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TECHNICAL MEMORANDUM

EQUILIBRIUM AND STABILITY OF A SATELLITE INFLUENCED
BY GRAVITATIONAL AND AEROD YNAMIC TORQUES

INTRODUCTION

The stability of satellites under the influence of only gravity gra-

dient torques has been treated by several investigators [1-4]. The inclu-

sion of the effects of aerodynamic torques was considered by Nurre [5]
and Sperling {6]. In addition, the instability produced when a gravity-
gradient stabilized body is subjected to a torque which forces it slightly
away from the true gravity-gradient equilibrium position (i.e., axis of
minimum moment of inertia aligned with the radius vector and the axis of
maximum moment of inertia aligned with the perpendicular to the orbit
plane) has been studied by Garber [7]. The purpose of this report is
to document a method which can be used to determine the equilibrium con-
ditions and investigate the stability of these conditions for satellites in
circular orbits under the influence of gravity-gradient and aerodynamic
torques. The procedures considered are demonstrated using the former
Skylab satellite as an example.

The satellite is assumed to be rigid and the atmosphere constant for
a given altitude. A linearized infinitesimal analysis is used to assess the
stability of equilibrium positions found by a variation of the Newton-
Raphson method.

COORDINATE SYSTEMS

Orbital Reference System

The orbital reference system has its origin at the center of mass of
the satellite and rotates uniformly at the rate of one revolution per orbit
(f). The Xo axis is positive in the direction of flight and lies in the

orbit plane. The Z o axis coincides with the orbital radius vector and is

positive away from the Earth. The Y o axis is parallel to the orbit normal
and the orbital angular momentum vector.

S Ty I




e

S o R e e
e e T T T

Body-Fixed Systems

Two body fixed systems are portrayed in Figure 1. The XB. YB’
ZB is a geometric system lotated at the center of mass., The principal
axes system, xp, YP’ ZP, also has its origin at the center of mass and

is oriented such thut the product of inertie terms vanish. It is in the
principal axes system that the equation of motion is written. The rota-
tion from the orbital system to the principal axes system is accomplished
by three positive rotations Yy» ¥ and Ya about the three successive

axes 1, 2, 3, respectively. Thus,

Vo L Y
X, = (4 X,

where over-geored symbols represent vectors

- - -

C3 Sy 0 e, 0 S 1 0 "0

[y] = "84 €4 0 0 1 0 0

L0 0 1 Sy 0 ¢y 0 =5 ¢

wd b d L ‘e

or,
] 02 03 01 33 + Sl 82 03 S]‘ 33 - (!1 52 ('33-1
(el = |=cg 83 © €38 Sy85 Spey+esysy
52 "S1¢2 €1%
. .

In these matrices ¢, and s represent the cosine and sine of 1111, respec-
tively, ectc. ‘
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Figure 1, Skylab.

EQUATION OF MOTION

The equation of rotational motion of the satellite in the principal
axes system is

Iw* + w* x Iw¥=01
where

I = the constant moment of inertia matrix

w* = angular velocity of the satellite with respect to inertial space,
represented in the principal axes system

L = external torques, which for our purposes are gravitational and
aerodynamic torques,

In particular, we have
wx=w+§

where

S v e ghon 1



W = angular velocity of the body system with respect to the orbital
system

=[] T*; Q* is the angular velocity of the orbital system with
respect to inertial space. For representation in the body sys-

} tem it is multiplied by the transformation matrix [y].
Now, %
r B
Cy Cy Sg4 Ov szl )

. W= Q1 W = [-ey sy g 0f ||

and 3
|
; c) 83 + 518, ¢g] |
p o |
Q=0 clc3- S1 Sy s3 ;

Therefore,

:&+§‘7:"’&+[£p] 0* + [y fz'*

I

w*

In our case $* = 0 and

- i - Lo - ] - pe o . -
| cgeg s3 O[] [spes -easg e [vy ¥,
Wo=f-epsg ey 01Uy | +| syey —epey syl |0y Uy
- 5,0 1 L‘PS ¢y 0 0¥y




Thus the equation of motion is

I(W-WEx+ @+ xIT@+MD-L=0 . (1)
EXTERNAL TORQUES

The gravity gradient torque on a rigid body in circular orbit about
its three principal axes is:

- 9 -
L = r X Ir R
g J @ X

where

(I3~ 1) ¢ ¢y (5) €5 + ¢ 89 8g)

iy
x
P
=l
i

(1) - Ig) ey ey (5154 = ¢; 89 €g)

[) . ]

The aecrodynamic torque is not so easily written. It is of the form

where K = 1/2 p A D vZ in which o is the atmospheric density, A is the
reference area, D is the reference length, and V is the magnitude of the
velocity.

Fori=1, 2,3

(41
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L= L1 T (AAy, cos (k¢) + ABy, sin (ko)) cos (jo)

=1} k=1
6
¥ k21 (BAy, cos (k) + BBy sin (k¢)) sin (jo) §

in which AA, AB, BA, and BB are the coefficients of the double Fourier
series representing the aerodynamic torque in the principal axes system.
The angles « and ¢ are the total angle of attack and the aerodynamic roll
angle, respectively. These ungles arcd depicted in Figure 2 and are ~
defined as follows:

w = cos } (v

¢ = tan”t (vyivy

where Vi» Vgy Vg are unit vectors of the velocity vector expressed in the

geometric body refercnce frame. It is in this reference frame that the
acrodynamic moment and force coefficients are rendered [8].

EQUILIBRIUM

The equilibria of the linearized equation of motion (1) are solutions
of

v={xI18-L=0 |,

To find an equilibrium point it is necessary to find a zero of V. However,
the aerodynamic torque component of the external torque is sufficiently
complicated to preclude the analytic determination of zeros of v. Now,

v is a function of

anl

Y= 1112 ’
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and an iterative procedure like that of the Newton-Raphson method can J
be used to solve for the values ¥ which render V = 0. We then have 1

1

|

-— - a\) -
Vigr = Y * [’5'47 Ay

where succession appmximnhons of v are noted by subscripts i and {+1.
Then for Vi 41 to be zero, it is necessary that

T B '
= __ [dv =

LINEAR STABILITY |

For a linear “stability analysis, we let ¥ = J* + § where J* ‘is a |
zero of ¥V and 4

|
i
=)

is a small displacement from an equilibrium point. Note that J = 'S and 5

L]
[

=73 The equation of motion [equation (1)] can be expanded to

W-=JWxD+wxID+RxIw+wxIw+v=0 .

'

After linearizing and reealling that W was of the form [Q] ‘I’ and W of - 'j
of the form [Q] x{x, it is possible to arrive at 1

[A]:§+[B]§"+[C]?§='ﬁ'




or,
S+iAlt B a1t ¥ =T,
where
¥ [A) = (1] [Q] .,
- ~
(12 - 13 - IL) 522 ~(Il_~ 12 - 13) 521 0

b—av
C"[m] '

where Ii and Szi are the components of I and §z, respectively. (The matrix
A can become singular when the cosine of Yy equals 0.) If we let

_ IS
€ =],
§
then
L‘ ;5‘
' €= |
‘ 3
It is then possible to write equation (1) in terms of € as !
i ,
f P
s # U
; £ + e=0 |, (2)
‘ Alc alp
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where
0 00
g=lo o0 o0
0 0 0
and
1 00
U=}j0 1 0
00 1

To determine how unstable the equilibrium point is, it is necessary to
obtain the cigenvalues of equation (2) and compute the unstable time con-
stant or the logarithm of the amplitude over one orbit (logarithmic
increment).

A computer program wus developed to first determine combinations
of 2% Yo tpa which would render V = 0 and then to determine the eigen~

values of the system for each such attitude. In the case of the Skylab,
it can be demonstrated that ¥ is not a unimodal function so that finding
all equilibrium attitudes cannot be easily done except perhaps by exhaus-
tive search. However, for purposes of demonstrating the operation of
this program, an initial starting set of angles was chosen close to an
equilibrium point and after a fixed number of iterations, the stability of
the Skylab for that equilibrium point was assessed for combinations of
altitude and density.

COMPUTER PROGRAM

The form of the program is relatively straight forward., Input
quantmes are read in first. The aerodynamic quantmes, which are the
Fourier cocfficients for aerodynamic forces and moiients in the geometric,
system, are transformed into the Fourier coefficients for the aerodynamic
moment in the principal axes system. This is done in Subroutine ATRAN.
The program then accepts combinations of density and altitude and initial
angles ¢, «, ¢% for starting the iterative search for combinativns of 1p1,

Wps ¥y (Euler ungles) such that Vv = 0, Upon reaching the iteration limit,
the program outputs the values of 1}11, Yo, Uy in the form of ¢, o, d)B

(for case of visualization). The magnitude and components of V are also
displayed for visual determination cf how close to equilibrium the last
angles are. These quantities, as weil as the sssociated eigenvalues, are
then stored for possible future plotting.

10
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A listing of the main program and associated subroutines is given
in Appendix A. A listing of major program variables and input data are
supplied in Appendices B and C, respectively. In Appendix D are
presented the results of a sample case and some relevant plots.

The program was written for the Honeywell CP-V System. It should
be noted that there are two machine dependent parameters; one in Sub-
routine BALANC and the other in Subroutine HQR2, which must be alter<d
for use of this program on other computing systems.

11

e et AR . R .l

é,
|

G s B B i B

STV TN )

L LT 0 SRR



ST ey Y

i

i A

1,

2,

3.

4.

7.

REFERENCES

Debra, D. B. and Delp, R. H,;: Rigid Body Attitude Stability
and Natural Frequencies in a Circular Orbit. J. Astronautical
Science, Vol. 8, 1961, pp. 14-17,

Beletskii, V. N.: Motion of an Artificial Satellite About Its Center
of Mass, TT PF-425, NASA, 1966,

Kane, T, R.: Attitude Stability of Earth~Pointing Satellites,
AIAA Journal, Vol. 3, 1965, pp. 726-731,

Auelmann, R. R.: Regions of Libration for a Symmetrical Satellite.
AIAA Journal, Vol. 1, 1963, pp. 1445-1447.

Nurre, G. §.: Effeects of Acrodynamic Torgue on an Asymmetric,
Gravity-Stabilized Satellite., NASA TM X-53688, January 2, 1968.

Sperling, H. J.: Effect of Gravitational and Aerodynamic Torques
on a Rigid Skylab-Type Satellite. NASA TM X-64865, June 1, 1974.

Garber, T. B.: Influence of Constant Disturbing Torques on the
Motion of Gravity-Gradient Stabilized Satellites. AIAA Journal,
VOL 1. 1963! pp' 968'969.

Gyrofl, R. A.: Orbital Aerodynamic Data for the Updated Skylabl

In-0Orbit Configuration. Northrop Services Memo M-9230-73-197,
July 11, 1973.

BIBLIOGRAPHY

Smith, B. T., Boyle, J. M., Garbow, B. S., Ikebe, Y., Klema, V. C.,
and Moler, C. B., Lecture Notes in Computer Science, Vol. 6, Matrix
Eigensystem Routines — EISPACK Guide, Springer-Verlag, New York, 1974,

12




ikt e

APPENDIX A 3
LISTING OF PROGRAM

o AR MR R T T o

e, bt g Tl

P T i R i

13

Lol




e e e A . .t

L e .

ot

S0,

52,

14

(s XaRaXaRaXaXala Xl

2 EsakzizskaXelsXel

790
701
The
03

PROGRAM YO FIND FQUILIBRIUM ATTITUDFS FOR A S‘YEtL!fE UNDFR
GRAVITY GRADIENT AND AERONYNAMIC YORRUFS

FOURIER CNEFFICIENTS FOR AERODYNAMIC EFFECTS ARF INPUT INM THE
FOPM GIVEN RY MORTHNOP MEMN MeQ230+7%e197 BY
P.A, RYORF]

DIVMENSION TGP(3,3),TPG(3,¥), PhUIS(3,3),NNIS(3,3),PNIIST(S,3),
INELPST(3),PASE3),PST(5),VNi3,R3T0(3Y,C(3),8(8),V(3),XNU(3)Y,

2AM(3),PAVA(L),PAMP(X),PPSIT1.Vavs(3,3),)XT(3),PAST(3,Y)

DIMENSION ALADCA,6) ) ALROCH . &5, - 10(0) sALALA,696) )ALB(AIA,6D,
T1ALACO,6,6),BLECA,5e0) ,PSTLIS),L1(3),MI(3),PPHI(S),APH](S,T)
DIVENSTON AKADC3,2) ,AKAN(Y,2) ,AKA(Y,2,6),0KB(Y,2,6),
TRKA(Y,P,6),BKH(3,2,06),8DIM(3,3),TMM(4,6),NELPG(3),TC (&)
NIMFNSTON hn(b)y“'(“)ol(h.ﬁ)orv(h)v!v(ﬁ)'D“PfS")'EU“(ScS’
OIMENSTION DT(Y,3Y,B8(3, ) ,PRGS(Y,8),FREA),ZETA(H),11(R,6)
REAL PI/Y,141%9265%590/

PANZST7,295779513

INPIITS
REEFRELGE DIAVMFYER IN FFFT
REFERFMCE AFFA Yol FFETR
PUMRER OF TTERATINYS
" TGP
MAMEMNTS OF INFRYIA ARNIT PRIMGIPAL AXES 1IN SLUGSFEET?
LOCAYION OF CG TN GFENMETRIC CONRNDTIMATES IN FFFY

REAN(S, 7T00)INPEF ,AREF ,LIMIY
REANIS,702)M ,Mp,vT
READIS,70%) (ARN(T), 1= ,M1)

DO S J=1,M8

READ(S, TN (ALAC(T, ) da1,%2)
RFAN(S,70%) (ALRO(T,J),J021,42)
NGO T Te1,M

N & Jei M2

REAN(S, 708) (ALA(L,J,h),K=1,VY)
REAN(S, TUR) (RLACT , J,K),K=1,"Y)
DT IS0
READ(S,TNZY(CALBC(Y,J, XY, k2, MY
READ(S, TOY(RIA(T,J,K), K=1,MY)
FORMAT(2G/1)

FORVAT(IN)

FORMAT(3TRY

FNRMAT(&FiP2,.0)

RER2NGPHT 21, TR

AME LUNT765%1F 16

no R (1,3

PO R Mz, S

TPGIL,MISTRPEN, | )
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f‘w
s;nMrMu

53.
sS4,
55,
Sé.
s7.
SAa,
59,
60,

62,
o3,
64,
65,
66,
67,
oA,
69,
70,
71,
12,
13,
14,
15,
76,
17.
LD
19,
80,
a1,
Be,
a3,
84,
as,
A6,
A7,
Rl
49,
30,
9,
92,
93,
94,
95,
9%,
97,

99,
100,
10t,
102,
10%,
104,

maO

STIO000

e Xa ke Ral

s Eniate el

1000
100y
10

IMTERTA TERMS

X3(srextt

¥1(2)=xle

X1(3)sx1y

XMizXl3eXY?2
KM2AT1=XTY
YM3zX) 2w
XKImXMY /XT]
XXPEAMR /X2
NKSTXMY/XTS
XOCNCG/DREF
YORYCG/NREF
0% 2CG/DRFF

CONVERSIOK TERMS FOR CHANGTNG AERONYNAMIC TORRUF
TN PRINCIPAL AXFS REFERENCE FRAMF

np o ‘:‘ '3

U0, 1)220aTPG(T,2)=YDeTRG(1,3)
UCT,2YSYReTPG(T,1)=XDaTPR(T,2)
VCT, 3)EZNeTRG (T, ))eXDRTPG(T, 1)
H(Y,U)ETPG(T,2)
UCT,S)2IPG(T, Y)Y
HET,8)ETPG(T 1)

CONTINMUE

CONVERSTON ©F AERODYNAMIC COEFFICIENTS FROM GEOMFTRIC
REFEREMCF FRAMF TD PRINCIPAL AXFS REFFRNCE FPRAME

CALL ATYHANCALAD, ALRO,ALA,ALH,RL 4, ALR, AKAN, AKH(, AKA, AKR,
1AKA, AKH, LY

PHOK 3 ATMOSPHFRTIC DENSITY T8 KG/YY
(PROGRAM TERMINATED 1F RHOK = 0)
ALY = ALTITURE TM MAUTICA|L MILES

READ(S,TO1IRHOK, ALY
TFC(RHOKYII001,1002,1001
no 10 1=1,3

nn 10 J=1,6
TMM(T,J)m0,
TMM(1 U ze1,
TMM(D,5)3-1,
TMM(3,60)8et,
RHOSRHIK /Y, 153 79F ¢2
RORRERFeALTa6,N0TH)1SUBESY
NMGESARY (RY/RNRA) /RORB
AMAEZONMGAOIMG
GGEY, s DMGRAMG
DENERHNSDREF » AREF

15
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(o he Bl

VMAGE RNRNLOMG
CLAB ,SeDENeVMAGRVMAG
READ(S,701)P8Y0

INITIAL ANGLESS

PSI0(1) ® ALPHA = TOTAL ANGLE OF ATTACK
PS10(2) = PHI = RGLL ANGLE
PSIN(3) = PHI RETA = BANK ANGLE

CONVERSION YO EULER AMGLES PSI(1), PSIC(2), FSI(3)

DO §t LJ=y,}
PPHI(LIISPSIN(LJY/RAD
CP1xCOS(PPHI(Y))
CP2sCNS(PPHI(2))
CPYsCOS(PPHI(Y))
SP1eSIN(PPHT(1))
SPRESIN(PRHI(R))
SPIxSIN(PPHI(Y))

APHI(1,1)= (P2
APHI(1,2)3=5P2e5PY

APHTI(1,3)= SP2eCP}

APHI(2,))a SPReSPY
APHI(2,2)=2=CP1eCP34SPLerPR4SPY
APHI(P?,3) =PI aSPIaSP1aCP22CPY
APHI(3,1)= §P2eCP!

APHTI{(3,2)n SP1eCPI4CPIeCPRaSPY
APHI(%,3)8 SP1aSP3=CPIeCP24CPY
CALL. MATR(TPG,APHI,ADIIM)
PST(J)RATANR (=ADUM(3,2),ADUM(S, $))
PSI(3)BATANR (wADIM{2,1),ADUNCL,1))
ADUISADIIN(3,3)/C08(PSTI(1))
PST(2)=ATAN2(ADLIM(Y, 1), 4D1)

REGIN TTERATION LNOP

NN 100 KOUINTEY,LIMLY
CI=CNS(PSI(I N
C28CNS(PSI(R))
£3=CNS(PST(3))
S1eSTN(PSI(1))
S2aSIN(PSTI(2))
SIzSIN(PST(3))
CS1sCteC1=S)e51
CSP2Coe(P=8P5?
CS3aCtalI=SY 05y

SCI e, aC1eC1=ST10SY
N, 1)2C3/Cc2
PICt,2)=2=83/C2
QI¢t,%so0,
N{2,1)xS8Y%

e R e st LRI den v e -
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157,
158,
159,
160,
161,
162,
163,
164,
165.
166,
167.
168,
169,
170,
171,
172,
173.
174,
178,
1756,
177,
1718,
179,
180,
181,
182,
‘6‘.
184,
188,
136,
187,
188,
189,
190,
191,
192,
193,
1914,
198,
196,
197,
198,
199,
200,
201.
ana2,
ong,
204,
205,
f06,
207.
20A,

ialeln e Ne]

OoOO0Nn

COODHIOD

2 NaNe Nely )

20

RI(2,2)8CY

QI(2,3)e0,

N1(3,1)s=824C%/C2

Q1(3,2)382+83/C?

Q1(3,3)sy,

A1, 1)BOMGo ( (XK (8201 ) eS8 aS3e(XKI41,)eC1282eCY)

B(1,2)8=0MGa (XK o], )n81eC2eC)

R(1,3)80MGe (XK1 e1,)n(ClaCTle81a82483)

B(2,1)8o0MGa((XK22CS2¢1,)e810CY¥e()K2el,)nC]1n8208Y)

B(2,2)8e0MGa(XK2e],)0810CPe8Y

B(2,3)180MGa(XK2mt ,)a(C1a83481082eCY)

B(3,1)80MGa((XK3aCS w1, )eC19C202,0)KSaS10824C228304CY)

;:;.;;-gﬂﬂt((XKiacssol.)-Sl'sao?.ﬁlk3ttia53-c1)
r3)80,

PGGS IS THF PARTIAL OF OMEGA X IeOMFGA = GRAVITY GRADTENTY
WITH RFSPFCY TO PST AND EXPRFSSEN IN THF PRINCIPAL AXES
REFERENCF FRAMF

PGS (1, 1) 30l ah2aC2aXM 2 (CTaCS 02,4510 1082083)

POGSCL 2 s=XN a0V A (CSPaS3aSCItili #SI0C)0820CY)
POGS(1,3)3aIMRefi2a XM (SCE1032eC el 081 al)953)

PGOS(2,1)2my a0MIaCOaXMR0(STaCS e2,085120 )82 2(Y)

PRGS(2,2)3 ¥NPeMPa(CS2eCTeSCYL U, 25 1¢C105208))

PGOS (2, 3)==M2aL2aXMPa (SC31¢S2083¢4,a810C1a(3)

PRSIV, 1)2 4, a0M2aXMYn (CS19520C83e?,0810C 0 (],¢82082)08%003)
PEGS(3,2)% 2, 20MPaC2aXNI#(SCYIaR20830a03¢2,0514Ci10CST)
PEGS(V,3)2 OM2eXMIa(CSIa(S2082¢SC314C1¢CT1e3 251081 )m

116251 eC1a82053e(Y)

UNTIT VFLOCTITY WFCYNR IN PRIMCIPAL AXES REFERFEMCE FRAME

vn(i)reCaecy
Vi (2)eeCP2SY
Vo£{%)aSe

TRAMSFORVATTION OF LNIT VELOCITY VECTNR INTO GFOMETRIC
REFERF'CF FRAMF

CALL MATVEC(TGP,VO,V)
Vf'):A'AAX’A“Y"(‘.0'V(‘)’0'1.n)

ALPHA = TOTAL ANGLE OF ATTACK
pPHY = ROLL AMGLE

ALPHAZACNAS(V(1))
PHIZATAR2(V(2),V(3))
CONSTi=1,0=y(1)eV (1)
IF(CANST1)20,25,°P0
FONSTP?3Y ,/SART(CNNSTY)
GO 1N 30

17




200,
210,
211,
a2,
218,
214,
218,
216,
217,
218,
219,
aao [}
221,
222,
22%.
224,
225,
zéb,
221,
228,
229,
230,
231,
232,
2%%,
234,
235,
236,
237,
238,
239,
240,
24y,
242,
2hy,
2u4,
2us,
246,
247,
pus,
249,

250,

251.

252,

283,

254,

255.

256,

257,

25K,

259,

260,

18

DIOOO

oMmoan

[g2aEaXel OO

~

o000

25 CONSY2=i . 5€70
30 CONTINUF

a0

50

60

CALCILATION OF AERQDYNAMIC TORALUE AND PARYIALS OF
AERODYMAMIC TORQUF WITH RESPFCY TO ALPMA ANN PH]

CALL ZAERO(AﬁAO.lKDD.lKA.AlR.OKA,HKH.ALPNAoPHIoCLAo
FPAMA,PAMP, AN

PAS » PARTIAL OF ALPHA WYTH RESPECTY TO PSS
PPY & PAPTIAL OF PHI WITM RESPECY 70 PSI

PAS(1)=0,

PAS(2)8 (820 (TPG(1,1)0C30TPG(2,1)483)=TPG(Y,))eC2)eCONSTR
PASCY)IRC2e(TPG(1,1)a830TPG(2,1)aCN)ACONSTYD

PPS(1)20,

PRY(2)S(V(2)# (82 (TPG(1,3)0C3=TPG(2,3)08%)eTPG(3,3)e(?)e
IVEYIR(S2e(TPG(1,2)0C%TPG(2,2)e8Y)eTPG(3,2)eCPY)/CONSTY
PPE(IIRC2a (V)0 (TPGI1,1)25V0TPG(2,3)eC3) eV (BIN(TPE
101,2)e83eTPG(2,2)0CY))/CONMSTY

CALCULATINN OF PARYIAL OF AFRODYNAMIC
TORNUE WITH RESPECT YC PSI

no 40 Tei,}d
DO 44" .Ixg,\
PAMS(T,JYRPAMA{TYaPAS(JI4PAMP(T)ePPS(S)

CALCULATION OF PARYIAL OF EXTERNAL TORQUE
PITH RESPFCY 10 PSI

N S0 1%1,3

na 50 Jsi, %

PNUS(L, 1)SPGRS(T, J)=PANS(],))
PAST(T,JYRPALS(L J)/XL1LT)
aNUS(T,))ePNUSIT,.J)

CALCULATION OF WU

XU Z=OMI a XM wC20 (U aST1aC 1 #CYe52053aSC 1 )eAM(Y)
XNUC2YE OM2aXMPalRa({SP2eC3aSC Y el w8 1¢C1a83)AM(2)

XNULS)I 2NV aXMIa (U, #51eC1aS520CSYe8300 n(S24820SC31¢(19Ct=
13,651081))=AM(3)

CALL MINVIONIIS, 3,DT,LT,MT)

PNIIST = TNVFRSF (1F PARTTAL NF NU WITH RESPECY TO PSI

NO &0 1xf,)

00 69 Juy,3
PNUST(1,J)30NIS(T,J)

CALL MATVEC (PNUST,XNU,DELPSI)
XNIIMAGRD,

et o

s s A bAL

- s - i e A



261, DO 70 I=1,3
262, XNUMAGEXNUMAG e XNIH( 1Y R XNUCT)
263, DELPG(J)ueNELPSTI(T)aRAD
264, PSIG(I)SPSI(I)eRAD
268, 70 OELPSI(I)meDELPSI(])
dob, XNUMAGESURT ( XNUMAG)
267, ALPHAGRALPNASRAD
268, PHIGEPH]eRAD
269, UXNBe (TGP (1 ,1)0(C1aS3¢810320C3)¢TGP(1,2)0(C10C3=9108208%)s
270, 17GP(1,3)+81eC2)
2lt. UXOBTRP(1,1)0(S1nS3aC10824CX)01GP(1,2)0
i er2. 1(S12C3¢C1082e53)0TGP(1,3)eC10(2
. ers, PHIRGEATAN2 (UXM,UXD)nRAD
274, no An (=4,3
275, PSI(LISAMOD(PST(LL)SDELPSI(L),2,00P])
276, RO TF(ARS(PSI(L)) GV ,PI¢ ., N1IYPST(LIBPSTI(L)=SIGN(2,0¢PY,PSI(L))
. 217, RNO FORMAY(//,5%,9HALTYITUDE ,Fo,1,3X,AHDENSTTY ,EL11,5)
2718, AOY FORMAT(2X,4NPHT pF11,6,2X,6HALPHA ,F10,6,2X,SHPHTIA ,F10,6)
279, RO2 FORMAT(IX,3F1SB,1X,E15,0,7)
a0, A03 FORMAT(TIX,UMHREAL, I 3N, 4HIMAG 13X, UMFREQ,SX,UMZETA,6X,2KHTC)
e8, AOY FORMAT(IX, 16,8, 1X,F16,8,2X,F10,5,2%,F6,4,2X,89,2)
2R2, 100 CONTINUE
28y, CALL MATI(OT,PAST,;DUM)
2hu, CALL MATX(QI,R,EUM)
RS, nO 110 T=1,%
286, . Jalel
o487, PO 110 M=y,
2RA, LKSK+3
249, TMM( T, m)aDUIM(T,K)
290, 110 TMM(J,LKYREUM(T, )
291, ¢ ,
292, c DETFRMIMATION OF FIGFNVALUFS
29%. C
294, 16RO
29%s, CALL EISCIMM,WR,1T,2,FV,1V,6,6,1FRR)
296, c
297, o DETERNMINAYINN NOF INSTARLE TIME COMSTANTS
294, c OR LNGARITHVIC TMCREMENTS
299, (o
ngn, CALL EISOPT(wR,WI,FR,TC,2FTA,D¥G,P1,6)
301, C
302, ¢ QUTPUT TN TFRMINAL SCREEN
Ing, c
Ina, ARITE(102,R00N)ALT,RHOK
305, WRITE(INP2,R01)PHTIG, AL PHAG,PHIHG
> 306, ARTTECY02,RN2IYNL, XNUNAG
: 307, WRITE()IN2,R03)
308, WRITE(10P,80U)(MR(T),WI(T),FRET),ZETA(T),TC(TY,121,4)
309, , C
310, (w
31y, o #RTTE AUTFYT FILF FNR PLNTTING
4 312, c
313, WRITEC(JOYRMNK ALY, WRCEY,NI(1),WREZ),WI(3),WR(S),NI(5),PHIG,
314, {ALPHAG, PHTRG, XNIMAG,TC(1),TC(3),TC(5) ;
. 3is, c ;
316, c PAUSE FNR TERMINAL SCREEN RFSET %
317, ¢ E
3ia, o PAIISE i
319, c 2
120, GN TO 1000 ﬁ
321, 102 STQP ‘
3ea, END g
19 B
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SUBROUTINE MINVIA,N,D,L,™) MIN
C'tttaoQtoototttttttntt'ttitQQQltttlhtttlt.t!ﬁﬁ.0bttltttttttntttﬂtQQQ.QQ:;:
c |
c MATRIX INVERSE, OF AN NXN MATAIXeA INTD THE SAME MATRIX=A :;:
c
c - N s OUTPUT NETYERVINANT OF ORIGINAL A MIN
¢ A ® A Ls M ARE TWO WORKING INTEGER VECTORS MIN
¢ DIMENSIONED IN MAIN, OF LENGTH N“;ﬁ
c )

c NOTE THAT THE ORIGINAL A«MATRIX TS DESTROYED MIN
c ALSO MOTF THAT A CHECK ON D SHOULD BF MADF IN CASF MAYRIXeA FVER MIN
c BFCOMES SINGULAD MIN
C UIN
COIi.t..ttti.tti'ttCQQ'QOQQQ.lttttal.i.Q6,0.."QQI!....QQQ'i.t...'.t..'..”!“

PIMENSION ACI),LCY)oM(1) MIN
c HSFARCH FNR LARGESY ELFMENT MIN

nsf L0 MIN

NKseN MIN

DO A0 k=i, MIN

NKEMK ON MIN

L(K)s¥ MIN

M(K)EK MIN

KKINK &K . MIN

RIGARA(KK) MIN

nn 20 J=x,H MIN

I12sNe(Jet) < MIN

nO 20 lsk,h MIN

1Je12e0 VIN

IFC ARS(RIGA)Ye ARS(AC(IJ))) 15,720,20 MIN

1S BIGARA(I)) MIN

L(x)=T MIN

MiKYx] MIN

2N CONYINUE MIN
c INTERCHANGF ROAS MIN

Jzik (k) MIN

1F(Jek) 35,15,25 MIN

2S5 KlskeN MIN

DN 3D t=y,M MIN

KIskIoN MIN

HOLDZ=A(KT) MIN

JIsKTuk e MIN

A(KIISA(T)Y MIN

10 A(JI) =HOLD MIN

c TMTERCHANGE CNALUMNS MIN
35 TzM(X) MIN
TF(Tek) 4S5,u5,38 MIN

A JPshw(l=1) MIN

no 4n Jsg,m MIN

JHKSNK ¢ MIN

Jy=JPed MIN

HOLDZeA (J%) MIN

A(JKI=A(JT]) MIN
20

0001
0002
0003
0004
0008
0006
0007
0008
0009
0010
0011

no12
0013
o014
no1S
0016
0017
0018
0019
0020
0021

nn22
0023
0024
0028
0026
0027
0028
0029
0030
0031

0032
0033
0034
0035
0036
0037
0038
0039
nodo
n0u1

0042
0043
004y
nnas
n0U6
0047
noUR
nou9
0050
0nest

0052
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T S Y

A TR

s3.

SS.
56,
57,

59.
60,
61,
62.
63,
64,
6%,
b6,
67,
68,
69,
70,
AR
2.
73.
T4,
75.
16,
77.
78,
79.
an,
a1,
&2,
a3,
By,
8s,
R§,
A7,
AR,
89,
90,
.,
92.
93,
4,
9s.,
.
97.

99,
100,
101,
102,

108,
104,

108,
106,
107,
108,
109,
110,
111,
112,
113,

40
us
ué
48
50
5s

60
62
[ X]

70
5

an

100
108

108

130
150

ACJT) sHOLD

DIVINF CALUMN BY MINUS PIVOT (VALUE NF PIVNT ELEMENY 18

CONTAIRED N RIGA)
IFCARS(RIGA)=t E=20)Ub, lb, 4B
pm0,0
RETURN
NO 55 Is=t,N
IF(I=K) 50,55,50
IKBNKe ]
ACIN)ISA(IK)Y/(=RIGA)
CONTINUE

REDIICE MATRIX
0D 6% I=y,N
IXBNKe Y
HOLGsA(TK)

JJntel

PO 65 J=i,N

1JEYJeN

1F (oK) 60,065,460
1F(J=K) 62,865,062
KJslJel ek
A{YTS)sHALDeA(K,I) ¢A (L)
CONTINIF

DIVIDF RNy RY PIVOTY
Kl"K-N
no 75 121,

KJSKJoM
1FCI=K) 710,715,710
A(KIY2A(K,(1Y/RIGA
CONTINUE

PRNINICY OF PIVYNTS
D2DeRICA

HEPLACE P1VPRY BY RECIPRNCAL
A(KK)st ,0/R1GA
CONTINUE

FINAL RUW AMD CQLUNN INTERCWANGE
=N
Ke(Key)

TF(X) 150,1%0,1085
12l (X)

1F(lex) §120,120,108
JOsNa(Ke=1)
IREN*(]1=1)

DO 119 .021,N
JEzJe.]

HOLD=A IR
JIzJRe)
A(JKYI==A(JT])
A'(J1) =HOLD
JEM(K)

IF(Jek) 100,100,129
KisKeN

PO 130 Isf,N
KisKTeM
HOLD=A(KD)
JinsKTexe]
A(KIIB=A(JT)
A(JT) aNnLD

GO YO 140

RE TURN

EMD

MIN
MIN
MIN
MIN
MIN
MIN
MIN
MIN
MIN
MIN
MIN
MIN
MIN
VIN
MIN
MIN
MIN
MIN
MIN
MIN
MIN
MIN
MIN
MIN
MIN
MTN
MIN
MIN
MIN
MIN
MIN
MIN
MIN
VIN
MIN
MIN
MIN
MIN
MIN
MIN
MIN
MIN
MIN
Y
MIN
MM
MIN
MIN
MIN
MIN
MIN
MIN
MIN
MIN
U]N
MIN
MIN
MIN
MIN
uIN
MIN

21

0059
0054
0055
0056
0057
0058
0059
0069
nobY
0062
0063
0064
0065
0066
0ne?
006A
0069
0070
0071
0072
0073
0074
0075
0076
0077
0078
0079
noAn
noal
0082
00R3
0084
008S
0086
0087 |
noRs
noA9 ;
0090
no9y
0092
0093
0094
0095
D096
0097
0098
0099
0100
ng04
aio2
n103
nyod4
0105
0106
0107
0108
0109
0110
0111
0y12°
0113
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R R

Y

e SUBRDUITINE MATVEC(A,8,C)
§. . REAL Af3,1),8(3),C(3)
“, THTS ROUTINE SETS CmA TIMES B
5. ¢ € & A  MUST NOT AE INENTICAL VARIAWLES
[ ]
7. POt Ist,
8. t COIIBACT, 1)R(S)A(T,2)eB(2)0ACT,3)0B(S)
9, RETURN
10, END
' SURRDUTINE YATS(A,H,()
2 REAL A(S,8),H(3,37,C(8,1)
4. THIS ROUTINF SFY Cad TINES B
Se g r MUIST NOTY RF INFNTICAL wITH EITHER FACTOR
b,
Te pn oy o I=1,3
s, DO | JE1,3
9, | COY,INRALT,1)aB(8,1)¢A(0,2)eR(2,1)
10, X NYERINTING
“o REYLIAY
12 FAD
1. SUBROUTINE MATMAT(A,B,C,L,M,N)
T SiMITBIMGNY CHLGNY e e e s
SCWLCUC U CTHISROUTINE SETS CHA  TIMEY B ¢ o e
5. _¢ € MUST NOT BE IGENTICAL WITH EITHER FACTOR
L T S 07 BE 11 3 FACTOR
1. N 1 Im1,L
—p PO T oJRE NS = wmoem s swmmmns i & e e e
9. SAVE®0,0
10, DO 2 KBl -
11, 2 SAVERSAVESA(T,K) 4B (K,J)
12,71  TCT,J)RSAVE
13, RE TURN
*’1‘:' END “w - -
29
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1hn

200
00

EW«" e R

t:g:"nUY]?E AYPANCALAC)ALRC, ALALALA BLA,BLA,AKAD, AKBO, AKA)AKA,
’HKH. [j

DIMENSION ALANCA, L) ALROCA,b) ,ALACH,6,8) s ALB(AAHs0) ) ALACE,8,8),
IRLACL,6,6) ,AKAD(S,2),ANAN(S,2),AXA(3,2,6),AKR(3,2,6),
2RKA(Y,2,6),0KR(Y,2,6),11(3,6)

DO 300 I=4,3

no 300 LJyet,2

JadepL )/2

AKAD(L,LJ )20,

‘KEQUOLJ)ID.

nO 100 LEiye .
AKAGCT L J)SARADCT L) oUCT,L)ALAU(L,])
AKAN(T,LJ)SAKBOCT, L) LT, L) 2ALBO(L,J)

PO 200 Ksi,b

AKACT L, K ) mn,

AKA(T,LJ,¥)e0,

AKR(L,1J,K)e0,

RKB (T, Jo¥)z0,

no 200 (®)4b

AMACT, L) mARACT LI kYSU{T,LY0ALACL,J0K)

BRACT, LI, k)uBRKACT L K olifT,L)eBLACL,J,K)

ARB (T, 0 J,M)mARB(T, LS KISUCT,LYRALA(L,J,K)

AKACT LI X IRAKK (T L) K)#UC(T,L)*RLBCL,J,K) :
CONTINUF ;
RETURY ;
END
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200

30A
40n

500

SUARDUTINF TAERO(AKAD )AKRO  AKA, AKB ,AKAAKR,ALPHA,PHI,CLA,
FPAMA,PAMB, AV)

AV s AERODYNAMIC YNROUF
PAMA & PARTIAL OF AM WITH F_ SPECY TN ALPHA
PAMP m PARTIAL OF AM WITH PESSECY 10 PHI

DIMENSION AM(Y),PAMACS) ,PAMP(3) FXX(3,2),GXN(3,2),FXYP(3,2),
IGXAP(3,P), AKAN(Y,2) s AKROCS,2) pAKA(S,2,0),AKB(3,2,0),8KA(3,2,6),
2BKR(Y,2,6)

0D 4o Ymy,3

AM(Y)s0,

PAMA(1)m0,

PAMP(T)m0,

nn 3np J=t,2

FXN(T,J)mAKANCY,0)/2,

GAX(1, 1)=AKAO(], )77,

FXXP(V,J)20,

GYXP(1,J)80,

LJs3ajg/2

XERFLOAT(LY)

CALBCNSCXF oAl PHA)

SALEST(XFeALPMA)

DN 200 K=i,4

YFEFLOAT(K)

CPHSCOS(YFepK])

SPHESIN(YFapPHT)

FXXPCY, JIBFYXPLY,0)YFalAKA(L,J,¥)eSPHeRKA(],\),K)0CPH)

GXXP(L1,J)30XXP (], ))eYFe(AKR(T, ), K)}a8PHaRKR(T, ), KYaCPH)

FXXCY,I)BFXN (T, )e0KA(Y,J,K)0CPHORKA(Y, J,K)08PH

AXXCT, LIBCXN (], J)¢AKR(T,J,K)0CPHeRKR (T, JoK)nSPH

PAMACTIISPAMA(T)=XFa(FYY(1,J)n8AL=GXX(],J)aCAL)

PAMD T YRPAMPT T ) oFXXP{T, JIeCALSGXNP(T,J)e8AL

AMCTISAMOTYOFXX (T, J)eCALSGXXTT, ) e8AL

CONTINLIF

N0 S00 I=3,%

PAMP(T1)RCLAWPAMP(TY)

PAMA(T)ECLARPAMA(TY

AM(IY2CLARAM(T)

RETHRY

END




1, SUBRNDTINE FISCA, WR, WI, 2, FV1, IVl, N, NM, TERR)
2, ¢ E1SPACK PROCFDUGK FOR ALL FIGENVALUES AND EIGENVECTYORS OF A RFAL
s, ¢ GENERAL MATR'X
4, c A HEAL TNPUT MATRIX
S, c wR REAL PART OF EI1GENVALUES STORED IN A REAL VFCTOR
6. ¢ wi IMAGINARY PARY OF EIGENVALUES STORED IN A REAL VECTOR
7. c 2 MATRIY OF CHAMPLEX EJGENVFCYNRS STORED IN EISPACK
A c PACKED FORM IN A REAL MATRIX

{ 9. ¢ FV1 WORKING VECTOR (REAL)
10, c vy WORKING VECTOR (INTEGER)
1, c N NUMBER OF ROWS AND COLS IN A
12, ¢ NM DIMENSIONED COL LEMGTH OF A AND 2

' 13, ¢ 1ERP E1SPACK ERROKR PLAG ,NE, 0 AN ERRNR HAS MEFN DFTECTED

14, DIMERETON A(NM, M), Z(NM, M), WR(1), WIC1), FVEI(1), IVI(Y)

) 1S, CALL BAILANCINM, N, A, 181, 182, FVI1)

o 16, CALL FLMHFS(HM, N, T1S1, 182, A, IV1)
17, CALL ELTRAN(NM, N, 181, 182, A, Vi, 2)

' 14, CALL HOR2(NM, N, I1S1, 187, A, WR, WI, 2, 1ERR)

: 19, IF(IERR ,NE, 0) GN TO 9999

| 20, CALL BALRAK(NM, N, 181, 182, FVi, N, 2)

‘ 21, RETURN

‘ 22, 9999 PRINT 12, [ERR
23, 17 FORMAT(1HA, USHeaaesERPROR IN ETSPACK EIGEMVALUE RNUTINE HGR2 ,

| 24, * 2X, GHIERR %, 16 )

' a%. PETURN
26, < END

ORIGINAL PAGE IS
OF POOR QUALITY
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SUBROUTINE RALANC(NM,N,A,LOW,TGH,SCALE)

INTEGER 1,J,K,L,M,N,JJ,NM,106MH,LO0N,1EXC
REAL A(NM,N),SCALE/N)

REAL C,F,G,R,8,B2,RADLX

REAL AMS

LOGICAL HOCOMY

THIS SURROUTINE 18 A YRAMSLATION OF THE ALGOL PROCEDURE BALANCE,
NUM, MATH, 13, 293=304(1969) BY PARLFTT AND RETNSCH,
HANDROOK FAR AUTN, COMP,, VL, T1=LINFAR ALGEBRA, 315=326(1971),

THIS SURRNUTINE BALANCES A REAL MATRIX AND 1SOLATES
EIGENVALUFS WHENEVER POSSIBLE,

NN INPIITe

NM MUST AE SEY TN THE PAW DIMENMSTNN OF TwOeDIMEMNSIONAL
ARRAY PAPAUFTERS AS DECLARED IN THE CALLING PROGRAM
DIMENSION STATEMENT,

N 1S THF ORNDFR NF THE MATRIX,
A CNNTATIMS THE INPUT MATRIY TO RE BALANCED,
ON OHTPUTe

-

A CPHTATINS THF BALANCED MATRIX,

LON AND IGH APE YWl INTEGFRS SUCH THATY A(T,J)
18 EQUAL T0O 2ERO IF
(1) 1 1S GREATER THAN J AMD
(2’ J”p.ii'th" 0R leg“.‘,,,,th

SCALE CONTAINS IMFORMATION DETEPMINING THE
PERMITATIONS AND SCALING FACTORS HISEND,

SUPPOSE THAY THE PRYMCIPAL SUBMATRIX 1N RMWS LOW THRQUGH IGH
HAS REFM RALANCER, THAY P(J) DENNTES THE INDEX INTEPCHANGED
HITH 1 DURING THE PERPMUTATION STEP, AND THAT THE ELEMENTS

NF THE PYAGNHNAL MATRIX USED ARE DENMOTED BY D(1,J), THEN

SCALE(J) = P(NY, FrAR J 8 1y,40¢L0W=]
-3 r\(J'J)' J e LOh'QOI'IGH
= P(J) J ® IGHet,,.,0N,

THE ORIER IN wHICH THE THMIFRCHANGES ARE MADE IS N TO IGH+1,
THEN { TN LQWet,

VCOUTE TRAY 1 1S RETURNED FOR TGH TF IGW 18 ZERN FORMALLY,
THF ALGOL PRNCEDURE FYC CONTAINED IN BALANCE APPEARS IN

BALANE TN LINF, (NOTF THAY THE ALGOL RNLES OF IDFNTIFIERS
K,L HAVE BEEN REVERSED,)

69218004
69215009%
69215006
69215007
69215008
69215009
69215010
6921501}
69215012
69215013
6921%014
69215018
69215016
69215017
69215018
69215019
69215020
69215021
6921802¢
69215023
4$921%5024
69215028
69215024
69215027
69215028
69215029
692150390
69215031
69215032
69215033
69215034
69215035
692150%6
69215037
692150%8
6921503%9
69215040
69215041
69215042
69215043
69215044
69215048
69215046
69215047
69215048
69215046
69215080
69215051
6921%0%52
69215053
69215054
6921505S%
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3o

4n
sa

a0

100

110

120

RS SN WO

QUESTINNS AND CNMMENTS SHOULD RE DIRECYED Y0 A, 3, GARBOW,
APPLIED MATHEMATICS DIVISION, ARGONNE NATIONAL LAMORATORY

antasenene PANIX IS A MACHINE DEPENDENT PARAMETER SPECTFYING
THE BASE OF THE MACHINE FLOATING POINT REPRFSENTAYINN,

sPRAARGEARSES
RAOIX = 2,

R2 & RADIX » RADIX

K s i

L &N

60 TO 100

svansennss JNeLINE PROCEDURF FOR ROW AND
COLUMM EXCRANGE annnadnossne

SCALE(M) =

1 (J ER, M) GO TO SO

vo 30 1 = g, L
F a A(T,J)
A1,Jd) = A(1,M)
ACI,M) = F
COMTINUE

ni) 40 1 =m K, N
Fe 2o
A(J, 1) = A(M, 1)
A(M,1) = F

CONTTNIUE

60 0 (RO,130), TEXC
sasrennned SEARCH FOR ROWS JSOLATING AN EIGENVALUE
AND PUSH THEM DOWN aesdaanens
IF (L LEN, 1) GO YO gaon
L 8| «1
sdentanasre FOR JEL STEP =1 UNTIL 1 DO oo snaneanane
Do 120 JJ = 1, L
JeslL ¢« JJ

DO Y10 I = 1, L

IF (1 LED, J) 6N TO 110

TF (ACS, 1) JNE, n,0) GO TO 120
CONTINUE

Mz L

1EXC =

GO TO 20
CONTINUF

GO Y0 140

ahsanacnns SEARCH FOR COLUMNS TSOLATING AN EIGENVALUE

69215056
69215057
69215058
69215059
69215062
69215063
69218064
69215065
69215066
69215067
49215068
69215069
69215070
69215071
69215072
69215073
69215074
69215075
6921507%
69215077
69215078
69215079
69215080
6921504
49215082
69215083
69215044
69215085
69215086
69215047
69215008
69215089
69215090
69215091
69215092
69215093
69215094
69215095
69215096
69215007
69215094
69215099
69215100
69215101
69215102
69215103
69215104
69215108
69215106
69215107
69215108
69215109
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136,
137,

139,
140,
1uy,
142,
143,
144,
14s,
146,
a7,
V4R,
149,
150,
151,
152,
153,
154,
155.
156,
157,
158,
159,
160,
161,
162,
lb‘.
164,
165,
16k,
1h7.

[e]

ie

Ee

130
140

150

170

180
190

2nn

210

220
P30

240

50

2h0

270

2H0

G S o & 3

AND PUSH THFM LEFT anannenann
K 8K ¢

Na 170 J & K, L

DO 150 1 = X, L

F (1 ,EU, J) GO TO 1S0

1F (ACI,J) JME, G,0) GO TO §70
CONTINUE

Ma K
JEXC = 2
60 Y0 20
CONTINUE
aneneneess NOW RALANCE THE SUBMATRIX IN ROWS K TO L areeneanss
PO 1A0 1 = K, L
SCALE(Y) = 1,0
atnanatenns JYEARATIVE L NQP FNR NORM REDUCTION wasananane
NOCONV = _FALSE,

nn 270 1 =
C s 0,0
R s 0,0

ky L

DO 0o = K, |
TF (J-,FG, 1) GO YO 200
C = C ¢+ ABS(AQS,T))
P = P ¢ ABS(A(TI,.N))
CONTINUF

G = R / RANIX
Fei,0
$8Ce¢R
1F (C ,GE, G) GO TO 220
F = F « RADIX
C=C » Re
GO 70 210
G 8 R & RADIX
IF (C LY. G) GO 10 240
F = F / RADIX
C =C/ R
GO TN 2%p
nadanandte NOW HAL ANCE enanencene
IF ((C ¢ RY / F GE, 0,95 « 8) GO TO 270
6G 51,0/ F
SCALE(I) = SCALF(!) s F
NOCONV = ,TRUE,

DO 250 J = K, N
ACT,J) = A(I,J) = G

DN 260 J =1, L
ACJ, 1) = ACJ, 1) n F
CONTINUE
IF (NOCONV) GN 10 t19¢
LOW = K
1GH = {,
RETURN

atdddenannr LASY CARD OF RALANC anvepanpen
Fud

P U S - v

6921%110
69215111
69218112
69219113
69218114
69215115
69218116
69215117
69215118
69218119
69218120
69218121
69215122
69215123
69215124
69215;2%
69215126
69215127
69215128
69215129
69215130
6921513}
692185132
69215133
69215134
69215138
69215134
69215137
69215138
69215139
69215140
69218141
69215142
69215143
59215144
69215145
69215146
69215147
69215148
69215149
69215150
69215151
69215152
69215153
69215154
6921515%
69215156
69215157
692151564
69215159
69215160
69215161

69215142
69215163
69215164
69215165
69215166
69215167
69215168
69215169
69215170
69215171
69215172

L

R
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H

T

OO0 OO0OO0NATINNNOODOO0NTIOONNOODODOTINO0 (2]

SUBRNUTIME ELMHESINM,N,LOW, IGH, 4, INT)

INTEGER V,J,M)N,LA,NM,IGH,KP],LOW,MM] ,MP{
REAL A(NM,N)

REAL X,V

REAL ADS

INTEGER INTLIGM)

THTS SUBROUTTINE 1S A TRANSLATION OF THE ALGOL PROCFODIIRE ELMMES,
MUM, MATH, 12, 349=368(196A) AY MARTIN AND WILKINSON,
HANDBONK FOR AUTOD, COMP,, VOL,11=LINEAR ALGEBRA, 339-358(1971),

GIVEN A PEAL GENFRAL MATRIY, THTS SIHBROUTINE
REDUCES A SURMATRIX SITUATED IN ROWS AND COLUMNS
LON THROUGH IGH TQ UPPER HESSENRFRG FORM AY
STABILIZED FLEMENTARY STIMILARITY TRANSFORMAYIONS,

OM INPUTe
NM MUSY RE SEYT TO THE Pnw DIMENSINAN NF TWO=NIMENSTONAL
ARRAY PARAMFTERS AS DECLARED IN THE CALLING PPOGRAM
RIMENSTON STATEMENT,
N 1S THE NRDPFR OF THF MATRIX,

LOW ANP TGH APF INTEGFFS DETERMINFD RY THE BALANCTING
SUNROLITINE  PALANG, I1f  PRALANC HES NNTY AFFN LSED,
SET L Qw=x], TGH=N,

A CONTATMS THE TNMPIIY MATRIX,
Nt QUITPIIT=

A CONTAINS THF HESSFMHFRG MATRIX, THE MULTIPLIFRS
WHICH WERF [JSFD TN THE REDLICTION ARF STORED IN THF
REMAINING TRHIAMGLE UIMGFR THE HESSENBERG MATRIX,

INT COMNTATIMS JNFARMATINN O THE RA®S AND COLUMMS
INTFRCHANGED TN THE REDUCTINN,
AMLY ELFMENTS LOW THRNLGH IGH ARF USED,

AUESTINMS AND CNMMENTS SHOULD RE DIRECYFD TN H, 8, GARBNW,
APPLIED MATHFMATTICS DIVISINY, ARGONNF NATIONAL LARNRATNRY

*

73215004
73218005
73215006
73215007
73215008
73215009
73215010
73215011
73215012
73215013
73215014
73215015
73215016
73215017
73215018
73215019
73215020
73215021
73215022
73215023
73215024
73215025
73215026
73215027
73215028
73215029
73215030
73215031
73215032
73215033
73215034 |
73215035
73215036 |
73215037
73215038
73215039
73215040
73215041

73215042

73215043

73215048
73215045
73215046
73215047

--...--..---.-----.--..-U--.--.--.-..-.-...-------.------.;--.----732‘ Souﬂ

LA = IGH = |
KP1 = LOW ¢ 1
FF (LA LT, KP1) GN TQ 200

DO 1RO M = kP, LA
wwiy ¥ e |

ORIGINAL PAGE I§
OF POOR QUALITY

73215049
73215050
73215051
73215052
73215053
73215054
73215055

29



s3s. X 8 0,0 73215056
5S4, 1 s M 73215087
5S. c 73215088
56, 00 160 J = M, IGH 73215059
S7. IF (ARSCA(J,MMY)) LF, ARS(XY)) GO TO 100 73218060
Sa, X 8 A(J,MMY) 73215061
59, 1 =) 73215062
60, 100 CONTINUE 73215063
61, C 73215064
62, INT(M) = ] 73215068
o3, IF (1 ,En, M) O TN 130 73215066
b, c wentadanne INTERCHANGE ROWS AND COLUMNS OF A tannandene 73215067
85, DO 110 J = MME, N 732150068
bb, Yy = A(1,J) 73215069
67, A(T,J) = A(M,)) 73215070
4R, A(M,)) = Y 73215071
69. 110 CONTINIE 73215072
70, c 73215073
71, nn 120 J = ), IGH 73215074
17 Y = A(S,T) 7321507S
3. ACJ,1) = A(J M) 73215076
74, ACd,M) = Y 73215177
78, 1260 CNANTINUE 7321507A
76, C hedanneone FHD INTFROCNANGF enenanenae 73215079
T%. 130 IF (X ,F0, N,0) GO Tn 1AC 73215080
78, MPY B M oe 73215081
19, ¢ 732150862
no, N 160 YT B "PL, IGH 7321508%
RY, Y = A(T,MMY) 73215084
R2, 1F (Y LEN, 0,0) GN YO 140 73215085
R3, Y3 Y /N 73215084
a4, AlI,Mrvy) 2 Y 73215087
85, C 73215084
A6, pO 4N g e M, N 73215089
A7, 140 AC1,J) 3 A(1,J) =« ¥ & A(M, ) 73215090
RA, c 73215091
Ra, N0 150 J = 1, IGH 73215092
an, 150 ACGTI, MY B ACI,MY ¢ Y & ACS, DD 7321509)
9. N 73215094
9. 169 CONTINUVE 73215095
3, c 73215096
q4, 140 CONTINIF 73215097
95, c 73215098
94, 2N0 RETIIRN 73215099
Q7. C tannanaeane | AST CARD 0OF FILMHFS andansenas 713215100

9R, END 732151018
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SURROUTINE ELTRANINM,N,LOV,IGH,A,INT,2) 20215004

c 20215008
INTEGER 1,J,N,KL,MM,MP,NM, IGH,LON,MPY 20215004

REAL A(NM, JGH) ;Z(NM,N) 20215007
INTEGER TNY(IGH) 20215008

c 20215009
c THIS SUBROUTINE 1S A TRANSLATINN NF THE ALGOL PROCEDURE ELMTRANS, 20215010
c NUM, MATH, 16, 181=204(1970) BY PETERS AND WILKINSON, 2021501
g HANDAONK FOR AUTO, COMP,, VOL,II=LINEAR ALGERARA, 372«305(1971), gg;:zg:g
¢ THIS SURRNIUTINE ACCUMULATES THE STABRTLI?FD ELEMENTARY 20215014
C SIMILARITY TRANSFORMATIONS USED IN THE REDUCTION OF A 20215015
c REAL GFNERAL MATRIX YO UPPER MESSENHERG FORM RY ELMWFS, 20215016
c 20215017
¢ ON INPUYT= 20215014
c 20215019
C NM MUSTY BE SFY TN THE ROW DIVENSION OF ThO=DIMENSTONAL 20215020
c ARRAY PARAMFTENS AS DFCLARFN IN THE CALLING PRUGRAM 20215021
c DIMENSTON STATEMENT, 20215022
C 20215023
c N 1S THE QRDEP OF THE MATRLX, 20215024
C 20215025
¥ LOw AND IGH ARE THMTEGFRS DETFRMINED RY THE RALANCING 20215026
¢ SURARQUTINE RALAMC, 1F  RALANC HAS NNT REEM USED, 20215027
c SET Lnws), JIGH=N, 20215028
C ) 20215029
c A CONYAIAS THE MULTIPLIERS WHICH WFRE HISFD IM THE 20215030
o REDUCTINN RY ELMNFS IN ITS LOWEP TRJANGLF 20215031
c AELNW THE SLIBDIAGONAL , 20215032
C 20215033
C INT COMNTAINS TAFORMATION ON THE RNWS AND COLIIMNS 20215034
c IANTFRCHMAMGED TN THE REPUCTION RY ELMHES, 202150138
c ONLY FLEMEMTS LO¥ THROUGH IGM ARF USED, 20215036
¢ 20215037
c AN DYTPUTe 20215038
C 20215039
C I CONTAINS THE TRANSFORMATION MATRIX PRODUCED IN THE 20215040
t REDUCTINN BY ELMHFS, 20215041
C 20215042
G AESTINNS AND COMMENTS SHOULD RF DIRECTED TN R, S, GARROW, 20215043
¢ APPLIED MATHEMAYICS DIVISIOY, ARGONNE MATINNAL LABNRATARY 20215044
o . . 20215048
c ..--.--..--.-.--.------.-....-----.-------.---.'.-‘.-...--..’,-...-202‘Soub
C 20215047
(o drnennanea INITIALIZE 7 YO JOENTITY MATRIX atdnananns 20215048
DO BO ! =9y, N 20215049

C 20215050
no et 1 &y, N 2021505

60 . Z(l,Jd) = 0,0 2n21snse

¢ 24215083
\ (1,71 = 1,0 20215054
52, A0 CONTINOE . 20215058
31
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S RTINS TG -

53,
54,
%S,
Se,
57,
LB
59,
60.
hl,
62,
63,
64,
69,
be,

bR,
09,
70,
11,
12,
7%,
T4,
79,

17.

32

110

13¢

14y

200

KL 8 IiH o |LOW = ¢
IF (KL LY. 1) GO TO 200
donnnanene FNR MPRIGH=] STEP ey IIMTIL LAWSL DO oo anvanansas
no 140 ' s 4, kL
MP 2 JGN e MM
MPL 2 VP 4

DN 100 T 3 MPY, IGH
L(I,MP) = A(1,MPey)

1 3 INT(MP)
1F (1 .E0, MPY GO TN t4n

bn 130 J =& MpP, 1GH
2(MP, 0y = 2(1,0)
7(1,J) » 0,0

CONYINIUF
Z(1,MP) = {0
CONYINDE
RETiIRN
sapenncnsn | ASYT CARD NF ELTRPAM apmeenntnn

END

»

20215056
20215087
20215058
202150%9
20215060
20215061
20215062
202151063
20215064
2021506%
20215066
20215067
20215068
20215069
20215070
20215071
2n21%5072
20215073
20215074
20215075
20235076
20215077
20215078
20215079
20215080
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SUBROHTINE HAR2(NM,N,LOW,IGH,H,WR,WT,Z,TERR)

INTEGER 1,J,M,L,MyN,EN,TT,JJ,LL,MM,NA,NM,NN,
IGH, 1TS,LOW,MP2,ENM2, TERR

REAL H(NM, M) WRIN) o WI(N),Z(NM,N)

REAL P,N,R,S8,T,W,X,Y,RA,84,V]I,VR,2Z,NORM,MACHEP

REAL SNRY,ARS,SIGM

INTEGER MING

LOGICAL NOTLAS

COMPLEX Z3

COMPLEX CMPLX

REAL T3 (2)

EGUIVALENCF (23,73(1))

THIS SUBRONTINF IS A TRANSLATION OF THF ALGOL PROCED!URE HOR2,
NUM, MATH, 16, 181=204(1970) RY PETERS AND WILKINSON,

HAHDANNK FRR ALUTO, COMP,, VOL,IT«LINEAR ALGEBRA, 372=395(1971),

THTS SURRNIITTINE FINDS THF ETGENVALUFS AND ETGEMVECTNRS

NF A REAL LUPPEP HESSENBERG MATRIX RY THE OP METHND, THE
EIGFNVFCTNRS NF A REAL GEMERAL MATRIX CAN ALSOC ME FOUND

1F  ELVHES AMD ELTRAN NP ORTHES ANN  ORTRANM HAVE
REFN USED 70O RFNPUCE THIS GFYERAL MATRIX TN HFSSENHEFG FNRM
AND TN ACCHMULATE THE STMILARITY TRANSFNRMATINNS,

ON INPUTe

MM MUST RF SFT TO THE ROW DIMEASTON OF TwNeDIMENSIONAL
ARRAY PARAMFTYERS AS DFCLARED IN THE CALLING PRUGRAM
DIMENSTON STATEMEMT,

" 1S THE ORDER OF THE VATRIX,

LOW AND IGH ARF INIFGFRS NFYERMINED RY THE RALANCING
SUBROUTINE  RALANCE, IF  RALANC HAS NOT AFEMN USED,
SET LNWeY, TGHsN,

N CNNTAINS THF UPPER HESSENRERG MATRIX,

? CONTAINS YHE TRAMSFORMATION MATRIX PRODUCEN AY ELTRAN
AFTFRP THE RENUCTION RY ELMHES, OR BY DRYRAN AFTER THE
RFNUCTINN BY NRTHMES, 1F PERFORMED, IF THE EIGFMVECTORS
OF THE HESSFNHBERG MATRTIX ARE DPESIRED, Z MUST CONTAIN THE
INENTITY MATRIX,

0N OUHIPUT=
H HAS RFEN DESTROYEDR,
WR AKD W] CONTAIN THE REAL AND IMAGINAPY PARTS,

RESPECYJVFLY, NF THF ETGENVALUFS, THE FIGENVALUES
ARF UNDRNERFD EXCERFT THAT CNMPLEX CONJIIGATE PAIRS

87215004
87215008
A7215006
87215097
87215008
87215009
87215010
87215011
87215012
87215013
87215014
87215015
87215016
87215017
87215018
87215019
A7215020
8721502}
87215022
87215023
87215024
87215025
87215026
A7215027
87215028
87215029
A7215030
87215031
7215032
87215033
87215034
87215035
87215036
87215037
A7215038
87215039
A7215040
87215041
87215042
A7215043
A7215044
7215045
A7215046
R7215047
A721504B
87215049
87215050
A7215051
87215052
87215053
A7215054
A7215055
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$3,
sS4,
$S.

s7.
L0
59,
60,

62,
63,
od,
65,
6o,
67,
64,
69,
70,
71,
12,
13,
14,
7%,
76,
17,
78,
7q.
RO,
Ay,
82,
a3,
84,
AS,
86,
51.
AR,
a9,
Q0.
91,
Q2.
93,
Qu,
95,
96,
7,
Q9R,
Qa,
100,
10y,
102,
103,
104,

34

o ao OO0 NONIOCIOIDNIOOOD0O00

S0

60

10

i

OF VAL UES APPEAR CONSECUTIVELY WITH THE EIGENVALUE
HAVING THF POSIYIVE IMAGINARY PARY FIRSY, 1IF AN

e e e+ wr— — R

ERPROR FX1T7 I8 MADE, THE ETGENVALIES SHOULD BE CORRECY

FOR INNICES TERRet, .49 Ny

T CONTATNS THF REAL AND IMAGINARY PARTS OF THE EIGENVECTORS,

1F THE t1eTH EIGENVALUE 13 REAL, THE JoTH COLUMN OF

CONTAINS IYS EIGENVECTOR, 1IF THE J1=TH EIGENVALUE 18 COMPLEX

4

WITH POSTTIVE IMAGINARY PARY, THZ I=TH AND (1¢i)etH

COLUMNS 0F T CUNTAIN THE REAL AND TMAGINARY PARYS OF 178

ETGENVECTNR, THE FIGFMVECTORS ARE LINNORMALIZED,

ERPRNAR EXTT IS MADE, NONE NF THE EIGENVECYORS HAS AFEN FOUND,

1ERR 18 SEY YO
1FRO FOR NORMAL RETURN,
J IF THE J=TH EJGENVALLE HWAS NOT BEEN
DETERMINMED AFTER 30 ITERATIONS,

IF AN

ARTTHMEYIC 1S REAL EXCEPY FOR THF REPLACFMENT OF THE ALGOL

PRNCENURF CNIV BY COMPLEX DIVISION,

AUFSTINNS AND COMMENTS SHOULD HE DIRECTED T0 B, 8, GARANW,
SPPLIED MATHREMATICS NDIVISINt, ARGNNNE NATIONAL LABORATORY

87219956
07215057
87215058
87215059
87215960
87215061
87215062
87215063
87215064
R7215065
87215066
87215067
87215068
87215069
87215070
87215071
87215072
87215073
87215074
A7215075
87215076
87215077
87215078
87215079

seesnanaes VACHEP 1S A MACHINF DEPENDENT PARAMETER SPECIFYING
THE RELATIVF PRFCISION NF FLOATTING POINY ARITHMETIC,

[(EEAEXEXEE L]

SIGMA § SIGMA & SIGMA S STGMAS SIGMA S SIGMA S SIGMA § SIGMA S

MACHEP = 2,000 (=52)

SIGMA S SIGMB & SIGMA 5 SIGMAS SIGMA S STGMA S SIGMA S SIGMA §

{ERR = (
sanennntne STORE HONTS ISNLATED BY RALANC necsntnsnn
npSH 1 = 4, N
IF (1 ,GE, LOW ,AND, T ,LF, IGH) GO YO S0
WR(1) = H(I,1)
NI(T) = Q0,0
CONTYINIE

EN = IGH

T = 0,0

wanedtanar SEFARCH FOR AEXT FEIGEMVALLIIES eeanpneanne

1F CEN LT, LOWY GO Tn 340

11S =2 0

NA 2 EN =

ENM2 3 NA e |

santenernd | ONK FOR SINGIE SMALL SUBeNJAGONAL ELEMENY
FOR LEEN STEP =1 UNTIL LOW DO == sanaeanane

no A0 LL = LOW, EN

e o

A7215081
AT2150A2
67215083
87215084
87215085

[ I B |

LI I I

47215007
A7215088
87215089
A7215690
87215094
a7215092
AT215003
87215094
8721509%
87215096
87215097
87215098
AT215099
87215100
47215101
87215102
A7215103
87215104
8721510%

e i

pR—




140,
141,
{42,
143,
1144,
y4s,
146,
147,
148,
jd9,
150,
151,
152,
153,
154,
v 159,
156,

22z ke

c

X

L s EN ¢ LOW = LL

IfF (L LEG, LOW) GO Y0 (N0 ‘

IF (ABS(H({L,L=1)) LE, MACHEP # (ARS(M{Lel,Le1))
¢ ABS(H{L,L)))) SO YO )n0O

80 CONTINUE

100

120

130

X

sodoansnnd FORM SHIFT aaentsesan

X 8 H{FNGEN)

1F (L FO, EN) GO YO 270

Y = H(tAsHA)

W s H(EM;NA) o H(NA,FN)

IF (L EQ., NA) GO Tn 280

IF (118 EOQ, 30) GO YO 1000

IF (1YS NF, 10 ,AND, ITS ,ME, 26) GO TO 130
sadesneena FORM EXCEPYINNAL SHIFT epavannane
T 37 ¢ X

NQ 120 1 = LO¥, EN
H{T 1) &8 H{Ty1) = X

2 ARS(H(EM,NA)) ¢ ARS(H(MA,FNMR))
s 0,75 « §
s X
2 =0, 4375 » S » S
TS 3 11§ ¢ ¢
ansaaanrs LONK FOR ThO CUMSECHTIVE SVaLL

. SUReNTAGONAL FLEMENTS,

FOR M3EN=2 STEP et UNTIL L DO e nanananaes

on 140 MM = {, ENM2

M3 FNM2 ¢ L » MM

17 = H(Mog)
X » 17
Y - 22
(R 4 & w WY / H(MII M) & H(M,Met)
H(Me1,Me() o 77 = ' = §
H{Me2,¥et)
ARS(P) ¢ AHS(Q) + 4RS(R)
P/ S
i/ 8
/8
IF (" ,ER. L) GO YO 350
1F (ARS(MH(M,Nef)) & (ARS(N) ¢ AHS(R)Y) LLE, VACHEP &« ARS(P)
v (ARS(H({Nat, Mel)) ¢ ARS(ZZ) ¢ ARS(H(Mef,Me1)))) GO TO 150

s
X
Y
w
f
.

2D2UVUDLDVDI2DTULDD
wNNNN NN

140 CONTINUE

150 MP2 = M ¢ 2
C

C

PN th0 1 3 MP2, EN
H(I,J=2) = 0,0

+ O IF (1 JFQ, HP2Y GO TN te60
H(1,]=3) % 0,0

1A0 CONTINUE

envanandns OOURLE QR STEP INVOLVING ROWS L TO EN AND

CH}[
Gy
”lf’ .« AL
2005~ P4
R Q Gp
Udy,, 18
Ty

87215106
87215107
8721510A
87215109
87215140
a7215111
87215112
A7215113
87215114
87215115
A7215116
87215317
87215118
87215119
87215120
87215121
87215122
87215123
87215124
87218128
A7715126
87215127
87215128
R7215129
87215130
87215131
87215132
87215133
87215134
87215135
87215146
A721513?
A721513A8
87215139
87215140
87215141
87215142
87215143
87215144
A7215145
AT215146
AT215147
BI215148
87215949
A7215150
R7215151
87215152
87215153
87215154
47215155
87215156
87215157
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157,
158,
, 159,
160,
161,
162,
16%,

165,
166,
] 161.
168,
169,
’7“'

172,

17y,

174,

175,
| 176,
' 117,
| 174,
| 179,

180,

181,

A2,
’ 1A%,
184,
185,
186,
187,
1AR,
189,
' 190,
191,
192,
1oy,
194,
195,
1986,
197,
198,
199,
200,
201,
202,
» 203,
‘ 204,

208,

206,

207,

208,

o TR LA

36

170

LT
190

2nn

e1n
c

220
230

240

COLUMNS M YO EN soannevens

DO 260 X 8 M, NA

NOTLAS B8 K NE, NA

IF (K ,Fn, M) GO Y0 (Y0

P 8 H{K,xe})

N8 H(Kel,)Kel)

R = 0,0

IF (NNTLAS) R s H(Ke2,Ketl)

X 8 ARS(P) ¢ ARS(G) ¢+ ABS(R)

1F (X EQ, 0,0) GO 10 260

PP/ X
BN/ X
RaR/ X
S 2 SIGN(SORY(PePIRANORER),P)

JIF (K ,E0, M) GO TO 140

H(K)K=1) 8 o5 » X

6N 11 190

IF (L oNE, M) H(K,Kel) B oH(K,Kw{)

sessepente PONW MADIFICATINN asncvaenes

DO P10 J = K, M
P e HIK,J) ¢ N & MHIKe),))
T1F (.MOT, NOTLASY GN 10 200
PP ¢F & HiKep, )
H(re2,J) & H(Ke2,J) » P o« 22
H{Ke1,.1) 8 H(Kef,J) o P n ¥
HK,3) 2 Hik;.!) = P o X

CONTINIE

J s MINN(EN,X¢})
abassperns COLIMYH MODIFICATINN eovensnane
DO 230 1 = 1, J
P o X o HIT,K) ¢ Y & H(TI,K¢1)
JF (NPT, MRTLAS) GC TN 220
P 2P ¢ 722 ¢ H(l,Ke2)
H{T,Xe2) = H(T,K¢2) » P a P
H(L,Ke1) & H(T,ke)) o P 2 @
H{T,)KY 3 H{],x) =» P
COMYINYF

seannnedns ACCHMIILATE TRAANSFORMATINAS sennannans

DN P50 1 = LUw, IGH
P X o 2(1,K) ¢ ¥ o 2(1,K¢1)
IF (,MNT, NNTLAS)Y GO TH 24n
P2 P ¢ 27 % 201,Ke2)
2, ke2) 2 7(1,K02) = P 4
UL ,netl) &8 2(1,Ketl) » P @
2(1,K) © 2(1,K) = P

R
Q

87215158
87215199
87215160
87215161
87215162
87215163
87215164
87215168
87215166
87215167
87215168
87215169
87215170
87215171
A7215172
8715173
87215174
87215175
87215176
87215177
87215178
A7215179
87215180
87215181

87215182
AT215183
B7215184
87215188
87215186
A7215187
A72151A8
A7215189
87215190
AT215191

A7215192
87215193
A7215194

87215198
A721519¢
A7215197
87215198
AT215199
pr2152n0
AT215201

A7215202
87215203
87215204
A7215205
87215206
A7215207
87215208
87215209

o




et

209,
210,
211,
212,
213,
214,
218,
216,
217,
218,
z‘Q.
220,
221,
222,

224,
225,
226.
221,
228,
209,
230,
231,
232,
233,
234,
235,
23%6.
237,
21,
21,
240,
241,
ouz2.
24s,
244,
2us,
246,
ed7,
248,
250,
251,
252.
253,
251,
25s.
256,
257,
2SA,
259,
2h0,

250

LD

270

40

290

N

30

21

CONYINUE
CONTINUIE
GO Y0 70
shosnnnnne ONE ROOY FOUND sescnnpany
H(EN,EN) B X ¢ Y

WR(EN) = H(EN,EN)
WI(EN) & 0,0
EN = NA
GO 1D a0
dhondacndn THD ROOTS FOUND ecancennnns
P (Y =X)/ 2,0
Q8P e P W
11 = SORY(AHS(N))
HEN,ENY = X ¢ 7
X 3 H(EN,EN)
H(NA,NA) B Y ¢ Y
IF (0 LY, 0,0) GO YO 320
seshansens REAL PAIR acsnvannnn
I1 2 P ¢ SIGN(22,P)
WR(NA) ® X ¢ 27
WR(EN) = wR(NA)
!F (ZZ .~Fl ﬂ.ﬂ’ WR‘EN) 3 X =¥ / ZZ
WI(NAY = 0,(
Y1(EN) = 0,0
X = H(FN,NA)
R 8 SQRT(XeXe72077)
P s X /R
e 2 /R
doabnranne POW MONDTFICATION aaavendany
N0 P90 J = NA, N
77 = H(MA,D)
H(NA J) ® 0 » 27 ¢ P & MH(EN,J)
CHCEN,J) 2 G 0 H(EN,J) = P & 22
CONTINLE
eoenanasae COALUMN MODIFICATYION dennannans
PN oYon f =4, FN
12 = M(1,NA)
HOI)NA)Y =2 R & J7 ¢ P & H(I,FN)
H(1,EM) 2 0 » H(T,FN) = P & 22
CONTINLIE
sadpanpata ACCHMILATE THANSFORMATINMS aneapnentan
AN %90 | = LDA, IGH
22 = L(1,NA0)
(I NAY & 1) # 27 ¢ P & 2(1,EN)
201,EN) =2 1} & Z2(1,F8) = P & 27
CANTINUE

a0 Yo 330
adanptaans COMPLEXY PAIR Cannantaes
WR(NAY 3 X ¢ P

AT215217
87215218
87215219
7215220
AT215221
87215222
87215223
A7215224
8721522
A7215226
A7215227
AT215228
87215229
87215230
87215231
87215232
A7215233
87215234
A7215235
87215236
A7215237
87214238
87215239
AT215240
7215241
87215242
A7215243
AT2152u4
a721524%
87215246
87215247
AT215248
A7215249
AT215250
7215251
87215252
87215253
87215254
87215255
87215250
A1215257
87215258
87215259
87215260
87215261
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- gy EW'T‘W

261,
262,
263,
2bid,
265,
266‘
267,
264,
269,
270,
e,
212,
273,
274,
278,
276,
211,
214,
2re,
280,
281,
?A2,
PAY,
ana,
RS,
ebb,
2871,
2h8,
289,
290,
29,
fo2,
093,
294,
295,
?9%6,
297,
29R,
299,
300,
30y,
302,
WL,
104,
Jos.
10k,
7.
JCR,
soq.
3a,
M,
512,

o
[ee]

(]

339

340

350

360

600

610
6Pn

63n

bun

WRIEN) B8 X o P

WI(NA) & 27

WICEN) B =27

EN B ENMD

60 YO &0

ananpnasse ALL RONTS FOUND, BACKSUASTITUYE TO FIND
VECTORS (IF UPPER YRTANGULAR FORM ensaepnnne

NORM‘l Ne0

K s

no 360 1 e 1, N

DO 350 J 8 K, N
NORM & NOPM ¢ ABSIM(],J))

Kzl
CONTINUE

1F (NORM ,tq, 0,0) GO 19 1008
esannddens FOR ENEN STEP of UNTIL | PO we gonnasnnge
nO ROO NN = |, N
EN 31 ¢ | @ N4
P 3 wR(EN)
3 s wWleeEe)
VA & FY o
IF (n) 740, &0On, ANR
nbosannnns HEAL VECTOR seanansnadse
Mo EN
HEN,EN) 2 §,0
IF (MA LEG, 0) GO TN AON
saveannnde FAR JEENS] STERP =§ UNTIL § DO == sestaetese
DN 700 11 = 1, HA
1 2 EN = 1
w2 H(I,]) « P
R 8 H(I,EN)
IF (M AT, NA) GO TO 620

DO 410 J = M, NA
R38R ¢ H(T,J) » HIEJ,EN)

TF (WI(1) LGE, 0,0) 6N T 630
12 = ¥
s R
G TN 700
v B ]
IF (WYI(T) ,ME, 0,.0) OG0 IO AU
T 3 w
1F (W FN, 0 N) T 3 MACHEP #» NORM
M{I,FN) = o / T
GN TO 700
aanondanne SOLVE REAL EGUATIONS aennnassas
Y = H(Y,1+1}

872152.2
A721526)
87215264
8721%5269%
87215266
A7215267
87215268
27215269
87215270
A721%27%
87215272
87215273
AT21S274
a7215271%
87215276
ar21521M
87215274
47215279
AT2152A0
AT721528)
AT215282
A72152A3
87215284
872152A5
A7215286
877215287
87215288
87215289
87215290
87215291
87214292
AT215293
87215294
87215295
AT215296
87215297
A7215294
87215299
87215300
87215301
87215302
87215303
A7215304
87215308
87215306
AT215307
8721530R
R12375 299
AT g0
BYET 810
£158312
AT2 5313

T o Tcspeggttl




MQ i o e . o o - l, B

313, Y 2 H(Tet,1) 87218314
34, 0 8 (WR(I) » P) » (WR(]) = P) ¢ WI(I) » WI(D) 87215318
31s, T3 (Xsa3=220RY /N 87215316
36, H(I,EN) 3 Y 87215317
317. IF (ARS(X) ,LE, ABS(22)) GN TN 650 87215%18
38, H(T#3,EN) & (=R = W & T) / X 87215319
3, 60 YO 700 87218320
320, 650 H(T41,EN) ® (=8 = ¥ « T) /7 22 87215321
321, 700 CONTINLIE AT215%22
322. [ nessananse END REAL VECTOR ennnensans 8721532%
323, GO 10 A0 87215324
124, c arennantas COMPLEY VECTOR saneannnen 87215326
325, 710 Mo NA A7215326
. 326, c shandnndne LAST VECTOR CNMPOINENTY CHOSEN IMAGINARY SN THAY AT215327
I 327. c EIGENVFCTOR MATRIX 1S TRIANGULAR saenennsan a7215328
} 328, IF (ABS(HCFN,NAYY LF, ARS(H(NA,EN))) GN TD 720 87215329 3
329, H{NL,NAY B 0 / H(EN,MA) 87215330 :
. 330, HINASEN) 8 o (H(EN,EN) = F) / H(EN,MA) A7215331 ;
331, GN TO 790 87215332 }
332, 720 I3 8 CMPLX(0,0,=H(NA,EN)) / CMPLX(HINA,*A)=P,0) 47215333 3
138, N('A,MAY = T3(Y) 87215334 3
334, HINA,EN) ® T3(2) 87215335 *
338, 7%0 H(EN,NA) & (0,0 87215336 5
335, H(EM,EM) = 1,0 872153%7 ¥
33R, IF L(ENM2 LEN, N) GO YD RNN 87215339 :
339, C 87215340
Yan, No 790 11 = 1, EhMe - a7215341
a4y, 1 = NA » 1 ART7215342
3u2, k= H(],]) « P 87215343
343, Pa = 0,0 87215344
344, SA = H(1,EN) RT21534S S
lus, c 87215346 C
346, DO 70 J = M, N& 87215347 D
347, RA ® RA & H(I,J) » H({J,NA) 8721534A |
348, SA B SA ¢ H(I,J0) « H(J,EN) 27215349 .
349, 760 CONTINNE 87215350 -
350, ¢ 87215351 .
3151, IF (wi(r) ,GE, 0,0) GO TD 770 87215352 ;
\ 352, 77 = W AT215353
y 353. P o= KA 87215354
: 154, 8§ = SA 87215355
| 355, GO 0 790 87215356 :
Y56, 7170 Moz 1 R7215357
357, 1F (WICI) ,MNE. N,0) G TO T80 87215358 !
358, I3 = CMPLX(eRA,=SA) /7 CHPLX(W,N) 872153%9 i
3159, H{T,MA) = T3(1) 87215360
360, H(T,EN) = T3(2) 87215361
int, . GO TN 790 87215362
362, ¢ vasprnnsan SOLVE COMPLEYX FQUATIONS ansansanne 87215363
363, 780 X = H(T,1+1) 87215364
. LLL IS ¥ 2 H(I+1,1) . 87215365
v
Cyp i
Ojn [OJJV’
E0p L p
py® %
3
R J varror N S e I S o N N Ty e . 1




(ww”wnrw,
Rkl

; 368,
, 66,

67,
368,
69,
70,
3.
372,
373,
374,
378,
376,

379,
380,
341,
382,
383,
YA,
I8S,
46,
Y47,
VAR,
| 389,
390,
191,
192,
393,
' Yay,
105,

197,
398,
399,
4no,
any,
TER
498,
unu.
4ys,
406,
an?,
4oR,
09,
4o,
411,
412,
413,

e EaFet o

78S

rQn

AQa

820
LI'T

L1

Ran

1anp
1001

VR 8 (WR(T) = P) & (WR(I) = P) ¢ WICI) & WI(I) @0 ¢ @
VI & (WR(I) = P) « 2,0 a @
IF (Ve EQ, 0,0 ,AND, VI ,EQ, 0,0) VR 8 MACHEP & NORM

o (ARS(W) ¢ ARS(N) ¢ ABS(X) ¢ ARS(Y) o ABS(22))
I3 5 CMPLX(XeRe2Z20RAG00SA,XeSe22e8AcNaRA) / CMPLY(VR,V])
H(T,NA) = T3(1)
H(I,EN) & T3(2) ,
IF (ABS(X) ,LE, ARS(2ZZ) ¢+ ARS(Q)) Gn YO
H(I¢1,NA) 8 (eoRA o W » NCI,NA) ¢ N o H(Y
HCIA1,EN) B (=84 o h & H(I,EN) = O = H(I
GO 0 790
I3 = CMPLX(eReaYeW(]I,NA),eSaYaH(],EN)) / CMPLX(2Z,0)
H{Tes,NA) = T3(1)
H(T+1,EN) B T3(2)
CONTINUF

teacenpsnes EMD COMPLEXY VECTNR anspoenanne

CONTINUFE

adeenacrnes EMND RACK SURSTITLTINN,

VECYNRS 0OF TISOLATED RONTS snetdsncrns
PO R4O T 2 3, N
IF (1 ,GF, LDW _ANY, T _LE, IGH) GO YO A4O

785
EN)Y / X
o NA

OO Fa') J | 3 " N
I(1,J0) = H(T,J)

CONTINLIE .
addnanncas MULTIPLY BY TRANSFORMATION FATRIX T0 GTVE
VECTNRS OF ORTGINAL FULL MATRIX,
FNR JuN STEP «f UNTIL LOW DO == eanaennens
RO ARG JJ = LOW, N
J g N+ LOW e J)
o' MINA(T, TGH)

D0 AAD T = {NW, IGH
I = 0,0

PO R4n K = LOw, ¥
12 8 72 ¢ I(1,K) & HiVF,D)

(1,3 = 2
CONTINUE

GN TH 1004

aeanasdare SFT ERRNR = N CONVERGENCE TN AN
EIGFNVALUF AFTYER 30 JYERATIONS aawnnanane

1FRR = FN

RETURN

sonnnnaand LAST CARD OF HOR? eentnnnene

END '

87215366
87215367
87215368
87215369
87215370
87215371
87215372
87215373
07215374
87215375
87215376
87215377
A7215378
87215379
87215380
87215381
a7215382
87215383
87215384
87215385
A7215386
87215387
87215388
87215389
87215390
A7215391
87215392
87215393
87215394
87215395
87215396
A7215397
67215398
A7215399
87215400
87215401
AT215402
87215403
87215404
A7215405
AT215406
87215407
AT215408
87215409
87215410
87215411
87215412
87215413
87215414
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R
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[z NeEel

160

SUBROUTINE BALMAK(NM,N,LOW,IGH, SCALE,M,2)
INTEGER T,J,K,M, N, 11,N¥M,IGH,LON
REAL SCALF(N)»Z(NM,M)
REAL 8
THIS SURBRNUTINE IS A TRANSLATION OF THE ALGOL PROCEDURE BALRAK,
NIJM, MATH, 13, 293=304(1969) RY PARLETY AND REINSCH,
HANDBONK FOR AUTO, COMP,» VOL JT=LINEAR ALGEBRA, 31S=326(197%),
THIS SURROUTINE FORMS THF FIGENVECYORS OF A REAL GENERAL
MATRIXY HY RACK TRANSFORMING TNASF OF YHF CORRESPNANDING
HALANCFD MAaTRIX DEYERMINED BY BRALANC,
ON INPLTe
NM KUST RE SEY TO THE ROw DIMENSIONM NF TWOSNDIMENSTONAL
ARRAY PARAMFTERS AS DFCLARED IM THE CALLING PROGRAM
DIVENSION STATEMENT,
N IS ThE ORNER OF THE MATRIX,
LUW AND IGH ARE INTFQERS DETERMINED RY HALANC,

SCALE CONTAINS TNFORMATTON DETFRMINING THE PERMUTATINNS
AN SCALINR FACTNRS USFN RY  RALANC,

M OIS THF NUMARER NF CGLUMNS NP 2 YO RE RACK TRANSFNRMED,

Z CONTAINS THF REAL AND IMAGTMARY PARTS OF THE EIGEN=
VEFTNRG TN RE HACK TRAMSFNORMED IN ITS FIRSY M COLIIMNS,

NN QUTPLUTe

2 CANTAING THF RFAL AND JMAGINARY PARYS OF THE
TRAMNSFNRMED ETGENVECTORS IN 1TS FIRST M COLUMNS,

AUESTINNS AND COMMENTS SHOULD RE DIRECTED YO A, 8, GARAGW,
APPLIEN MATHFMATICS NDIVISION, ARGONNE NATINMAL LARNRATORY

.

70215004
70215009
70215008
10215007
70215008
70215009
70215010
70215011
70215012
70215013
70215014
70215015
70215016
70215017
70215018
70215019
70215020
70215021
T02150°22
70215023
70215024
70215025
70215024
70215027
70215028
70215029
70215030
70215031
70215032
70215033
T02150%4
70215035
70215036
70215037
70215038
70215039
70215040
70215041
70215042
70215043

Q----.-..-—-..--.---.--..--..-.-'--.-------.-.Q--.----d---i‘...-—---702l Soa“

TF (16M FR, LOr) GO YO 120

DO 1Y T = LOw, TGH
S 3 SCALEC(T)
adenananex [FFT HAND EJGENVFCTORS ARF BACK TRANSFORMED
1F THF FOREGOING STATEMENY IS REPLACED RY
5§21 ,0/SCALEC(TY, nevandanan
LDOoyon e g, M
2CIsJ) = Z2(1,3) = §

70215045
70215044
70215047
70215048
70295049
70215050
70215051
10215052
70215053
70215654
70215055

41
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53.
54,
55,
Sé6.
57.
SA,
SQ.
60,
61,
62,
bs.
hd,
65,
66,
67,
6A,
69,
70,
M.
T2.
1%,

42

110 CONTINLUE

c senensas=s FOR Im| OWetl STEP =1 UNTIL i,
c IGH41 STEP | UNTIL N N0 ew sennenpnen
120 DO 140 Il w §, N ’
I a It
IF (1 ,GE, LOW ,AND, ] LE, IGH) GN TO 140
K = SCALE(I)
¢ IF (K ,EQ, 1) GO YO 140
DO 130 J = g, M
S 3 2(1,J)
201,0) 3 Z2(x,J)
I(K,J) = 8§
1%0 CONTINUF
140 CONTINUE
c
RETHRM
C thedencens LAST CARD OF BALRAK anetawnann
FND

702150%6
70215087
70215058
70215059
70215060
70215061
T0215062
70215063
702150064
70215065
70215066
70215067
70215068
70215069
70215070
10215071
T0215072
70215073
70215074
70215079
70215076

At .




1. SURRQUYINE EISNRY(WR, W1, FR,TC,2ETA,0MG,PI,N)
§. ¢ DIMENSTON WR(1),WIC(1),FR(1Y,TC(1),2EYA(1),8R(50),81(50)
L]
4, c SR AND SI ARE TEMPNRARY WNRKING SYORAGE
Se c
b JHM“.‘
Te NYsN
8, NREsO
Q, NV zNe
10, N 100 I=g,N
1. IF(JIMPYI2N, 10,20
12, 10 Jumpsy
* 1%, GO TO f00
14, 20 JF(NTLYIIAN, 30,40
1S, 30 NRENRe¢{
16, SVEWR(1)
* 17. NO SO | 3§.NMY
18, 1F(L=1)50,40,40
19, U0 WR(L)BRR(L ¢t)
20, w0 )sWI(LeY)
e, SH CONTINUF
22, WRINT)ESM
3, WI(NT)=O, :
en, NTZNTe{ 5
25, 6N oTo (on ﬁ
2h, A0 1UMPRY :
27, 100 CONTINLE
28, NMRzNhe MR
29, NMRIENMRe
30, DO 200 I8} ,NMRY,?
31, witzwi(l)
32, WIRSWR(T)
3. IMAX=] o
sS4, 1P2214? )
3s, IF(IP2=NMR)1UN, 160,160 ©
34, 140 DO 180 JEIP2,NMR, 2 .
7. TFATTLGEWTIIIIRG TN 190 j
18, WITEWI(J) :
19Q. NIRzwR(J)
an, IMAX=Y
a1, 150 CUNTINMHF
uz2, 160 SR(T)awR(IMAX)
uy. SR(I#1)=vR(IMAX)
an, ST(I)ew] (TMAY)
us, ST(I¢))Bewl (TMAX)
d4s, WROITMAXYZWR(])
47, WROIMAX 41 )=WR(T)
ua, WICIMAX)SWT(T)
u9, ' WI(IMAX+) )W (1)
50, ZETA(T)=SRETI/SORT(SRCTI)IASR(IISTI(TILSI(]))
S1. IFTACT+1)=2ETALD)
i 52. TC(1)®L,/(2,ePTaSR(]))

s 43
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S3.
54,
sS.
S6.
57.
SA.
59.
50,
61,
62,

63,

64,

&S,
66,
67,
oA,
69.

70,

20N
210

%0
260

300

TC(1e1)mIC(])
FRIT)uSI(I)/OMG
ER(I+t)BFR(T)
CONTINUE

IFI(NR) 210,260,210
N0 250 TsNMA,N
SR(T)mWR(T)
SI()=nl(])
ZETA(])m1,
TC(I)Iml,/(2,4PYeSR(T))
FR(T)=0,

CONTINIUE

DO 300 I=my,N
WR(I)=SE(])
WI(y)as1(1)
CONTINNE

RETURN

END

IR N, I TR et

e s o Bt
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| APPENDIX B
DEFINITION OF SYMBOLS

© AR

45

Lo E

a

&

¢
¥
s
|+ ‘.

RS g g SRS SRR T e

e
L‘A_‘,, - . . e - — o - . gy By i A s




i RW—W
L

ABO
ADUM
AKA
ALA
AKAO
ALAO
AKB
ALB
AKBO
ALBO
ALPHA
ALT
AM
APHI
AREF
B
BKA
BLA
BKB
BLB
CLA
DELPSI
DEN

DI

46
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' YMBOLS

Aero term

Dummy array
transformed aero term
Aero term
Transformed aero term
Aero term
Transformed acro term
Aero term
Transformed aero term
Aero ferm

Angle of attack
Altitude

Aerodynamic torque
Initial transformation matrix
Reference area

Matrix

Transformed aero term
Aero term
Transformed acro term
Aero term

Aero term

Delta PSI

Aero term

Dummy index

e e it e . i 3 P

....



DREF
DUM
EUM

FV

GG

GM

IERR

v

L1 ’
LIMIT

MI

M1, M2, M3
oMG

PAMA
PAMP
PAMS

PAS

PASI

PGGS

PHI
Pl
PHIB

SYMBOLS (Continued)

Reference diameter
Dummy array

Dummy matrix
Frequency of root
Working array
Gravity constant, 392
Universal gravitational constant

Error flag

Working array

Working storage

Number of iterations

Working storage

Aero terms

Orbital angular velocity

Partial of acrodynamic torque with respect to alpha
Partial of aerodynamic torque with respect to PHI
Partial of acrodynamic torque with respect to PSI

Partial of alpha with respect to PSI

Partial of aecrodynamic torque with respect to PSI divided
by moment of inertia

Partial of X I — gravity gradient torque, with respect to
PSI expressed in the principal axes reference frame

Acrodynamic roll angle
™

Acrodynamic bank angle

47

s AL

e

I




PNUS
PNUSI
PPHI
PPS
PSI
PSIO
QI
QNUS
RAD
RE
RHO
RHOK
RORB
TC
TGP
TMM
TPG

U

A
VMAG
VO

WI

WR
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SYMBOLS (Continued)

Partial of NU with respect to PSI

Inverse of the partial of NU with respect to PSI
Initial rotation angles

Partial of PHI with respect to PSI

Rotation angles

Initial input of rotation angles

Inverse of angular velocity transformation matrix
Dummy matrix for PNUS

Conversion factor radians to degrees

Radius of the Earth

Atmospheric density (slugs per cubic foot)
Atmospheric density (kg per cubic meter)
Orbital radius

Unstable time constant or logaritmic increment

Transformation matrix from principal to geometric system

Characteristic polynomial matrix

Transformation matrix from geometric to principal system

Transformation array for converting aecrodynamic torques

from geometric system to principal system
Velocity in geometric system
Magnitude of velocity vector
Velocity in principal system

Array containing imaginary parts of roots

Array containing real parts of roots

.



XCG

X1

XNU
XNUMAG
YCG

2CG
ZETA

e g R AT T i

e R SRR S TTRGRAT e . N L7 T TSR . S VT SRS I TRT MG K WA e Gy 2

SYMBOLS (Concluded)

X coordinate of center of gravity
Moment of inertias

NU

Magnitude of NU

Y coordinate of center of gravity
Z coordinate of center of gravity

Ratio of the real part to the root sum square of the real
and imaginary parts of the root
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APPENDIX C
INPUT DATA




TABLE 1, INPUT REQUIREMENTS

Program
Lines Symhols Vaviable Delinition Units Formut
1 DREL Reforencee Lenpth 1. G
AREP Retorence Aren S, 1M, G
2 Limre Numbor of Hoerntions Unitless I
30 TGP Transformation Matrix Unitiess 3G
1 1.3 from Prineipal to
J 1 Geomoetrie Coordinntes
it Xil N Prineipal Moment of Stug S¢. Ft, G
Inertin
A P4 Y Dpineipad Moment of Slug Sq. I°'t, G
lnertin
A K] 7 Prineipal Moment of Slug Sq. I°t, G
lnoertn
7 AN¢ Geometrie Cooprdinates It. i
YOG ol Conter ol Gravity Ft. G
VAt It i
B M Aerodynamic ‘Ttable Unitiess 15
M2 ndicios Unitless I
A Unitless 15
4 ABOD Coefticionts of Unitless 12,0
1 1M1 Nouble Fourier Series

for Acvrodynimice Fopreoes
and Torques
10 21 ALAO(L) Unitless F12.0
ALBO WD
- 1M
1°1.M1

22 165 ALA(La R
BLACHd . K)
e 1M
ll ‘1.\'2

ALBOLG LK)

R BLBCH W)
K- 1A
(‘ l\\n;!
1 1ML
166 RHOK Atmaspherie Densily Keleu, m, i
ALt Altitude Nautieat Mile G
167 PSIOD Angle of Attack. Degrees 3G
I 1.3 Roll Angle, Bank
Angle
168 Blank Cord
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APPENDIX D

PROGRAM OUTPUT AND PLOTS
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ALTITUNE 235,0 DFMSITY ,22950Eet

PHT 159,220008

ALPHA

R1,26569A PHIA

012143064E=16 =,57766292F=15 « 52041 704E=17

REAL
=, 1A690156E=np
= 1R69N1S6E=NH
=, 42023415€=06
=, 42023415E=06
obNTI3570E=0n
ohOT13570Fenh

JUAG
«P0798799F =02
®,”7079AT799F =09
o 17415523F=np
= 17115523F =
e 4V1UAISTE(S
=, 431U6ISTE=NY

FREN
1.85273
1.A527%
1.55135
1,55135

+38434
« 38434

ALTITUNE 23y,0 PENSITY  ,26600F =11

PHT 156,91047h
2« 1214306UE=) A

REAL
=, YTI55882F 1 f
=, Y7965RA82E =06
=, 5P64%2T1E=nt
=, 52AUY2T1E= A4
« 059915 Fay b
«90S991853E =g

ALPHA

tvAR
o PINTLI28E=(p
=, PHA34 1 PSF 0P
17876887 =D
“, 174764387k =02
JUNIRGAI0F=n]
-'|“|'JF1“O‘AE.03

R1,50126R PHIR
RAVARLLU STL RIS FINT RS 21 Y TA

FREN
t.RS5227
1.85727
1,595360
1.595%A0

. 3954R
«395UR

ALTITUDE  P25,0 NEHSTTY (30950E=

PHI  1S54,617514
*,2341876TE=1h

REAL
*,SAS{70R3E=np
® 5851 70A8¢F w14k
@, 650h9U42FE =Nk
e h5NHUEPEwnk

¢ 12 15R655F =05
o 1235HA55F =015

ALTITUDE  2?2n,0 DFHSITY  36100F=11

PHI  152,40246495

REAL
*,TAIS3ITPdF =np
“, TRTS3T724F = b
«,79UU4193F =1, A
® 7904419 F e b

e 19R19792} =g

4,6865R9

+STIA139T7E=1S

ZETA TC
=,0001 e, ASE
0001 *.RASE
-, 0002 -, 38€
e, 0002 =.38€

0N Y 0 26F
«N014 {13

S. 045400

«239938UQE-34

2ETA TC
«, 0002 s UPE
-,0002 =, 4?E
- G00Y =, X0E
=,n00% =, 30¢
«0020 « 1 8¢
0029 « 1 BE

ALPHA  81,754979 PHIR  §,394232
290052710 =15 = 3400NSKNE=1S 1047519 ke)d
146 FREN ZETA Te
«PNRT3ASSE N2 1RS1AU =, 0003 . PTF
=, 2UuKT3PREFanp 1,851R4 =, NN03 =, 27€E
1 TS3QIRRE=N2 1,55602 «,0008  w,2UE
*, 175393k 4E=np 1.55607 =,0004 =, P4E
JUANRTIAGIFanT LUNRRY .N027 «13E
“.UntRTOG3E=(3 U0RRY N027 «13E

Al PHA R ,0207h4 PHIR  §,72%857
. 19940%2NE =1 « AUTISI1BAFe1S o 10/4403RYE=]l 123N ISNUFety
1MAG FREN ZETA TC
P02V E=n) 1,510 =, 0004 = 20E
=, PN9123IX{E=np 1.,RS106 «, 0004 =,PNE
I THOUNY9F a2 1,558 =,0008 =, 20F
e ATHRHININFE =2 1.558%6 =,0008 -, 20E
WHTQAVIQRUYPF =N 42479 2 NN3Y o10F
e, iTATQRUPE (Y JM2ur9 0633 +10E

«15A19792F =15

58

N T S

né
[

0
06
Vb

né
1]
né
n&
06
né

06
06
né
né
06




e s

ALTITUDE 215,0

DENSITY

,,,,,,

W42150E-11

PHI 150,318658 ALPHA 82,292089 PHIB 6,02708Y —— === —
«52041704E=1T ,97144818F=16 ,12195106E=14 . e12233848Ee14
REAL IMAG FREOQ ZETA TC
- @, 9T0802S1E«06 «209S51AA1E=02 1. 88117 "a,000% =, T8 06"
®,97080251E«06 «,20951881€E=02 1,85117 «,0005 =,16E 06
e, 95940476E=06 0 17669946E=02 1.56120 «,0008 " «,{7F 04
®,95960U76E=00 «©,176699U6Ee0? 1,56120 «,0008 «,17€ 06

«19304073E=05 «50179953E«03 244336 «0N38 " " LB2E 0S8
e 19304073E=n5 »,50179983F=03 $44336 0038 +B2E 05
ALTITUDE 210,0 DENSTYY ,U9300Eet)
PHI 148,37R4TR ALPHA BR2,566771 PHIR  6,30284A
®.9540Q791E=«i7 «,98532293E=15 =,66439909E=15 _1]1884353E1q
REAL IMAG FRER -~ 26YA ~"TC~—
“,112456USE=)S «2N992759E=(?2 1.85098 =,0008 =,{UE 06
=, 112456USF=(S «, 20092759FE=n? 1,85098 «,0005 =, 18E 08
=, 11512996E«n5 e177372946F=02 1.,56394 =,0006 =,14E 06
*,11512996€=NG  «, 17737294F=07 1,56394 «,0006 =, 14E 06
0 2275R6ULE=DS «eS272667SE=n} LU6490 «004U3 +70E 08
1 22TSRLNIE=NS o ,52726675E=03 LG6U90 .004a3 "« T70E 08"
ALTITUDF  205,0  DENSITY ,S57RS0Feit
PHI 146,581409 ALPHA B?,B4U99S PHIAR  6,552577
«00NN0000E N0 ,11796120Fe1d =, {4988011Ewyé 019073251€E=14
REAL TMAG FREN ZETA TC
v, 12818217€=08 0 21N352346E=02 1,RS5092 «,0006 =,13F 06
*, 1201821TE=(S «,21035234E=0? 1.85092 =,0006 «,13F 06
*, 1377460%E=05 e 1 7BN6SAYE=N 1,56682 «,0008 «,12F 06
*,13774609E=05 «,1780A5B3E=02 1.56682 «,0008 =, 128 06
0 26192826E=(8 «SS6TEAIRE=NT 48991 .N0a? LH1E 08
1 26192R26E=(8 =, 55676693€=03 <4899y 0047 o61E 0S
ALTITURE 200,0 NENSITY ,68050Fett
PHI 144,947384 ALPHA A3,124183 PHIB  6,774560
*.16479873E16 =, 1151R664Eell =, RE0U22AUE=18 _ 103TRYS9E=10
PEAL IMAG FREN ZETA TC
v, 13166784F=n§ P1079621E=02 1,85101 «, 0006 =,12€E 06
“,13166784Fe05 ©,21079A21E=02 1.85101 «,0006 =, 12 06
=, 16U4063HTE=NG JNTBTBNT1F=02 1,56988 «,0009 «,97€ 0S
=, 16446367€E=05 <, 17RTROTIE=02 1,56988 =, 0009 &,97€ 08
e29613151F=ng +S9N51743E=03 51884 .0050 «SUE 0S
029613151Fens -, 59051 T43E=03 .518854 0080 «S4E 0S
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ALTITULDE 195,0 DENSTTY L803N0Eet1
PHI 14%,472B36 ALPHA A3,405%599 PHIB 6,970618
®,3295970b6E=14 =,62U500U4SE=1S _13322676E=14 +14T17419E=14
REAL IMAG FRFQ ZETA Tc
e, 13469783 =08 e211267252E=02 1.05129 «,0006 =, 12€
* 134469783E=nK ®,21126252€=02 1.85129 «,0006 =,12€E
®,19631U92E=0S o 1 T95255RE=02 1.57318 =,001%1 o, AF
®, 19431U92E=05 *, 1 7195285RE=0P 1,57318 «,0011 =,81E
o 3310127SE=(S «6290390nE=NnY «5512% <0083 L UBF
e33101275€=(8 " AP0 3990E=( 055123 «N0S3 o U8E
ALTITUDE 190,0 NENSITY L9475(0F=11
PHT  142,1798146 ALPHA 83,685547 PHIB 7130871
052041 T704E=1? =, 19U28903Fe(S o, 666133A1F=15 +69390RQ1Fals
REAL IMAG FRED rd 4 TC
®, 133271276 e5 211 TSHN1E=DQ 1.85177 =,0006 e,12€
«,133271727Fen§ *, 211 7SUNE=D2 1.R51T77 =,0006 =, 12E
©, 213A5150F=nQ J 1NN L UF =N 1.576772 «,0013% -, 68E
=, 23%65150F =5 “, 1AN301{UE=D 1,57672 «,001% -, 68E
«36692P27TE=NS  ,A7192999F=03 «SBTHO JNNSS oU3E
« 3649227 7Ew(S *,67192999E=(3 «SRTAN . 0NSS «I3E
ALTITUNE 1R&,N DENSITY L112KSEe=y(
PHI  140,992149 ALPHA AT, 9RI3IBN PHIR 7.291270
*,S030K9BLE=1A  ,971104%15Fe1S »,2303712RE=11 «25006657F=14
REAL IMAC FREQ ZETA TC
®, 1”772 11UE=0S e2122797(0F=n? 1.85280 =, 0006 -,13F
*, 12721114F =05 =, 212279700 =02 1.85254 =,0006 -, 13F
= PRO114S29E =5 o 111UV TF =02 1.,58082 =,00185 -, STE
«,PAN1US29 =S «,1RA114317F=np 1,58N082 =, 0015 =,57E
s 40735643 e e 722229%U0Feny «h3N2R +0NSH «39¢
+UNT7356/TFeny e, 72°22940F=(} «hIN2A LY « 39E
ALTITUDF  1RN0,0 NFNSITY  L1338SE-1Q
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