gtk gaepmagiade ddd e TR bR R FRRL LR EX E kSR EEE o ph o oy dhFbharehk 2Rt x k200002200

NM=N13 . . .
JL-N#+L.
No 195 I=1.N

. DouD22ad. .

+0.0002080 -
*00002090

00002110

- doegd2r20.
00302130 .
30002140 .- .
ocoo2150 . fmmemmn o e e
ocon2lel e e e
Goueczl7o B -

*0 0002190

00302210 T
00002220 . T
D0002230 D

000500 ... . 195 WKINNI= TotWKONND 20002250 .
=.onc505_n - IWEVAL ==L 0002260 .
- CALL MATLNVAWKINLIGPLY oNeJdl) 0¢002270 o
IF(dia. 5T40160T0 220 QEAV2280 e e e
GNTa 265 2Luo2290
Gtk i #t##*##*#*##**####**##*t##****#**t#*#t#*#*t***a&######tw&#ﬁ:#*&t(;(_)_0023ua . — e
L& FVALUATE THE JACODBIAN BY NUMERICAL DIFFERENCING. R 1S THE CHANGE *30002310
] C+* MADE TO -THE ELEMENT OF Y. IT IS EPS RELATIVE TO ¥ WITH A MINIMUM DF *30002320
Nt i, GO EP§EED 200002330
E v i s e C*’Ml&k####*#*##*#*#####a*##*##m##4«#**###*—###*######*########***###*t*ﬂ#tg000231,0 . . L.
L ODEB22 . 200 DO 205 IFL.N gp002350 ) , .
w000%246 ... 205 WRINB®I}=Y{1d .. .. - - . - . 000023460 e
070832 ... Ji=n13 00002370 . e
000533 ... . 00 215 J=1.N : 000u2380 . .
000535 . R=LPSFAMAXL(EPSe ABS{WKINB# ) )} 00002390
.000544._“‘ YOJIJ)l=¥(JI&R . . . 00002400 . : .
- angset.. . . O=AI1)#H/R 00002410 . ——
--nnussxu“_ —— CALL DIFFUNCTY HKENILPLYD .. o . e R 20002420 ..
000556, «  1=Jl+N DOD02430
_900563__,, DO 210 I=21,N 00pu24%40 . L
000565, .. .. NN=JL+I 00002450 s e
5000586 - . 210 WKINN]=IWKINLLlel)-wKINLO+L}3*D 00002460 -
000602 . 215 Y1) =wKINS+d) oo002470 L
Coonetu.__. . . .GOTD 190 e e - - 00No24u0 . - -
CO0E10.L. . 220 1F(MTHNE. 03 6OTOD 230 00002490 . ... e e e e
000612, . . 00 225 I=l.N 8C0e2500

i S st e

e




-+ Ll .
W
= 000613 . . 225 RK NS ISV NG J~HKINLO#D)&H Q0002510
= DO0625.. . GOI0-25G: ’ 00202520
L ONOAZS. .. 230 .00 235 IslN JC002530
L O0062T 0 238 HWRKINLL+II=sYINETY=HWKINLO+D) &1 JCVI2540
00068 . - .+D0 Z2%5 Is1l.N. . - B - R — GO0D2550 oo e e -
e OR0642 . . . D=0a - ' - 20002%00 ' :
. 000643 . . NAN=NL3+§ . 00Gu2370 ) |
Q00645 DO 250 J=1l.MN : J0002580 o
— G0UR4D .. " NN=NNEN . 00C02590 - ' ) ’
. D0O6AT . 240 D=DEIK{NN UK INLL+D : ' DCH02660" .
w0068 0 245 hRINB+IF=D . . S o . ] . 0002000 L. — e e - _
. 0006b6% 25 NT=N _ 2¢032020 -
Ll s i aR R s EE RS R AT EREEH AN SR ES TR U SR EB SRR FEAC AS L SR LAY DR E K XS X5 456D 000630 S
—ieiin e £ CIRRFLT AND SEE IF ALL CHANGES ARE LESS THAN 3hD RELATIVE TO ®O0CL2040
mmmime - GO WKANL 2400 §F SUs. THE CORRECTOR IS SAID TU HAVE LUNVERGED. *#000u2650
i it e e LR R R UE RN R A G RG ST AR R CY IR R R IR LU LT ELETRCF OV EI LN ETAITHNE L R4 I PTG 2000 . . :
=0008A5_.0 .. . ._DA 255 I=1.N - - S " JLLA2670 .- ..o et . o
00067, . ‘ YED YD)+ AL LY SUKINGET) ’ J0302uu0 ) (] . .
. 00%6T4.. YINHT =Y IN+LI~WKING+ ) ' GOLu2uy0 , = a -
i B00TaL CHRAENT Y el = AR UL FT Y s UK INBE ) . JLLQ2TL0 ' i ’
onovaes: . PFOALS {WR LN v 3N aL EoBNDSHK (NI 2+ [} INT=NT~1 ogco2710 . . vd % . -
L oORFLL. 255 GUNEINUE : 0Qou2720 . . 8 : . i
000722 .. IF{N[{.LE.0)GDTO 28 i . S UMV ¢ 14 {at o 1 ¢ S -____________..-.p;}.%_- e eem - !
L 0D0T23. 269 JDORTINUF. P 30002740 . . p— . 5
i CRESELOERCRARER R SRR IYEILEGCIEDFLERCOECEE RS R RT R AFNEFRBERO LG CE NG LR ¥ & IO002 750 . . . %\'d l
e heneemnee ¥ THE. GURRECTOR ITERATION FAILED TO CONVERGE IN 3 TRIES. VARIDUS *UL002760 F . E ' i )
e CH POSSIBILITIES ARF CHECKED FUR. IF H IS ALREADY HMIN AND THIS IS *J0Ja02770 . - c E'ﬂ ?':—"'
et — £* EITHER ADAMS METHDD OR THE STIFF METHID IN WHICH THE JACUBLAN HAS  ®J0002780 . = . . . coL d
! s i 1% ALREA DY BEEN RE-EVALUATED, A NO COUONVERGENCE EXIT IS TAKEN. 200527190 :_35‘5“‘"“ - ]
i macianaee . G JTHERWESE THE JALOHIAN IS RE-EVALUATED AND/OR THE STEP IS RFDULED =1C0G28u0 - . i
" e . % TOL-TIRY AND GET LONVERGENCE. : *30002810 S . . a1
. e CEFRHERE T M ECER UFETERIF ERRD LG O R KD FBRA TR EDHSAB ARG IRV B EXT R €42 ICI0UQ2820 R - ) ) ;‘?;
Se000325 . 265 .T7=TOLD ' ' uo002830 ]
0007260 . S IFIHALEaHMIN#L 43000 JANUS IHEVAL-MTYP }oLT.~1160TO 270 0oLYZ2 840 e e e . - T
00703 o AFIMTHAEQ e DORLIWEVALWNE w0 JRACUN=RACUMTL2S _ ... . . ce e - DGOUZ2BSD e — e 5? n
-~ 300752, .. THEVAL=MTH 0002 3060 . - i
0Na753,0 ... IRETY1=2 . ocoo2870 .- - i}
008755 . ~GOTO 415 : 00002880 . I
LH007585.... - 270 EERR=-3 . 00002890 . . AN
-0Q0TST .. .. 2T9 NheN®K : 00002900 Coe - (o
D002, L. . DD 28D I-LLMN L. L o - e e - e e e . 20032910 .. e e e om . b
000763 280 ¥{1)=wKIl) . : 0002920 - e . #
BN 112705 iy { + RV H=A0LD . . 00002930 R N i
— . - - - e e e f




:wruoc??xm.ﬁ CUNDSNOOLD —  ememee o ' : 00002940

GGDTJE ' -JISTART=NO .. : _ . 09002950

:_“nao773 RETURN ¥ o ' 20002960
) 5 C#*#****#**#*##*#*##****#*###*##*#**#**##*#*##**##*###########t¢$¥**$*¢$00002970
__.G* THE CORRECTOR.CONVERGED AND CONTROL 1S PASSED TQ STATEMENT 300 . *00002980
h;,*m"_g‘- €& IF THE ERROR TEST TS QeKes AND TO 310 OTHERWISE. 000 450
: 1F THE STEP- IS Du.K. IT IS ACCEPTED. If IDUUB HAS 3EEN REDUCED *0.7,03000
TO ONEs A TEST IS MADE.TO SEE IF THE STEP CAN HE INCREASER . #0.0003010
AT THE CURRENT ORDER OR BY GUING TO UME HIGHER OR ONE LOWER. £00093020
SUCH A CHANCE 1S ONLY MADE IF THE STEP CAN BE INCREASED BY AT #) 0203030
LEAST 1.1 - LF NO CHANGE IS POSSIBLE IpDQus IS SET 70 10 Ty . #30U03049
PREVENT FUTHER TESTING FOR.10 STEPS. #000U 3050
I1F A CHANGE. IS POSSIBLEs 1T IS MADE AND IUDUS IS SET 10 _ ¥00233060
NG + 1 TD PREVENT FURTHER [ESING FOR THAT NUMBER OF STEPS. #00233070
{F THE FRROR WAS TAO LARGE. THE UPTIMuM STEP SIZE FOR THIS OR *JCCO3080
LOWER QRDER IS COMPUTED, AND THE STEP RETRLED. IF IT SHOULD 200003090

dAVE AGLUMULATED IN THE Y ARRAY HAVE ERRURS OF THE WRUNG URDER £)GLI3L10

r-a e t*;####*ﬂezé'M#tv#*##*##a#*#*a###ntvnt*#v#t##*&##*a EFLEC OO RS EAR G EXFIGIOILI0

'T_ﬂnozrm 205 D=0 : 2030U3Lle0
. DDOTTS . N 280 t=LleN : 0033190
:_nnoxzz__.. 270 0=DElWKINL3+ T3 7HKINL2+1) 1332 R _ A - 3Ca03160
L DOLOLD.L. . THEVAL=0 o 00003170
_},Dﬂlﬁlﬂm“. . IFID«GTLEIGUTD 310 DC003160

0010k 4: IF (KL T3 GOTD 300 ' 06303190
__n.,,,.;“ C######t#‘#*#$#$####¢t$#¢**####*¢#tt##¢###*t##*&v##*###**#ct####0##&&&&&00003&00
ﬂh.,~_A,, C¢ COMPLETE THE CORRECTION WF THE HIGHER ORDER DERIVATIVES AFTER A +30003210

[RRSSSEARE)

e e LR AR SRR SR AR R RS E RS S R ER SRR FE R PR G S8 SRR D SR SO 02 0003230
e 001016 L=N 20203240

:‘0010l7~ . NO295 J=3,K ' 0c003250
]mﬂDlDZUAw JE=LeN. ‘ . 20003200
o 001022 00 295 Isl.N o u0003270
'_DDLHZJ_,_‘_-. ABN=LFL e R e e e i e et e e vt e e eeemr -+ D003 280
< 00L02% .. 295 YN = ?l“Nl+AlJl*HKtN13+ll 0C003290
©.001037..—. 302 IFRR=¥1i . . DCO03300
CLO0L040L . HNEW=H 00303310
Logtoal. . .. [P IDDYBLLE.LIGOTO 315 . . 00003320
C 001044 . .. Inoua= 10NUB-1 . . . . . Q0003320
7;0010%h_+___.”“ﬂlFllDUUB‘GT LIGOTO 390 .o oo e e s o e = . DD003340 .
R 143 ¥y 117 SO DD 305 f=1.N . : . 80003350
“;001051»*. 2309 HKINI+HEI=HKEINL3+T) L HEET]

-

FAall, THICE MORE IT-IS AN INDICATION THAT THE OERIVATIVES THAT ... . *10203130 .

Si1 THE FIRST DERIVATIVES AXE RECUMPUTED ANUD THE ORDER LIS SET TO l. #*20J03120

C* SUCCESFUL STEP. . . . 200003220

-+




C#*#**#*#*#*****#*#*###******#*##*#*ﬁ**#**####***&*#?**#**#*#*##*##*****00003330
. L% REDUCE THE FAILURE FLAG COUNT TO CHECK FOR MULTIPLE FAILURES. *00C03390
2 Cx RESTORE T T ITS DRIGINAL VALUE AND TRY AGAIN UNLESS THERE HAVE *00003400
¥ THREE. FATLURES, IN THAT CASE THE DFRVATIVES ARE ASSUMED TO HAVE -*20003410
C* AGCCUMULATED. ERRURS SO A RESTART FROM THE CURRENT VALUES OF Y IS *=00003420
c* TRIED. . *00003430

R C*#t***##*#**#***##***##*#**#**#*##*#*t$t*¢*##*#**v*#**##G#*#*?*##*%####00003440
=.00L0a0... . 310 TERR=IERR-2 00003450
__Dﬂlﬁﬁl_- - TFIHLE<HAINL . ODOOIIGDTO 410 300Q3460

JT=TOLD . . _ . DOGO3470.
s IF(IkRR.LE.-S!GDTD 400 00003480

e CEEEERAERE R SRS FE LR ERRE AR TR R T ERRE SRR CERLRRERTRESERN LRSS SRR AR SE K40 0003490
LG¥ PRLe PRZy AND PR3 . WILL CONTAIN THE AMDUNTS 8Y WHICH THE STEP &IZE *00u03500
C¥ SHOULD . 8E DIVIDLD AT ORDER ONE LOWERs AT THIS DRDER, AND AT DRDER * 0003510

6OTO 390 ' 00003370

.. C% 0ME HIGHER RESPECTIVELY. *30203520 . - -
c*#*#*#*##*#*###**##v#t**#t##tt***#*##tt#*t***#*#ﬂ#**##***#**#####*#####00003530
-._namu_ L6 PR2E[N/EF**ENQ2*1a2 . 00263540 _ .
D006 ‘PRA=LLE+20 20003550 e
...nmmu_ IF (NDZ GE.MAXDER «OR« [TERRaLEJ~1)GOTE 325 00003500 - R
- N=0. 06003570 ] e % .
UD 320 121N : 00003580 e %
320:0=0FLLWKENLIEI ) ~WKENOF LI ZHKENL2¢1) J %2 . . DBR33590 iz
PR3=(D2EUP IS CENOINL ot : 00603600 I -
325 PRLI=1.E+20 : 20003610 - - . "?JE e
L CIFINDLLELL)GOTO. 335 X oo ; 0003820 e e e e G
S00Llal—.. D=0 _ . . 20003630 - — A%,m .
CLNONLAZ_ . . NN=N#{K-1) . GOVO3 0640 . - - e
DOLES__ .00 330 _I=l.N. . e ) 00003650 o)
L0OLI&A . . . NN=NNEL : 36003660 . . .. - =
00160, . 330 (E0+0YINNE ZUKIENL2# 1) )42 oo . . 00003673 . - . 5
CDOLEST .. . PRLIsS(D/7EDWNISEENQI%1.3 . . 00003680 N . s
JO0T1a4. . 335 CONTINUE . , ‘ 00003690 . e e
SO0LLE%. . . IFIPR2Z.LE.PR3IGOTO 365 , . 0G0 s 100 e e
SD0LIET o TEIPR3LLTLPRLIGUTD 370 . . .. -.. 20003710
QOLLTL . 360 R=Lo/AMAX]L [PRLsLeE~04} 00003720 .
: . % NEAO=NO-1 00003730 . -
- . 365 EDUUD=10 . _ 00003740 . - .
DOLI0L. L. . TF(IERRWED.L.AND.ReLT41.13GOTO 390 20003750 . i, .
001213, . TR (NEADLLE.NOIGOTO 355 00003760 e e .
. mmN____;;*g#«*amv~atvata#an#v#&*##*t*#*s#c**##**tt*tm###*#*y#t*#*t***##*&*#**#tacoo3r?ﬂ et e e
i L. €% COMPUIE ONE ADDITIONAL SCALED DERIVATIVE IF ORDER IS INCREASED. £00003753 . e o

i e DRSS R R AE PO RS LR O F O R R TR LR LS SR ER R ERER R R AR AR SR R XTI RO 0003 79

o -

e

T R




fodiats-. - ‘NNuNEHQ*N L i 00003400
1001217 . . DN 350 ;= Tah 00GU3YLO
DOOLE3E NN 20003820
001223 153 uoo03a3n
_JUDI233“-,. 355 K EY o . e e e - c—eee - .. DDUD3B4D.. . . OV S O
L xpljaqa Eq.l:suro 375 00503850
- RACUM= RACUN¥R : 20003860
GFE0 LT L IRETIES 05038170
97 RN o b s IS £ T : AT EETOR
_ 7001242 ~3ap TFINEWNLED, NQJGDTD 170 00503890
O012k6 . NOENEAD s L e 0G0 394D S
L GaT By o [ I BeN0agl0
365 IF(PR2. .;pallsurnraéo,x u003920
S NENQENG G0u03930
”::R~1.1A&nxlzpa2.1 E=041): . 0003940
’r ; . 00004950
e - . B 00003980 . - IR
A 20203970
S 00003980
5 000C 3990
_:'[R—QHINIIR-HNAKIABS(HII 00304000
CooHeHER ST it . 000U40L0
S HNEYRH, an e e e 0o004020" —
IR, Eo.mtuo)snrn 3aa - G0DO%I30 —- -
' : 00304040 —
00004050 - .
DCLO40B0 . \
' 00U04LT0 |
~ 001305l e e GODU4080 : L
L 001306, . 00304090 . i
' nnzazo“w-v BOVO4LCO .
110131}.-___ C0000%1LD: I
0131 i R 00004120
NNTFRL GoDo4130
TN O S O UURY 11«11+ 1% 21 o S S
10 00004150
V26 . 195 NK(N12+1}-AHAxi{HK(Nla*ll ABS(YLL1}] 000U4160
ST 001360, . JSTART=NO 00LGHLT0.
C.DEL361. L . RETURN . 0GUD4LE0
© 001342 . 400 TFINQLED. 136UT0 430 o 0CJ304190"
00136 .o CALL OIEFUNLT YeWKINLOPLYY . .. . . .. BO024200 R
T BOIAST L. L R=HAHOLD. : 00004210 .. .. IR
: i OM 405 =148 00204220 -
_ . -
1Y E




WJDHM&_WM- ﬂﬂIJN&UJMWH-h_ufv-¢w
001363 NN=NEL DO ,
, "WKENND SHOLD*MK (N10$T) : . .

! :.hs YENNIZHK NN SR

i mn AL e m & e e oy g o e T AL AL . ) ke ———

u*C*vT 1S SECTIUN SCﬁLES ALL VARIABLES CDNYEBTED HITH o AND NE TURKS
.G Tﬂ THE ENTER[NG SECTIDN.

415 R&CUM AMAXIIABS!HHINIHULD).RALUMI

Q0004230

DLAC4240:

00004250
00004260

. 00004270

00904280

‘U0UUAE2490
© B0C04300;
00204310

CLu0%4320

_QCﬂoassodf

*003043)0
#OCODéjbO

ooanasso]

— g

S

g 1 b

'-.Un_RnCUH-AHINLSRAEUW ABS(HHAXIHULD)} VOO 00004390.. et e e
CUREEL 00004460 - '
-} .;L-a‘: i 06004410
‘-001423 TTINA20 d%zam‘ 00004420
' St sLen H0004430° U !
HR1=RIFRACUN- QUC0%440 . i
.;ﬁnu 420 1=1 m.ﬂ*;___w__m,_*ﬂ e _ - . AD0D4%450 \ e ——
CNNZLEL . - s 0004450 :
CLNND =HKENNDTRRY . . : _ 2000% 470 - I
;H-HDLD*RAGUM e . A . £0004480 e i
) OB 425 f=1WN. o o L L. . DO04490 .
o 425 LIkl A L, 20004500
: L i e b Q6604510 e
: - »1911&571~2120.17a.3ﬁ0 D 00004520 .
;ﬂﬂlﬁﬁb_"w“QBO AERR==4 " Ll oL s L5O4B30 .
~001860. . _._,snru 275w e S . DCOG2 540 -
~:_,.nuu n_,,:.,twm,;" T . 00004550




Hl’.S IS A DUHMY SIJB.RDUTINE TB S&TISF‘I THE .LOADER.

DUHHY._SUBRDUT INE Is: EHPLDYED uHEN NUN—SIIEE— {tMTH= .01 METHDDS ARE DESIREDn_ i s i e v

FEELSRTRIRI:FEN -

o e e e 4 bl e i i e - -
- i v pme s iy e i e by e -
.
. = "
. .
.
e n a ot s @ ——ln e & —_ - e
: : .
-
e - - .
b oGa b ey
' .
R, - e i
.
— - ———— - ——
-~ & -
.
PO P - piasres
- e “ . i
- i
P s e PN o ey e e 1
- — et e e = - - .- 1
,
- e e - e - i
FERs
. i em—e - —— - e . . -
et e e 1 *
P - - e \




mn £ s e e et

'sueanurlva rnrauvxpw.m.Jx

RETURN
END

.':?HIS IS A DUHMY SUBRDUT!NE T3 SATISFY THE LUADER.
“o AL DUBHY SUHROUTINE Is E%PLUYED WHEN NON-STIFF (MTH=0)

ARE DESIRED. . _ .

HETHODS

oy h e p—

e aew _—— e e

B RS SRR N e i WL T L D L T fH }
- r e o s ae w eetbret £erge

o g o




. SUBROUTIME DIFFUN{T.Y+DY)

S ¥
Crtpdf e R AR e b FA IR A DATH XX ER QAL EX REFRRF AL LB HNRELTREQFDER H D RS T hE G FX

B 1 P L . o T e s .
: ca PUHPQSE.. ._- . 2
* .
. suaanunms DIFFUN IS USED TO COMPUTE THE SCALED DGERIVATIVES %
. L# JUSED RY DIFSUB. FLAGS MAY BE SET BY THE USEk TO CHUOOSE THE *®
e C* DERIVATIVES FOR PENDULATION.TURSIDNWAND CORIDLIS EFFECTS IN % - -
L ANY COMBINATION DESIRED. THE INDIVIOUWAL CONTRIBUTIUNS ARE THEN . % . _ . . e e st e et v i
. C#%. SUHMED TO OBTAIN A TOTAL COMPOSITE VALUE TU BE USED IN DIFSUB. L3
S & - . ¢
(+ PRUPRLETARY . _ U . * e N L _
- O e e e . * - .- .
I ot NUNE_ e e e o . - * - A -
ow e — e e e m
C¥ USE oo * :
e [N 0 OO ®
i e OF "CALL DlFFUN(T:‘I-DYl L . _ _
A A ® i . - . , .7
N mmp— L¥ PARAMETERS . * e
i, I S T e e K — - e e
,.T-—-TIME . * - -
. e . ) ] —_
. X==-ARRAY._OF DEPENGENT VARIABLES AND THELR SCALED DERIVATIVES & P — - -
* - e e
DY—-‘ARRM’ OF THE DERIVATIVES OF Y = . .
e metstnrsn ' . e et e e 2 rp e mam———— e oot Wy e e e o e e e _ ' e
e e C* REQUIRED - RDUTINES . . * . - .
_ . * -
_F!END TORS CURL-DAHP L e el
#: - - .
c* I\UTHDRIKHFLEMENTDR t e - - -
L U * e it —an
e €8 DeRSDORSEY IR - B. SEAY * N
N oL * - . . e e
-'._...‘_.._..______h C* DME RELEASED * B
ot et e GF %
e i e G# SEPTEMBER 1441972 . % N .
N B . et e e e e e e % e
iiiii DU v 2 LM’EST REUISIUN & e
et e i [ & e m—— .- * - e e .
’ r L3 1

T

T A

ey
T LTy

r



{
B SFPTEMBER 1441973 *
. . [ . ’ 3
— cw*wmwﬂa&ww#w*#wt#-#ww*ﬂwnwwwnn#cwwwwn##wa#:wu
——— C
v msmrmmmmrrem . Lo i === = 0. &« OFF FLAG L . e
— e e [ === =1 + 0ON FLAG
P [N
e e r— C##vt#########*#####v###*#***#######-#-#########q#tvt##t-&a¢¢¢¢’¢#¢#&#‘¢#¢¢¢$
— e e —— L
- 00000A. - . corMaN/ FESTC/ IPEND.!TORS,ICDRL
—noonos . _ . . BIMENSION.YL1Z8).DY¥[lo} - ——— —
- GO000&_ _ . DIMENSION DYP{1G)eb¥YT(1l6}.DYC1{16}
— - C
e e - f,.t*&*‘i## PR F RS eI I 12 S TR SN2 22N RS TS SR R 2SR SE-RE R 2R 11
[
_.oocopae . . . B 10 I=1.16
0000y . __BYPLI)=0L0 ... ... . . . - - _ e,
—_nooe1s.. DYTII=0.0
.- 00001L . . aYCl1i=0.0
000012 17 CaNTINUF
.t , B . )
e €= L PENDULATION MOBULE . . L e o - — e —
—— meoe L . . )
— 000014 . . . IF{IPENDLEQ.O) GO TO 30
.. 0ogois . . . CALL PENDLIT,.Y.DYP)
— e T e
e e Le==~ TORS ION MODULE
JESUUT o U . - e — e e e m—— ¢ —— — — -
. 000016 . 30 LIFLUITORS.EQ.0) GO TO 60.
~ 000021 _ CALL TORS{T.Y.DY¥T}
——— e ; .
— e L=~ CORIOLIS MODULE .
i G oo ‘
000023 AQ.IF{ICORL.EQaQ) GO TO 9D .. . cvoveme — oo = - R,

~0ooa2a . CALL CORLIT.Y.DYC}

000030 . . 99 CONTINUE

T . G i

e L == SUM PP CONTRIBUTIONS TU GET TOTAL DY - 'IF A MOODULE WAS NOT
‘ . . C=-=  USED.ITS CONTRIBUT!ON HAS BEEN PRESET TG ZERO.

S UUUUIURIVRGY vV o : .
- 600030.. DO.1v0 I=l.1l6

.. 040034 .. 100 OY{L13=DYPL{ 1) +DYTL{1)+DYC{ )

=t

o s i 5

TEEITITR g w RS e NG




¥

" RETURN
END

00043 .




R SURRUUTINE PEND(T.YDY)

L TR sd U e S r AR RS SR A RSP SR AR TR F A PE RS AT R ST TV Cr T AL TRI TS A DTS 2

— . LT PR %
e - L% PURPRSE %
IO ot «
e LF SUBRGUTTINE PEND INTEGHATLS THE DYNAGMICALLY CJOJPLED LAGAANGIAN &«
[ o FOQUATIONS (OF MUTION FOR THE PENDULATURY MAT1MN. USING THE o
. L= METHOR OF DETACHED COEFEICISVTS {SubBROuTING s2S$SE TO DELCUPLE e
e % THE EOUATIUNS BEFCRE INTEGRATIUN. VISCOJo UAMPING MAY db # _ - 1
U INCLUDED, IF PESEIRED. %
[ o &
. LLF DPIULPOIETARY o
- ce @
R NOINE =
S L - e« - _ - . . 1
—— e ¥ UKE &
- _— % ] B
_ I CALL PENOUT.Y. DY) *
—. . L & ‘ﬁ?é%?
— emmeeem L® PARAMLTERS =
il : - g8
R ot T-——TIMF *
———— =L : % é’g +
I S Y-——AHRAY OF DEPENDENT VARIABLES AND SCALED DERIVATIVES v £ N=
— L% - Q";S
U 4 DY--ARRAY UF DERIVATIVES [F Y wWITH RESPECT IO T * _ :§‘Q
—ee . C® L L. ; . . S * _ e & ———— —— !
—_— . C% REOQUIRED ROUTINES % )
T e . . &
SR name - :
[T . J . *
— __ . C% AUTHJIRSIMPLEMENTOR a !
OF - } ) e R e s ..
DokeDURSEY ¢ JR. ~ B.SEAY &
-3
DATE RELEASED &
o . %« .
SEPTEMBER 14.1973 =
e e e e e - . _ e . :
LATEST REVISION % !
L :
- ;




T TR e e S bl ety S R e,

S 2 SFPTEMBFR lg.1973 *
— ce *
e CHRRREARRO GERRRARULKFECH RS FLATFECHFF SR B LR EOTATCI CRAFLFLF IR VKRR FAL R
- - C
Lo e

——— e K
e e T R Y L e Rl P T e e Rt S T iy
——rm e L .

..t ' *
e, [t~ * ”

=

C i o

- L

O RRAE ARG IO L URFREREERFHGECLILD FERBREF IR R LRSS OL B L LA OO ST EDGY

—eewee. £
[ G
——— {
MBeMS s MP e PE s Mo R3uA Lo LaP RS RP e RL e G o RE T Ml M

000006 . _. COMAGN £ CUNST /
E HS ¢ HP HE

N O clole NN CIMMUNS DAMPC / ASCS APCPLAECE.D(BI 1 DAMP
L000uwe COMMDN 7 SDSPFE £ S5HeS55.5P«5E.5R1.55L:5P1,5€E1
40Ca0a ... DIMENSION YOLZ2B) o MGl UYL16) 2AL8.81 43083 L(809) 018}
~opacpe. . RE AL MBs.i5 eMPobii oML oMUY
e [t TORALTRRAYRR R MR G RAYEFE TR AAT ARG AT AL IIR GG QRN NG AR RS LI GO O HGTOER AN
PR
[ P C—
— e G CBAPUTE THE THETA£AS ANE PHIeS
RN A .
~00060a. . . _THETAd=Y{Ll] . . - - : e e e
—DO00OT.... PHLlB=YI2)
~gaoaio . THETAS=Y(3]
—Dopgr2 _ PHIS=Yl4)
Q0003 .. . THETAP=YI{51 |
000015 . - PHIP=Y 16} ! .
000036 THETAE=YORY o . ol . e — —— - -
-~ 000020 . . PHIE=Y (8) .
¢ 4 171175 TDaTE=Y(9}
-Doan23 . _ path=YIil1y)
.- 008024_.-. . . mors=yiiLli
.-poon2e - . DOTS=Y{12)
- 0GOD27. .. . —INQTP=Y{i3) ... -
...00003Y. .. DOTP=Y{14)

- 00ad32 ...

———

TOUTE=YI16} |




NATE=Y {16}

¥
c
(;xt#m#######z##t#*##a#cn####*c#t*#####*##M:######M-'c###»#auatue*w#v=wu¢c
— - C e e .
R C DRVROUTIRE DIFPEN
- o
N T T T s P e Y T R L R R ey e R L Y L R T Y
J— (o] 3
e e L¥ PURPOSE P
[P o o N . 9
. DU 4 DRVRAOUTINE DIFPEN DEFINFS THE BDERIVATIVES FUR PLARD T BE USED %
IR % 4 IN DIFSUB. #
e L% &
e ——. € THIS PRUGRAM COMPUTES THt BLERIVATIVES UF YILl) l=Llel& nlTti RESPECT YU
el =€ T PLACES THE PESULTS IN DY{I) E=lelo AND RETUHNS YO wlFSud
s — .6 .
o - L INITIALIZE VALUES FOR DIFFUN
- C
000039 Ail=39.3609134%Rg#RY
000ONn3? AT5=3,86335%PS*HS
L. 000u4el RIP=1.27432LPORY
—- 000043 _ XKIL=T.329%KE XKL .
— S ‘
— 030045 . LZ1=X13/7 1M 4) FRESRD)
.. 000050 22=XIS/UM{3)*AL®AL}
600053 I3=XIP/7IML2VEL%L)
- D000Ss | Z4=XLEZ{ML L) %PEP)
——— e e = — .
- 0QQoal SB=l./({71¢+1.)
. 000064 . SS=1./022+1.)
... 000006, SP=le/{Z3¢1.1}
- AN0GTL SE=la/l74¢1.) .
- . C
N { ToTvIvy i P I1=Z1/ I THETARE=THETAB) - -
- 0paoTs . 22=7227/ (THETAS*THETAS)
— 00077 13=23/(THETAP&THETAP)
o100 . 26=747 {THETAESTHETAL )
— PO
fnoLo2 SBl=1./1/1+1.)
— oholps. . . SSlele./il2+i.) ' .
~ oo SPi=1l./t23¢1.}
.. QooL12 SFi=1a/(Z24+1.)

LA e i)

i




it e €

e f. ’ )

——e . € FORY THE A MATRIX

Y

~000414. . DD. 10 I=1.N

_0O0LLG.. 19 AL1e1)=2.0

_o00124. .
e e s e LA( 2. 6)=A1T7,8}=A08.7T)=u.0
e vt e C
—_—ei— € SET WP THE INITIAL VALUES
[ [
_000162 . CL=SB/ {#Mia 1%RE)
~000165.... Dl=M{3)=AL

_0001s17. El=mf2)eL

000171 Fl=M{11%D

.00Q173 . ((1=RB&THETAD

_000LT5. ... HI=AL#THETAS . . _

e i Ta ey g HZ2=RA*PHIR

000201 Al l.3) -D1%CL

_0ud203 AULeb) =E1eC]

D004 . AUL.G) =T 1% THFTAPS{ PHIB-PHIP)*C1
0002LL. . AlL. TP =EJel)

_0po212 A{Lla8) =FLeTHETAE{ PHIB~PHI£) *C1
— e €

e — L RESET  Cl

e &

_000217 .. . CLl=SBLZ{K{4 %G1}

000222 ALZe33=012PMiSSCL

000226 . ... DM2.4)=D1eTHETASSCL

000226 . Af2,5)=EL*PHIPSC

_000230..... . Al2,6)=E1% THETAPSCL

annz3z2. _ . AlZ2. T)=F1&PHIEACE

000234 . Bl2e8) =F1 ¢ THETAE#CL

— T X

—  C...__RESET .C1 . e
— e

-000236 . _ C1=58/41

_000240 __ A(3.1) =R85C1

000242 ___ . Cl=C1/7M(3)

0002%%. .. .. ._ Al3.5)=F1%CL

000268 ... Al 3¢ 61 =E, $ THETAP® ( PHIS~PHIP) £C1
000252 ... . AI3.T)=Fl%C]

000253 .. ... Al3,84=FLeTHETAE#{PHIS-PHIE)*C1

- wor n . - . .

ALLs2)=2001,8)=002410=A01342)1=A0344)=A1933=0159,07=A1S.0l=AlE,5])=

C e e ————




e ¢
000334
000336
..060337
000342 _ .

—0d036T.
L000337Y. .
DOD3I3 .
000375
— -—C
SDUQAZT
1020 1Y 1) SN
000403
Q00405

-D004&13 ..

Cl=St/P

a(7.11=R8%C1

ACTe2) =GLH={PHIE~PHINIRC]
Al7.4) =HL* (PHIE-PHIS) *C1
Al T,3}=al%0]

AlT,9)=L=CL

RESFT C1

Cl=SEL/IPF THETAED
Al 3. 1) =K2%(C1

A H, 21 =G1eC)

AL 3y =a1+PHIS2CL
AtSea) =HizxCL

AlBe S2=L*PUIP=CY

ALl SLETHE TAPRLYL .

" FNRM THE B-MATRIX

SET WP IMITIAL ZURDLITIONS

PIR2TR=0UTNELOTARTHETAR

PNS2T 5= DDT S¥IOTSH#THETAS
PP TP=0GTPEDDTPETHETAP
PDE2TE=NRT E*UDTE#THLTAE

PNUTEB=DuTASTOUTE

PDSTOS=D.TS*+THATS
POPTDR=DUTPXTULTP
POLTOE=DOTE®TUOTE

PBMPP=PHIB-PHIP

_PRMPE=PHIB-PHIE .. _ - -

PRAPP=PH]S-PuILP

-00041 4. . PSMPE=PHIS-PHIE
— e G -
000416 . .. TBMTP=THETAB-TH:TAP
000420 __ . .. TIBNTE=THETAB-THETAE
-Do0%22 . _ISMIP=THITAS-THETAP __
TSMTE=THETAS-THETAE

000423 . ..
. N v

t




2006305
D0o307

. Q00320
~ 000321
-indo3z3

VY0326
000330
a0G32

— e f——

—ooomz.
“aon31a
— i

000315 _.

000325 .

mnoo

O,

.

RESET 1
GLl=SS1/HL
Al % 1) =H2RCYL
Al 4,.2)=GL%C]
RESET €1

Ci=C1L/mi3)

L MG 81 =EL¥PHIPR*CE

AlG4et) =EL#THETAPXCL
Al4eT)=Fi*PHIE®LL
Al4.BY=FL#THETAL#(]

RESET €1

Ciasp/L

AlSe1) =RUEC]L
At 5.21=Gla(PrIP~-PHIB}I=CL
AlSe3) 3M0%CL
AlSs4) sHISLPHIP-PHISE®C]Y

RESET C1
GCl=CL/ui2)

A{%S.7) =Fl1%Cl
RESEY C1 ..
Cl=SP1/{L®THETAP}
Albel)=H2%(1

Al 62} =GL®C]
AMbGa3) =ALEPHISRCL
A bs 4 =HL2CL
RESFT Ct

[ AR L D |

Aty Siabtatulpe ]
Aloet b e TALECY

o bt L)




000425 - “Ri=1l.7 (M4 )%RE)

000430 R72=ML2) %L

000432 R3I=ML)%P
. 000434 R&e=M{3}%AY
S vl e e e

— c Rle Wls AND WL WILL VARY WHEN NECESSARY
= «
— e N & COMPUTE THE B~MATRIX

[ o
000436 .. BL1)=SA*{PUB2TB=RI*IMI3)#{-AL2PUS2TS+53THETAR)

i - 1 L #R2#LTDUOTPE(2.+DATP+PUNMPP ¢ TDOTP2 TRMTP)-PRP2TP])

e e 2 $RIE(TOOTES (2. CDUTE*PBMPE+TOUTESTHMTE )-POF2TE )} ) )
e .. L
000466, wl==2, /THETAB
e o L
..D004aT0 . Blz)=015SH & (R1*(R42PUSTDS+R2¢POPTDP+RISPDEIDE) +PORT I
——e et e e S e e -
.. 0004501 R1=1.7A1
G LT Al=1.7413)
) f.

000505 BE33=5521POS2TS-RIS({-PE*PURATR +G*THETAS)
JU . 1 eI {R2ZH{TUOTPE( 2 L *NUTP#PSMPP+TDUTP2TSHIP) ~POP2Ti")
e 2 . FRIELTLUTEA (2 CULTEAPSMPEATOOILRTSATE I -PRE2 L)) )} . e
— me—m on ’
000535 . Ul=(01#THETAUY ZTHETAS
000540 ... RI=R1#%wl
—— e . €
~000s4). B{41=0198S1# (RIS (M{3}eRBEPUBTODA+RZSPUPTDP+R3IEPRETDE F#PJSTUS)
00553 RislesL
..00555._ . Wl=la/Mi2]
— T
000957 _ 8{5)=5Pc{POP2TP=-RL&(RD*[TOOTR%{ 2, ¢00T B (~PRAMPP) +TDUTB® (-THMIP} )~
e e 1 PULZTB)

2 FALELTOUTS® 2. 40OTSHL=-PSMPPI +TDOTS*{-TSHTP, . -P1S2 IS e e

e e 3 . _+GYTHETAP-RIFWLEPDERTEY)
e e &

O1={ULETHETAS) /THETAP
RLSR1#W1.

—adgeL2. . ._
-0006%4— .- .

USRI o - .
-Bo0eie . BlA)=01SP I (RL#IMIZIF(RE*PUBTDE+ALPDSTOS)I+R3I*PDETUE) +PDPTDPL.

— e = G -
.. 000630 .. .. Rl=il./pP

———an o

S T L T T S T I S I et s S R e e e T e ey e [ e

4 b

B S




000631 .. . - . BLT7I=SE%IPDE2TE-RL+(RB=(TDOTB#*[2.#uT B#{~PEMPE} £TDOTR#(~TBHTE) )~
.l o § PLUB2TB) ' -

2. FALELTDOTSSI2.¢00TS#(-PSMPE)+TDOTSS(-TSMTE) )-PDS2TS)

3 ~L¥PDP2TP +G*THETAE) ) e -

. OL={QL#THETAP)/THETAE
 B(B)=01%SEL*IRL&(RB¥PUBTDE +ALEPLSTRS+L*PDPTUP) +P DE TOE )

e .

_ C _.__ADD IN DAMPING CUNTRIBUTION B ) . e e
e © v ,
_000676.... . -IF[IDAMP.EQ.0) GO TO 30
_00067T___ . CALL DAMPLY)
_0N070L_ .. DN 20 K=1,8
_000705. .. 20 BIKI=BIK)+DIK} . B
- Lo, R i R
_DODZLL . .30 CONTINUE
e C . . -
e €. FORM THE C—MATRIX
PR -
000721 D0 40 i=1.8
0003 . _  _CL1,9%=B00) . .. . .. - U e e
_000TL5.. .. D 40 J=1.8 .
000716 40 Clled)=A{L.J)
000230 . . . .CALL 'HOSS{CeN.QO}
—— c
— Tt . THE DERIVATIVES ARE FDRMED AS FOLLOWS
e G e . e e I
.000732... . 00 50 I=1.8
-DR0r3ae.. . . DYii)=YL1+B)
L0074 . Lo DYt1«8)=0( 1}
Q00742 _  50. CONT INUE
—— 2 —

- G . . e S e
000744 RE TURN
s 110 £3 - S END

[



— e SUBROUTINE TURSITe¥.DY) -
—iai e — e G .
e e —— (-2 1-2 3 F-0-F-1-1-2-3 -3 F-2- 8 308 DR 38 k-2 R s 2 P R e e R R L S LR R L ]
s e % e e . * . . R
e e L% PURPASE =
[V o¢ *
e (® SUBROUTINE TORS INTEGRATES THE TORSIONAL EQUATIOGNS OF MOTION, *
SR of DAMPING IS ALREADY INCLUDER. THESE EQUATIURS HAVE ONLY STATIC * |
i £ COUPLING ANu CAN BE INTEGRATED UDIRECTLY 8Y DI+sSun, *
Ce . _ —— - & e
e L® PROPRIETARY P
——— e g ] . *
e £% . _NONE " ;
e e mn ¥ . P
e ©® USE - * 1
J— B 1 U . . * . — ,
SR 1 CALL TORS{T,Y.DY) . *
R i 7 . &®
— e I G+ PARAMFTEXRS *
— - oo L3 * N i
— L% I---TIME " (o ¥ o) '
————— B il L . & . . _J....___.'”'?E :
S Y Y---ARRAY OF DEPENDENT VARIABLES AND SCALED DERIVATIVES « =N 5} -
U : * . 8
s . C¥ DY--ARRAY OF DERIVATIVES OF Y WITH KESPECT T T * mg
- *®
REQUIRED ROUT INES e "b"u
RECUINED RuTINES . S glv
NONE % fo)
. * fes] -
AUTHOR/ IMPLEMENTOR * a
. . . *
DuRa DURSEY, R -~ B.SEAY .
_____ R e e e e I — ——
DATE RELEASED *
-]
SEPTEMBER 14.1973 »
. *
LATEST REVITION ¥
e o e . * . _ . e e e e
SEPTEMRER 14,1973 *
. . ]




o L PO A R R B R L e RPN L R TR ET A RE RO AXRE IR RB R UR G QAR SRS SO FF FppwR kR
(VY ¥ ) )
i i e G ¥ .

i mrimeet e G

(210 3213 S LR B2 Lt L R R 2 L R e 22 SR R 2 L B R AT L LR

- L. .

o . -
———e . L= . -
S ]
U
w;;t:#;t#ggwy##**##4#_::v,m‘.-:**##&##at##*t#v###w@a#wa:aaamu#wwatwau—naau - — v ——
e o L e e
-_—. G -
——eee C , ,
_D0onos. .. COMMON 7 CONST 7/ MBoMSsMPeMEsMoRBeALeLoP RSy RP s RELGoRHO MU N,
e L R . HS «HP o HE

e e REAL_ MBeMS s MPoME « Mol « MU L. —
~000004 ... DIMENS 1OY Y{L4),M(4),DYL16) i
e © .
} __C*#$¢$##$$:¢#¢*$n###@$*##$#*###ﬁ#############kt#*#t*&#ﬂtu#ﬁtt&t¢¢#$¥¢$t$
S .-
- 000004 . .. UsRB+AL .
000007 . LTAUS=USHGRRS #RS/ O . . - e e e e
—00D0La . Q= 0+L+HS ’ N
—-0Q0016 TAUP=MPSGRRPLRPL G ’
—nooaz2_ . R=L+PERP .
- 000024 TAUE=ME*G*RE*RESQ
i € .
R o UUU R, . . , R, -
—.000030_ . ON=2 .5 %SORT{RHUE MU )
.. RO003s . ETAd=0N*RB#%4#SORT(ABS(YI1D) )}
- DODO&T . ... _ FTASsSOUNSRS*%&eS0RT{ADSLY (L2} N
—0D0aST . ETAP=INSRP ¢ 4XSQRT(ARSIYL{L4) )}
__.DO00AT _ ETAE=ONTRE #2445 JRT{ABS{Y(18)))
G oo . - - - —— - Y

—-DO007T. ... . AIB=2.4MBEUHSRAS 3.
—H00L03 ¢ . ALS=0.5%45%RSEKS
——DODLO& . . . _ AIP=D.5%MPTRPXRP ;
~. Q002)0.. ... .AlE=0eS5%MESKRE%RE
— e _
- e €. ___DBVARODUTINE DIFTOR . . e e e e e e e - e

- e
e CFEREL ek gkt o g e en r Rt A RS ARG ERR RO e SRR R RS L ARV ONRL ROENDR GBI S LS Nkl

e L N A A NP AN o)

——— I

S




(T e s

———— e

000113,
-00011&_“

Q00115 .

aooilae .
ooulze
gnoiz21
QoultL2?
L B
Lppr2s
00026 .
000134
000235,
00050 .
Noais1 .

001648 .. -

000165

000175 ..

A0n0175 ...

LT e T R B T PRI T It L VAL LR (s
WHER R T SR JOE L LT S SRR SRRt L 1 Y Iy IR SRR PR e e A

O -]

C+* PURPOSE %

c* ¥

(o DRVRUUTINE DIFTOR DEFINES THE DERIVATIVES FUKR YDORS T3 BE WSED L4

— C¥ IN.OIFSUBS . L] . - i -

C¥ . &

Cx &

LRt e el R YN F R R R R AR R FRFF G L QAR R R T UELBC O SR EH VG FEL SR OV CE T AT I EY

C .

L

ol ————

[ THE DER[VAT[VES ARE COMPUTED AS FOLLUWS

C

C . B
nDYtil =0.0
Ye2) =vy(104
bDYe3dy =0.3 = . . .. . . . . .. - . — e e e e -
DY{a) =yi12}
BYL5) =Jd.4
BYLS) =Yil4)
L7 =0.7
BYig) =yi{lo}
¥ig) =0.0 -
DY{10=1l./Al"e(~- ETAB*YCLB) TAUS#(Y(ZI-YI&I)]
LY {lk}=0.0Q
BY(L12)=s1a/A1Se{—ETASEY[L2)+TAUSHIVIZ2)-Y(4))-TAUP*LY{4}-Y{b}))
PD¥Yi13)=0.9
DY Lot =laZAlPEl~ETAPRY{149) +TAUPSIVI4}~-Y{ 6 )-TAUE*IY(O)}-VIBI) ) B

e DYLL5)=0.0 B o e —_
OYtle)=1.7AIL%(~ ETAE*YIL&I+TAUE¢IV(&! -Yislh

L

[
RE TURN .
END




e e b

UGV 4

(*
e

—. CF

i LF

_C¢
—— . LW
.

G
. LF

_C* .
C#
_L*

C
. G

¢ PRUPTETARY .

LF e mrir © e m s trm e e mn e e e e

SUBRUUTI”E CORLITYDY)

(R e e

C¥ PURPOSE
—_——— C* .
U o SUBROUTINE CORL INTEGRATES THE 2-© EQUATIUNS OF
i . U% CORIOLIS EFFECT. Thi EQUATIONS HAVE wiLY STATIC

C### *#*###**###*##v*#%*####*m**##*******# FhFpyppyrrnbra bt oy drhpgd

MUTEON FBR THE
CUUPLING AN

CAN BE INTEGRATED RIRECTLY BY DIFSUB. NI DAMPING IS INCLWUDED.

NORE

CAIL CURL[T. -DY]

L* FARAMETF XS

T---TIHE

. ?;ARRAViOF DLRIVATIVES OF ¥ WITH RESPECT 1O T

[ REQUIRED RDUTENES
_cs..

NDNE -

€+ AUTHOR/IMPLEMENTOR

D.R.DORSEY yJR - B.SEAY

~ L% DATE RELEASFD

— C%

R P

o e L
et rsamne LF

SEPTtHBER 14,1973

[N 5. U

T Ce.LATEST REVISION .
—— e

SEPTEMBFR 16.1973

cim mer e acee e e st m— - = - - ——

Y---ARRAY OF DEPENDENT VARIABLES AND SCALED DERIVATIVES

Giiﬁ'#*ﬁ*'ﬂb#*#ﬂ-*ﬂ%*ﬂl}ﬂﬁ{ﬂﬂ***##ﬂﬂ*ﬂ#ﬂﬂ#%*




_pancna_ .
000006

000006 . .
.000006.. .

s et

3

000006, .

_0po00e. ...

—Q0001L. .. _
_O00ULS . _XIPsYUI3)®YtedeYILadey (5} . _ _ _ . . . .
000022, . .
_000027..
000033 .
000040, . .
000044 .

Cotdemnian SRR el SaRREhE Sk d AR abddd bbb btk bt aphfidk fof Fiddfd xd o gl
G ’

C H

E

Ot e R G e R N PRk e R P LD AT DR EF X REES AP AR E L PR R PR e F ey oR

i

t . X ¥
Lt #
C .. - . *

B it g d R R T R Y T L r T

coMMaonNs CORION / DMEGA.LAMDA

COMMEN / CONST /7 MBeMSeMPoMEs M RByALyLsP RS RPyRE«GeRHOW Mo N4
L . . HS ot P e HE .

DIMENSTON Y{128).M(4).D¥(1l6}

REAL MdiAS o MNP e ME a Mol » Mule LAMDA

REAL HUH«MUS «MUP . MUE

.
. Lo st e oY AR SRR ER RGP IR P RN LY STRIIFEXATIYAPLEE G F 0 FDER LB EG LTS AOHER
C R
C
c SFT UP XIS AND MuU=z$
c

CXKIB=Y(9)EY {21+ L0IEYLL)
CXISaYLLLIBYI4) +¥(12)%Y(3)

RTE=YL15)1%YI8)+¥Y{16I%YIT]

. MURSY{9I-Y{LO}EV{L®v{2)

MUS=Y{LL) =Y L2)*Y 1312V {4)
MUP=Y{13)-¥{14)*Y[5)%Yi6}
o MUE=Y{LS) =Y Ea)eY{T)I*Y (8]

800060 - .

SET .UP IMITLAL VALUES
C — ..
L T1=2.4MBEOMEGA®RB*RE
o SLAM=2..%S INCLAMDA)
CLAM=COS!L AMDA) .

[

€. —. .. .
C. ... .DRVROUTINE DIFCOR

B L e e

%E -
Ly~
-_-._______%%P_ ]
EB -
r

A e o A A A e A i s b g o o e et e




e e C%

——e e G

[

—_—— . .2

P 2

i ot

_PURPOSE .

ORVROUTINE DIFCUR DEFINES THE DERIVAT IVES FOR CORL TO BE USED

. IN DIFSUS.

I e e R P O T E P U PR S o JUR S A S P

LR B

THIS PROGRAY CEMPUTES THE DERIVATIVES OF Y{I) 1=1.16 WITH RESPECT TO

. T_PLACES . THE RESULTS IN DY{I} I=1.Lld AND RETURNS TO LIFSWAd

E— e e
——— & SET UP THE EIRST DERIVATLVES i o
— . N . . .
—00N0A3__ . P 1w I=1,.98 R
200066 LDYLLI=Y(fed . ) o . .
000076 10 CONFINWVE . ... . —_ — S
————— ) ) . .
000072 . DY{y) =TI#{SLAMRIXIB-MUB*Y{2) )} +CLAMSX IRy (11}
_000102._ DY (LO) =Tl {-SLAMZLRIBY (2} +HUB 1 =YL D)
e e . C . R, —
i e . € RESET THE INIT1AL VALUES .
R S e e .. .- . - —_ R - —— e e m = —
000107 ... Tl=Z .2 MB+MS ) FOMEG A .
000113 T2=11%Al - _
~0001Lks ... AT1=HB*XIB+ALEXIS
—Doo120 XM =R BEMUB+AL FMUS
—_— e L. X

. . . COMPUTE MORE DERIVATIVES e o - e e — e
PR ¥ .
000123 L DYCLL) =72+ SLAMEIX TL-XMUL &Y {4} ) +CLANSXIL®Y (3})
_000133. . DBYtL2)=T2% (-SLARFIXI LAY {4} «XMULI%Y{ 3))
S S .
e L . RESET VALUES . _ -

c e e e e - e e e e e
_[_!001!:].. - Ti=Ti¢2.#MPEOQHEGA .
L0001 48 F2=TL%L - e
000146 . .. XIL=AL1+L&X1P . _ S .
-B0015L.. XMUL=XMUL +L ¥8UP
et enm . L - .
v el L COMPUTE FURTHER DY 2S e .o .- - e e i o s e e e e e et —
.. [ - . - - -
000154 . o UYLL13) =T28 (SLAMRIXTL=XMULEY(6) ) +CLAMSXE LEY {51)

L] s '




DDOYTI2
000175..
oO00177...

-0du202 .

-QoQ205 .
000215 . .

-000164-. .

DY (L4)=T 25 ~SLAHL XT 12V 6) ¢ XHU L1 *¥{5))
RE SET L'A‘ST INITIAL VALUES

ooO

vt TLST L4 2. #MEXOMEGA . g Y -
T2=TL#*P . .
XIl=XI1+PRXIE
XMUE=XMUL +PEMUE

non

COMPUTE LAST SET OF DERIVATIVES

DY(L5) =T2¢ [SLAMS (X L1-XHUL#YL% ) ) $CLAMFXIL#Y(T)2
 DYU16)=T2%(~SLAMS{ XL 1#YLB) $¥HULISY(T))

RETURN _

oD

e e e - s -

CoEND

S J—



oI © SUBRODTIME DAMPLY).
e €

Cf_.

-¥
PP — ### ####**## B R Sl AR A R A AR ARG ARG SRR RS GRT Fx Rl FEaT MY

_— e o B e .
- C% PURPOSE_ .. *
e C% . . R ¥
-k SUBRDUTINE DAMP DEF INES THE VISCOUSZAERUDYNAMIC DGAMPING EFFECTS # .
_____ THAT MAY BE INCLUDED IN SUBRUUT INE PEND. THE DAMPING VALUES *
ARE KETURNED TO PEND THROUGH THE ARRAY O(L)-D(8). . N ,
ey . _ * . _ __ - e e e e e e v
PRUPRIETARY .. * ]
- « - - e a . - * .
ONONE_ . .. * .
e e *
USE. . o € _ . :
R —_ e e e~ e — R ———
CALL. DAMPLYY . .. . . ® ] - - '
— - e *
PARAMETERS *
& . - -
Y-—-ARRAY OF DEPENDENT VARIAILES AND SCALED DERIVATIVES v . .
R T - - -
REQUIRED ROUT INES S & .
. e x — - e e e
NONE . L , ) "N . . .
v e e . e I . - ® _ - — ~ - .
AUTHOR/IMPLEMENTOR ... _ . . . .. _. ® . o AL i i
- e e e e e - -
NeR.DORSEY eJR- = BaSEAY _ . . _ .. " P i
) o : * N e
T Ce DATE_RELEASED. . o i _ .
 SEPTEMBER. 1441973 ... . _ _ . . . o . ¥ X o .
S — e e . . % - e et e e
LATEST REVISION * _ i
N R . . R - . e em i —
_SEPTEMBER 14.1973 * o ) o
% - -
e e e C#’?##*#***#*###.#*###*“*##*####**3*&*#*##**#*#*#########ﬂ&ﬂ##B‘*ﬂ‘-###&#t _ . R
Y e e, .- e e ~ _ e
Y e e e - L L
e € .. _ o .
[ 1 4 t

[




- —— C!t###iﬂigﬂk?x{&&m&a#0#.##ttt#tttt#t#tah&t&##tts##ttt###t##ﬁt#a#att#t;tmttt. C e e -
. - G - &
e Co== . _ -]
—— e e e Q- 3
P o Lot - T W, - F s e ————— Jo - o . e .
[ - 1o — . o® - - -
e v e L .- - * -
e Ef:*ttt*t###mt#s*#**t#e0#3&6#####!###*##3$$$$9t¢#¢'$$#*$=!lt#‘#ﬁ%ws#n-@tﬁaa . _ — _ P
i = L . , . . e e
e T . , - e .
R U e et e
LDOBONA._ . . . _COMNON./ CONST / MB.MS.MPyME«MsRB, AleLoPoRSe RPoREs G oRHOs HU o Ny i . e - e— el -
. N # HS «HP » HE ..
000003 _  COMMON/ DAMPC / ASCS«APCP.AECE.D(8),IDAMP - e o
.0doeas . COMMON. / SBSPE / SHeSS5+5PeSE«SBE.55)+5P1,5E1 o el L C e L.
600003 RFEAL MBeMS MPsMESM Lo MU . , e e e el
oooand__ . . DIMENSIDN ML4).Y{L128) . . . . . —— _ ; e e g
i € o S - T
e e (‘m-t#####44#&#@#:&3#*#####:######&v#tnawsassanaattt#ttatt#t#a#e###uaux . L . !
___L . o :
.C . INITIALEZE VALUES FER B-MATRIX : e e e - ;
DO00O3 ... . __RHOM=2.5¢SORTIRHO*MU) e e . . e -
gopoia . ATUDTR=ABS(Y(9)) Co . el ‘
.00Go13.. _ SATDA=S0RTIATDATB) ; o A e . ?
000015 . . DLL)=RHOM*RB*RBESATDE*Y( 91 /ML 4)+5B _ L. o !
. ST o . . _ . . R O, — - ;
. 000024 . ADOTB=AASTYI L0} , e !
_IJOQ.:Zﬁ__... e .SAUB=SORT{ADOYBY | e e e N e ' . — . 1
000030, .. Di2)=RHOM®RB*RE*SAOBAY{10)Z{MLAISY( L) &Y 1] }4SBL . . R e
: _oo0o4a_. RAL=0 4 5*RHO*ASLES o o
. obdpez . . Z1=RB+AL , ;
. .00004%. ... . XIL=RBAY(I)+A15Y{11) , , . : e ‘
L 00DDS0._ . AKILEABSEXIL) L i e e e e o - -
Afdosy. . .. XI2=ART1eX1l . _ S . S,
008053 ... .. DI3}=RACEZIOXI27IMI3)=AL*ALI®SS . e e e e e .. F
R A S i e 1
TooGhe0 . . ¥TL=RBEY{LI*YLLOIEAL®Y(31eY(12) .. .. e _ S O P :
. ddooes .- - AYI1=ABSTYIL} . : : : : e e me e oo o . .
v pbDoer— . ¥IZ=AYIL#VIL . . e e e . e o e
L .ddfary__. ,_.,.‘,._‘Ulfoi-Rl\C*ZI*YIZIIH(3I*A1*A1#Yl3l*vl311*551 - - ) S :
P - - - . - - - S ————— v
. — N e o
{'5' - - _—— ‘;3
L e &
1




--000100..— —. ,Rac_o.staaa#apcp SRR - - e e

.. 00002 . .. _Z1=Z1%L e S S

. 000LDW - . XI1=XIlpLeY{13) - : o - S

. _pooinT.:. AXTL=ABSIXIL} .

~000110 . XE2=AXILENI2 ——- U,
_000012_.. . . DESY=RAC*ZLIHXI2/LMI2}e¢L5L)+SP ) o . . .

— c. . . , . . e o S )

TDO0IET— . .. YUISYIL+L#Y{14)*Y(5) . . e . U .-
000123 _ AYIL=ABSIY11) . . . , e e —_— -
_0nCi2e . YI2=AYI1*7 11 o L e _
Z000125_ . . _ _ _DIBISRACHZ1eYI2/{HL2)*LEL*VA5)5Y15) ) SSPL_ _ ——— — e

[ . _ - i . . . - - e i e e mmmar mem em e o e i e e e e e e = e

000134 _ . . __RAC=0.5%RHO*AECE . . o L

.000136_. . 21sZ1eP - ) . . . e ) L
000140 .. XIE=X11#PeYL1SY  _ _ . S R e . -
_000143 . . AXII=ABSOXILY - o ool S P
0D0V4s . XI2=AX1EFKIL _ R
000146 _ . Di7)=RACRZ1eXI2/{M(L}*P*P)®SE = . _ . . .. .. .. ) A ]

.._ﬂﬂlll_i?l_.__l . _‘lll.‘Yl U-P*Yllbit‘fl?l L : - . i : © e e amm e e - -
LON0LST. . . CAYIL=ABS{YILY . _ - e e : - - = e e e et ——— -

i A0OLED .. . YI2=AYI123YIL : e - - o . .- : .

P 1+ 113 V. ) IOU—— ) | § D ) RAE?ZI#YI?.LLHUJ*L*L#‘!lll.!m.l.I'I'SEI . -

000120 . __RETURN. L . N L o e

000 TL . _END. L . o o e .
. JROUSR ~ .




<Y e ————

- - . SUBRDUT{INE BOSSIL AN DI - B0OSS0001
e e C . .
e ARt RR et AR E ARG E E AR SRR G R NI RS RSN T AR RSB AR B AU SO R SR I NO AT _
— — e e e e v e e e e vt e e e _ —_— [

i — L® PUARPOSE . . - # _ _ -
U 1 . £ -
e L% CJSUBROUTINE BUSS EMPLOYS THE HETHOD GF DETACHED COEFFICIENTS TO * o e e o e m e e -
R of SHOLVE A SYSTEM UF REAL LINEAR EQUATIONS REPRESENTED BY THE MATRIX#* o .
U X EQUATION AX=B o WHERE A IS5 A SOQUARE MATRIX OF COEFFICIENTS, X 1S% S . P,

{# __.THE SOLUYLION VECTOR. ANO_B 1S THE RHS CONSTANT VECTOR. L P — ——
e LE .. ® - S
s e L% PRAPRIETARY ... % - e e+ = .
—— - L% i e e - * — e e - _— S - .
TR NONE. . — . . - * —_—— e e — e - .
[ e —— - - *® i m mr i = s = e _ - -

A S E o e — e e s = —— = ) . -
- C® o e . . . ¥ e e — e -
. G0 CALL. BOSST{AJN.O) _ L] e i - -
e - 0% A . . & - e - -
e e .. . C%* PARAMETERS. * .. o .
e e L% ... . . * . _ — _
e G A AN AUGMENTED _INPUT MATRIX CONTAINING THE LHS MATRIX OF_ __ __ % ——
I o oe_.. COEFFICIENTS IN THE FIRSYT N COLUMNS“AND THE RHS CONSTANT * .- - — - -
— L= . e MECTOR IN THE (N+1)~-ST CILUMN. THIS MATRIX MUST BE * - S, . - - ——
e B DIMFENS JONED AT LEAST (NeN&l) IN THE CALLING PROGRAM, & e e e -
———— . L% I : * e e e _ -
m— e L N_._. THE NUMBER OF RDWS IN THE A MATRIX. * - ——— . s
— e - . L _. e e W .
- e e, G 0 . THE SOLUTION VECTOR. THIS VECTOR MUST BE DIMENSIONED AT * - .-
— S _ - LEAST N IN THE CALLING PROGRAM. ¥* [ e I
e e, B o . * ; — .

. C#* REQULRED ROUT INES . * - e e = - - — S
——— . C® e e . * . - —_ ——
e G O NONE_ L ——- VPR | . _ -
S W . . * . - - .
—_. C* AUTHOKZIMPLEMENTOR . . - *  __ e e — e
_ ~C* - R * S e e e ———-
s e amme B% VaCL.TAYLDR. . . - * - e —mn -
e e . e - . _ * . e e —_— e = - .

L8 DATE RELEASED . o o o e e = - e e
______ C¥ - . . . e - * e i e e
e wmemane L% JUNE 14 1973 - &




s

S ot T . &
.. .. L& LATEST REVICION *
______ e L# ‘ - %
... Cx  JUNE 14. 1973 =
B oF . . e e e
(AT Tt s R Rt T LR T P s e Y R Y e Y T T
€
—_— e
_00onNns. DIMENSTON AINJ1),O(N) B0550002
DNOoGE. Bl2=A{1,2)7A8(1.1} HOSSGUO3:
_bovor2__ _ CB13=A01.30 /780,00 L — - - BOSSOO0E o o e e e
oBQoO15 . BI4=AlLlet)/AILsL) BUSSLUUS
000021 _ . B1S=A{ 1.5} /7A{1,1} BOS58ud6
_000024%. . Blo=AlLe6¥/ALL.L) BOSSOULT .
0006030 ... BL7=At 1. 70 /A01aL) 80S530UB . oL
..Doon3s _. BLE=A{1.B)/8{1el} . BOSS0J69 o N
000037 " __ _B1S=AL L9 AL Gl o o e e . .- . BUSSJ010 — .
. 000042 _ B22=[A{2.21-A02, 1} %012} BUSSuutl - . _ . 1
..00005Y _ . B23=({A12,31-A12.11%R13) B0552212
_fovoet. . B24=(A(?+41-A12,1)1%H14) BUSSOJLE3
A4aoooro.__.. LB25={A12.5)-A12,11%B15) - BOSS00L4 .. e e = — . .
Dagine. _ . . . 826=(At2.6)-Al2.1)%Ll6} BOSS IUL5 - e
L0080 .. L. B27S{AL2.T)-AC2GDRBLTY — - . . 80550016 _ e - =
_OuoLE7.. B2B={A12.8)-AaL2,1)*B18) BUSSGOLTZ B I
000126 .. . B29=(Al12.9}-A{2,1)1*B19} . 30850018 . U, B
000136 . o B32=(A(3.,2)-A13, 1)%8B12) 80SSuD19 e o
. 000145 ... B33={A13,3)-A13.1)2E13) . . - N BOSS0D2D.. . _ . e o
000155 . _. B34={Al13.4)-Al3,1) %614} . BOS>DW2l . .. .. N ;
_BooLed . . L B3IS=(A{3.5)-AL3,1)%B15) ___ - e e _ _BDOSSQU22. 4_' - -
0001 T4 .. B3n={AI3+6}-A03.1}1%8Bl6) . . BUSS0023 ——— IO .
_000203_.._ 837=1A{3.71~A(3,1)%B17) BOSSJ024 . - ..
_hooz13 . B39=(A(3,81-Al3.,1)%B18) BOSS0uw2S . _
~Dooz22 . L 839=1A03.,90-A13,15¢819) AOSSuU26 . - _
000232 _ . B42={A(&.2)-A(49,1)2B12) . _ 80582027 . . _ . .
N00260 . . _._BG3={A814.3)-Al4.L)eB13) . __ __ - . .B0OSSQ02A o
- .000251 __ . Baa={Al4.o1-A14,1)1%H14) BOSSD329 . . . . S
000280 . Be5=lAL4e51-414s L)%ELS) BOSSU030 . e e e o -
L 000270 ... . Bav={Al%4s6)-Al4s 1)3B16) BOSSQU3L L . -
. 000277 BaT=tAl4a7)-Al4%,L)2B1T) BOSSG032 .. . .
_0A0307 . ... BaB={Al4.8}~Al4.1)%B1Y) BOSSG033
_000316._ - _ ___ B49=iAl%.9)-Al4.1)®B1Y) __ e e — e e —.__ . BOSSUO03% e
000326 . BS2=1A(5.21-A5.1)%B1 2} N ROSSD335 e S,
000335 __ . B53={A{5.3)-A15.1}%813) BUSSJ036 . .. ; -
L S R R Y T T i 11 e T S i S s S S A N T

S N

e —

bt i e R e

A

RO ;f,;




I3

000345 - - B54=(Al5.4 )=~AL15, 1) #Bl4) - - ' : BOS50037 St

000354 . BE5=({Af{5+5)-A15+ 1) %B15) ) - BN5500238
- 000364 B56=(AF5.6)-a15,1)%B16) . BDSS033%

000373 B9 7=0A15.T)-AL5.,1)*0]1T) BOSS0040

- —.DOO4D3 . B58={Al5.8)-Al5. 1k%ELE8) . — .. .. _ PR UO PO : Y o 18- c T T O R U
. D004s12. B59=1A(5.9)-A(5.,1}*BLT} BOSS50342
. pO0a22 _ B62= [AL6+2)-Al(bDs 11 %EBL12) BUSSD043
. 000431 .. Bo3={Al6.3)-AlbL,11%B13) - - BOS52244%

000441 Baa=(AlG.a)-Al6.1)*BL4A) BD5S0045

000450 B65=LAL6:51-Al6.1}>B15) . BOSS004%46 . . . -

_000460. ... . _BAOsTALG.O)-Al6.LDRBLEY L. L L L el L e - - BOASIUAT . e e = ———— e -
. 000467 .. BoT={AL6.T)I-AlB. LI#RL T, BOSSCO48

o000&e7T . . . BoU={A1b6.8)~Alb.1}¥1518) . AOS50u49

000504 BH9={ALb,9]1-Al6,41)%819) . 80550050 -

000516 _ BT2=(A0T7,2)-AlT.L2zB12} : RUSSOO0S1L .
.00052% _ BT3={A{T+31-A47. 132813} BOSSOuLS2 : - . . . ;
000535 . . . BIa=1ALT«a)-ALT008BLOY . . e e e —— am — BODSS5L353 . e =y

0005%4%.. . BTS=(Al7.5)~A{T,1)%R15]} BOS503b4
-D005%54 BlTa=LALTL)-AlTs Li?B10I B0S5055 -

0nnss3 . BI7=(ALT.TI-A{T. 102817} BDS 50056 - -

00as73 o BTB=1A(T.8)-A1T.1)*818) . - - - - BOSSO0057 I —

000602 ... B79=(A417.91-AL7.L)%B19} . ROS50058 . . ~
~poper2 . . BiZ={A(B.2]-Al8.1)%B12) U T - 1§ .93 T4 L1 I - . L

00021 B83={ALB.3)-A{B.1)}*013) . o 8055304630 R
000631, . . BR4=(A(H S -ALB.1)%H14) . BUSSDD61 - -

000640 _ B85=(ALlB.,5)-A{B.1)7815} S . . . : BASSJ062 S -
-00s6eso . . BBp={AlB.6)-AlB4L)*B16) o e - . . BOSSO06L3 U
000697 . B8T=(ALB.71-A{B,11¢B17) - BOSS00&L -

NNcuet . BBE={A{8.8)-AlB.1F%BLYBY e e — .. BDS550085 i e e o e e

000676 .. . B37=1A{B.91-Al8B.11%8149) . - - BO5S50006 - C e

000706 . . $23=823/822 .- . . . BOSSO06T -

.00eTLI0 | .. C24=8247822 BOS52068

LOROTLIL_... . . C25=825/n22 . . BOSSOOL9 . . _ - -

npogeia. L26=B26/822 - . - BOSSLATO . .. - -

0007048 G2T282TIB22 | L — - .- ..-BOSSOOPYL e e —
AO00Tra . . . C28=pB28/822 . . - BOSSQ0T2 e e e e e e -

Loo0r20 .. .. C29=B29/822 - e . - .- C e - BOSSJOT3 . . o L
pogT21. - . C13=(H13-B12%(23} - BOS53374 S e e e
000724 ... . LCla={014-B12%024) . - . - . BOSSQOTS ... . - .
0Qa72Y .. . . Cl5=i8l1%-B122C25) . - . . - BOSS0076 . . . - —— - -
0032 L)6={BLA-BL2¥C26Y . . e e . . BDSSO007T. ——— e . e - e
000739 - . Cl17=1H17-812%C27) - BOSS00T8 . . .

oon7ea .. .. LCle=(8l8-Hi2#L238) . - - . 80550079

e e

VMO R ST s —~r e e

T AN pE



e

-000763 ... .. Cl9=(819-812%C29) - : : - ROSSQ0RD E
.D00T46 . . .C33=(B3F B3I2e(23) . W ) BOSSO081
-DD0T5L .. L L3%={BI-B3IZEC24) - . T BOSSCO82 :-*—
-000754 . . E£35={B35-B32%C25) BOSS0083 _ |
D007 . L36=(B36-B32%C26) . e e e e . BDSSJ0He —— e e e
000162 . . C3T=(337-B32%C27) - - 3055030865 ‘ . .

-DO0TAS ... . . L3d={B38-B3z2xC28) 8ossooes - . - - -

oooT70 .. C39={B139-B32+L29) - . : . . BDS50087 . ... - - -

000773 . C43=1B43-842%L23) : BOSSG0ul . @ .. S i
ancita CAt=1844-RA2%L24) . . - - 80550449 . e . .. i
L001000. .. _ C45={B45-R628C25) .. ... . — _BDSSDIS0. - R
001004 . Cab=lua6-042%028) - - o . BOSSOIOL . .- L. e
001007 _CaT=(B47-B425C2T) : : BOSS0092 et e e e .-
001012 | C48=(548-B424C28) . . . . .. . i BCSSW093 ... . . . . ... . . i
.D0LOLS . C49=1349-342%C29) __ _ . - : : - BOSSGI94 . . il e e o
-001020 . C53=1853-852%C23) .. ... .. .. C e o BOSSO095 . L. L o

001026, _ C55=(n55-A52¢C25)  _ ...  _ _ ‘ . BOSSO09T ... ... . ... . . v
J0OL03L.. . . C5u=(%58-352%C20) . . . - o BOSSU098 . . e

0N1034_ L57=1457~B52%C27) - _ BOSSGOVY . e S

N01037.. .. .. C55=(B58-352%C28). _.. . ... . - . - 80880100 .. . e
021042 £59=1859~8522C29) ... S ‘ " BOSSUl0l . e e : : -
001065 .._.__Ch3={B63-BL2¢C23) e e - —_ . . . BOSSJ1O02. UUPIE
BG1050._. - . LC&4=I864-B625C24) . . . o ) BOSSO103 . |
001053 ___. .CB5=(B65-B62%C25) . S o : _ 50SSULO% e e LB
001054 . .. . CoL={B&B-BO2#C26) .._ . ... . . . .. : BOSSULOS . eeei el S o
-00L06) _ . . . . CaT=(B67-BO2#C27). . _ . . .. - - .. BOSSDIVG - . . . ln o e o N
00 04— — .. ..L63=(B6B-BO2°C2BY. . .. . A . : : BOSSOROT = oo v i e o
SQ0LL6T o ......CBI=ABG9-B02PC29) . ot e o BDSSUL08 :
001072 .. C73=(B73-872%C23) .. .. ... e L BOSSOLUS ool m e e
001075 . . CT4=(BT4-BT2eC24) .. . ... ... . ... ROSSOLLO o . ool el o
QOL100 .. . CTS=(B7S5-R72#L25) . . e BOSSOLEL. . . . . ... ST
001163 . . C7u=1RT76-B724C20) . : : : BOSS0112 e .
001306 .. . .. CL77=(B77-372%C27). . . . . e , - : BOSSGRL3 _ . o ... . ...

001023 . .. _._{54=(454~B52%¢C2%) . B@SS 0096, —
T
|
i

CSLonIIXY L CTB=1878-DT2¢C25)_ — — e . BOSSO1ll4 —_—
00L1Ye . . L79=18T9-8T25029) } . BOSSells . L ) :
_00L1LZ. ... . ‘.. .CB3=IBBI~BB2C23) .. . L A . . BOSSOLYO o s o e e N :

. Q0L 22 ... . CB4=(884-BBI*C24)} _ . ... o ) BOSSOLYT . o e o
00Ll25_ . . ___ CBS5=(BA5-8828C25) . . ... .. . .. . - o . BOSSVL18 _ - — . . e
N01130. .. . . .. C8&6=(UB86-BB23Cl0) . L . oL BOSSOLLlY R, - o
0al¥3d .. . . _CHT=(B87-3822C27})... e e e —— e - . BHSSO120 _ . oo f':;

. 00L136 .. _ . _.CBA=(BBB-382¢C28) .. . . | Bassolzl .- e e R
00141 ... . CA9={BB9-BAZ#C29) , . BOSSO122 .. _ i
- e e e - - - . e R — - !

s e e T T -4
- i - - - - - — . i..-...
S — N — : e 5 A o L T AL e e o res




LAY BNl i Rl ) Sriidun s i A

001144 - -.D34=CB4/C33 - o o o
001146 N35=C35/.33
001150 036=C3I6/C33
O0L1ISE .. . D37=C37/C33. _ .. .
—DOI283 e . .. D38=C38/C33 oo,
L 00L1S4 .. . ., D3IS=C39/C33 - . ..
. pollse . DL4={C 14-C L3%034) .
.ootLeL .. DLS=(C 15~C 132035}
00Li64 . ... D16=(C 16-C13%D30)
001167 . D17={CLl7-C132037) .
LDDLLT2 ... . DL8={C1B-C13e038%
_Dat1rs . . DB19={C19~C13#D39)
001200 . . . . u24=(C24-C23%D34%)
001203 __ . D25=(C25-C23%N35)
.goizoe . B26=(L 26~C23¢D46)
001211 .. . D2T=LC27-C23%D37)
001214 . 0D2B=((28-C23#D3d)_..
onL217. _ 029=1C29-C232039)
001222 . 134 4=1C44-C432034)
001225 a5z 1Ca%-Ce4eD35]
801230 D4u=tLa6-Cas*DIa)
o0L233 _ D& I=(L4T-C43%03T)
_DO123&6____ _ . . D4B={C48-C43%D3B) ..
001241 . DG9={C49-C 4321339}
, 001244 D54=tC54~C 538034}
.Qni2ar_. D55=1C55~C 53%D35)
001252 . D56=(L56-C53%D30)
_ooi255.. . D57={C57-C534037)
001260 . _058= L 5B-C53%D33) __ .
L 00L263. .. . 059= (£ 59-C53%D39)
ad1266.... hDba=[Co4~C63%D34)
nnizwt-,_ Das=(CaS5~-C63%D35)
odi2Te. . . pDa6={C66-CH3ENIG)
'93{277““'“ . L6T={Ce7-Ca3&D3T)
02 _Doo={Ce8-Co3sniy}) _
.paizos. 169=(C69-Ce3*H39)
gplarg .. ... _ DTa=(C74-CI3%D34)
_ooia1y __ D75=(C 75~-C 73%D35)
KT L. DTL=(CT6-CT3¥n36)
pal321__ . DT7=(CT1-C134D37)
potazs e _ . D78={CT7B-CI3%038) . __
Aodxazi e D79=(C79-CT73%039)
.DOr33z .

DB4=1004-CB3%D34)

A e g e e e T s T

. D

L

L i

80550123
80550124
BOSSOL25
BOS50126
BBSs0127
BOSS0128
ROss0129

BOSSJIL30 .

BOSSOL3L.
BOSSVL32 . -

004 40

80550133 ... -
BOSS0134 -
BO5S50135

BOSS01L36

803850137

805573138

*

xrvio
v

AVNIOIIO

ST 8D

BO550139
60550140
BOSSJILAGL
BO%50142
BOS50143

80550144 : -

80550145 .

BOSSJL4bL

BOSSO01e7 - o

BOSS50148 . ... .
BOSS0149

BOSSO1S0 . . .. .

BOSSJI1SL. .
80s50152 -- -
BBSSIL53 _
BOSSO1%4

BOSS0155

80550156

BCs50157..
BOSs0LS8

BOSSOLS9 .

B0S50L60
BOSSOL61

80550162 A

80550103 . .
80850164 .
BBS501L65

.
1
f
i
3
i
Ll




-—001335

. . DB5=(LBS-CH3ED3S]
.. 001340 pR6=L [ 86~CBI¥N306}
-0Ql3a3 . DAT={C8T-CHBIZLAT)
001346 .DEB={CAA-CR3=N38)

oni 35) ..D89={L A9-L834D39)_
~01354 . - E&5=D45/1a4
001356 _ . . Baba=D4&/D44
_ p0ot3a0.. . E47=04T/D4%
—.00l361 E4B=D4B/044
~DRL3A3.._ . Bay=L49/D44 .
001366 . . _E15=(015-Dl4%E4S) . _ .
~DOL3BT . .. . Ela={D16~D14%E4b]
001372 .. LE17=tD17-D142E47})
. 001374 .. ... El18=1D18-D014%*E4&a]
001400 .. E19=(U19-D14*E49) .
001403 . E25=10D25-D24a%E45h1}
~0Di&aBs .. E26=1D26-D24%E46)
i 1) % 5 E27={D2T-U24+E47)
~00l4t4___ . E2B=[D 8-D24%E48)
001417 E?29=({129-D247E49)
_001422__ . . _E35=1D35-034%E45)
_DDla2s . . E36=(036-D34%E40}
_001430  _ E37=L0D37-D34%*E4T)
001433 .. . E3AB=(138-D34%E4B)
_DO1436___ _ E39={D3Y9-D34%E49)
L00ba4) . . E35=(355-D54%E45) .
_DNYa4tE. . ... ESEH=({U56-D94%E4E)..
0014462 ... ES57T=lD57-D54%E47)
onlas2,. . _ __ES8=1D%8-0%4%E48])

-DOLass. .

.- . E59=L159-D54%E49) .

peiste EAS=LUE5 -DB4*E45)

_D0la60... .. . . . E65=(BAS-DO64FE4LS]) .
001463 . _ . E6O=(N66~DOHLEELL)
_D0labh .. .. E&T={D6T-B643%E4T)
LD0Y471 ... E6B={N68-D44¥E4B)
001474 E&69=(D6H9~-Db4>E4T).
a01477. . . ET9={D75-0T4%E45)
_Qois02 . . ET6={DT6-DTa%E4a6t . _
Q01508 ... . ETT=(DT7-D74%*E417)
_0D18E0 ... .. . ... ETH=LI0TB-DT74%F48) . .
aolsya . ET9=(UT9-074%F49) . .

_De1s2l . E86=10d46-DBLRELG)

BOS50166
BASSOL6T
BOS50L68
BESS5J169

- BossoLTo .

BOS50171
BG3S5GLT2
B550173
BUSS5GLT4
BOSS0175

BDSSULTG.

BB552177
BOSSOL78
BOS5uUlT9
80550140
BOS53181

BOSS0LH2 .

BOsSs0183
BOSSOlB4
BUSSO1ES
B»50186
BCSSOLB7
BESSD1a88
80550149
BO550150
BOSSOL9L
BOSS0192
BASS0L193
30553194
BUSS0L95
BOSS0196
BOS50197
BRSs0198
BOSsa199
BOSS02o0
BOssL201L
BOss0202
80550203
BAssL204
80552205
BOS30206
Basso2o7r
BOS502408




001527 - _

.

. E88=(B88-N84*EL8) - - - posSsS0209 - -+~ . &
001537 EB9=1DBE2-DB4*E4T) B05S0210
. 001535 F56=ESH/ESS BUSS02L1
. 001537 F57=E57/£55 BRSS0212 _
001541 ... ._ ._FS8=E58/ES5 _ e e - - BOSSJ213. - - —
001542 FS9SESY/E55 . . . _ BHSS0214 -
QD1544 . Fle=IE16~E154F56) . 80550215
DOYS4T EV7=(ELT-EL15%¥5T) - BGsS02l6 .. . -
pN1552 . Fle={E18-E15%F58} A BRSSI217 - }
001555 __. Fly=(EL9-EL5%F59) BOSS021d .-
CL001860. . . F26={E26-E25%F56). - . BOSS50219 —_
0015463 .. * . E27={E2T-E25%F57) . BOSSUZ20 . R o on .
BO1566 _ . F2B={£28~E25%F58} - BOSS0221 ez .
. 00157 . F29=(E29-E25%F59) _ BOSS0222 | — - .
. DOL5TG _ . F36=(E36-E35¢FS6) = ... _ .. . - BBSS3223 . . . . . - .
_Do157T.. F37=(E37~E35%F57) ... . 80553224 e - - - -
—p0lan2 ... .. F38=(E3B8-E3>%F5H} _. BOSS0225. . -
- 001605 _. F39={E39-E35%F59) o BESSG226 .
poleED F4b={E46-E45%F50) ) BOSSo227 .
.DoL61d _F4T=(E4T-E45%FST) _ B0S50228 L
.0hlele. - F4B=(E48 E45%F58) . BBSS0229 . R
GorezL . F49=LE4A9-E45%F59) . BDSS0230 . .. -
000624 . FBUSUESO=EL5%FS0) o . et e 80880230 . . _ —_— - .
001627 _ F6T={ELT~EaS5%FST) . . E BOSS0232 o . .
: _QD1632___ ... f6b=(E6B-EO5¢F58) . BD550233 e .- .-
§ _0Dle3as__ F69={E69-E0L5¢F591) - . 0550234 . . . . .. -
_DDL640 _. F7u=4E76-E75%F56) BOSSI235 . . .. .. _ .
001643 _. . FT7=tETT-ET5%F57) . BBSS0236 - ]
J00LaGs . . ... FIB=LETB-EI5%F58} e e emm ——. BOSS0237 SOV
001651 _. F19=lE79-ET5%F59) .. BOSS0238 -
001654 FBb=lEB6-EBS%F56) BOSS0239 -
.B0L65T _ . F87=(EB7-E85¢F57) . - BOSS0240
-D01662 .. FB8=1EBB~EBS*F58) BOSS024L . o .
E pDoLeAS . FB9=EB9-EHS*ES9/ESS) BOSSIZ42 . ... ..
.001870 .. . G6T=F6T/Fobé e e - - 80S50243 . e e
. pO1672... |, G6A=FoB/F66 BUSS0294
001624 . G69=Fu9/Fet BOS50245 - .
001679 GL7=IF17-FL6%GoT) BOSS0246 ,
. 00L7040.... GLE={F 18~F L6*G 58} BOSS0247 . _ .
0a4703_ .. . G19={F19-Flo*Ge9) . . . . . BR550248 - -
? BTG G2T=IF27-F26%GOTY . e ——— BOSS0269 . __ —— -
; noizil .. . - G2B=LF2B-F2b%God) . _. BOSS0250 e .
0017 G29=(F29-F26*G63) . 80550251

B A AT G AT T et eVt et

P



-001717

00727 638= (E 38-F364G668)

001725 639=(F39-F36%G6Y) . ’

0017227 G47=IF47-FA46*GAT}

nntz7az . Ga43=(FAB-F46FGBB) ... .. L . . e o e e e
OD1734 G49=LF49-F40%G69)

001740 . G57=(F57-FS6%G6T) :

001743 G54={F58~F5u%G0Y) .

00l 4b G549=(F59-F56%669%}

GOL 150 CTI={F1T-FT6%GLT)

DELTS3.. G7e=(F 78-F To*568) - e e e n =
001756 G79=F 19-F Tu%G59)

001760 . GAT=(FBT-FB6*G&T)

0nlras _ GBU={F u8-F BL9GHY) .

0017247 .. CHY= (F BO-FBL4GET)

DOLZTL - HT8=G78/GT7 - .

001773 _HT9=GTYS6TT, e e e e
DOLZTS. . HLB={5LB-GLT*HT4)

oO200d .. HL9={G19~G17*HTY}

002003 . HZHA=(G28-G274HTB}

002006 H29={629-G2T*HTY} . . .. .

noz2oln . H38= (GIB-GATHTB) ] o :

02013 .. ... H39={G39-GATEHTON ... . ... -t e e e 2
002016 . H4e 8= (G4B—G4TRHTE) .o

002021 HA9=1049-GaTsHTY) . -

002023 .. H8=(G5B-G5T#HTH ) e e -

002026, . H59=1659-G5T*HTN . ... . . o o

po203l . . HABS(GOB-G6TH=HTGEY . ... . . ... .

002034 . __HEG=(GO9-GOTERTOY _ o e e e
002036 __.. HBB= (G8R-GBT#HT78) .. . .. o S
00234k .. HBY={GBO-GATHHTS) . . . .. . e e o -
002044 . . . OBY=HB9/HBS - B, S

DO2046_ ... BLLY. ={Hlg-H18=@sel . .. A L

N02050 . . 0t2)  ={H29-H28+089) o ,

0020580 .. D13} _={HIG-HIBXO8N e _ —_
.Q02060_.. . D4t . =[149~-148%089)

002063 . [0es) . ={HY9-H5U%089) . oo A .

002067 . . .Dis)  =(H69-HeS8*DBY) .

002072. .. CLOtT)  =(HT9-HTE*08Y)

002076 ... ... 0L8) .=089

002021.. ——__RETURN__ . _ . e e e e e a2
002017 —— END ...

G37=LF3T-F36*G6T)

B0550252
BOSSH253
BOS50254%
BES52255

BOSSV250.. e

BOSSJ257
BRSSG258
B0ss6G259
8DSSB260
BUSSIL6L

BUSSO262 _.

50550263
BOSSA204
BUSSJ265
BLSSI200
BOSSO2ut

. Bussh2sad

80550269
BOS59270
BO550271
BOSS0272
BOSS0273
BOS50274 _
BOSS0275
80s52276
BOSS02T7?
BDS50278
80S5.0279
8USS2280

—

—

——a a4 s e - H

80859281
BOSSD282
BBS50283
BOSS0284%

BO550285
. BOSSB286

BOSS0287
BB5502u68
B0S50289
BOSSG290
. BDSSJ3<91
L Bu 50292
Hos50293

Pp——

1o

'
L ATK FSHITEL TR Fr PR On s




- » ks
i
- - . - P .. . . . . e e e e : ' R -
Gl e d denegends dode e e oo e e e sesfeste Qo nole e g dfoe ool desde o e e e e o e e ook e ool v Qe eols e e oot ot o e o e . R . .
¥ . : . -
. . I .. . N - . R
--goooo2.. RETURN . .
00003 .. .. .END._— . . ... e e e
. _ —
———— i
. el s
- - - &
— _ . - - - |
[V . .- - - . m e -
e e e e e e : . . e e ; i |
s C et e s o - - I a




R o

L*

~ SUBRAUTINE. PLOTS

- - P L,‘_“ -
[ 2 - 2Rl ht- R332 g 22 2 2t L2 2 R 2 bt 3 3-8 22 2 R R 22 S e s TR T

S . e e e &
. C* PURPOSE ... . _ %
— N ot - . ) ) ) % -
e O SUBRDUTEINE PLATS GIVES PLOTS DOF THE SOLUTIGENS OF THE EQUAT iDNS % . B}
e . C% DF MOTIONsI.E.sPLOTS OF THE ANGLES AND ANGULAR VELOCITLES AS A ¥ . . - -
— C# FUNCTION BF TIME. PLOTS OF THETA V5 PHI ARE ALSO PRUVIUDED. L
R o8 - e e e e ————— e e s . . - ¥ o v e e s
———e L% PROPRIETARY.. ... 2. . .
R ¥ _ . . E ] - —
SV o1 CNONE. . . * - e . - .
S of e e x _ - _ .
e . % USE . ... - _ % . - — — . -
Le ... e e e et et e &
—_—_ L* CALL PLAOTS . . % R . - - -
R o N x - -
— . % PARAMETERS - : &
[ ot e — - L e e et e
SO k. NONE . 3 e e o
- L% e e e e e a  rm emrrrrrm e - nmas - —an ovmrrmatm - n o et o n e e [ —_—
R L AUTHORZ IMPLEMENTAOR . _ M ] !
C¥ L - ' » . —— e
. L% NaR2OORSEY,JR ~ .8.5EAY . % .
——— % e o B T . _ e =
—— e C¥* DAYF REILEASED * - . - -
—_— L¥F e . 1
crm e L% SEPTEMBER 14,1973 . - - - L - . e e e
—_— % S . e % e N -
e L& LATEST REVISION B & _
- C* . . ]
- .C* . SEPTEMBER 14.1973 L - _ I - -
¥ . O e ®
i IR Tl 2t R e 2 e R R R R Ty T Y T TR P P T Ty T A . - e N
—_— L B . . -
e e & . . THIS IS A DUMMY SUBROUTINE TO SATISFY THE LOADER. . _ - , -
e mrmmee mamee- & e IT HAS BEEN DECIDED THAT THE PLETTING RuUTINES FOR PROGRAM - - S
peieem — L. ... LACATE CAN BEST BE HANDLED AS POSTPROCESSOR ROUTINES RUN — - e _ -
e ami B SEPARATELY . FROM LACATE. .FOR PLOTS OF THE SOLUTIONS GF THE
— i . EQUATIUNS OF MOTION.REFER T8 PROGRAM AVPLOT. FOR THE TwWO- - e e e e e -
cemre mmmeme oo . DIMENS FONAL THETA-PHI PLOTS.REFER TO PROGRAM TPPLOT. - e e e - e —




18 * o TACEEUANG e S L IR T T NG et e e s e et
e e T T T Y T e D v et M Vid e TARETIR SRRt -

Bl A e L B e e i L

e T R s Tl
ETI TR P N R

—t Flight Control 4
Dipole Antenna ; o ‘/Z-Zi/ Electronics :
L R e R

4 & .——— Reel=down

-

ATCRL Secondary .,
Electronics Wi

1

f I? -— __(Gondola Parachute
_{ 4

B e

Line Cutters —2——»

il

Radiometer — 2%

~-Zz—Instrumensation

Crush Pad — & % W Ballast Hopper

Figure la. TACATE Balloon System = General Structure




e et AT T

e YA B L T

FPigure 1b. TACARE Balloon Idealized Model




i

L R [t PPV UPSC SRS S ....~_-_»...—.—1--—;-_—~_:-‘.?;m:i- £

T N P T S e e A de e i .

b KRB e e 18t et o s Lo s 5
A e Tl ey LPUP I g oAb, 2 i
Sl e T S T TR I TR L e - g TR I T S Y s s oy i o

Balloon

BB

v(S:)

(s.)

\
\
.....2_.\‘____‘_\,
\

—b

v(%,)
v(-s) -_|

Center

Line

—
o
3
(o)}
=
m
t
&4
O
=y
0
b=}
[« ]
o
.m
b
=
mu
g
@
5

Figure 2o




Figure 3.

Planay Gust Profile Rotated abibut szimuth Plane
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Figure 4., Planar Stacked Gust Profile Parallel to Azimuth
Plane
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Figure 5. Planar Stacked Gust Profile Rotated about
Azimuth Plane
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Figure 6.

General Three-Dimensional Gust Profile
In Form of a Body of Revolution
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